
CONTENTS 

HOW TO USE THIS MANUAL 1-2 
BOATING SAFETY 1-4 
SAFETY IN SERVICE 1-11 
TROUBLESHOOTING 1-11 
TOOLS AND EQUIPMENT 1-15 
TOOLS 1-17 
FASTENERS, MEASUREMENTS AND CONVERSIONS 1-24 
SPECIFICATIONS 1-25 

ENGINE AND DRIVE MAINTENANCE 
FLUIDS AND LUBRICANTS 
LUBRICATION POINTS 
BOAT MAINTENANCE 
WINTER STORAGE 
FIRING ORDERS 
SPRING COMMISSIONING 
SPEClFlCATlONS 

ENGINE MECHANICAL 
SPECIFICATIONS 

ENGINE MECHANICAL 
EXPLODED VIEWS 
SPECIFICATIONS 

ENGINE MECHANICAL 
EXPLODED VIEWS 
SPECIFICATIONS 

ENGINE MECHANICAL 
EXPLODED VIEWS 
SPECIFICATIONS 

ENGINE RECONDITIONING 7-2 

FUEL AND COMBUSTION 
CARBURETEDFUELSYSTEM 
ROCHESTER 2 BBL 
ROCHESTER 4 BBL 
HOLLEY 2300 2 BBL 
HOLLEY 41501416014175 4 BBL 
WIRING DIAGRAMS 
SPECIFICATIONS 

©PDF Manual Master 2006



CONTENTS 

FUEL AND COMBUSTION 
FORD ELECTRONIC MULTI-POINT 
FUEL INJECTION (MFI) 
SYSTEM DIAGNOSIS 

(TBI) 
GM MULTI-POINT FUEL INJECTION 

(MFI) 
SPEClFlCATlONS 
WIRING SCHEMATICS 
DIAGNOSTIC TROUBLE CODE 

(DTC) CHARTS 
FUEL FLOW DIAGRAMS 
COMPONENT LOCATIONS 

UNDERSTANDING AND TROUBLESHOOTING 
ELECTRICAL SYSTEMS 

BATTERY 
CHARGING SYSTEM 
STARTER CIRCUIT 
IGNITION SYSTEM 
BREAKER POINT 
IGNITION SYSTEM 
ELECTRONIC SPARK TIMING 

(EST) SYSTEM 
DISTRIBUTOR IGNITION 

(Dl) SYSTEM 
PRESTOLITE INTEGRAL BREAKERLESS 

INDUCTIVE DISTRIBUTOR (BID) SYSTEM 
SPITFIREIELECTRONIC ENGINE 

MANAGEMENT (EMM) SYSTEM 
FORD THICK FILM INTEGRATED 

IGNITION SYSTEM (TFI-IV) 
INSTRUMENTS AND GAUGES 
SENDING UNITS AND SWITCHES 
WIRING DIAGRAMS 
SPECIFICATIONS 

COOLING SYSTEM 
MAINTENANCE AND TESTING 
FLOW DIAGRAMS 

STERN DRIVE UNIT - COBRA, KlNG 
COBRA, SP, SX, SX COBRA, DP AND 
DP DUOPROP MODELS 
UPPER GEAR HOUSING 
LOWER GEAR HOUSING 
(LOWER UNIT) 
TRANSOM ASSEMBLY 
SPECIFICATIONS 

SELECT (POWER) TRIM AND TlLT - 1986-88 
COBRA AND KlNG COBRA 

POWER TRIM AND TlLT - 1989-98 COBRA, 
KlNG COBRA, SP(SX) AND DP 

WIRING SCHEMATICS 

MANUAL STEERING SYSTEM 
POWER STEERING SYSTEM 

MASTER INDEX 

©PDF Manual Master 2006



BASIC OPERATING PRINCIPLES . . . . . . . . .  1-12 
2-STROKE MOTORS . . . . . . . . . . . . . . . . .  1-12 
4-STROKE ENGINES . . . . . . . . . . . . . . . . .  1-14 
COMBUSTION . . . . . . . . . . . . . . . . . . . . . .  1-14 

.................... BOATING SAFETY 1-4 
COURTESY MARINE EXAMINATIONS . . . .  1-11 
EQUIPMENT NOT REQUIRED 
BUT RECOMMENDED . . . . . . . . . . . . . . . .  1-10 
REGULATIONS FOR YOUR BOAT . . . . . . .  1-4 

. . . . . . .  REQUIRED SAFETY EQUIPMENT 1-5 
CHEMICALS . . . . . . . . . . . . . . . . . . . . . . . . .  1-15 

CLEANERS . . . . . . . . . . . . . . . . . . . . . . . . .  1-16 
. . . . . . . . .  LUBRICANTS & PENETRANTS 1-15 

SEALANTS . . . . . . . . . . . . . . . . . . . . . . . . .  1-16 
COURTESY MARINE EXAMINATIONS . . . . .  1-11 
ELECTRONIC TOOLS . . . . . . . . . . . . . . . . . .  1-21 

BATTERY CHARGERS . . . . . . . . . . . . . . . .  1-21 
BATTERY TESTERS . . . . . . . . . . . . . . . . . .  1-21 
GAUGES . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-22 
MULTIMETERS (DVOMS) . . . . . . . . . . . . . .  1-21 

EQUIPMENT NOT REQUIRED 
BUT RECOMMENDED . . . . . . . . . . . . . . . . .  1-10 

ANCHORS . . . . . . . . . . . . . . . . . . . . . . . . .  1-10 
BAILING DEVICES . . . . . . . . . . . . . . . . . . .  1-10 
FIRST AID KIT . . . . . . . . . . . . . . . . . . . . . .  1-10 
SECOND MEANS OF PROPULSION . . . . .  1-10 
TOOLS AND SPARE PARTS . . . . . . . . . . . .  1-1 0 
VHF-FM RADIO . . . . . . . . . . . . . . . . . . . . .  1-10 

FASTENERS. MEASUREMENTS 
AND CONVERSIONS .................. 1-24 

BOLTS. NUTS AND OTHER THREADED 
RETAINERS . . . . . . . . . . . . . . . . . . . . . . . .  1-24 
STANDARD AND METRIC 
MEASUREMENTS . . . . . . . . . . . . . . . . . . .  1-24 
TORQUE . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-24 

HAND TOOLS . . . . . . . . . . . . . . . . . . . . . . . .  1-1 7 
BREAKER BARS . . . . . . . .  ... . . . . . . . . .  1-1 8 
HAMMERS . . . . . . . . . . . . . . . . . . . . . . . . .  1-20 
PLIERS . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-20 
SCREWDRIVERS . . . . . . . . . . . . . . . . . . . .  1-20 
SOCKET SETS . . . . . . . . . . . . . . . . . . . . . .  1-1 7 
TORQUE WRENCHES . . . . . . . . . . . . . . . .  1-18 
WRENCHES . . . . . . . . . . . . . . . . . . . . . . . .  1-19 

HOW TO USE THIS MANUAL ............ 1-2 
AVOIDING THE MOST 
COMMON 
MISTAKES . . . . . . . . . . . . . . . . . . . . . . . . .  1-3 
AVOIDING TROUBLE . . . . . . . . . . . . . . . . .  1-2 
CAN YOU DO IT? . . . . . . . . . . . . . . . . . . . .  1-2 
DIRECT!ONS AND LOCATIONS . . . . . . . . .  1-2 
MAINTENANCE OR REPAIR? . . . . . . . . . . .  1-2 

. . . . . . . . .  PURCHASING PARTS 
WHERE TO BEGIN . . . . . . . . . . . .  

. . . . . . . . . . .  MEASURING TOOLS 
. . . . . . . . . . . .  DIAL INDICATORS 

DEPTH GAUGES . . . . . . . . . . . . .  
. . .  MICROMETERS & CALIPERS 

. . . . . . .  TELESCOPING GAUGES 

. . . . . . .  OTHER COMMON TOOLS 
REGULATIONS FOR YOUR BOAT . 

. . . . . .  CAPACITY INFORMATION 
CERTIFICATE OF COMPLIANCE . 

. . .  DOCUMENTING OF VESSELS 
HULL IDENTIFICATION NUMBER . 

. . . . . . . . . . .  LENGTH OF BOATS 
. . . . .  NUMBERING OF VESSELS 
. . . . .  REGISTRATION OF BOATS 

. . . . . .  SALES AND TRANSFERS 
VENTILATION . . . . . . . . . . . . . . . .  

. . . . . . .  VENTILATION SYSTEMS 
REQUIRED SAFETY EQUIPMENT . 

. . . . . . . . . . . . .  TYPES OF FIRES 
. . . . . . . .  FIRE EXTINGUISHERS 

PERSONAL FLOTATION DEVICES 
SOUND PRODUCING DEVICES . . 

. . . .  VISUAL DISTRESS SIGNALS 
. . . . . . . . . . .  WARNING SYSTEM 
........... SAFETY IN SERVICE 

DO'S . . . . . . . . . . . . . . . . . . . . . . .  
DON'TS . . . . . . . . . . . . . . . . . . . . .  

SAFETY TOOLS . . . . . . . . . . . . . . .  
. . . .  EYE AND EAR PROTECTION 

WORK CLOTHES . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  WORK GLOVES 

. . . . . . . . . . . . . . .  SPECIAL TOOLS 
.............. SPECIFICATIONS 

. . . . . . .  CONVERSION FACTORS 
METRIC BOLTS . TYPICAL 

. . . . . . . . . . . .  TORQUE VALUES 
U.S. STANDARD BOLTS -TYPICAL 
VALUES . . . . . . . . . . . . . . . . . . . .  

TROUBLESHOOTING ........... 
BASIC OPERATING PRINCIPLES . 

TOOLS . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . .  ELECTRONIC TOOLS 

HAND TOOLS . . . . . . . . . . . . . . . .  
. . . . . . . . . .  MEASURING TOOLS 

. . . . . .  OTHER COMMON TOOLS 
. . . . . . . . . . . . .  SPECIAL TOOLS 

....... TOOLS AND EQUIPMENT 
CHEMICALS . . . . . . . . . . . . . . . . .  
SAFETY TOOLS . . . . . . . . . . . . . .  

PROFESSIONAL HELP . . . . . . . . . . . . . . . .  1-3 

©PDF Manual Master 2006



1-2 GENERAL INFORMATION. SAFETY AND TOOLS 

This manual is designed to be a handy reference guide to maintaining 
and repairing your OMC engine and drive system. We strongly believe that 
regardless of how many or how few year's experience you may have, there 
is something new waiting here for you. 

This manual covers the topics that a factory service manual (designed for 
factory trained mechanics) and a manufacturer owner's manual (designed 
more by lawyers than boat owners these days) covers. It will take you 
through the basics of maintaining and repairing your engineldrive system, 
step-by-step, to help you understand what the factory trained mechanics 
already know by heart. By using the information in this manual, any boat 
owner should be able to make better informed decisions about what they 
need to do to maintain and enjoy their OMC. 

Even if you never plan on touching a wrench (and if so, we hope that we 
can change your mind), this manual will still help you understand what a 
mechanic needs to do in order to maintain your engine. 

If you are not the type who is prone to taking a wrench to something, 
NEVER FEAR. The procedures provided here cover topics at a level virtually 
anyone will be able to handle. And just the fact that you purchased this 
manual shows your interest in better understanding your OMC. 

You may find that maintaining your engineldrive system yourself is 
preferable in most cases. From a monetary standpoint, it could also be 
beneficial. The money spent on hauling your boat to a marina and paying a 
tech to service the engine could buy you fuel for a whole weekend's boating. 
If you are unsure of your own mechanical abilities, at the very least you 
should fully understand what a marine mechanic does to your boat. You may 
decide that anything other than maintenance and adjustments should be 
performed by a mechanic (and that's your call), but know that every time you 
board your boat, you are placing faith in the mechanic's work and trusting 
him or her with your well-being, and maybe your life. 

It should also be noted that in most areas a factory-trained mechanic will 
command a hefty hourly rate for off site service. This hourly rate is often 
charged from the time they leave their shop to the time that they return 
home. The cost savings in doing the job yourself might be readily apparent 
at this point. 

Of course, if even you're already a seasoned Do-It-Yourselfer or a 
Professional ~echnician, you'll find'the procedures, specifications, special tips 
as well as the schematics and illustrations heloful when tacklina a new iob .. 
on an engine. 

To help you decide if a task is within your skill level, procedures will 
often be rated using a wrench svmbol in the text. When Dresent. the 
number of wrench& designates how difficult we feel the procedure to 
be on a 1-4 scale. For more details on the wrench icon ratina svstem. 
please refer to the information under Skill Levels at the beg6nhg of 
this manual. 

Before spending any money on parts, and before removing any nuts or 
bolts, read through the entire procedure or topic. This will give you the 
overall view of what tools and supplies will be required to perform the 
procedure or what questions need to be answered before purchasing parts 
So read ahead and plan ahead. Each operation should be approached 
logically and all procedures thoroughly understood before attempting any 
work. 

Some procedures in this manual may require you to "label and disconnect 
. . . " a group of lines, hoses or wires. Don't be lulled into thinking you can 
remember where everything goes - you won't. If you reconnect or install a 
part incorrectly, the engine may operate poorly, if at all. If you hook up 
electrical wiring incorrectly, you may instantly learn a very expensive lesson. 

A piece of masking tape, for example, placed on a hose and another on 
its fitting will allow you to assign your own label such as the letter " A ,  or a 
short name. As long as you remember your own code, you can reconnect 
the lines by matching letters or names. Do remember that tape will dissolve 
when saturated in some fluids (especially cleaning solvents). 

If a component is to be washed or cleaned, use another method of 
identification. A permanent felt-tipped marker can be very handy for marking 
metal parts; but remember that some solvents will remove permanent 
marker. A scribe can be used to carefully etch a small mark in some metal 
parts, but be sure NOT to do that on a gasket-making surface. 

SAFETY is the most important thing to remember when performing 
maintenance or repairs. Be sure to read the information on safety in this 
manual. 

Proper maintenance is the key to long and trouble-free engine life, and 
the work can yield its own rewards. A properly maintained engine performs 
better than one that is nealected. As a conscientious boat owner, set aside a 
Saturday morning, at lea3 once a month, to perform a thoroughcheck of 
items that could cause oroblems. K e e ~  vour own oersonal loa to iot down 
which services you periormed, how much the cost you,ihe bate, and 
the amount of hours on the engine at the time. Keep all receipts for parts 
purchased, so that they may be referred to in case of related problems or to 
determine operating expenses. As a do-it-yourselfer, these receipts are the 
only proof you have that the required maintenance was performed. In the 
event of a warranty problem (on new engines), these receipts can be 
invaluable. 

It's necessary to mention the difference between maintenance and repair. 
Maintenance includes routine insoections, adiustments, and reolacement of 
parts that show signs of normal wear. ~aintehance compensaies for wear or 
deterioration. Repair implies that something has broken or is not working. A 
need for repair is often caused by lack of maintenance. 

For example: draining and refilling the gearcase oil is maintenance 
recommended by all manufacturers at specific intervals. Failure to do this 
can allow internal corrosion or damage and impair the operation of the 
engine, reauirina expensive repairs. While no maintenance oroaram can 
prevent items from breaking or wearing out, a general rule canke stated: 
MAINTENANCE IS CHEAPER THAN REPAIR. 

+ See Figure 1 

Two basic rules should be mentioned here. First, whenever the Port side 
of the engine (or boat) is referred to, it is meant to specify the left side of the 
engine when you are sitting at the helm. Conversely, the Starboard means 
your right side. The Bow is the front of the boat and the Stern or Aft is the 
rear. 

/ 
PORT 

(LEFT SIDE)  

BOW -- FORWARD 
(FRONT) 

f 

\ STARBOARD 

(RIGHT SIDE) 

STERN -- AFT 
(REAR) 

Fig. 1 Common terminology used for reference designation on 
boats of all size. These terms are used though out the manual 
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GENERAL INFORMATION, SAFETY AND TOOLS 1-3 
Most screws and bolts are removed by turning counterclockwise, and 

tightened by turning clockwise. An easy way to remember this is: righty- 
tighty; lefty-loosey. Corny, but effective. And if you are really dense (and we 
have all been so at one time or another), buy a ratchet that is marked ON 
and OFF (like Snapon@ ratchets), or mark your own. This can be especially 
helpful when you are bent over backwards, upside down or otherwise turned 
around when working on a boat-mounted component. 

Occasionally, there are some things when working on an engine or drive 
system that are beyond the capabilities or tools of the average Do-lt- 
Yourselfer (DIYer). This shouldn't include most of the topics of this manual, 
but you will have to be the judge. Some engines require special tools or a 
selection of special parts, even for some basic maintenance tasks. 

Talk to other boaters who use the same model of engine and speak with 
a trusted marina to find if there is a particular system or component on your 
engine that is difficult to maintain. 

You will have to decide for yourself where basic maintenance ends and 
where professional service should begin. Take your time and do your 
research first (starting with the information in this manual) and then make 
your own decision. If you really don't feel comfortable with attempting a 
procedure, DON'T DO IT. If you've gotten into something that may be over 
your head, don't panic. Tuck your tail between your legs and call a marine 
mechanic. Marinas and independent shops will be able to finish a job for 
you. Your ego may be damaged, but your boat will be properly restored to its 
full running order. So, as long as you approach jobs slowly and carefully, you 
really have nothing to lose and everything to gain by doing it yourself. 

On the other hand, even the most complicated repair is within the ability 
of a person who takes their time and follows the steps of a procedure. A rock 
climber doesn't run up the side of a cliff, heishe takes it one step at a time 
and in the end, what looked difficult or impossible was conquerable. Worry 
about one step at a time. 

+ See Figures 2 and 3 

When purchasing parts there are two things to consider. The first is 
quality and the second is to be sure to get the correct part for your engine. 
To get quality parts, always deal directly with a reputable retailer. To get the 
proper parts always refer to the information tag on your engine prior to 
calling the parts counter. An incorrect part can adversely affect your engine 
performance and fuel economy, and will cost you more money and 
aggravation in the end. 

Just remember, a tow back to shore will cost plenty. That charge is per 
hour from the time the towboat leaves their home port, to the time they 
return to their home port. Get the picture...$$$? 

Fig. 2 By far the most important asset in purchasing parts is a 
knowledgeable and enthusiastic parts person I 

Fig. 3 Parts catalogs, giving application and part number 
information, are provided by manufacturers for most replacement 
parts 

So whom should you call for parts? Well, there are many sources for the 
parts you will need. Where you shop for parts will be determined by what 
kind of parts you need, how much you want to pay, and the types of stores 
in your neighborhood. 

Your marina can supply you with many of the common parts you require. 
Using a marina as your parts supplier may be handy because of location 
(just walk right down the dock) or because the marina specializes in your 
particular brand of engine. In addition, it is always a good idea to get to 
know the marina staff (especially the marine mechanic). 

The marine parts jobber, who is usually listed in the yellow pages or 
whose name can be obtained from the marina, is another excellent source 
for parts. In addition to supplying local marinas, they also do a sizeable 
business in over-the-counter parts sales for the do-it-yourselfer. 

Almost every boating community has one or more convenient marine 
chain stores. These stores often offer the best retail orices and the 
convenience of one-stop shopping for all your needs'. Since they cater to the 
do-it-yourselfer, these stores are almost always open weeknights, Saturdays, 
and Sundays, when the jobbers are usually closed. 

The lowest prices for parts are most often found in discount stores or the 
auto department of mass merchandisers. Parts sold here are name and 
private brand parts bought in huge quantities, so they can offer a competitive 
price. Private brand parts are made by major manufacturers and sold to 
large chains under a store label. And, of course, more and more large 
automotive parts retailers are stocking basic marine supplies. 

There are 3 common mistakes in mechanical work: 

1. Following the incorrect order of assembly, disassembly or adjustment. 
When taking something apart or putting it together, performing steps in the 
wrong order usually just costs you extra time; however, it CAN break 
something. Read the entire procedure before beginning disassembly. 
Perform everything in the order in which the instructions say you should, 
even if you can't immediately see a reason for it. When you're taking apart 
something that is very intricate, you might want to draw a picture of how it 
looks when assembled at one point in order to make sure you get everything 
back in its proper position. When making adjustments, perform them in the 
proper order; often, one adjustment affects another, and you cannot expect 
satisfactory results unless each adjustment is made only when it cannot be 
changed by subsequent adjustments. 

H Digital cameras are handy. If you've got access to one, take pictures 
of intricate assemblies during the disassembly process and refer to 
them during assembly for tips on part orientation. 
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1-4 GENERAL INFORMATION, SAFETY AND TOOLS 
2. Overtorquing (or undertorquing). While it is more common for 

overtorquing to cause damage, undertorquing may allow a fastener to 
vibrate loose causing serious damage. Especially when dealing with plastic 
and aluminum parts, pay attention to torque specifications and utilize a 
torque wrench in assembly. If a torque figure is not available, remember that 
if you are using the right tool to perform the job, you will probably not have to 
strain yourself to get a fastener tight enough. The pitch of most threads is so 
slight that the tension you put on the wrench will be multiplied many times in 
actual force on what you are tightening. 

3. Cross-threading. This occurs when a part such as a bolt is screwed 
into a nut or casting at the wrong angle and forced. Cross-threading is more 

likely to occur if access is difficult. It helps to clean and lubricate fasteners, 
then to start threading with the part to be installed positioned straight inward. 
Always start a fastener, etc, with your fingers. If you encounter resistance, 
unscrew the part and start over again at a different angle until it can be 
inserted and turned several times without much effort. Keep in mind that 
some parts may have tapered threads, so that gentle turning will 
automatically bring the part you're threading to the proper angle, but only if 
you don't force it or resist a change in angle. Don't put a wrench on the part 
until it has been tightened a couple of turns by hand. If you suddenly 
encounter resistance, and the part has not seated fully, don't force it. Pull it 
back out to make sure it's clean and threading properly. 

In 1971 Congress ordered the US. Coast Guard to improve recreational 
boating safety. In response, the Coast Guard drew up a set of regulations. 

Aside from these federal regulations, there are state and local laws you 
must follow. These sometimes exceed the Coast Guard requirements. This 
section discusses only the federal laws. State and local laws are available 
from your local Coast Guard. As with other laws, "Ignorance of the boating 
laws is no excuse." The rules fall into two groups: regulations for your boat 
and required safety equipment on your boat. 

Most boats on waters within Federal jurisdiction must be registered or 
documented. These waters are those that provide a means of transportation 
between two or more states or to the sea. They also include the territorial 
waters of the United States. 

DOCUMENTING OF VESSELS 

A vessel of five or more net tons may be documented as a yacht. In this 
process, papers are issued by the US. Coast Guard as they are for large 
ships. Documentation is a form of national registration. The boat must be 
used solely for pleasure. Its owner must be a citizen of the US., a 
partnership of US. citizens, or a corporation controlled by US. citizens. The 
captain and other officers must also be US. citizens. The crew need not be. 

If you document your yacht, you have the legal authority to fly the yacht 
ensign. You also may record bills of sale, mortgages, and other papers of 
title with federal authorities. Doing so gives legal notice that such instruments 
exist. Documentation also permits preferred status for mortgages. This gives 
you additional security, and it aids in financing and transfer of title. You must 
carry the original documentation papers aboard your vessel. Copies will not 
suffice. 

REGISTRATION OF BOATS 

If your boat is not documented, registration in the state of its principal use 
is probably required. If you use it mainly on an ocean, a gulf, or other similar 
water, register it in the state where you moor it. 

If you use your boat solely for racing, it may be exempt from the 
requirement in your state. Some states may also exclude dinghies, while 
others require registration of documented vessels and non-power driven 
boats. 

All states, except Alaska, register boats. In Alaska, the US.  Coast Guard 
issues the registration numbers. If you move your vessel to a new state of 
principal use, a valid registration certificate is good for 60 days. You must 
have the registration certificate (certificate of number) aboard your vessel 
when it is in use. A copy will not suffice. You may be cited if you do not have 
the original on board. 

NUMBERING OF VESSELS 

A registration number is on your registration certificate. You must paint or 
permanently attach this number to both sides of the forward half of your 
boat. Do not display any other number there. 

The registration number must be clearly visible. It must not be placed on 
the obscured underside of a flared bow. If you can't place the number on the 
bow, place it on the forward half of the hull. If that doesn't work, put it on the 
superstructure. Put the number for an inflatable boat on a bracket or fixture. 
Then, firmly attach it to the forward half of the boat. The letters and numbers 
must be plain block characters and must read from left to right. Use a space 
or a hyphen to separate the prefix and suffix letters from the numerals. 

The color of the characters must contrast with that of the background, and 
they must be at least three inches high. 

In some states your registration is good for only one year. In others, it is 
good for as long as three years. Renew your registration before it expires. At 
that time you will receive a new decal or decals. Place them as required by 
state law. You should remove old decals before putting on the new ones. 
Some states require that you show only the current decal or decals. If your 
vessel is moored, it must have a current decal even if it is not in use. 

If your vessel is lost, destroyed, abandoned, stolen, or transferred, you 
must inform the issuing authority. If you lose your certificate of number or 
your address changes, notify the issuing authority as soon as possible. 

SALES AND TRANSFERS 

Your registration number is not transferable to another boat. The number 
stays with the boat unless its state of principal use is changed. 

HULL IDENTIFICATION NUMBER 

A Hull Identification Number (HIN) is like the Vehicle Identification Number 
(VIN) on your car. Boats built between November 1, 1972 and July 31, 1984 
have old format HINs. Since August 1, 1984 a new format has been used. 

Your boat's HIN must appear in two places. If it has a transom, the 
primary number is on its starboard side within two inches of its top. If it does 
not have a transom or if it was not practical to use the transom, the number 
is on the starboard side. In this case, it must be within one foot of the stern 
and within two inches of the top of the hull side. On pontoon boats, it is on 
the aft crossbeam within one foot of the starboard hull attachment. Your boat 
also has a duplicate number in an unexposed location. This is on the boat's 
interior or under a fitting or item of hardware. 

LENGTH OF BOATS 

For some purposes, boats are classed by length. Required equipment, for 
example, differs with boat size. Manufacturers may measure a boat's length 
in several ways. Officially, though, your boat is measured along a straight 
line from its bow to its stern. This line is parallel to its keel. 

The length does not include bowsprits, boomkins, or pulpits. Nor does it 
include rudders, brackets, outboard motors, outdrives, diving platforms, or 
other attachments. 

CAPACITY INFORMATION 

+ See Figure 4 

Manufacturers must put capacity plates on most recreational boats less 
than 20 feet long. Sailboats, canoes, kayaks, and inflatable boats are usually 
exempt. Outboard boats must display the maximum permitted horsepower of 
their engines. The plates must also show the allowable maximum weights of 
the people on board. And they must show the allowable maximum combined 
weights of people, engine($ and gear. lnboards and stern drives need not 
show the weight of their engines on their capacity plates. The capacity plate 
must appear where it is clearlv visible to the operator when underwav. This 
informadon serves to remind you of the capachy of your boat under normal 
circumstances. You should ask vourself. "Is mv boat loaded above its 
recommended capacity" and, " 6  my boat oveioaded for the present sea and 
wind conditions?" If you are stopped by a legal authority, you may be cited if 
you are overloaded. 
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Fig. 4 A US. Coast Guard certification plate indicates the amount of 
occupants and gear appropriate for safe operation of the vessel 

CERTIFICATE OF COMPLIANCE 

+ See Figure 4 

Manufacturers are required to put compliance plates on motorboats 
greater than 20 feet in length. The plates must say, "This boat," or "This 
equipment complies with the U. S. Coast Guard Safety Standards in effect 
on the date of certification." Letters and numbers can be no less than one- 
eighth of an inch high. At the manufacturer's option, the capacity and 
compliance plates may be combined. 

VENTILATION 

A cup of gasoline spilled in the bilge has the potential explosive power of 
15 sticks of dynamite. This statement, commonly quoted over 20 years ago, 
may be an exaggeration; however, it illustrates a fact. Gasoline fumes in the 
bilge of a boat are highly explosive and a serious danger. They are heavier 
than air and will stay in the bilge until they are vented out. 

Because of this danger, Coast Guard regulations require ventilation on 
many powerboats. There are several ways to supply fresh air to engine and 
gasoline tank compartments and to remove dangerous vapors. Whatever the 
choice, it must meet Coast Guard standards. 

The following is not intended to be a complete discussion of the 
regulations. It is limited to the majority of recreational vessels. Contact 
your local Coast Guard office for further information. 

General Precautions 

Ventilation systems will not remove raw gasoline that leaks from tanks or 
fuel lines. If you smell gasoline fumes, you need immediate repairs. The best 
device for sensing gasoline fumes is your nose. Use it! If you smell gasoline 
in an engine compartment or elsewhere, don't start your engine. The smaller 
the compartment, the less gasoline it takes to make an explosive mixture. 

Ventilation for Open Boats 

In open boats, gasoline vapors are dispersed by the air that moves 
through them. So they are exempt from ventilation requirements. 

To be "open," a boat must meet certain conditions. Engine and fuel tank 
compartments and long narrow compartments that join them must be open 
to the atmosphere." This means they must have at least 15 square inches of 
open area for each cubic foot of net compartment volume. The open area 
must be in direct contact with the atmosphere. There must also be no long, 
unventilated spaces open to engine and fuel tank compartments into which 
flames could extend. 

Ventilation for All Other Boats 

Powered and natural ventilation are required in an enclosed compartment 
with a permanently installed gasoline engine that has a starter motor. A 
compartment is exempt if its engine is open to the atmosphere. Diesel 
powered boats are also exempt. 

VENTILATION SYSTEMS 

There are two types of ventilation systems. One is "natural ventilation." In 
it, air circulates through closed spaces due to the boat's motion. The other 

type is "powered ventilation." In it, air is circulated by a motor-driven fan or 
fans. 

Natural Ventilation System Requirements 

A natural ventilation system has an air supply from outside the boat. The 
air supply may also be from a ventilated compartment or a compartment 
open to the atmosphere. Intake openings are required. In addition, intake 
ducts may be required to direct the air to appropriate compartments. 

The system must also have an exhaust duct that starts in the lower third 
of the compartment. The exhaust openlng must be into another ventilated 
compartment or into the atmosphere. Each supply opening and supply duct, 
if there is one, must be above the usual level of water in the bilge. Exhaust 
openings and ducts must also be above the bilge water. Openings and ducts 
must be at least three square inches in area or two inches in diameter. 
Openings should be placed so exhaust gasses do not enter the fresh air 
intake. Exhaust fumes must not enter cabins or other enclosed, non- 
ventilated spaces. The carbon monoxide gas in them is deadly. 

Intake and exhaust openings must be covered by cowls or similar 
devices. These registers keep out rain water and water from breaking seas. 
Most often, intake registers face forward and exhaust openings aft. This aids 
the flow of air when the boat is moving or at anchor since most boats face 
into the wind when properly anchored. 

Power Ventilation System Requirements 

+ See Figure 5 

Powered ventilation systems must meet the standards of a natural 
svstem. Thev must also have one or more exhaust blowers. The blower duct 
can serve as the exhaust duct for natural ventilation if fan blades do not 
obstruct the air flow when not powered. Openings in engine compartment, 
for carburetion are in addition to ventilation system requirements. 

Fig. 5 Typical blower and duct system to vent fumes from the 
engine compartment 

Coast Guard regulations require that your boat have certain equipment 
aboard. These requirements are minimums. Exceed them whenever you 
can. 

TYPES OF FIRES 

There are four common classes of fires: 
Class A-fires are of ordinary combustible materials such as paper or 

wood. 
Class B-fires involve gasoline, oil and grease. 
Class C-fires are electrical. 
Class D-fires involve ferrous metals 
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One of the greatest risks to boaters is fire. This is why it is so important to 
carry the correct number and type of extinguishers onboard. 

The best fire extinguisher for most boats is a Class B extinguisher. Never 
use water on Class B or Class C fires, as water spreads these types of fires. 
Additionally, you should never use water on a Class C fire as it may cause 
you to be electrocuted. 

FIRE EXTINGUISHERS 

+ See Figure 6 

If your boat meets one or more of the following conditions, you must have 
at least one fire extinguisher aboard. The conditions are: 

Inboard or sternbrive engines 
Closed compartments under seats where portable fuel tanks can be 

stored 
Double bottoms not sealed together or not completely filled with 

flotation materials 
Closed living spaces 
Closed stowage compartments in which combustible or flammable 

materials are stored 
Permanently installed fuel tanks 
Boat is 26 feet or more in length. 

Fig. 6 An approved fire extinguisher should be mounted close to 
the operator for emergency use 

Contents of Extinguishers 

Fire extinguishers use a variety of materials. Those used on boats usually 
contain dry chemicals, Halon, or Carbon Dioxide (C02). Dry chemical 
extinguishers contain chemical powders such as Sodium Bicarbonate- 
baking soda. 

Carbon dioxide is a colorless and odorless gas when released from an 
extinguisher. It is not poisonous but caution must be used in entering 
compartments filled with it. It will not support life and keeps oxygen from 
reaching your lungs. A fire-killing concentration of Carbon Dioxide can be 
lethal. If you are in a compartment with a high concentration of C02, you will 
have no difficulty breathing. But the air does not contain enough oxygen to 
support life. Unconsciousness or death can result. 

Halon Extinguishers 

Some fire extinguishers and 'built-in' or 'fixed' automatic fire extinguishing 
systems contain a gas called Halon. Like carbon dioxide it is colorless and 
odorless and will not support life. Some Halons may be toxic if inhaled. 

To be accepted by the Coast Guard, a fixed Halon system must have an 
indicator light at the vessel's helm. A green light shows the system is ready. 
Red means it is being discharged or has been discharged. Warning horns 
are available to let you know the system has been activated. If your fixed 
Halon system discharges, ventilate the space thoroughly before you enter it. 
There are no residues from Halon but it will not support life. 

Although Halon has excellent fire fighting properties; it is thought to 
deplete the earth's ozone layer and has not been manufactured since 
January 1, 1994. Halon extinguishers can be refilled from existing stocks of 
the gas until they are used up, but high federal excise taxes are being 
charged for the service. If you discontinue using your Halon extinguisher, 
take it to a recovery station rather than releasing the gas into the 
atmosphere. Compounds such as FE 241, designed to replace Halon, are 
now available. 

Fire Extinguisher Approval 

Fire extinguishers must be Coast Guard approved. Look for the approval 
number on the nameplate. Approved extinguishers have the following on 
their labels: "Marine Type USCG Approved, Size ..., Type ..., 162.2081," etc. In 
addition, to be acceotable bv the Coast Guard, an extinauisher must be in 
serviceable conditih and mbunted in its bracket. An exfinguisher not 
~rooerlv mounted in its bracket will not be considered serviceable durina a 
coast ~ u a r d  inspection. 

Care and Treatment 

Make certain your extinguishers are in their stowage brackets and are not 
damaged. Replace cracked or broken hoses. Nozzles should be free of 
obstructions. Sometimes, wasps and other insects nest inside nozzles and 
make them inoperable. Check your extinguishers frequently. If they have 
pressure gauges, is the pressure within acceptable limits? Do the locking 
pins and sealing wires show they have not been used since recharging? 

Don't try an extinguisher to test it. Its valves will not reseat properly and 
the remaining gas will leak out. When this happens, the extinguisher is 
useless. 

Weigh and tag carbon dioxide and Halon extinguishers twice a year. If 
their weight loss exceeds 10 percent of the weight of the charge, recharge 
them. Check to see that they have not been used. They should have been 
inspected by a qualified person within the past six months, and they should 
have tags showing all inspection and service dates. The problem is that they 
can be partially discharged while appearing to be fully charged. 

Some Halon extinguishers have pressure gauges the same as dry 
chemical extinguishers. Don't rely too heavily on the gauge. The extinguisher 
can be partially d~scharged and still show a good gauge reading. Weighing a 
Halon extinguisher is the only accurate way to assess its contents. 

If your dry chemical extinguisher has a pressure indicator, check it 
frequently. Check the nozzle to see if there is powder in it. If there is, 
recharge it. Occasionally invert your dry chemical extinguisher and hit the 
base with the palm of your hand. The chemical in these extinguishers packs 
and cakes due to the boat's vibration and pounding. There is a difference of 
opinion about whether hitting the base helps, but it can't hurt. It is known that 
caking of the chemical powder is a major cause of failure of dry chemical 
extinguishers. Carry spares in excess of the minimum requirement. If you 
have guests aboard, make certain they know where the extinguishers are 
and how to use them. 

Using a Fire Extinguisher 

A fire extinguisher usually has a device to keep it from being discharged 
accidentally. This is a metal or plastic pin or loop. If you need to use your 
extinguisher, take it from its bracket. Remove the pin or the loop and point 
the nozzle at the base of the flames. Now, squeeze the handle, and 
discharge the extinguisher's contents while sweeping from side to side. 
Recharge a used extinguisher as soon as possible. 

If you are using a Halon or carbon dioxide extinguisher, keep your hands 
away from the discharge. The rapidly expanding gas will freeze them. If your 
fire extinguisher has a horn, hold it by its handle. 

Legal Requirements for Extinguishers 

You must carry fire extinguishers as defined by Coast Guard regulations. 
They must be firmly mounted in their brackets and immediately accessible. 

A motorboat less than 26 feet long must have at least one approved 
hand-portable, Type 6-1 extinguisher. It the boat has an approved f~xed fire 
extinguishing system, you are not required to have the Type B-I 
extinguisher. 
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Also, if your boat is less than 26 feet long, is propelled by an outboard motor, 
or motors, and does not have any of the first six conditions described at the 
beginning of this section, it is not required to have an extinguisher. Even so, 
it's a good idea to have one, especially if a nearby boat catches fire, or if a 
fire occurs at a fuel dock. 

A motorboat 26 feet to under 40 feet long, must have at least two Type B- 
1 approved hand-portable extinguishers. It can, instead, have at least one 
Coast Guard approved Type 8-2. If you have an approved fire extinguishing 
system, only one Type B-1 is required. 

A motorboat 40 to 65 feet long must have at least three Type B-1 
approved portable extinguishers. It may have, instead, at least one Type B-1 
plus a Type 8-2. If there is an approved fixed fire extinguishing system, two 
Type B-1 or one Type 8-2 is required. 

WARNING SYSTEM 

Various devices are available to alert you to danger. These include fire, 
smoke, gasoline fumes, and carbon monoxide detectors. If your boat has a 
galley, it should have a smoke detector. Where possible, use wired 
detectors. Household batteries often corrode rapidly on a boat. 

There are many ways in which carbon monoxide (a by-product of the 
combustion that occurs in an engine) can enter your boat. You can't see, 
smell, or taste carbon monoxide gas, but ~t is lethal. As little as one part in 
10,000 parts of air can bring on a headache. The symptoms of carbon 
monoxide poisoning-headaches, dizziness, and nausea-are like 
seasickness. By the time you realize what is happening to you, it may be too 
late to take action. If you have enclosed living spaces on your boat, protect 
yourself with a detector. 

PERSONAL FLOTATION DEVICES 

Personal Flotation Devices (PFDs) are commonly called life preservers or 
life jackets. You can get them in a variety of types and sizes. They vary with 
their intended uses. To be acceptable, PFDs must be Coast Guard 
approved. 

Type 1 PFDs 

A Type I life jacket is also called an offshore life jacket. Type I life jackets 
will turn most unconscious peo~ le  from facedown to a vertical or sliahtlv 
backward position. The adult she gives a minimum of 22 pounds of" 

' 

buovancv. The child size has at least 11 Dounds. T v ~ e  I iackets provide more 
proiecti& to their wearers than any othe; type of liie jacket. ~ ~ p ' e  I life 
jackets are bulkier and less comfortable than other types. Furthermore, there 
are only two sizes, one for children and one for adults. 

Type I life jackets will keep their wearers afloat for extended periods in 
rough water. They are recommended for offshore cruising where a delayed 
rescue is probable. 

Type I1 PFDs 

+ See Figure 7 

A Type II life jacket is also called a near-shore buoyant vest. It is an 
approved, wearable device. Type II life jackets will turn some unconscious 
people from facedown to vertical or slightly backward positions. The adult 
size gives at least 15.5 pounds of buoyancy. The medium child size has a 
minimum of 11 pounds. And the small child and infant sizes give seven 
pounds. A Type II life iacket is more comfortable than a T v ~ e  I but it does not 
have as much buoyancy. It is not recommended for long hours in rough 
water. Because of this. T v ~ e  Ils are recommended for inshore and inland 
cruising on calm water. use them only where there is a good chance of fast 
rescue. 

Type I l l  PFDs 

Type Ill life jackets or marine buoyant devices are also known as flotation 
aids. Like Type Ils, they are designed for calm inland or close offshore water 
where there is a good chance of fast rescue. Their minimum buoyancy is 
15.5 pounds. They will NOT turn their wearers face up. 

Type Ill devices are usually worn where freedom of movement is 
necessary. Thus, they are used for water skiing, small boat sailing, and 
fishing among other activities. They are available as vests and flotation 
coats. Flotation coats are useful in cold weather. Type Ills come in many 
sizes from small child through large adult. 

Life jackets come in a variety of colors and patterns-red, blue, green, 
camouflage, and cartoon characters. From purely a safety standpoint, the 
best color is bright orange. It is easier to see in the water, especially if the 
water is rough. 

Type IV PFDs 

+ See Figures 8 and 9 

Type IV ring life buoys, buoyant cushions and horseshoe buoys are Coast 
Guard approved devices called throwables. They are made to be thrown to 
people in the water, and should not be worn. Type IV cushions are often 
used as seat cushions. But, keep in mind that cushions are hard to hold onto 
in the water, thus, they do not afford as much protection as wearable life 
jackets. 

The straps on buoyant cushions are for you to hold onto either in the 
water or when throwing them, they are NOT for your arms. A cushion should 
never be worn on your back, as it will turn you face down in the water. 

Type IV throwables are not designed as personal flotation devices for 
unconscious people, non-swimmers, or children. Use them only in 
emergencies. They should not be used for, long periods in rough water. 

Ring life buoys come in 18, 20,24, and 30 inch diameter sizes. They 
usually have grab lines, but you will need to attach about 60 feet of 
polypropylene line to the grab rope to aid in retrieving someone in the water. 
If you throw a ring, be careful not to hit the person. Ring buoys can knock 
people unconscious 

Type V PFDs 

Type V PFDs are of two kinds, special use devices and hybrids. Special 
use devices include boardsailing vests, deck suits, work vests, and others. 
They are approved only for the special uses or conditions indicated on their 
labels. Each is designed and intended for the particular application shown on 
its label. They do not meet legal requirements for general use aboard 
recreational boats. 

Hybrid life jackets are inflatable devices with some built-in buoyancy 
provided by plastic foam or kapok. They can be inflated orally or by cylinders 
of compressed gas to give additional buoyancy. In some hybrids the gas is 
released manually. In others it is released automatically when the life jacket 
is immersed in water. 

The inherent buoyancy of a hybrid may be insufficient to float a person 
unless it is inflated. The only way to find this out is for the user to try it in the 
water. Because of its limited buoyancy when deflated, a hybrid is 
recommended for use by a non-swimmer only if it is worn with enough 
inflation to float the wearer. 

If they are to count against the legal requirement for the number of life 
jackets you must carry, hybrids manufactured before February 8, 1995 must 
be worn whenever a boat is underway and the wearer must not go below 
decks or in an enclosed space. To find out if your Type V hybrid must be 
worn to satisfy the legal requirement, read its label. If its use is restricted it 
will say, "REQUIRED TO BE WORN" in capital letters. 

Hybrids cost more than other life jackets, but this factor must be weighed 
against the fact that they are more comfortable than Types I, 11 or Ill life 
jackets. Because of their greater comfort, their owners are more likely to 
wear them than are the owners of Type I, II or Ill life jackets. 

The Coast Guard has determined that improved, less costly hybrids can 
save lives since they will be bought and used more frequently. For these 
reasons, a new federal regulation was adopted effective February 8, 1995. 
The regulation increases both the deflated and inflated buoyancys of hybrids, 
makes them available in a greater variety of sizes and types, and reduces 
their costs by reducing production costs. 

Even though it may not be required, the wearing of a hybrid or a life jacket 
is encouraged whenever a vessel is underway. Like life jackets, hybrids are 
now available in three types. To meet legal requirements, a Type I hybrid can 
be substituted for a Type I life jacket. Similarly Type II and Ill hybrids can be 
substituted for Type II and Type Ill life jackets. AType I hybrid, when inflated, 
will turn most unconscious people from facedown to vertical or slightly 
backward positions just like a Type I life jacket. Type I1 and Ill hybrids 
function like Type II and Ill life jackets. If you purchase a new hybrid, it 
should have an owner's manual attached that describes its life jacket type 
and its deflated and inflated buoyancys. It warns you that it may have to be 
inflated to float you. The manual also tells you how to don the life jacket and 
how to inflate it. It also tells you how to change its inflation mechanism, 
recommended testing exercises, and inspection or maintenance procedures. 
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Fig. 7 Type II PFDs are recommended for 
inshore and inland cruising on calm water 
(where there is a good chance of fast rescue) 

Fig. 8 Type IV buoyant cushions are thrown 
to people in the water. if you can squeeze air 
out of the cushion, it should be replaced 

The manual also tells you why you need a life jacket and why you should 
wear it. A new hybrid must be packaged with at least three gas cartridges. 
One of these may already be loaded into the inflation mechanism. Likewise, 
if it has an automatic inflation mechanism, it must be packaged with at least 
three of these water sensitive elements. One of these elements may be 
installed. 

Legal Requirements 

A Coast Guard approved life jacket must show the manufacturer's name 
and approval number. Most are marked as Type I, 11, Ill, IV or V. All of the 
newer hybrids are marked for type. 

You are required to carry at least one wearable life jacket or hybrid for 
each person on board your recreational vessel. If your vessel is 16 feet or 
more in length and is not a canoe or a kayak, you must also have at least 
one Type IV on board. These requirements apply to all recreational vessels 
that are propelled or controlled by machinery, sails, oars, paddles, poles, or 
another vessel. Sailboards are not required to carry life jackets. 

You can substitute an older Type V hybrid for any required Type I, II or Ill 
life jacket provided: 

1. Its approval label shows it is approved for the activity the vessel is 
engaged in 

2. It's approved as a substitute for a life jacket of the type required on the 
vessel 

3. It's used as required on the labels 
and 
4. It's used in accordance with any requirements in its owner's manual (if 

the approval label makes reference to such a manual.) 
A water skier being towed is considered to be on board the vessel when 

judging compliance with legal requirements. 
You are required to keep your Type I, II or Ill life jackets or equivalent 

hybrids readily accessible, which means you must be able to reach out and 
get them when needed. All life jackets must be in good, serviceable 
condition. 

General Considerations 

The proper use of a life jacket requires the wearer to know how it will 
perform. You can gain this knowledge only through experience. Each person 
on your boat should be assigned a life jacket. Next, it should be fitted to the 
person who will wear it. Only then can you be sure that it will be ready for 
use in an emergency. This advice is good even if the water is calm, and you 
intend to boat near shore. 

Boats can sink fast. There may be no time to look around for a life jacket. 
Fitting one on you in the water is almost impossible. Most drownings occur in 
inland waters within a few feet of safety. Most victims had life jackets, but 
they weren't wearing them. 

Keeping life jackets in the plastic covers they came wrapped in, and in a 
cabin, assures that they will stay clean and unfaded. But this is no way to 
keep them when you are on the water. When you need a life jacket it must 
be readily accessible and adjusted to fit you. You can't spend time hunting 
for it or learning how to fit it. 

There is no substitute for the experience of entering the water while 
wearing a life jacket. Children, especially, need practice. If possible, give 
your guests this experience. Tell them they should keep their arms to their 

Fig. 9 Type IV throwables, such as this ring 
life buoy, are not designed for unconscious 
people, non-swimmers, or children 

sides when jumping in to keep the life jacket from riding up. Let them jump in 
and see how the life jacket responds. Is it adjusted so it does not ride up? Is 
it the proper size? Are all straps snug? Are children's life jackets the right 
sizes for them? Are they adjusted properly? If a child's life jacket fits 
correctly, you can lift the child by the jacket's shoulder straps and the child's 
chin and ears will not slip through. Non-swimmers, children, handicapped 
persons, elderly persons and even pets should always wear life jackets when 
they are aboard. Many states require that everyone aboard wear them in 
hazardous waters. 

Inspect your lifesaving equipment from time to time. Leave any 
questionable or unsatisfactory equipment on shore. An emergency is no time 
for you to conduct an inspection. 

Indelibly mark your life jackets with your vessel's name, number, and 
calling port. This can be important in a search and rescue effort. It could help 
concentrate effort where it will do the most good. 

Care of Life Jackets 

Given reasonable care, life jackets last many years. Thoroughly dry them 
before putting them away. Stow them in dry, well-ventilated places. Avoid the 
bottoms of lockers and deck storage boxes where moisture may collect. Air 
and dry them frequently. 

Life jackets should not be tossed about or used as fenders or cushions. 
Many contain kapok or fibrous glass material enclosed in plastic bags. The 
bags can rupture and are then unserviceable. Squeeze your life jacket 
gently. Does air leak out? If so, water can leak in and it will no longer be safe 
to use. Cut it up so no one will use it, and throw it away. The covers of some 
life jackets are made of nylon or polyester. These materials are plastics. Like 
many plastics, they break down after extended exposure to the ultraviolet 
light in sunlight. This process may be more rapid when the materials are 
dyed with bright dyes such as "neon" shades. 

Ripped and badly faded fabrics are clues that the covering of your life 
jacket is deteriorating. A simple test is to pinch the fabric between your 
thumbs and forefingers. Now try to tear the fabric. If it can be torn, it should 
definitely be destroyed and discarded. Compare the colors in protected 
places to those exposed to the sun. If the colors have faded, the materials 
have been weakened. A life jacket covered in fabric should ordinarily last 
several boating seasons with normal use. A life jacket used every day in 
direct sunlight should probably be replaced more often. 

SOUND PRODUCING DEVICES 

All boats are required to carry some means of making an efficient sound 
signal. Devices for making the whistle or horn noises required by the 
Navigation Rules must be capable of a four-second blast. The blast should 
be audible for at least one-half mile. Athletic whistles are not acceptable on 
boats 12 meters or longer. Use caution with athletic whistles. When wet, 
some of them come apart and loose their "pea." When this happens, they 
are useless. 

If your vessel is 12 meters long and less than 20 meters, you must have a 
power whistle (or power horn) and a bell on board. The bell must be in 
operating condition and have a minimum diameter of at least 200mm (7.9 in.) 
at its mouth. 
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VISUAL DISTRESS SIGNALS 

+ See Figure 10 

Visual Distress Signals (VDS) attract attention to your vessel if you need 
help. They also help to guide searchers in search and rescue situations. Be 
sure you have the right types, and learn how to use them properly. 

It is illegal to fire flares improperly. In addition, they cost the Coast Guard 
and its Auxiliary many wasted hours in fruitless searches. If you signal a 
distress with flares and then someone helps you, please let the Coast Guard 
or the appropriate Search And Rescue (SAR) Agency know so the distress 
report will be canceled. 

Recreational boats less than 16 feet long must carry visual distress 
signals on coastal waters at night. Coastal waters are: 

The ocean (territorial sea) 
The Great Lakes 
Bays or sounds that empty into oceans 
Rivers over two miles across at their mouths upstream to where they 

narrow to two miles. 
Recreational boats 16 feet or longer must carry VDS at all times on 

coastal waters. The same requirement applies to boats carrying six or fewer 
passengers for hire. Open sailboats less than 26 feet long without engines 
are exempt in the daytime as are manually propelled boats. Also exempt are 
boats in organized races, regattas, parades, etc. Boats owned in the United 
States and operating on the high seas must be equipped with VDS. 

A wide variety of signaling devices meet Coast Guard regulations. For 
pyrotechnic devices, a minimum of three must be carried. Any combination 
can be carried as long as it adds up to at least three signals for day use and 
at least three signals for night use. Three daylnight signals meet both 
requirements. If possible, carry more than the legal requirement. 

The American flag flying upside down is a commonly recognized 
distress signal. It is not recognized in the Coast Guard regulations, 
though. In an emergency, your efforts would probably be better used in 
more effective signaling methods. 

Types of VDS 

VDS are divided into two groups; daytime and nighttime use. Each of 
these groups is subdivided into pyrotechnic and non-pyrotechnic devices. 

Daytime Non-Pyrotechnic Signals 

A bright orange flag with a black square over a black circle is the simplest 
VDS. It is usable, of course, only in daylight. It has the advantage of being a 
continuous signal. A mirror can be used to good advantage on sunny days. It 
can attract the attention of other boaters and of aircraft from great distances. 

-ig. 10 Internationally accepted distress signals 

Mirrors are available with holes in their centers to aid in "aiming." In the 
absence of a mirror, any shiny object can be used. When another boat is in 
sight, an effective VDS is to extend your arms from your sides and move 
them up and down. Do it slowly. If you do it too fast the other people may 
think you are just being friendly. This simple gesture is seldom 
misunderstood, and requires no equipment. 

Daytime Pyrotechnic Devices 

Orange smoke is a useful daytime signal. Hand-held or floating smoke 
flares are very effective in attracting attention from aircraft. Smoke flares 
don't last long, and are not very effective in high wind or poor visibility. As 
with other pyrotechnic devices, use them only when you know there is a 
possibility that someone will see the display. 

To be usable, smoke flares must be kept dry. Keep them in airtight 
containers and store them in dry places. If the "striker" is damp, dry it out 
before trying to ignite the device. Some pyrotechnic devices require a 
forceful "strike" to ignite them. 

All hand-held pyrotechnic devices may produce hot ashes or slag when 
burning. Hold them over the side of your boat in such a way that they do not 
burn your hand or drip into your boat. 

Nighttime Non-Pyrotechnic Signals 

An electric distress light is available. This light automatically flashes the 
international morse code SOS distress signal ( -0 --- *-* ). Flashed four to six 
times a minute, it is an unmistakable distress signal. It must show that it is 
approved by the Coast Guard. Be sure the batteries are fresh. Dated 
batteries give assurance that they are current. 

Under the Inland Navigation Rules, a high intensity white light flashing 
50-70 times per minute is a distress signal. Therefore, use strobe lights on 
inland waters only for distress signals. 

Nighttime Pyrotechnic Devices 

+ See Figure 11 

Aerial and hand-held flares can be used at night or in the daytime. 
Obviously, they are more effective at night. 

Currently, the serviceable life of a pyrotechnic device is rated at 42 
months from its date of manufacture. Pyrotechnic devices are expensive. 
Look at their dates before you buy them. Buy them with as much time 
remaining as possible. 

Like smoke flares, aerial and hand-held flares may fail to work if they 
have been damaged or abused. They will not function if they are or have 
been wet. Store them in dry, airtight containers in dry places. But store them . . 
where they are readily accessible. 

I 

Fig. 11 Moisture protected flares should be carried onboard any 
vessel for use as a distress signal 
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Aerial VDSs, depending on their type and the conditions they are used in, 
may not go very high. Again, use them only when there is a good chance 
they will be seen. 

A serious disadvantage of aerial flares is that they burn for only a short 
time; most burn for less than 10 seconds. Most parachute flares burn for less 
than 45 seconds. If you use a VDS in an emergency, do so carefully. Hold 
hand-held flares over the side of the boat when in use. Never use a road 
hazard flare on a boat, it can easily start a fire. Marine type flares are 
specifically designed to lessen risk, but they still must be used carefully. 

Aerial flares should be given the same respect as firearms since they are 
firearms! Never point them at another person. Don't allow children to play 
with them or around them. When vou fire one, face away from the wind. Aim 

Fia 14 A few wrenches, a screwdriver and 

it downwind and upward at an angle of about 60 degree's to the horizon. If 
there is a strong wind, aim it somewhat more vertically. Never fire it straight 
up. Before you discharge a flare pistol, check for overhead obstructions that 
miaht be damaaed bv the flare. An obstruction miaht deflect the flare to 
wKere it will c a k e  injury or damage. 

Disposal of VDS 

Keep outdated flares when you get new ones. They do not meet legal 
requirements, but you might need them sometime, and they may work. It is 
illegal to fire a VDS on federal navigable waters unless an emergency exists. 
Many states have similar laws. 

Emergency Position Indicating Radio Beacon (EPIRB) 

There is no requirement for recreational boats to have EPIRBs. Some 
commercial and fishing vessels, though, must have them if they operate 
beyond the three-mile limit. Vessels carrying six or fewer passengers for hire 
must have EPlRBs under some circumstances when operating beyond the 
three-mile limit. If you boat in a remote area or offshore, you should have an 
EPIRB. An EPIRB is a small (about 6 to 20 inches high), battery-powered, 
radio transmitting buoy-like device. It is a radio transmitter and requires a 
license or an endorsement on your radio station license by the Federal 
Communications Commission (FCC). EPlRBs are either automatically 
activated by being immersed in water or manually by a switch. 

Although not required by law, there are other pieces of equipment that are 
good to have onboard. 

SECOND MEANS OF PROPULSION 

All boats less than 16 feet long should carry a second means of 
propulsion. A paddle or oar can come in handy at times. For most small 
boats, a spare trolling or outboard motor is an excellent idea. If you carry a 
spare motor, it should have its own fuel tank and starting power. If you use 
an electric trolling motor, it should have its own battery. 

BAILING DEVICES 

All boats should carry at least one effective manual bailing device in 
addition to any installed electric bilge pump. This can be a bucket, can, 
scoop, hand-operated pump, etc. If your battery "goes dead" it will not 
operate your electric pump. 

FIRST AID KIT 

+ See Figure 12 

All boats should carry a first aid kit. It should contain adhesive bandages, 
gauze, adhesive tape, antiseptic, aspirin, etc. Check your first aid kit from 
time to time. Replace anything that is outdated. It is to your advantage to 
know how to use your first aid kit. Another good idea would be to take a Red 
Cross first aid course. 

ANCHORS 

+ See Figure 13 

All boats should have anchors. Choose one of suitable size for your boat. 
Better still, have two anchors of different sizes. Use the smaller one in calm 
water or when anchoring for a short time to fish or eat. Use the larger one 
when the water is rougher or for overnight anchoring. 

Carry enough anchor line, of suitable size, for your boat and the waters in 
which you will operate. If your engine fails you, the first thing you usually 
should do is lower your anchor. This is good advice in shallow water where 
you may be driven aground by the wind or water. It is also good advice in 
windy weather or rough water, as the anchor, when properly affixed, will 
usually hold your bow into the waves. 

VHF-FM RADIO 

Your best means of summoning help in an emergency or in case of a 
breakdown is a VHF-FM radio. You can use it to get advice or assistance 
from the Coast Guard. In the event of a serious illness or injury aboard your 
boat, the Coast Guard can have emergency medical equipment meet you 
ashore. 

TOOLS AND SPARE PARTS 

+ See Figures 14 and 15 

Carry a few tools and some spare parts, and learn how to make minor 
repairs. Many search and rescue cases are caused by minor breakdowns 
that boat operators could have repaired. Carry spare parts such as 
propellers, fuses or basic ignition components (like spark plugs, wires or 
even ignition coils) and the tools necessary to install them. 

Fig. 15 A flashlight with a fresh set of batteries is handy when 
repairs are needed at night. It can also double as a signaling device 

©PDF Manual Master 2006



GENERAL INFORMATION, SAFETY AND TOOLS 1-1 1 
report of the failure is made. Insread. you will be told what you need to 
correct the deficiencies. The exam ner will return at your convenience to reoo 
the examinat~on. 

One of the roles of the Coast Guard Auxiliary is to promote recreational If your vessel qualifies, you will be awarded a safety decal. The decal 
boating safety. This is why they conduct thousands of Courtesy Marine does not carry any special privileges, it simply attests to your interest in safe 
Examinations each year. The auxiliarists who do these examinations are boating. 
well-trained and knowledgeable in the field. 

These examinations are free and done only at the consent of boat 
owners. To pass the examination, a vessel must satisfy federal equipment 
requirements and certain additional requirements of the coast guard 
auxiliary. If your vessel does not pass the Courtesy Marine Examination, no 

It is virtually impossible to anticipate all of the hazards involved with 
maintenance and service, but care and common sense will prevent most 
accidents. 

The rules of safety for mechanics range from "don't smoke around 
gasoline," to "use the proper tooljs) for the job." The trick to avoiding injuries 
is to develop safe work habits and to take every possible precaution. 
Whenever you are working on your boat, pay attention to what you are 
doing. The more you pay attention to details and what is going on around 
you, the less likely you will be to hurt yourself or damage your boat. 

* Do keep a fire extinguisher and first aid kit handy. 
Do wear safety glasses or goggles when cutting, drilling, grinding or 

prying, even if you have 20-20 vision. If you wear glasses for the sake of 
vision, wear safety goggles over your regular glasses. 

Do shield your eyes whenever you work around the battery. Batteries 
contain sulfuric acid. In case of contact with the eyes or skin, flush the area 
with water or a mixture of water and baking soda; then seek immediate 
medical attention. 

* Do use adequate ventilation when working with any chemicals or 
hazardous materials. 

Do disconnect the negative battery cable when working on the electrical 
system. The secondary ignition system contains EXTREMELY HIGH 
VOLTAGE. In some cases it can even exceed 50,000 volts. Furthermore, an 
accidental attempt to start the engine could cause the propeller or other 
components to rotate suddenly causing a potentially dangerous situation. 

Do follow manufacturer's directions whenever working with potentially 
hazardous materials. Most chemicals and fluids are poisonous if taken 
internally. 

Do properly maintain your tools. Loose hammerheads, mushroomed 
punches and chisels, frayed or poorly grounded electrical cords, excessively 
worn screwdrivers, spread wrenches (open end), cracked sockets, or 
slipping ratchets can cause accidents. 

Likewise, keep your tools clean; a greasy wrench can slip off a bolt 
head, ruining the bolt and often harming your knuckles in the process. 

* Do use the proper size and type of tool for the job at hand. Do select a 
wrench or socket that fits the nut or bolt. The wrench or socket should sit 
straight, not cocked. 

Do, when possible, pull on a wrench handle rather than push on it, and 
adjust your stance to prevent a fall. 

Do be sure that adjustable wrenches are tightly closed on the nut or bolt 
and pulled so that the force is on the side of the fixed jaw. Better yet, avoid 
the use of an adjustable if you have a fixed wrench that will fit. 

Do strike squarely with a hammer; avoid glancing blows. 
Do use common sense whenever you work on your boat or motor. If a 

situation arises that doesn't seem right, sit back and have a second look. It 
may save an embarrassing moment or potential damage to your beloved 
boat. 

Don't run the engine in an enclosed area or anywhere else without 
proper ventilation-EVER! Carbon monoxide is poisonous; it takes a long 
time to leave the human body and you can build up a deadly supply of it in 
your system by simply breathing in a little every day. You may not realize you 
are slowly poisoning yourself. 

* Don't work around moving parts while wearing loose clothing. Short 
sleeves are much safer than long, loose sleeves. Hard-toed shoes with 
neoprene soles protect your toes and give a better grip on slippery surfaces. 
Jewelry, watches, large belt buckles, or body adornment of any kind is not 
safe workina around anv craft or vehicle. Lona hair should be tied back 
under a hat: 

- 
Don't use oockets for toolboxes. A fall or bumo can drive a screwdriver 

deep into your body. Even a rag hanging from you) back pocket can wrap 
around a spinning shaft. 

Don't smoke when working around gasoline, cleaning solvent or other 
flammable material. 

Don't smoke when working around the battery. When the battery is 
being charged, it gives off explosive hydrogen gas. Actually, you shouldn't 
smoke anyway. Save the cigarette money and put it into your boat! 

Don't use gasoline to wash your hands; there are excellent soaps 
available. Gasoline contains dangerous additives that can enter the body 
through a cut or through your pores. Gasoline also removes all the natural 
oils from the skin so that bone dry hands will suck up oil and grease. 

* Don't use screwdrivers for anything other than driving screws! A 
screwdriver used as an prying tool can snap when you least expect it, 
causing injuries. At the very least, you'll ruin a good screwdriver. 

Troubleshooting can be defined as a methodical process during which 
one discovers what is causina a oroblem with enaine o~eration. Althouah it is 
often a feared process to theinin~tiated, there i s i o  reason to believe &at 
you cannot figure out what is wrong with an engine, as long as you follow a 
few basic rules. 

To begin with, troubleshooting must be systematic. Haphazardly testing 
one component, then another, MIGHT uncover the problem, but it will more 
likely waste a lot of time. True troubleshooting starts by defining the problem 
and performing systematic tests to eliminate the largest and most likely 
causes first. 

Start all troubleshooting by eliminating the most basic possible causes; 
begin with a visual inspection of the boat, engine and drive. If the engine 
won't crank, make sure that the kill switch or safety lanyard is in the proper 
position. Make sure there is fuel in the tank and the fuel system is primed 
before condemning the carburetor or fuel injection system. Make sure there 
are no blown fuses, the battery is fully charged, and the cable connections 

(at both ends) are clean and tight before suspecting a bad starter, solenoid 
or switch. 

The majority of problems that occur suddenly can be fixed by simply 
identifying the one small item that brought them on. A loose wire, a clogged 
passage or a broken component can cause a lot of trouble and are often the 
cause of a sudden performance problem. 

The next most basic step in troubleshooting is to test systems before 
components. For example, if the engine doesn't crank on an electric start 
motor, determine if the battery is in good condition (fully charged and 
properly connected) before testing the starting system. If the engine cranks, 
but doesn't start, you know already know the starting system and battery (if it 
cranks fast enough) are in good condition, now it is time to look at the 
ignition or fuel systems. Once you've isolated the problem to a particular 
system, follow the troubleshooting/testing procedures in the section for that 
system to test either sub-systems (if applicable, for example: the starter 
circuit) or components (starter solenoid). 
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:, @ a -  . a a - and exhaust. But, the difference oetween a 2- and 4-stroke engine is in how 

many times the oiston moves ur, and down within the cvlinder to accom~lish 

+ See Figures 16 and 17 

Before attempting to troubleshoot a problem with your engine, it is 
important that you understand how it operates. Once normal engine or 
system operation is understood, it will be easier to determine what might be 
causing the trouble or irregular operation in the first place. System 
descriptions are found throughout this manual, but the basic mechanical 
operating principles for both 2-stroke engines and 4-stroke engines (like 
voursi are aiven here. A basic understandina of both tmes of enaines is 

this.0n 2-stroke motors (as the name suggests) the f o k  cycles take place in 
2 movements (one up and one down) of the piston. Again, as the name 
suggests, the cycles take place in 4 movements of the piston for 4-stroke 
engines. 

2-STROKE MOTORS 

The 2-stroke engine differs in several ways from a conventional four- 
stroke (automobile or marine) engine. 

1. The intakelexhaust method bv which the fuel-air mixture is delivered to 
useful not &ly in understanding and troubl&hooting );dur OMC, but also for the combustion chamber. 
dealing with other motors in your life. 2. The complete lubrication system. 

All engines covered by this manual (and probably MOST of the motors 3. The frequency of the power stroke. 
you own) operate according to the Otto cycle principle of engine operation. Let's discuss these differences briefly (and compare 2-stroke engine 
This means that all engines follow the stages of intake, compression, power operation with 4-stroke engine operation.) 

Deflector Piston 
I Exhaust , 

Intake ~ r a n k g a s e  
port 

Intake Compression 

Reed 

rod 

Ignition power stroke 

Fig. 16 The complete piston cycle of a 2-stroke motor (intake, compression, power and exhaust) 

I closed Re'g 
Exhaust 

I .  Intake 12. Compression 3. Ignition 1 4. Exhaust 

Fig. 17 The complete piston cycle of a Cstroke engine (intake, compression, power and exhaust) 
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See Figure 18 

Two-stroke engines utilize an arrangement of port openings to admit fuel 
to the combustion chamber and to purge the exhaust gases after burning 
has been completed. The ports are located in a precise pattern in order for 
them to be open and closed off at an exact moment by the piston as it 
moves up and down in the cylinder. The exhaust port is located slightly 
higher than the fuel intake port. This arrangement opens the exhaust port 
first as the piston starts downward and therefore, the exhaust phase begins 
a fraction of a second before the intake phase. 

Actually, the intake and exhaust ports are spaced so closely together that 
both open almost simultaneously. For this reason, many 2-stroke engines 
utilize deflector-type pistons. This design of the piston top serves two 
purposes very effectively. 

First, it creates turbulence when the incoming charge of fuel enters the 
combustion chamber. This turbulence results in a more complete burning of 
the fuel than if the piston top were flat. The second effect of the deflector- 
type piston crown is to force the exhaust gases from the cylinder more 
rapidly. 

These systems of intake and exhaust are in marked contrast to individual 
intake ana exnausr valve arrangement employed on four-stroke engines (and 
rhe mechanical merhods of open'ng and closing these valves). 

It should be noted here that there are some 2-stroke engines that 
utilize a mechanical valve train, thouah it is verv different from the 
valve train employed by most Cstrok;! engines.'~otar~ 2-stroke 
engines use a circular valve or rotating disc that contains a port 
opening around part of one edge of the disc. As the engine (and disc) 
turns, the opening aligns with the intake port at and for a 
predetermined amount of time, closing off the port again as the 
opening passes by and the solid portion of the disc covers the port. 

Lubrication 

A 2-stroke engine is lubricated by mixing oil with the fuel. Therefore, 
various parts are lubricated as the fuel mixture passes through the 
crankcase and the cylinder. In contrast, four-stroke engines have a 
crankcase containing oil. This oil is pumped through a circulating system and 
returned to the crankcase to begin the routing again 

Power Stroke 

The combustion cycle of a 2-stroke engine has four distinct phases 
1.  lntake 
2. Compression 
3. Power 
4. Exhaust 

I n Port n Exhaust 

'lntake 
port 

Intake Exhaust 

Fig. 18 The intake and exhaust cycles of a two-stroke engin* 
Cross flow (CV) design shown 

The four phases of the cycle are accomplished with each up and down 
stroke of the piston, and the power stroke occurs with each complete 
revolution of the crankshaft. Compare this system with a four-stroke engine. 
A separate stroke of the piston is required to accomplish each phase of the 
cycle and the power stroke occurs only every other revolution of the 
crankshaft. Stated another way, two revolutions of the four-stroke engine 
crankshaft are required to complete one full cycle, the four phases. 

Physical Laws 

+ See Figure 19 

The 2-stroke enaine is able to function because of two verv simple . . 
physical laws. 

One: Gases will flow from an area of hiah pressure to an area of lower 
pressure. A tire blowout is an example of this'princip~e. The high-pressure air 
escapes ra~idlv if the tube is ~unctured. 

TWO: If a gas is compressed into a smaller area, the pressure increases, 
and if a gas expands into a larger area, the pressure is decreased. 

If these two laws are kept in mind, the operation of the 2-stroke engine 
will be easier understood. 

Induced 
low air 

pressure 

\ 

Atmospheric air pressure 

Fig. 19 Air flow principal for a modern carburetor. 

Acfual Operation 

+ See Figure 16 

The engine described here is of a carbureted type. 

Beginning with the piston approaching top dead center on the 
compression stroke: the intake and exhaust ports are physically closed 
(blocked) by the piston. During this stroke, the reed valve is open (because 
as the piston moves upward, the crankcase volume increases, which 
reduces the crankcase Dressure to less than the outside atmos~here 
(creates a vacuum und& the piston). The spark plug fires; the compressed 
fuel-air mixture is ignited; and the power stroke begins. 

As the piston moves downward on the power stroke, the combustion 
chamber is filled with burning gases. As the exhaust port is uncovered, the 
gases, which are under great pressure, escape rapidly through the exhaust 
ports. The piston continues its downward movement. Pressure within the 
crankcase (again, under the piston) increases, closing the reed valves 
against their seats. The crankcase then becomes a sealed chamber so the 
air-fuel mixture becomes compressed (pressurized) and ready for delivery to 
the combustion chamber. As the piston continues to move downward, the 
intake port is uncovered. The fresh fuel mixture rushes through the intake 
port into the combustion chamber striking the top of the piston where it is 
deflected along the cylinder wall. The reed valve remains closed until the 
piston moves upward again. 

When the piston begins to move upward on the compression stroke, the 
reed valve opens because the crankcase volume has been increased, 
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reducing crankcase pressure to less than the outside atmosphere. The 
intake and exhaust ports are closed and the fresh fuel charge is compressed 
inside the combustion chamber. 

Pressure in the crankcase (beneath the piston) decreases as the piston 
moves upward and a fresh charge of air flows through the carburetor picking 
up fuel. As the piston approaches top dead center, the spark plug ignites the 
air-fuel mixture, the power stroke begins and one complete Otto cycle has 
been completed. 

4-STROKE ENGINES 

The Cstroke engine may be easier to understand for some people, either 
because of its prevalence in automobile and street motorcycle engines today, 
or perhaps because each of the four strokes corresponds to one distinct 
phase of the Otto cycle. Essentially, a Cstroke engine completes one Otto 
cycle of intake, compression, ignitionlpower and exhaust using two full 
revolutions of the crankshaft and four distinct movements of the piston 
(down, up, down and up). 

lntake 

The intake stroke begins with the piston near the top of its travel. As 
crankshaft rotation begins to pull the piston downward, the exhaust valve 
closes and the intake opens. As volume of the combustion chamber 
increases, a vacuum is created that draws in the airlfuel mixture from the 
intake manifold. 

Compression 

Once the piston reaches the bottom of its travel, crankshaft rotation will 
begin to force it upward. At this point the intake valve closes. As the piston 
rises in the bore, the volume of the sealed (both intake and exhaust valves 
are closed) combustion chamber decreases and the airlfuel mixture is 
compressed. This raises the temperature and pressure of the mixture and 
increases the amount of force generated by the expanding gases during the 
IgnitionIPower stroke. 

IgnitionIPower 

As the piston approaches top dead center (the highest point of travel in 
the bore), the spark plug will fire, igniting the airlfuel mixture. The resulting 
combustion of the airlfuel mixture forces the piston downward, rotating the 
crankshaft (causing other pistons to move in other phaseslstrokes of the Otto 
cycle on multi-cylinder engines). 

Exhaust 

As the piston approaches the bottom of the IgnitionIPower stroke, the 
exhaust valve opens. When the piston begins its upward path of travel once 
again, any remaining unburned gasses are forced out through the exhaust 
valve. This completes one Otto cycle, which begins again as the piston 
passes top dead center, the intake valve opens and the Intake stroke starts. 

COMBUSTION 

Whether we are talking about a 2- or Cstroke engine, all Otto cycle, 
internal combustion engines require three basic conditions to operate 
properly, 

1. Compression 
2. lonition (Spark) , .  , 

3. fuel 
A lack of any one of these conditions will prevent the engine from 

operating. A problem with any one of these will manifest itself in hard-starting 
or poor performance. 

Compression 

An engine that has insufficient compression will not draw an adequate 
supply of airlfuel mixture into the combustion chamber and, subsequently, 
will not make sufficient power on the power stroke. A lack of compression in 
just one cylinder of a multi-cylinder engine will cause the engine to stumble 
or run irregularly. 

But, keep in mind that a sudden change in compression is unlikely in 2- 
stroke motors (unless something major breaks inside the crankcase, but that 
would usually be accompanied by other symptoms such as a loud noise 

when it occurred or noises during operation). On Cstroke engines, a sudden 
change in compression is also unlikely, but could occur if the timing belt or 
chain was to suddenly break. Remember that the timing beltichain is used to 
synchronize the valve train with the crankshaft. If the valve train suddenly 
ceases to turn, some intake and some exhaust valves will remain open, 
relieving compression in that cylinder. 

Ignition (Spark) 

Traditionally, the ignition system is the weakest link in the chain of 
conditions necessary for engine operation. Spark plugs may become worn or 
fouled, wires will deteriorate allowing arcing or misfiring, and poor 
connections can place an undue load on coils leading to weak spark or even 
a failed coil. The most common question asked by a technician under a no- 
start condition is: "do I have spark and fuel" (as they've already determined 
that they have compression). 

A quick visual inspection of the spark plug@) will answer the question as 
to whether or not the plug(s) islart worn or fouled. While the engine is shut 
OFF a physical check of the connections could show a loose primary or 
secondary ignition circuit wire. An obviously physically damaged wire may 
also be an indication of system problems and certainly encourages one to 
inspect the related system more closely. 

If nothing is turned up by the visual inspection, perform the Spark Test 
provided in the lgnition System section to determine if the problem is a lack 
of or a weak spark. If the problem is not compression or spark, it's time to 
look at the fuel system. 

Fuel 

If compression and spark is present (and within spec), but the engine 
won't start or won't run properly, the only remaining condition to fulfill is fuel. 
As usual, start with the basics. Is the fuel tank full? Is the fuel stale? If the 
engine has not been run in some time (a matter of months, not weeks), there 
is a good chance that the fuel is stale and should be properly disposed of 
and replaced. 

Depending on how stale or contaminated (with moisture) the fuel is, 
it may be burned in an automobile or in yard equipment, though it 
would be wise to mix it well with a much larger supply of fresh gasoline 
to prevent moving your driveability problems to that engine. But it is 
better to get the lawn tractor stuck on stale gasoline than it would be to 
have your boat engine quit in the middle of the bay or lake. 

For hard-starting engines, is the primer system operating properly. 
Remember that the prime should only be used for cold starts. A true cold 
start is really only the first start of the day, but it may be applicable to 
subsequent starts on cooler days, if the engine sat for more than a few hours 
and completely cooled off since the last use. Applying the primer to the 
engine for a hot start may flood the engine, preventing it from starting 
properly. One method to clear a flood is to crank the engine while at wide- 
open throttle (allowing the maximum amount of air into the engine to 
compensate for the excess fuel). But, keep in mind that the throttle should be 
returned to idle immediately upon engine start-up to prevent damage from 
over-revving. 

Fuel delivery and pressure should be checked before delving into the 
carburetor(s) or fuel injection system. Make sure there are no clogs in the 
fuel line or vacuum leaks that would starve the engine of fuel. 

Make sure that all other possible problems have been eliminated before 
touching the carburetor. It is rare that a carburetor will suddenly require an 
adjustment in order for the engine to run properly. It is much more likely that 
an improperly stored engine (one stored with untreated fuel in the carburetor) 
would suffer from one or more clogged carburetor passages sometime after 
shortly returning to service. Fuel will evaporate over time, leaving behind 
gummy deposits. If untreated fuel is left in the carburetor for some time 
(again typically months more than weeks), the varnish left behind by 
evaporating fuel will likely clog the small passages of the carburetor and 
cause problems with engine performance. If you suspect this, remove and 
disassemble the carburetor following procedures under Fuel System. 

The electronics of the fuel injection system used on some models will 
monitor the condition of the circuitry. Don't suspect a fuel injection problem 
unless the CHECK ENGINE indicator of gauge remains illuminated during 
engine operation. If so, refer to the information on the Fuel Injection system 
regarding Trouble Codes and fuel injection diagnostics. 
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WORK GLOVES 

When working in cold weather, a one-piece, thermal work outfit is 
invaluable. Most are rated to below freezing temperatures and are ruggedly 
constructed. Just look at what local marine mechanics are wearing and that 
should give you a clue as to what type of clothing is good. 

+ See Figure 20 

Unless you think scars on your hands are cool, enjoy pain and like 
wearing bandages, get a good pair of work gloves. Canvas or leather gloves 
are the best. And yes, we realize that there are some jobs involving small 
parts that can't be done while wearing work gloves. These jobs are not the 
ones usually associated with hand injuries. 

A good pair of rubber gloves (such as those usually associated with dish 
washing) or vinyl gloves is also a great idea. There are some liquids such as 
solvents and penetrants that don't belong on your skin. Avoid burns and 
rashes. Wear these gloves. 

And lastly, an option. If you're tired of being greasy and dirty all the time, 
go to the drug store and buy a box of disposable latex gloves like medical 
professionals wear. You can handle greasy parts, perform small tasks, wash 
parts, etc. all without getting dirty! These gloves take a surprising amount of 
abuse without tearing and aren't expensive. Note however, that it has been 
reported that some people are allergic to the latex or the powder used inside 
some gloves, so pay attention to what you buy. 

EYE AND EAR PROTECTION 

+ See Figures 21 and 22 

Don't begin any job without a good pair of work goggles or impact 
resistant glasses! When doing any kind of work, it's all too easy to avoid eye 
injury through this simple precaution. And don't just buy eye protection and 
leave it on the shelf. Wear it all the time! Things have a habit of breaking, 
chipping, splashing, spraying, splintering and flying around. And, for some 
reason, your eye is always in the way! 

If you wear vision-correcting glasses as a matter of routine, get a pair 
made with polycarbonate lenses. These lenses are impact resistant and are 
available at any optometrist. 

Often overlooked is hearing protection. Engines and power tools are 
noisy! Loud noises damage your ears. It's as simple as that! The simplest 
and cheapest form of ear protection is a pair of noise-reducing ear plugs. 
Cheap insurance for your ears! And, they may even come with their own, 
cute little carrying case. 

More substantial, more protection and more money is a good pair of noise 
reducing earmuffs. They protect from all but the loudest sounds. Hopefully 
those are sounds that you'll never encounter since they're usually associated 
with disasters. 

WORK CLOTHES 

Everyone has "work clothes." Usually these consist of old jeans and a 
shirt that has seen better days. That's fine. In addition, a denim work apron 
is a nice accessory. It's rugged, can hold some spare bolts, and you don't 
feel bad wiping your hands or tools on it. That's what it's for. 

Fig. 20 Three different types of work gloves. 
The box contains latex gloves 

There is a whole range of chemicals that you'll find handy for 
maintenance and repair work. The most common types are: lubricants, 
penetrants and sealers. Keep these handy. There are also many chemicals 
that are used for detailing or cleaning. 

When a particular chemical is not being used, keep it capped, upright and 
in a safe place. These substances may be flammable, may be irritants or 
might even be caustic and should always be stored properly, used properly 
and handled with care. Always read and follow all label directions and be 
sure to wear hand and eye protection! 

LUBRICANTS & PENETRANTS 

+ See Figure 23 

Anti-seize is used to coat certain fasteners prior to installation. This can 
be especially helpful when two dissimilar metals are in contact (to help 
prevent corrosion that might lock the fastener in place). This is a good 
practice on a lot of different fasteners, BUT, NOT on any fastener that might 
vibrate loose causing a problem. If anti-seize is used on a fastener, it should 
be checked periodically for proper tightness. 

Lithium grease, chassis lube, silicone grease or synthetic brake caliper 
grease can all be used pretty much interchangeably. All can be used for 
coating rust-prone fasteners and for facilitating the assembly of parts that are 
a tight fit. Silicone and synthetic greases are the most versatile. 

Silicone dielectric grease is a non-conductor that is often used to 
coat the terminals of wiring connectors before fastening them. It may 
sound odd to coat metal portions of a terminal with something that 
won't conduct electricity, but here is it how it works. When the 
connector is fastened the metal-to-metal contact between the terminals 
will displace the grease (allowing the circuit to be completed). The 
grease that is displaced will then coat the non-contacted surface and 
the cavity around the terminals, SEALING them from atmospheric 
moisture that could cause corrosion. 

Silicone spray is a good lubricant for hard-to-reach places and parts that 
shouldn't be gooped up with grease. 

Penetrating oil may turn out to be one of your best friends when taking 
something apart that has corroded fasteners. Not only can they make a job 
easier, they can really help to avoid broken and stripped fasteners. The most 
familiar penetrating oils are Liquid Wrench@ and WD-4063. A newer 
penetrant, PB Blastea works very well (and has become a mainstay in our 
shops). These products have hundreds of uses. For your purposes, they are 
vrtal! 

Fig. 21 Don't begin major repairs without a 
pair of goggles for your eyes and earmuffs 
to protect your hearing 

Fig. 22 Things have a habit of, splashing, 
spraying, splintering and flying around 
during repairs 
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Fig. 23 Anti-seize, penetrating oil, lithium I 1  Fig. 24 Sealants are essential for preventing 
grease, electronic cleaner and silicone spray leaks 
should be a part of your chemical collection 

Before disassembling any part, check the fasteners. If any appear rusted, 
soak them thoroughly with the penetrant and let them stand while you do 
something else (for particularly rusted or frozen parts you may need to soak 
them a few days in advance). This simple act can save you hours of tedious 
work trying to extract a broken bolt or stud. 

SEALANTS 

+ See Figures 24 and 25 

Sealants are an indispensable part for certain tasks, especially if you are 
trying to avoid leaks. The purpose of sealants is to establish a leak-proof 
bond between or around assembled parts. Most sealers are used in 
conjunction with gaskets, but some are used instead of conventional gasket 
material. 

The most common sealers are the non-hardening types such as 
Permatex03 No. 2 or its equivalents. These sealers are applied to the mating 
surfaces of each part to be joined, then a gasket is put in place and the parts 
are assembled. 

A sometimes overlooked use for sealants like RTV is on the threads 
of vibration prone fasteners. 

One very helpful type of non-hardening sealer is the "high tack" type. This 
type is a very sticky material that holds the gasket in place while the parts 
are being assembled. This stuff is really a good idea when you don't have 
enough hands or fingers to keep everything where it should be. 

The stand-alone sealers are the Room Temperature Vulcanizing (RTV) 
silicone aasket makers. On some enaines, this material is used instead of a 
gasket. h those instances, a gasket hay not be available or, because of the 
sha~e of the matina surfaces, a aasket shouldn't be used. This stuff, when 
used in conjunctionwith a convehonal gasket, produces the surest'bonds. 

RTV does have its limitations though. When using this material, you will 
have a time limit. It starts to set-up within 15 minutes or so, so you have to 
assemble the parts without delay. In addition, when squeezing the material 
out of the tube, don't drop any glops into the engine. The stuff will form and 
set and travel around a cooling passage, possibly blocking it. Also, most 
types are not fuel-proof. Check the tube for all cautions. 

CLEANERS 

+ See Figures 26 and 27 

There are two basic types of cleaners on the market today: parts cleaners 
and hand cleaners. The parts cleaners are for the parts; the hand cleaners 
are for you. They are NOT interchangeable-please resist that urge to use 
parts cleaner on your hands when they are really bad!! 

There are many good, non-flammable, biodegradable parts cleaners on 
the market. These cleaning agents are safe for you, the parts and the 
environment. Therefore, there is no reason to use flammable, caustic or toxic 
substances to clean your parts or tools. 

As far as hand cleaners go; the waterless types are the best. They have 
always been efficient at cleaning, but they used to all leave a pretty smelly 
odor. Recently though, most of them have eliminated the odor and added 
stuff that actually smells good. 

Fig. 25 On some engines, RTV is used 
instead of gasket material to seal 
components 

Fig. 26 Citrus hand cleaners not only work well, but they smell 
pretty good too. Choose one with pumice for added cleaning power 

Fig. 27 The use of hand lotion seals your hands and keeps dirt and 
grease from sticking to your skin 

Make sure that you pick one that contains lanolin or some other moisture- 
replenishing additive. Cleaners not only remove grease and oil but also skin 
oil. 

Most women already know to use a hand lotion when you're all 
cleaned up. It's okay. Real men DO use hand lotion too! Believe it or 
not, using hand lotion BEFORE your hands are dirty will actually make 
them easier to clean when you're finished with a dirty job. Lotion seals 
your hands, and keeps dirt and grease from sticking to your skin. 
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+ See Figure 28 

Tools; this subject could fill a completely separate manual. The first thing 
you will need to ask yourself, is just how involved do you plan to get. If you 
are serious about maintenance and repair you will want to gather a quality 
set of tools to make the job easier, and more enjoyable. BESIDES, TOOLS 
ARE FUN!!! 

Almost every do-it-yourselfer loves to accumulate tools. Though most find 
a way to perform jobs with only a few common tools, they tend to buy more 
over time, as money ailows. So gathering the tools necessary for 
maintenance or repair does not have to be an expensive, overnight 
proposition. 

When buying tools, the saying "You get what you pay for ..." is absolutely 
true! Don't go cheap! Any hand tool that you buy should be drop forged 
andlor chrome vanadium. These two qualities tell you that the tool is strong 
enough for the job. With any tool, go with a name that you've heard of 
before, or, that is recommended buy your local professional retailer. Let's go 
over a list of tools that you'll need. 

Most of the world uses the metric system. However, many American-built 
engines and aftermarket accessories use standard fasteners. So, 
accumulate your tools accordingly. Any good DlYer should have a decent set 
of both US. and metric measure tools. 

Don't be confused by terminology. Most advertising refers to "SAE 
and metric", or "standard and metric." Both are misnomers. The 
Society of Automotive Engineers (SAE) did not invent the English 
system of measurement; the English did. The SAE likes metrics just 
fine. Both English (U.S.) and metric measurements are SAE approved. 
Also, the current "standard" measurement IS metric. So, if it's not 
metric, it's U.S. measurement. 

Fig. 28 Socket holders, especially the magnetic type, are handy 
items to keep tools in order 

Fig. 30 A swivel (U-joint) adapter (left), a 114 
in.40-318 in. adapter (center) and a 318 in.-to- 
114 in. adapter (right) 

SOCKET SETS 

+ See Figures 29,30,31,32,33,34 and 35 

Socket sets are the most basic hand tools necessary for repair and 
maintenance work. For our purposes, socket sets come in three drive sizes: 
114 in., 318 in. and 112 in. Drive size refers to the size of the drive lug on the 
ratchet, breaker bar or speed handle. 

A 318 in. set is probably the most versatile set in any mechanic's toolbox. 
It allows you to get into tight places that the larger drive ratchets can't and 
gives you a range of larger sockets that are still strong enough for heavy- 
duty work. The socket set that you'll need should range in sizes from 114 in. 
through 1 in. for standard fasteners, and a 6mm through 19mm for metric 
fasteners. 

You'll need a good 112 in. set since this size drive lug assures that you 
won't break a ratchet or socket on large or heavy fasteners. Also, torque 
wrenches with a torque scale high enough for larger fasteners are usually 
112 in. drive. 

Plus, 114 in. drive sets can be very handy in tight places. Though they 
usually duplicate functions of the 318 in. set, 114 in. drive sets are easier to 
use for smaller bolts and nuts. 

As for the sockets themselves, they come in shallow (standard) and deep 
lengths as well as 6 or 12 point. The 6 and 12 points designation refers to 
how many sides are in the socket itself. Each has advantages. The 6 point 
socket is stronaer and less orone to slio~ina which would strir, a bolt head or 
nut. 12 point sockets are mbre commoi: u&ally less expensbe and can 
operate better in tight places where the ratchet handle can't swing far. 

Standard length sockets are good for just about all jobs, however, some 
stud-head bolts, hard-to-reach bolts, nuts on long studs, etc., require the 
deep sockets. 

Fig. 29 A 318 inch socket set is probably the most versatile tool in 
any mechanic's tool box 

Fig. 31 Ratchets come in all sizes and 
configurations from rigid to swivel-headed 

Fig. 32 Shallow sockets (top) are good for 
most jobs. But, some bolts require deep 
sockets (bottom) 
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Most marine manufacturers use recessed hex-head fasteners to retain 

See Fig. 33 Hex-head fasteners require a 
socket with a hex shaped driver 

many of the engine parts. These fasteners require a socket with a hex 
shaped driver or a large sturdy hex key. To help prevent torn knuckles, we 
would recommend that you stick to the sockets on any tight fastener and 
leave the hex keys for lighter applications. Hex driver sockets are available 
individually or in sets just like conventional sockets. 

More and more, manufacturers are using TorxB head fasteners, which 
were once known as tamper resistant fasteners (because many people did 
not have tools with the necessary odd driver shape). Since TorxB fasteners 
have become commonplace in manv DlYer tool boxes, manufacturers 
designed newer tamper resistant fasteners that are essentially TorxB head 
bolts that contain a small ~rotrusion in the center (reauirina the driver to 

See Fig. 34 Torx@ drivers . . . 

contain a small hole to slide over the protrusion.   am per resistant fasteners 
are often used where the manufacturer would prefer only knowledgeable 
mechanics or advanced Do-It-Yourselfers (DIYers) work. 

See Fig. 35 . . . and tamper resistant drivers 
are required to remove special fasteners 

Torque Wrenches 

4 See Figure 36 

In most applications, a torque wrench can be used to ensure proper 
installation of a fastener. Torque wrenches come in various designs and most 
stores will carry a variety to suit your needs. A torque wrench should be used 
any time you have a specific torque value for a fastener. Keep in mind that 
because there is no worldwide standardization of fasteners, so charts or 
figure found in each repair section refer to the manufacturer's fasteners. Any 
general guideline charts that you might come across based on fastener size 
(they are sometimes included in a repair manual or with torque wrench 
packaging) should be used with caution. Just keep in mind that if you are 
using the right tool for the job, you should not have to strain to tighten a 
fastener. 

Beam Type 

4 See Figures 37 and 38 

The beam type torque wrench is one of the most popular styles in use. If 
used ~ r o ~ e r l v ,  it can be the most accurate also. 

Fig. 36 Three types of torque wrenches. Top to bottom: a 318 in. 
drive beam-type that reads in inch Ibs., a 112 in, drive clicker-type 
and a 112 in. drive beam-type 

I Fig. 37 Parts of a beam-type torque wrench I 

I to'ihe head that ;tins the'lenath of the flexible beam (shaft) to a . . 

scale located near the handle 

It consists of a pointer attached to the head that runs the length of the 
flexible beam (shaft) to a scale located near the handle. As the wrench is 
pulled, the beam bends and the pointer indicates the torque using the scale. 

Click (Breakaway) Type 

4 See Figures 39 and 40 

Another ~ooular toraue wrench desian is the click-tv~e. The clickinn 
mechanism'makes achieving the prop& torque easy slid most use a - 
ratchetina head for ease of bolt installation. To use the click-tv~e wrench vou 
pre-adjuG it to a torque setting. Once the torque is reached, ihe wrench has 
a reflex signaling feature that causes a momentary breakaway of the torque 
wrench body, sending an impulse to the operator's hand. But be careful, as 
continuing the turn the wrench after the momentary release will increase 
torque on the fastener beyond the specified setting. 
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Fig. 39 A click-type or breakaway torque 
wrench-note this one has a pivoting head 

Breaker Bars 

+ See Figure 41 

Breaker bars are long handles with a drive lug. Their main purpose is to 
provide extra turning force when breaking loose tight bolts or nuts. They 
come in all drive sizes and lengths. Always take extra precautions and use 
the proper technique when using a breaker bar (pull on the bar, don't push, 
to prevent skinned knuckles). 

Fig. 40 Setting the torque on a click-type 
wrench involves turning the handle until the 
specification appears on the dial 

WRENCHES 

+ See Figures 42,43,44,45 and 46 

Fig. 41 Breaker bars are great for loosening 
large or stuck fasteners 

Basically, there are 3 kinds of fixed wrenches: open end, box end, and 
combination. 

Open-end wrenches have 2-jawed openings at each end of the wrench. 
These wrenches are able to fit onto just about any nut or bolt. They are 
extremely versatile but have one major drawback. They can slip on a worn or 
rounded bolt head or nut, causing bleeding knuckles and a useless fastener. 

Line wrenches are a special type of open-end wrench designed to fit 
onto more of the fastener than standard open-end wrenches, thus 
reducing the chance of rounding the corners of the fastener. 

Box-end wrenches have a 360" circular jaw at each end of the wrench. 
They come in both 6 and 12 point versions just like sockets and each type 
has some of the same advantages and disadvantages as sockets. 

Combination wrenches have the best of both. They have a Pjawed open 
end and a box end. These wrenches are probably the most versatile. 

As for sizes, you'll probably need a range similar to that of the sockets, 
about 114 in. through 1 in. for standard fasteners, or 6mm through 19mm for 
metric fasteners. As for numbers, you'll need 2 of each size, since, in many 
instances, one wrench holds the nut while the other turns the bolt. On most 
fasteners, the nut and bolt are the same size so having two wrenches of the 
same size comes in handy. 

Although you will typically just need the sizes we specified, there 
are some exceptions. Occasionally you will find a nut that is larger. For 
these, you will need to buy ONE expensive wrench or a very large 
adjustable. Or you can always just convince the spouse that we are 
talking about SAFETY here and buy a whole (read expensive) large 
wrench set. 

One extremely valuable type of wrench is the adjustable wrench. An 
adjustable wrench has a fixed upper jaw and a moveable lower jaw. The 
lower jaw is moved by turning a threaded drum. The advantage of an 
adjustable wrench is its ability to be adjusted to just about any size fastener. 

The main drawback of an adjustable wrench is the lower jaw's tendency 
to move slightly under heavy pressure. This can cause the wrench to slip if it 
is not facing the right way. 

INCHES DECIMAL 

1 /8" .I25 

3/16" .I87 

1 14'' .250 

5/16" .312 

3/8" .375 

7/16" ,437 

1 /2" SO0 

9/16" ,562 

5 / 8" ,625 

11/16" .687 

3/4" .750 .748 19mm 

13/16" ,812 .787 20mm 

7/8" .875 .866 22mm 

15/16" .937 ,945 24mm 

1 " 1.00 .984 25mm 

Fig. 42 Comparison of US. measure and metric wrench sizes 

... ... ... ...... ... ...... ...... ... ... ... ... . . ,  ... ... ... ... ... ... ... 
... ... ... ... ..... 
... ... ... 

DECIMAL - MILLIMETERS 

.I18 3mm 

.I57 4mm 

.236 6mm 
... ... ... ... 
... ... ..:. 
... ... ... 
... ... ... ... ... ..... 
... ..... ... ... ... 
... ... 

.354 9mm 

.394 10mm 

.472 12mm 

.512 13mm 

.590 15mm 
...... ... ...... ... ... ... 

.630 16mm 

.709 18mm 
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Fig. 43 Always use a back-up wrench to 
prevent rounding flare nut fittings 

Fig. 44 Note how the flare wrench sides are 
extended to grip the fitting tighter and 
prevent rounding 

Pulling on an adjustable wrench in the proper direction will cause the jaws to 
lock in place. Adjustable wrenches come in a large range of sizes, measured 
by the wrench length. 

PLIERS 

+ See Figure 47 

Pliers are simply mechanical fingers. They are, more than anything, an 
extension of your hand. At least 3 pairs of pliers are an absolute necessity- 
standard, needle nose and slip-joint. 

In addition to standard pliers there are the slip-joint, multi-position pliers 
such as ChannelLockB pliers and locking pliers, such as Vise Grips@. 

Slip-joint pliers are extremely valuable in grasping oddly sized parts and 
fasteners. Just make sure that you don't use them instead of a wrench too 
often since they can easily round off a bolt head or nut. 

Locking pliers are usually used for gripping bolts or studs that can't be 
removed conventionally, You can get locking pliers in square jawed, needle- 
nosed and pipe-jawed. Locking pliers can rank right up behind duct tape as 
the handy-man's best friend. 

SCREWDRIVERS 

You can't have too many screwdrivers. They come in 2 basic flavors, 
either standard or Phillips. Standard blades come in various sizes and 
thickness for all types of slotted fasteners. Phillips screwdrivers come in 
sizes with number designations from 1 on up, with the lower number 
designating the smaller size. Screwdrivers can be purchased separately or in 
sets. 

Fig. 46 You may find a nut that requires a 
particularly large or small wrench (it is 
usually available at your local tool store 

HAMMERS 

Fig. 45 Several types and sizes of adjustable 
wrenches 

+ See Figure 48 

You need a hammer for just about any kind of work. You need a ball-peen 
hammer for most metal work when using drivers and other like tools. A 
plastic hammer comes in handy for hitting things safely. A soft-faced dead- 
blow hammer is used for hitting things safely and hard. Hammers are also 
VERY useful with non air-powered impact drivers. 

There are a lot of other tools that every DlYer will eventually need (though 
not all for basic maintenance). They include: , . 

Funnels 
0 Chisels - Punches 

Files 
* Hacksaw 

Portable Bench Vise 
Tap and Die Set 
Flashlight 
Magnetic Bolt Retriever 
Gasket scraper 
Putty Knife 
ScrewIBolt Extractors 

* Prybars 
Hacksaws have just one use-cuttlng things off. You may wonder why 

you'd need one for something as simple as maintenance or repair, but you 
never know. Among other things, guide studs to ease parts installation can 
be made from old bolts with their heads cut off. 

Fig. 47 Pliers and cutters come in many 
shapes and sizes. You should have an 
assortment on hand 

Fig. 48 Three types of hammers. Top to 
bottom: ball peen, rubber dead-blow, and 
plastic 
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Fig. 49 Almost every marine engine around Fig. 50 The Battery Tendea is  more than I I I I Fig. 51 Multimeters, such as this one from 
today requires at least one special tool to just a battery charger; when left connected i t  UEI, are an extremely useful tool for 
perform a certain task keeps your battery fully charged troubleshootina electrical problems 

A tap and die set might be something you've never needed, but you will 
eventually. It's a good rule, when everything is apart, to clean-up all threads, 
on bolts, screws or threaded holes. Also, you'll likely run across a situation in 
which you will encounter stripped threads. The tap and die set will handle 
that for you. 

Gasket scrapers are just what you'd think, tools made for scraping old 
gasket material off of parts. You don't absolutely need one. Old gasket 
material can be removed with a putty knife or single edge razor blade. 
However, putty knives may not be sharp enough for some really stubborn 
gaskets and razor blades have a knack of breaking just when you don't want 
them to, inevitably slicing the nearest body part! As the old saying goes, 
"always use the proper tool for the job. If you're going to use a razor to 
scrape a gasket, be sure to always use a blade holder. 

Putty knives really do have a use in a repair shop. Just because you 
remove all the bolts from a component sealed with a gasket doesn't mean 
it's going to come off. Most of the time, the gasket and sealer will hold it 
tightly, Lightly driving a putty knife at various points between the two parts 
will break the seal without damage to the parts. 

A small - 8-10 inches (20-25 centimeters) long - prybar is extremely 
useful for removing stuck parts. 

H Never use a screwdriver as a prybar! Screwdrivers are not meant for 
prying. Screwdrivers, used for prying, can break, sending the broken 
shaft flying! 

Screwlbolt extractors are used for removing broken bolts or studs that 
have broke off flush with the surface of the part. 

+ See Figure 49 

Almost every marlne engine around today requires at least one special 
tool to perform a certain task. In most cases, these tools are specially 
designed to overcome some unique problem or to fit on some oddly sized 
component. 

When manufacturers go throuah the trouble of makina a s~ecia l  tool, it is 
usually necessary to useit to en&re that the job will be;done right. A special 
tool might be designed to make a job easier, or it might be used to keep you 
from damaging or breaking a part. 

Don't worry, MOST maintenance procedures can either be performed 
without any special tools OR, because the tools must be used for such basic 
things, they are commonly available for a reasonable price. It is usually just 
the low production, highly specialized tools (like a super thin 7-point star- 
shaped socket capable of 150 ft. Ibs. (203 Nm) of torque that is used only on 
the crankshaft nut of the limited production what-dya-callit engine) that tend 
to be outrageously expensive and hard to find. Hopefully, you will probably 
never need such a tool. 

Special tools can be as inexpensive and simple as an adjustable strap 
wrench or as complicated as an ignition tester. A few common specialty tools 
are listed here, but check with your dealer or with other boaters for help in 
determining if there are any special tools for YOUR particular engine. There 
is an added advantage in seek~ng advice from others, chances are they may 
have already found the special tool you will need, and know how to get it 
cheaper (or even let you borrow it). 

BATTERY TESTERS 

The best way to test a non-sealed battery is using a hydrometer to check 
the specific gravity of the acid. Luckily, these are usually inexpensive and are 
available at most parts stores. Just be careful because the larger testers are 
usually designed for larger batteries and may require more acid than you will 
be able to draw from the battery cell. Smaller testers (usually a short, 
squeeze bulb type) will require less acid and should work on most batteries. 

Electronic testers are available and are often necessary to tell if a sealed 
battery is usable. Luckily, many parts stores have them on hand and are 
willing to test your battery for you. 

BATTERY CHARGERS 

+ See Figure 50 

If you are a weekend boater and take your boat out every week, then you 
will most likely want to buy a battery charger to keep your battery fresh. 
There are many types available, from low amperage trickle chargers to 
electronically controlled battery maintenance tools that monitor the battery 
voltage to prevent over or undercharging. This last type is especially useful if 
you store your boat for any length of time (such as during the severe winter 
months found in many Northern climates). 

Even if you use your boat on a regular basis, you will eventually need a 
battery charger. The charger should be used anytime the boat is going to be 
in storage for more than a few weeks or so. Never leave the dock or loading 
ramp without a battery that is fully charged. 

Also, some batteries are shipped dry and in a partial charged state. 
Before placing a new battery of this type into service it must be filled and 
properly charged. Failure to properly charge a battery (which was shipped 
dry) before it is put into service will prevent it from ever reaching a fully 
charged state. 

MULTIMETERS (DVOMS) 

See Figure 51 

Multimeters or Digital Volt Ohmmeter (DVOMs) are an extremely useful 
tool for troubleshooting electrical problems. They can be purchased in analog 
or digital form and have a price range to suit any budget. A multimeter is a 
voltmeter, ammeter and ohmmeter (along with other features) combined into 
one instrument. It is often used when testing solid state circuits because of 
its high input impedance (usually 10 megaohms or more). A brief description 
of the multimeter main test functions follows: 

Voltmeter-the voltmeter is used to measure voltage at any point in a 
circuit, or to measure the voltage drop across any part of a circuit. Voltmeters 
usually have various scales and a selector switch to allow the reading of 
different voltage ranges. The voltmeter has a positive and a negative lead. 
To avoid the possibility of damage to the meter, whenever possible, connect 
the negative lead to the negative (-) side of the circuit (to ground or nearest 
the ground side of the circuit) and connect the positive lead to the positive 
(t) side of the circuit (to the power source or the nearest power source). 
Luckily, most quality DVOMs can adjust their own polarity internally and will 
indicate (without damage) if the leads are reversed. 
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Note that the negative voltmeter lead will always be black and that the 
positive voltmeter will always be some color other than black (usually red). 

Ohmmeter-the ohmmeter is designed to read resistance (measured in 
ohms) in a circuit or component. Most ohmmeters will have a selector switch 
which permits the measurement of different ranges of resistance (usually the 
selector switch allows the multiplication of the meter reading by 10, 100, 
1,000 and 10,000). Some ohmmeters are "auto-ranging" which means the 
meter itself will determine which scale to use. Since the meters are powered 
bv an internal batterv, the ohmmeter can be used like a self-oowered test 
light. When the ohmineter is connected, current from the ohmmeter flows 
through the circuit or component beina tested. Since the ohmmeter's internal 
resisfince and voltage are known values, the amount of current flow through 
the meter depends on the resistance of the circuit or component being 
tested. The ohmmeter can also be used to perform a continuity test for 
suspected open circuits. In using the meter for making continuity checks, do 
not be concerned with the actual resistance readings. Zero resistance, or 
any ohm reading, indicates continuity in the circuit. Infinite resistance 
indicates an opening in the circuit. A high resistance reading where there 
should be little or none indicates a problem in the circuit. Checks for short 
circuits are made in the same manner as checks for open circuits, except 
that the circuit must be isolated from both power and normal ground. Infinite 
resistance indicates no continuity, while zero resistance indicates a dead 
short. 

Never use an ohmmeter to check the resistance of a component 
or wire while there is voltage applied to the circuit. 

Ammeter-an ammeter measures the amount of current flowing through 
a circuit in units called amperes or amps. At normal operating voltage, most 
circuits have a characteristic amount of amperes, called "current draw" which 
can be measured using an ammeter. By referring to a specified current draw 
rating, then measuring the amperes and comparing the two values, one can 
determine what is happening within the circuit to aid in diagnosis. An open 
circuit, for example, will not allow any current to flow, so the ammeter 
reading will be zero. A damaged component or circuit will have an increased 
current draw, so the reading will be high. The ammeter is always connected 
in series with the circuit being tested. All of the current that normally flows 
through the circuit must also flow through the ammeter; if there is any other 
path for the current to follow, the ammeter reading will not be accurate. The 
ammeter itself has very little resistance to current flow and, therefore, will not 
affect the circuit, but, it will measure current draw only when the circuit is 
closed and electricity is flowing. Excessive current draw can blow fuses and 
drain the battery, while a reduced current draw can cause engines to run 
slowly, lights to dim and other components to not operate properly. 

GAUGES 

Compression Gauge 

+ See Figure 52 

An important element in checking the overall condition of your engine is to 
check compression. This becomes increasingly more important on engines 
with high hours. Compression gauges are available as screw-in types and 
hold-in types. The screw-in type is slower to use, but eliminates the 
possibility of a faulty reading due to pressure escaping by the seal. A 
compression reading will uncover many problems that can cause rough 
running. Normally, these are not the sort of problems that can be cured by a 
tune-up. 

Fig. 52 Cylinder compression test results 
are extremely valuable indicators of internal 
engine condition 

Vacuum Gauge 

+ See Figures 53 and 54 

Eventually, you are going to have to measure something. To do this, you 
will need at least a few precision tools. 

MICROMETERS & CALIPERS 

Micrometers and calipers are devices used to make extremely precise 
measurements. The simple truth is that you really won't have the need for 
many of these items just for routine maintenance. But, measuring tools, such 
as an outside caliper can be handy during repairs. And, if you decide to 
tackle a major overhaul, a micrometer will absolutely be necessary. 

Should you decide on becoming more involved in boat engine 
mechanics, such as repair or rebuilding, then these tools will become very 
important. The success of any rebuild is dependent, to a great extent on the 
ability to check the size and fit of components as specified by the 
manufacturer. These measurements are often made in thousandths and ten- 
thousandths of an inch. 

Micrometers 

+ See Figure 55 

A micrometer is an instrument made up of a precisely machined spindle 
that is rotated in a fixed nut, opening and closing the distance between the 
end of the spindle and a fixed anvil. When measuring using a micrometer, 
don't overtighten the tool on the part as either the component or tool may be 
damaged, and either way, an incorrect reading will result. Most micrometers 
are equipped with some form of thumbwheel on the spindle that is designed 
to freewheel over a certain light touch (automatically adjusting the spindle 
and preventing it from overtightening). 

Outside micrometers can be used to check the thickness of parts such 
shims or the outside diameter of components like the crankshaft journals. 
They are also used during many rebuild and repair procedures to measure 
the diameter of components such as the pistons. The most common type of 
micrometer reads in 111000 of an inch. Micrometers that use a vernier scale 
can estimate to 1110 of an inch. 

Inside micrometers are used to measure the distance between two 
parallel surfaces. For example, in engine rebuilding work, the "inside mike" 
measures cylinder bore wear and taper. Inside mikes are graduated the 
same way as outside mikes and are read the same way as well. 

Remember that an inside mike must be absolutely perpendicular to the 
work being measured. When you measure with an inside mike, rock the mike 
gently from side to side and tip it back and forth slightly so that you span the 
widest part of the bore. Just to be on the safe side, take several readings. It 
takes a certain amount of experience to work any mike with confidence. 

Metric micrometers are read in the same way as inch micrometers, except 
that the measurements are in millimeters. Each line on the main scale equals 
lmm. Each fifth line is stamped 5, 10, 15 and so on. Each line on the thimble 
scale equals 0.01 mm. It will take a little practice, but if you can read an inch 
mike, you can read a metric mike. 

Fig. 53 Vacuum gauges are useful for 
troubleshooting including testing some fuel 
m m m  

Fig. 54 You can also use the vacuum gauge 
on a hand-operated vacuum pump for tests 
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Fig. 55 Outside micrometers measure the 
thickness of parts like shims or the diameter 
of a shaft 

Fig. 58 . . . and inside diameter 
measurements, usually to 0.001 inch 
accuracy 

Calipers 

+ See Figures 56,57 and 58 

Fig. 56 Calipers are the fast and easy way to 
make precise measurements 

Fig. 59 This dial indicator is measuring the 
end-play of a crankshaft during an engine 
rebuild 

Inside and outside calipers are useful devices to have if you need to 
measure something quickly and absolute precise measurement is not 
necessary. Simply take the reading and then hold the calipers on an 
accurate steel rule. Calipers, like micrometers, will often contain a 
thumbwheel to help ensure accurate measurement. 

DIAL INDICATORS 

+ See Figure 59 

A dial indicator is a gauge that utilizes a dial face and a needle to register 
measurements. There is a movable contact arm on the dial indicator. When 
the arms moves, the needle rotates on the dial. Dial indicators are calibrated 
to show readings in thousandths of an inch and typically, are used to 
measure end-play and runout on various shafts and other components. 

Dial indicators are quite easy to use, although they are relatively 
expensive. A variety of mounting devices are available so that the indicator 
can be used in a number of situations. Make certain that the contact arm is 
always parallel to the movement of the work being measured. 

TELESCOPING GAUGES 

+ See Figure 60 

A telescope gauge is really only used during rebuilding procedures (NOT 
during basic maintenance or routine repairs) to measure the inside of bores. 
It can take the place of an inside mike for some of these jobs. Simply insert 
the gauge in the hole to be measured and lock the plungers after they have 
contacted the walls. Remove the tool and measure across the plungers with 
an outside micrometer. 

Fig. 57 Calipers can also be used to 
measure depth . . . 

Fig. 60 Telescoping gauges are used during 
engine rebuilding procedures to measure the 
inGde diameter of'bores 

DEPTH GAUGES 

+ See Figure 61 

A depth gauge can be inserted into a bore or other small hole to 
determine exactly how deep it is. One common use for a depth gauge is 
measuring the distance the piston sits below the deck of the block at top 
dead center. Some outside calipers contain a built-in depth gauge so you 
can save money and buy just one tool. 

Fig. 61 Depth gauges are used to measure the depth of bore or 
other small holes 
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+ See Figures 62 and 63 

Although there are a great variety of fasteners found in the modern boat 
engine, the most commonly used retainer is the threaded fastener (nuts, 
bolts, screws, studs, etc). Most threaded retainers may be reused, provided 
that they are not damaged in use or during the repair. 

A - Length 
B - Diameter (major diameter) 
C - Threads per inch or mm 
D - Thread length 
E - Size of the wrench required 
F - Root diameter (minor diameter) 

Some retainers (such as stretch bolts or torque prevailing nuts) are 
designed to deform when tightened or in use and should not be reused. 

Whenever possible, we will note any special retainers which should be 
replaced during a procedure. But you should always inspect the condition of 
a retainer when it is removed and you should replace any that show signs of 
damage. Check all threads for rust or corrosion that can increase the torque 
necessary to achieve the desired clamp load for which that fastener was 
originally selected. Additionally, be sure that the driver surface itself (on the 
fastener) is not compromised from rounding or other damage. In some cases 
a driver surface may become only partially rounded, allowing the driver to 
catch in only one direction. In manv of these occurrences, a fastener mav be 
installed and tightened, but the driver would not be able to grip and loos& 
the fastener again. (This could lead to frustration down the line should that 
component ever need to be disassembled again). 

Fig. 63 Thread gauges measure the threads-per-inch and the pitch 
of a bolt or stud's threads 

If you must replace a fastener, whether due to design or damage, you 
must always be sure to use the proper replacement. In all cases, a retainer 
of the same design, material and strength should be used. Markings on the 
heads of most bolts will help determine the proper strength of the fastener. 
The same material, thread and pitch must be selected to assure proper 
installation and safe operation of the engine afterwards. 

Thread gauges are available to help measure a bolt or stud's thread. Most 
part or hardware stores keep gauges available to help you select the proper 
size. In a pinch, you can use another nut or bolt for a thread gauge. If the 
bolt you are replacing is not too badly damaged, you can select a match by 
finding another bolt that will thread in its place. If you find a nut that will 
thread properly onto the damaged bolt, then use that nut as a gauge to help 
select the replacement bolt. If however, the bolt you are replacing is so badly 
damaged (broken or drilled out) that its threads cannot be used as a gauge, 
you might start by looking for another bolt (from the same assembly or a 
smilar location) which will thread into the damaged bolt's mounting. If so, the 
other bolt can be used to select a nut; the nut can then be used to select the 
replacement bolt. 

In all cases, be absolutely sure you have selected the proper 
replacement. Don't be shv, vou can alwavs ask the store clerk for helo. 

Be aware that when you find a bolt with damaged threads, you 
may also find the nut or tapped bore into which it was threaded has 
also been damaged. If this is the case, you may have to drill and 
tap the hole, replace the nut or otherwise repair the threads. Never 
try to force a replacement bolt to fit into the damaged threads. 

Torque is defined as the measurement of resistance to turning or rotating. 
It tends to twist a body about an axis of rotation. A common example of this 
would be tightening a threaded retainer such as a nut, bolt or screw. 
Measuring torque is one of the most common ways to help assure that a 
threaded retainer has been properly fastened. 

When tightening a threaded fastener, torque is applied in three distinct 
areas, the head, the bearing surface and the clamp load. About 50 percent of 
the measured torque is used in overcoming bearing friction. This is the 
friction between the bearing surface of the bolt head, screw head or nut face 
and the base material or washer (the surface on which the fastener is 
rotating). Approximately 40 percent of the applied torque is used in 
overcoming thread friction. This leaves only about 10 percent of the applied 
torque to develop a useful clamp load (the force that holds a joint together). 
This means that friction can account for as much as 90 percent of the 
applied torque on a fastener. 

Specifications are often used to help you determine the condition of 
various components, or to assist you in their installation. Some of the most 
common measurements include length (in. or cmimm), torque (ft. Ibs., inch 
Ibs. or Nm) and pressure (psi, in. Hg, kPa or mm Hg). 

In some cases, that value may not be conveniently measured with what is 
available in your toolbox. Luckily, many of the measuring devices that are 
available today will have two scales so US. or Metric measurements may 
easily be taken. If any of the various measuring tools that are available to 
you do not contain the same scale as listed in your specifications, use the 
accompanying conversion factors to determine the proper value. 

The conversion factor chart is used by taking the given specification and 
multiplying it by the necessary conversion factor. For instance, looking at the 
first line, if you have a measurement in inches such as "free-play should be 2 
in." but your ruler reads only in millimeters, multiply 2 in. by the conversion 
factor of 25.4 to get the metric equivalent of 50.8mm. Likewise, if a 
specification was given only in a Metric measurement, for example in 
Newton Meters (Nm), then look at the center column first. If the 
measurement is 100 Nm, multiply it by the conversion factor of 0.738 to get 
73.8 ft. Ibs. 
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CONVERSION FACTORS 

LENGTH-DISTANCE 
Inches (in.) 

Feet (ft.) 

Miles 

VOLUME 
Cubic Inches (in3) 

IMP Pints (IMP pt.) 

IMP Quarts (IMP qt.) 

IMP Gallons (IMP gal.) 

IMP Quarts (IMP qt.) 

IMP Gallons (IMP gal.) 

F1. Ounces 

US Pints (US pt ) 

US Quarts (US qt.) 

US Gallons (US gal.) 

MASS-WEIGHT 
Ounces (oz.) 

Pounds (lb.) 

PRESSURE 
Pounds Per Sq. In. (psi) 

Inches of Mercury (Hg) 

Inches of Mercury (Hg) 

Inches of Water (H20) 

Inches of Water (H20) 

Inches of Water (H20) 

TORQUE 
Pounds-Force Inches (in-lb) 

Pounds-Force Feet (ft-lb) 

VELOCITY 
Miles Per Hour (MPH) 

POWER 
Horsepower (Hp) 

FUEL CONSUMPTION* 
Miles Per Gallon IMP (MPG) x .354 

Kilometers Per Liter (Km/L) x 2.352 

Miles Per Gallon US (MPG) x .425 

Kilometers Per Liter (Km/L) x 2.352 

= Millimeters (mm) 

= Meters (m) 

= Kilometers (km) 

= Cubic Centimeters 

= Liters (L) 

= Liters (L) 

= Liters (L) 

= US Quarts (US qt.) 

= US Gallons (US gal.) 

= Milliliters 

= Liters (L) 

= Liters (L) 

= Liters (L) 

= Grams (g) 

= Kilograms (kg) 

= Kilopascals (kPa) 

= psi 

= Kilopascals (kPa) 

= Inches of Mercury 

= psi 

= Kilopascals (kPa) 

= Newton Meters (N am) 

= Newton Meters (N-m) 

= Kilometers Per Hour (KPH) x .621 

= Kilowatts x 1.34 

= Kilometers Per Liter (Km/L) 

= IMP MPG 

= Kilometers Per Liter (Km/L) 

= US MPG 

= Inches 

= Feet 

= Miles 

= in3 

= IMP pt. 

= IMP qt. 

= IMP gal. 

= IMP qt. 

= IMP gal. 

= Ounces 

= Pints 

= Quarts 

= Gallons 

= Ounces 

= Pounds 

= psi 

= Hg 

= Hg 

= H,O 

= H 2 0  

= H 2 0  

= in-lb 

= ft-lb 

= MPH 

= Horsepower 

*It is common to covert from miles per gallon (mpg) to liters/100 kilometers (1/100 km), where mpg (IMP) x 1/100 km 
= 282 and mpg (US) x 1/100 km = 235. 

TEMPERATURE 
Degree Fahrenheit ("F) = ("C x 1.8) + 32 

Degree Celsius ("C) = ("F - 32) x .56 
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Metric Bolts 

Relative Strength 
Marking 4.6, 4.8 8.8 

Bolt 
Markings 

Usage 

Bolt Size 

Thread Size x Pitch 

Frequent Infrequent 

Maximum Torque Maximum Torque 

Ft-Lb K Q ~  Nm Ft-Lb Kgm Nm 

SAE Bolts 

SAE Grade Number l o r 2  5 6 o r 7  

Bolt Markings 

Manufacturers' marks may 
vary-number of lines 
always two less than the 
grade number. 

Usage Frequent Frequent 

Bolt Size Maximum Maximum 
(inchesWThsead) Torque Torque 

Ft-Lb kgm Nm Ft-Lb kgrn Nm 

'14-20 5 0.7 6.8 8 1.1 10.8 
- 28 6 0.8 8.1 10 1.4 13.6 

lnfrequent 

Maximum 
Torque 

Ft-Lb kgm Nm 

10 1.4 13.5 
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 We estimate that 75% of engine repair work can be directly or 
indirectly attributed to lack of proper care for the engine. This is especially 
true of care during the off-season period. There is no way on this green earth 
for a mechanical engine to be left sitting idle for an extended period of time, 
say for six months, and then be ready for instant satisfactory service. 

Imagine, if you will, leaving your car or truck for six months, and then 
expecting to turn the key, having it roar to life, and being able to drive off in 
the same manner as a daily occurrence. 

Therefore it is critical for an engine to either be run (at least once a 
month), preferably, in the water a i d  properly maintained between uses or for 
it to be soecificallv DreDared for storaae and serviced aaain immediatelv 
before the start o i  the season. 

.. 

Only through a regular maintenance program can the owner expect to 
receive lona life and satisfactorv ~erformance at minimum cost. 

Many tiries, if an engine is hoi performing properly, the owner will "nurse" 
it through the season with good intentions of working on the unit once it is no 
longer being used. As with many New Year's resolutions, the good intentions 
are not completed and the engine may lie for many months before the work 
is begun or the unit is taken to the marine shop for repair. 

Imagine, if you will, the cause of the problem being a blown head gasket. 
And let us assume water has found its way into a cylinder. This water, 
allowed to remain over a long period of time, will do considerably more 
damage than it would have if the unit had been disassembled and the repair 
work performed immediately. Therefore, if an enqine is not functioning 
properly, do not stow it away with promises to get at it when you get h e ,  
because the work and exoense will onlv aet worse. the lonaer corrective 
action is postponed. In the example of ihz blown head gascet, a relatively 
simple and inexpensive repair job could very well develop into major 
overhaul and rebuild work. 

OK, perhaps no one thing that wf! do as boaters will protect us from risks 
involved with enjoying the wind and the water on a powerboat. But, each 
time we perform maintenance on our boat or motor, we increase the 
likelihood that we will find a potential hazard before it becomes a problem. 
Each time we inspect our boat and motor, we decrease the possibility that it 
could leave us stranded on the water. 

In this way, performing boat and engine service is one of the most 
important ways that we, as boaters, can help protect ourselves, our boats, 
and the friends and family that we bring aboard. 

An engine specifications decal can generally be found on top of the flame 
arrestor, on the side of the thermostat housing, or on the toplside of the 
rocker arm cover, usually near the breather1PCV line (most models); all 
pertinent serial number information can be found here-engine and drive 
designations, serial numbers and model numbers. Unfortunately this decal is 
not always legible on older engines and it can be quite difficult to find, so 
please refer to the following procedures for each individual unit's serial 
number location. 

Serial numbers tags are frequently difficult to see when the engine 
is installed in the boat; a mirror can be a handy way to read all the 
numbers. 

ENGINE 

+ See Figures, 1,2, 3,4,5,6 and 7 

The engine serial numbers are the manufacturer's key to engine changes. 
These alpha-numeric codes identify the year of manufacture, the horsepower 
rating and various modelloption differences. If any correspondence or parts 
are required, the engine serial number must be used for proper identification. 

Remember that the serial number establishes the year in which the 
engine was produced, which is often not the year of first installation. 

The engine specifications decal contains information such as the model 
number or code, the serial number (a unique sequential identifier given 
ONLY to that one engine) as well as other useful information. 

An engine specifications decal can generally be found on top of the flame 
arrestor, on the side of the thermostat housing (early V6N8 engines), or on 
the inner side of the rocker arm cover, usually near the breatherlPCV line 
(port side on most models) - all pertinent serial number information can be 
found here-engine and drive designations, serial numbers and model 

Engine Size 
in Litres 

I 
I 

I 

M = Mechanical 

, OMC ~ i n ~ - ~ o b r a @ ,  
Engine Size in 
Cubic Inches 

P R A M H  

E = Either 
R = Right Hand 
L = Left Hand 

B = Second Model Released, etc. I 
'ig. 1 Decoding the engine model number is easy 
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numbers. Unfortunately this decal is not always legible on older boats and 
it's also quite difficult to find, so please refer to the following procedures for 
each individuals unit's serial number location. 

Serial numbers tags are frequently difficult to see when the engine 
i s  installed in  the boat; a mirror can be a handy way to read all the 
numbers. 

The engine seriallmodel number is sometimes also stamped on the port 
rear side of the engine where it attaches to the bell housing; although on 
most later models it may instead be a metal plate attached in the same 
location. If your engine has a stamped number it will simply be the serial 
number; if you have a plate (and you should), it will always show a Model 
number and then the actual Serial number. Additionally, most models will 
also have this plate or sticker on the transom bracket. 

The first two characters identify the engine size in liters (L); 30 
represents the 3.OL, 43 represents the 4.3L, 50 represents the 5.OL and so 
forth. Please note though, that there were a few King Cobra engines that 
listed the engine size in cubic inches; the 1989 460 for example used the 
first three characters and showed 460 rather than the 75 that it would 
normally show. 

The third character identifies the fuel delivery system; 2 designates a 2 
bbl carburetor, 4 is a 4 bbl carburetor, and F is a fuel injected engine. 
Remember those King Cobras we just discussed? If the engine designation 
is in cubic inches rather than liters, the third character will not be used to 
designate the type of fuel delivery. 

The fourth character designates a major engine or horsepower 
change-it doesn't let you know what the change was, just that there was 
some sort of change. A means it is the first model released, B would be the 
second, and so forth 

The fifth character designates what type of steering system was used; 
M would be manual steering and P would be power steering. 

Now here's where it gets interesting; on 1986-87 engines and 1994-98 
engines, the sixth, seventh and eighth characters designate the model year. 
The sixth and seventh actually show the model year, while the eighth is a 
random model year version code. KWB and WXS represent 1986; and ARJ, 
ARF, FTC, SRC or SRY show 1987. MDA is 1994, HUB is 1995, NCA is 
1996, LKD is 1997 and BYC is 1998. 

Fig. 2 Engine serial number sticker-3.0L 
engines (2.3L and 2.5L engine similar) 

Fig. 5 The engine serial number sticker on 
injected Ford motors can be found on the 
Thick Film module bracket enaines 

On 1988-93 engines, the sixth character designates the direction of 
propeller rotation. R is right hand, L is left hand and E is either. 

Also on 1988-93 engines, the seventh, eighth and ninth characters 
designate the model year. The seventh and eighth actually show the model 
year, while the nineth is a random model year version code. GDE or GDP is 
1988, MED or MEF is 1989, PWC, PWR or PWS is 1990, RGD or RGF is 
1991, AMH or AMK is 1992 and JVB or JVN is 1993. 

Any remaining characters are proprietary. So in example, a Model number 
on the ID plate that reads 574AMFTC would designate a 1987 5.7L engine 
with a 4 bbl carburetor and manual steering, first model released. A number 
reading 58FAPRJVBwould designate a 1993 5.8L engine with fuel injection, 
power steering and a right hand propeller, first release; get the picture? 

STERN DRIVE 

*See Figures 8 and 9 

The stern drive seriallmodel number plate can be found on the center port 
side of the unit, just under and beneath the trimhilt cylinder. Both the serial 
number and the gear ratio should be on the tag. Make sure you don't 
confuse the two! You may also find the model number included on the 
transom assembly tag. 

TRANSOM ASSEMBLY 

t See Figure 9 

The transom assembly serial number decallplate can be found on the 
upper starboard end of the unit. 

In a marine engine compartment, the minimal amount of dust and dirt in 
the air mean that a marine air filter requires less maintenance than its 
counterpart in the automotive world. However, the maintenance of a marine 
air filter is equally important. 

Fig. 3 Engine serial number sticker-4.3L 
engines 

Fig. 6 On many early engines, the sticker is 
found on the thermostat housing 

Fig. 4 Engine serial number sticker-V6 and 
V8 engines 

I Fig. 7 You should also be able to  find a plate 
on the transom bracket I 

©PDF Manual Master 2006



2-4 ENGINE AND DRIVE MAINTENANCE 
The marine filter prevents dirt from entering the engine. This lessens 

oillfuel consumption and extends the engine's life. The air filter on some 
engines is also used as an intake silencer to quiet the intake air sound as it 
rushes into the cylinder head from the intake ports. 

Over time, the air filter element will become clogged with dirt and oil, 
decreasing the amount of air entering the engine and lowering engine output. 
If an excessive amount of oil is clogging the filter, this could be an indication 
of worn cylinders or piston ring failure causing high pressure in the 
crankcase. 

The maintenance interval for flame arrestor cleaning is at the end of the 
first boating season, and then every 100 hours of engine operation or once a 
year, whichever comes first on 1986-90 engines. On 1991-98 engines, the 
interval is decreased to every 50 hours of engine operation or once a 
season, whichever comes first. 

REMOVAL & INSTALLATION 

All Models WICarburetor Or TBI 
Y + See Figures 10,11, 12, 13 and 14 

Early 2.5L and 3.OL engine utilize a gasket between the arrestor and 
the carburetor-remove this gasket and discard it. 

4. On TBI models, lift the injector baffle off of the stud. 
To install: 

5. Clean the arrestor in solvent and dry with compressed air if possible; 
otherwise make sure that it dries completely by air. Clean the hose@) and 
then inspect them for cracks or deterioration. Replace if necessary. 

6. Install the injector baffle if removed. 
7. If you remove the stud, thread it into the carburetor (or throttle body) 

and tighten it to 65-80 inch Ibs. (7.3-9 Nm). 
8. Install a new gasket onto the carburetor on 2.5Ll3.OL engines if 

equipped. 
9. Position the arrestor over the stud and reconnect the ventilation 

hosejs) and bracket(@. 
10. Install the washer and nut, tightening it to 30-40 inch Ibs. (3.4-4.5 

Nm) on carbureted models; or 25-35 inch Ibs. (2.8-4 Nm) on TBI models. 
11. Install the flame arrestor cover (if equipped) and tighten the nut 30-35 

inch Ibs. (3.4-4 Nm) on carbureted models; or 25-35 inch Ibs. (2.8-4 Nm) on 
TBI models. 

12. Close the engine compartment. 

1. Remove or open the engine compartment cover. Ford Engines With MFI 
2. Many models utilize a plastic cover over the flame arrestor-if so 

equipped, remove the retaining nut and lift off the cover. + See Figures 15,16 and 17 
. . .  

3. Tag and disconnect the crankcase ventilation hose and bracket from 
the arrestor and the rocker arm cover. TBI models and later carbureted 1. Remove or open the engine compartment cover. 
models will have two hoses and brackets. 2. Remove the four screws securing the plastic flame arrestor cover to 

2. Remove the nut and washer securing the flame arrestor cover to the the engine and lift off the cover. Set it aside where you won't step on it- 
carburetor. they break easy and they're expensive! 

3. Lift off the flame arrestor. Unscrew the stud if necessarv. 3. Remove the two bolts (1) and washers securing the flame arrestor to 
the throttle body. 

Vg. 8 Stern drive unit s%mber location Fig. 9 Transom assembly serial number tag Fig. 10-Many models will have a decorative 
cover over the arrestor cover... 

retaining nut and remove the breather hose@). Notice that not all 
models have a bracket for the hose-- this late model 5.7L has the 
connection built-in ... 
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Fig. 13 ... and then lift off the arrestor I 
Make sure you secure the lower bracket while removing the bolts as 

it will fall free when the bolts are removed. 

4. Cut the plastic tie strap securing the breather hose to the oil filler 
fitting and wiggle the hose off the nipple. 

5. Lift off the flame arrestor. 
To install: 

6. Clean the arrestor in solvent and dry with compressed air if possible; 
otherwise make sure that it dries completely by air. 

7. Check the rubber gasket around the throttle body throat for any 
cracks, tears or other obvious signs of deterioration. Replace if necessary 
and make sure that it seats properly. The little nipple must be facing 
downward. We would replace it whether it needs it or not-cheap insurance; 
but you make the call. 

8. Position the arrestor over the throttle body throat and move the lower 
bracket into position so the nipple in the gasket (1) fits into the hole on the 
bracket. Install the bolts finger-tight. 

When tightening the flame arrestor, you must have pressure on it while 
tightening the mounting bolts in order to ensure against any air leaks. 

9. Have an assistant press the arrestor in, and against, the throttle body 
while you tighten the two mounting bolts to 24-48 inch Ibs. (2.75-4.8 Nm). 

10. Wiggle the breather hose back into position on the filler nipple and . . 
secure it L+%I a new plastic tie. 

11. Install the plastic cover and tighten the four screws securely. Make 
sure you don't tighten them too much or vou'll crack the cover. 

12. Close the engine compartment. * 

Fig. 15 Remove the 4 screws and l if t  off the plastic cover 

Fig. 14 Here's a good shot of the breather hose 

GM Engines With MFI Except 1998 7.4Gi Engines 

+ See Figures 18,19 and 20 

1. Remove or open the engine compartment cover. 
2. Carefully wiggle the crankcase ventilation hoses off of their necks on 

the sides of the arrestor. 
3. Remove the nut securing the flame arrestor to the throttle body. 
4. Lift off the flame arrestor. 

Take note of the positioning of the arrestor prior to removal. Many 
models use a baffle to ensure correct air distribution and must be 
installed in the same position that they were in when removed. 

5. Remove the rubber gasket from the lip on the arrestor. 
To install: 

6. Clean the arrestor in solvent and dry with compressed air if possible; 
otherwise make sure that it dries completely by air. 

7. Check the rubber gasket for any cracks, tears or other obvious signs 
of deterioration. Replace if necessary and make sure that it seats properly. 
We would replace it whether it needs it or not-its cheap insurance; but you 
make the call. 

8. Position the arrestor, install the retaining nut and washer and tighten 
securely but not so tightly as to dimple the cover. 

9. Check the breather hose ends for cracks or deterioration and then 
slide then back into position. 

10. Close the engine compartment. 

Fig. 16 Remove the 2 bolts and lift off the flame arrestor I 
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Fig. 17 Make sure the nipple on the gasket in positioned correctly 

Fig. 19 ... and then make sure it is positioned correctly before 
reinstalling 

1998 7.4Gi Engines With MFI 

* See Figures 21 and 22 

1. Remove or open the engine compartment cover. 
2. Remove the retaming nuts (one or two, depending on application) 

from the plastic cover and lift off the cover. Set it aside where you won't step 
on it- they break easy and they're expensive! 

3. Tag and disconnect the MAP sensor harness connector on the 8.1 L 
and move it aside. Press inward on the grey plastic lip while carefully pulling 
down on the lower half of the connector. 

4. Back off the adjusting screw on the arrestor clamp until the clamp is 
loose. 

5. Lift off the flame arrestor. 

Take note of the positioning of the arrestor prior to removal. Many 
models use a baffle to ensure correct air distribution and must be 
installed in the same position that they were in when removed. 

To install: 
6. Clean the arrestor in solvent and dry with compressed air if possible; 

otherwise make sure that it dries completely by air. 
7. Position the arrestor, install the retaining clamp and tighten the 

adjusting screw securely. 
8. Reconnect the MAP sensor on the 8.1 L. 
9. Install the plastic cover and tighten the nut(s) securely 

10. Close the engine compartment. 

Fig. 18 Remove the gasket before cleaning the arrestor ... 

Fig. 20 Tighten the mounting bolt before installing the hoses 

A fuel filter is designed to keep particles of dirt and debris from entering 
the carburetors or the fuel injection system and clogging the tiny internal 
passages of either. A small speck of dirt or sand can drastically affect the 
ability of the fuel system to deliver the proper amount of air and fuelioil to the 
engine. If a filter becomes clogged, the flow of gasoline will be impeded. This 
could cause lean fuel mixtures, hesitation and stumbling and idle problems in 
carburetors. Although a clogged fuel passage in a fuel injected engine could 
also cause lean symptoms and idle problems, dirt can also prevent a fuel 
injector from closing properly. A fuel injector that is stuck partially open by 
debris would likely cause the engine to run rich due to the unregulated fuel 
constantly spraying from the pressurized injector. 

Regular cleaning or replacement of the fuel filter (depending on the type 
or types used) will decrease the risk of blocking the flow of fuel to the 
engine, which could leave you stranded on the water. It will also decrease 
the risk of damage to the small passages of a carburetor or fuel injector that 
could require more extensive and expensive replacement. Keep in mind that 
fuel filters are usually pretty inexpensive (at lease when compared to a tow) 
and replacement is a simple task. Service your fuel filter on a regular basis 
to avoid fuel delivery problems. All filters should be replaced no less than 
once a season or every 50 hours of operation, although halving this interval 
is cheap insurance! 

The type of fuel filter used on your engine will vary with the year and 
model. Because of the number of possible variations it is impossible to 
accurately give instructions based on model. Instead, we will provide 

©PDF Manual Master 2006



ENGINE AND DRIVE MAINTENANCE 2-7 
instructions for the different types of filters the manufacturer used on various 
families of motors or systems with which they are equipped. To determine 
what filter(s) are utilized by your engine, trace the fuel line from the tank to 
the fuel pump and then from the pump to the carburetors or throttle body. As 
a general rule of thumb, the majority of engines covered here utilize a 
canister-type in-line water separating filter. Most 2.5L and 3.OL engines have 
the filter incorporated into the fuel pump; but may also have an in-line water 
separating filter. Additionally, most carbureted engines will further utilize a 
small filterkcreen in the carburetor. 

As mentioned previously, most new engines have a factory-installed water 
separating fuel filter. This type filter is also available as an accessory fcr all 
other engines and should be installed at the earliest possible convenience. 
Such a kit is not expensive, and contains instructions for correct installation. 

A water separating filter, as its name suggests, removes water and other 
fuel system contaminants before they reach the carburetor and helps 
minimize potential problems. The presence of water in the fuel will alter the 
proportion of airifuel mixture to the "lean" side, resulting in a higher operating 
temperature and possible damage to pistons, if not corrected. 

The filter consists of a mounting plate and disposable canister filter (much 
like an oil filter). The filter is installed between the fuel tank and the fuel 

Fig. 21 A good shot of the arrestor retaining clamp 

Filter , 
Gasket, 

. -. ail 
I 
I 
I 

I 
I 

1 f?), Bowl 

Fig .23 Some engines have the filter in the top half of the fuel 
pump ... 

REMOVAL & INSTALLATION 

Observe all applicable safety precautions when working around fuel. 
Whenever servicing the fuel system, always work in a well-ventilated 
area. Do not allow fuel spray or vapors to come in contact with a spark 
or open flame. Do not smoke while working around gasoline. Keep a 
dry chemical fire extinguisher near the work area. Always keep fuel in a 
container saecifically designed for fuel storage; also, always properly 
seal fuel containers to avoid the possibility of fire or expiosion. 

Fuel Pump Filter-2.5L And 3.OL Engines 

* See Figures 23 and 24 DERATE 

W All 2.5L engines and MOST 3.OL engines are equipped with this style 
filter, but not all-1986-90 engines should have the filter canister in the 
top half of the fuel pump, 1991-94 engines should have no filter in the 
fuel pump and use a standard inline canister filter, while 1995-98 . 
engines should have the filter in the lower half of the fuel pump. 
Further, any of these engine may also use a standard in-line canister 
filter, and they all should have a small in-line filter at the carburetor. 

Fig. 22 Removing the flame arrestor-7.4Gi Engines w/MFI 

Gasket $ L 
1 

Fuel 
-Fuel Pump 

Canister 

:ig. 24 ... while others have it in the lower half of the pump 
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Observe all applicable safety precautions when working around fuel. 
Whenever servicing the fuel system, always work in a well-ventilated 
area. Do not allow fuel spray or vapors to come in contact with a spark 
or open flame. Do not smoke while working around gasoline. Keep a 
dry chemical fire extinguisher near the work area. Always keep fuel in a 
container specifically designed for fuel storage; also, always properly 
seal fuel containers to avoid the possibility of fire or explosion. 

1. Remove or open the engine compartment hatch. 
2. Disconnect the negative battery cable and then remove the flame 

arrestor. 
3. Remove the safety wire from the screw at the bottom (or top) of the 

Pump. 
4. Loosen the screw and release the filter bowl bail from the housing. 

It's not necessary to remove the bail completely, you can usually swing the 
bail to the side far enough to allow removal of the bowllcanister. 

There will be fuel in the bowl, so have plenty of rags available. 

5. Carefully pry the bowl from the pump housing and remove the spring, 
filter element and gasket. 

To install: 
6. Clean all parts carefully and check for any cracks, deterioration or 

other damage. 
7. Position the spring, new filter and gasket into the bowl. Make sure 

that the open end faces the pump. 
8. Hold the bowl in position on the pump and snap the retaining bail into 

place. 
9. Tighten the screw securely, but not too tight, and then install the 

safety wire (if equipped). 
10. Reconnect the battery cable, install the flame arrestor and start the 

engine. Check that there are no fuel leaks and then install or close the 
engine compartment hatch. 

Carburetor Fuel Inlet Filter 

+ See Figures 25 and 26 DERA TE 

Observe all applicable safety precautions when working around fuel. 
Whenever servicing the fuel system, always work in a well-ventilated 
area. Do not allow fuel spray or vapors to come in contact with a spark 
or open flame. Do not smoke while working around gasoline. Keep a 
dry chemical fire extinguisher near the work area. Always keep fuel in a 
container specifically designed for fuel storage; also, always properly 
seal fuel containers to avoid the possibility of fire or explosion. 

1. Remove or open the engine compartment cover. 
2. Disconnect the negative battery cable. 
3. Remove the flame arrestor as detailed in this section. 
4. Position an flare wrench on the fuel inlet filter nut at the carburetor. 

Position another wrench on the fuel line nut. Loosen the fuel line nut while 
holding the inlet nut with the other wrench and pull out the fuel line. Make 
sure you plug the line to prevent any fuel from spilling and carefully position 
it out of the way. 

5. Loosen and then carefully remove the inlet nut from the carburetor 
body. Pull out the gasket@) (one or two), the filter element and the spring. 

5 On models with a non-replaceable filter, the inlet nut will simply 
have a filter screen attached to its inner end. There will be no small 
washer, filter element or spring. 

To install: 
6. Although most elements can be cleaned and reused, we recommend 

replacement with a new one whenever possible. 

Certain models do not utilize a replaceable filter, instead they will 
have a filter screen attached to the inner end of the inlet nut which can 
only be cleaned and reused. 

7. On models with a replaceable filter: 
a. Insert the spring into the carburetor and then slide in the filter 

element. Be sure that the open end of the filter faces out (toward the inlet 
nut). 

b. Position the large gasket over the inlet nut threads and the small one 
inside the nut. Screw the nut into the carburetor and tighten it securely; but 
not too tight. 

8. On models with a non-replaceable filter: 
a. Slide the washer over the inlet nut threads. 
b. Screw the nut into the carburetor and tighten it securely; but not too 

tight. 
9. Clean the threads and position the fuel line nut into the inlet, seat it a 

few turns with your fingers and then tighten it to 11-13 ft. Ibs. (14.9-17.6 Nm). 
10. Install the flame arrestor and connect the battery cable. Start the 

engine and check for fuel leaks. 
11. Install or close the engine compartment. 

Water Separating Canister Filter 

+ See Figures 27 and 28 DERA TE 

Observe all applicable safety precautions when working around fuel. 
Whenever servicing the fuel system, always work in a well-ventilated 
area. Do not allow fuel spray or vapors to come in contact with a spark 
or open flame. Do not smoke while working around gasoline. Keep a 
dry chemical fire extinguisher near the work area. Always keep fuel in a 
container specifically designed for fuel storage; also, always properly 
seal fuel containers to avoid the possibility of fire or explosion. 

1. Remove or open the engine compartment hatch. 
2. Disconnect the negative battery cables. 
3. Remove the canister filter from the mounting plate by rotating the 

canister counterclockwise-as viewed from the bottom end of the filter 
canister. An oil filter strap wrench may be necessary to break the filter free. 
Keep the filter upright to avoid spilling fuel. Properly dispose of the fuel and 
fuel saturated canister. Make sure you have plenty of rags handy just in 
case! 

The old canister filter cannot be cleaned and used a second time. Never 
attempt to reuse the filter! 

-- -- -  

To install: 

4. Coat the sealing ring(s) of a NEW canister filter with clean engine oil 
(there may be two rings so make-sure that the old one comes out and the 
new one goes in!). 

5. Install the filter onto the mounting plate and tighten it securely by 
hand-approximately 112 of a turn after the gasket makes initial contact with 
the flange. 

Never use an oil filter wrench to tighten the canister. 

6. Reconnect the battery cables and start the engine. Check that there 
are no fuel leaks and then close the engine hatch. 

INSPECTION 

+ See Figures 29,30,31,32 and 33 

V-belts should be inspected on a regular basis for signs of glazing or 
cracking. A glazed belt will be perfectly smooth from slippage, while a good 
belt will have a slight texture of fabric visible. Cracks will usually start at the 
inner edge of the belt and run outward. All worn or damaged drive belts 
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lnlet 

Bracket 

Element 

&JJ 
Fig. 27 Typical water separating fuel filter 

should be replaced immediately. It is best to replace all drive belts at one 
time, as a preventive maintenance measure, during this service operation. 

Inspect the alternator, power steering, sea-water supply pump and water 
pump V-belts every 50 hours or twice a season (whichever comes first) for 
evidence of wear such as cracking, fraying, and incorrect tension. New belts 
should be checked after the first 10 hours of operation. 

Determine the V-belt tension at a point halfway between the pulleys by 
pressing on the belt with moderate thumb pressure. The belt should deflect 
114-112 in. (6-13mm) on all engines. If the defection is found to be too much 
or too little, make adjustments as necessary. Always test the tension 
between the component pulley and the engine circulating pump (water 
pump) pulley 

Fig. 29 An example of a healthy drive belt 

lnlet nut 
w/ screen 

Fig. 26 ... while models with a non-replaceable inlet filter will look 
like this 

Fig. 28 The filter canister is usually mounted at the front of the 
engine, on either side depending upon the application 

An alternate method (and actually much more accurate) is to use an OMC 
tension gauge (#1159660-8) or an equivalent tension gauge and check that 
the tension is 44-55 Ibs. (20-25 kg). 

When replacing belts, we recommend cleaning the inside of the belt 
pulleys to extend the service life of the belts. Never use automotive 
belts, marine belts used on your engine are heavy duty and not 
interchangeable. 

Fig 30 Deep cracks in this belt will cause 
flex, building up heat that will eventually lead 
to belt failure 

Fig. 31 The cover of this belt is worn, 
exposing the critical reinforcing cords to 
excessive wear 
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Fig. 32 Installing too wide a belt can result in serious belt wear 
andlor breakage 

Power 
Steering water 

Fig. 34 Drive belt routing-2.31 engines 

Water 
Alternator Pump 

\ I 

Pump 
Fig. 36 Drive belt routing-1994-96 5.OL and 5.8L Ford engines 

Fig. 33 Check the drive belt tension with your thumb 

ROUTING DIAGRAMS 

+ See Figures 34 thru 40 

Fig. 

Water 

35 Drive belt routing-1986-93 5.OL and 5.8L Ford engines 

Fig. 37 Drive belt routing-1987-93 2.5L, 3.OL, 4.3L and 5.7L GM 
?ngines and 1990-95 7.4L GM engines 
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Pump 
Fig. 38 Drive belt routing-1994-98 3.OL engines 

Pump 
Fig. 39 Drive belt routing-1994-98 4.3L, 5.OL and 5.7L GM engines 
and 1996-98 7.4L18.2L GM enaines 

Fig. 40 Drive belt routing-1987-90 7.5L Ford engines 

ADJUSTMENT 

Alternator 

+ See Figure 41 

Although most alternators can be found on the upper port side of the 
engine, certain Ford engines will have it located on the lower port side. 

1. Remove or open the engine hatch and disconnect the battery cables. 
2. Loosen the nut on the lower pivot bolt at the bottom of the alternator. 
3. Loosen the bolt on the adiustment bracket behind the assemblv. 
4. Carefully insert a 112 in. 6reaker bar into the space between the 

alternator and a sturdy spot on the engine block, and then pivot the 
alternator away from the engine. 

5. Check that the tension is now within specifications and tighten the 
bolt and nut while keeping steady pressure on the breaker bar. 

6. Recheck the belt tension and connect the batterv cable. 
7. Close the engine compartment. 

Fig. 41 A good shot of the adjustment bracket and bolt (upper) and 
the pivot bolt (lower)-4.3L shown 

Power Steering Pump SY 
All Engines Except 7.4L/7.5L/8.2L 
+ See Figures 42 and 43 

Although on most engines the power steering pump can be found on the 
lower port side of the engine; 2.3L engines have it located on the lower 
starboard side, while 5.OU5.8L Ford engines will have it on the upper port 
side. 

1. Remove or open the engine hatch and disconnect the battery cables. 
2. Loosen the power steering pump mounting bolts andlor nuts-usually 

two, but the 2.3L engine use four (3 in the front and 1 in the back). 
3. Insert a 112 in. breaker bar into the square hole on the mounting 

bracket and then pivot the pump assembly away from the engine. 

Never pry against the reservoir or filler neck. 

4. Check that the tension is now within specifications and tighten the 
mounting bolts or nuts while keeping steady pressure on the breaker bar. 

5. Recheck the belt tension and connect the battery cable. 
6. Close the engine compartment. 
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7.4L, 7.5L And 8.2L Engines 
+ See Figure 44 

Raw Water Supply Pump 

+ See Figure 45 

Although on the two GM engines the power steering pump can be found 
on the lower port side of the engine; 7.5L engines will have it located on the 
lower starboard side. 

7. Remove or open the engine hatch and disconnect the battery cables. 
8. Loosen the pump mounting bracket bolts or nuts. 
9. Insert a long screw driver-like breaker bar into the space between the 

pump and the engine and then pry against the corner of the timing chain 
cover and the tab on the pump mounting bracket. 

Never pry against the reservoir or filler neck. 

10. Check that the tension is now within specifications and tighten the 
bolt closest to the tab. Tighten the remaining bolts while keeping steady 
pressure on the breaker bar. 

11. Recheck the belt tension and connect the batterv cable. 
12. Close the engine compartment. 

I 

Fig. 42 Use the square hole in the bracket to adjust the power 
steering pump-most GM engine similar 

Fig. 43 Use the square hole in the bracket to adjust the power 
steering pump-5.OL15.8L Ford engines I 

The supply pump is always located on the starboard side of the engine on 
all applications. 

1. Remove or open the engine hatch and disconnect the battery cables. 
2. Loosen the mounting bracket bolts. 
3. Insert a 112 in. breaker bar (we actually prefer a wooden broom 

handle) between the pump housing and a sturdy point on the engine and 
then pivot the pump assembly away from the engine. 

4. Check that the tension is now within specifications and tighten the 
bolts while keeping steady pressure on the breaker bar. 

5, Recheck the belt tension and connect the battery cable. 
6. Close the engine compartment. 

REMOVAL & INSTALLATION 

The replacement of the Inner belt on 
multi-belted enalnes mav reaulre the removal of the 

To replace adrive beit, loosen the pivot and mounting bolts of the 
component which the belt is driving, then, using a wooden lever or 
equivalent, pry the component inward to relieve the tension on the drive belt; 
always be careful where you locate the prybar, or damage to components 
may result. Slip the belt off the component pulley, and match the new belt 
with the old belt for length and width. 

Fig. 44 Use the square hole in the bracket to adjust the power 
steering pump-7.5L Ford engines 

Fig. 45 A good shot of the adjustment bracket and bolt 
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These measurements must be equal. It is normal for an old belt to be 

slightly longer than a new one. After a new belt is installed correctly, properly 
adjust the tension. 

When removing more than one belt, be sure to mark them for 
identification. This will help avoid confusion when replacing the belts. 

The thermostat is a simple temperature sensitive valve that opens and 
closes to control cooling water flow through the engrne. In operation, the 
thermostat hovers somewhere between open and closed. As engine load 
and temperature increase, the thermostat opens to allow more cooling water 
into the engine. As temperature and load decrease, the thermostat closes. 

A sticking thermostat will either allow the temperature to rise well above 
the normal operating temperature before it opens, or, if stuck in the open 
position, will never allow the enqine to reach operatinq temperature. 
' 

All thermostats are rated based on the temperature at which they open 
and this ratina should alwavs be stamoed somewhere on the thermostat. 
usually on the flange area. 'All engines covered here utilize a 160°F 
thermostat except for the 7.4L18.2L engines which use a thermostat rated at 
140°F.; or models with a closed cooling system which generally use a 170°F 
thermostat. 

On all engines covered here, the thermostat housing can be found 
on the front, top of the engine--easily identifiable by the large hoses 
attached to it. 

Serious damage may result from operating your engine without a 
thermostat! Don't even consider this! 

NEVER use an automotive thermostat in a marine engine. No matter 
how tempting this may seem, forget it!! 

REMOVAL & INSTALLATION 

2.3L, 2.5L And 3.OL Engines-1986-96 

+ See Figures 46 and 47 

On all engines covered here, the thermostat housing can be found 
on the front, top of the engine-easily identifiable by the large hoses 
attached to it. 

Serious damage may result from operating your engine without a 
thermostat! Don't even consider this! 

NEVER use an automotive thermostat in a marine engine. 

1. 0pen'or remove the engine hatch cover and disconnect the negative 
battery cables. 

2. Drain all water from the cylinder block and exhaust manifold(s) as 
detailed in the Cooling System section. 

3. Locate the thermostat housing at the front of the engine, loosen the 
hose clamps and then wiggle all coolant hoses off of the thermostat housing. 
In many cases you may have to use a small prybar to persuade them off of 
the fitting-be careful that you don't damage the hose end in the process. 

Although it is not absolutely necessary to remove the coolant 
hoses, we feel that it makes the job easier. 

4. Loosen and remove the alternator bracket mounting bolt on 2.5U3.OL 
engines. 

5. Remove the 4 mounting bolts (2 on the 2.3L) with their lock washers 
and then remove the umer thermostat housina cover. Some models mav 
have a lifting eye incorporated in the housingltake note of its positioning. 

6. Remove the gasket and be sure to scrape of any remaining material 
from the two mating surfaces. 

7. Lift out the thermostat and discard it. If you are not sure that it is 
inoperable, perform the testing procedures outlined in this section. Don't 
forget to remove the cork seal if it doesn't come out with the thermostat. 

To install: 
8. Once again, make sure that any remaining gasket material has been 

removed from the thermostat housing and cover. 
9. Position a NEW cork seal in the housing. 

10. Insert a new thermostat (160°F) into the housing. The element must 
be pointing into the housing so that the pointy end of the thermostat is facing 
upward on the 2.5U3.OL or outward on the 2.3L. Make sure that a new cork 
seal is positioned over the base of the thermostat. 

11. Coat both sides of a new 2.5U3.OL housina aasket with OMC Gasket 
Sealing compound (or similar) and position it onto?& housing so that the 
holes line up. 

Fig. 46 A good shot of the thermostat housing-3.0L engines 

UPPER J1  THERMOSTAT 
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I THERMOSTAT 
i 
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THERMOSTAT 
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RE 

Fig. 47 Exploded view of the thermostat and housing-3.01 engines 
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12. Install the upper housing cover and mounting boltslwashers and 

tighten to 5-7 ft. Ibs. (7-9 Nm) on the 2.5U3.OL. On the 2.3L engine, install 
the housing and bolts, long bolt in the lower hole, and then tighten to 20-25 
ft. Ibs. (27-34 Nm). 

13. Reconnect the hoses and tighten the clamps being careful not to 
pinch the hose. This is a good time to inspect the hoses! 

14. Reattach the alternator mounting bracket, recheck the belt tension 
adjustment and then tighten the bolt securely. 

15. Connect the batteries and then start the engine and check for leaks. 

I On all engines covered here, the thermostat housing be found 
on the front, top of the e n g i n ~ a s i l y  identifiable by the large hoses 
attached to it. 

-- 

Serious damage may result from operating your engine without a 
thermostat! Don't even consider this! 

NEVER use an automotive thermostat in a marine engine. 

1. Open or remove the engine hatch cover and disconnect the negative 
battery cables. 

2. Drain all water from the cylinder block and exhaust manifold(s) as 
detailed in the Cooling System section. 

3. Locate the thermostat housing at the front of the engine, loosen the 
hose clamps and then wiggle the four coolant hoses off of the thermostat 
housing. In many cases you may have to use a small prybar to persuade 
them off of the fitting-be careful that you don't damage the hose end in the 
process. 

4. Tag and disconnect (unscrew the nut) the coolant temperature 
sender lead from the front of the housing and position it out of the way. 

5. Loosen the alternator adjusting bolt. Loosen and remove the 
alternator bracket mounting bolt and pivot it out of the way. 

6. Remove the two mounting bolts with their lock washers and then 
remove the thermostat housing. 

7. Remove the gasket and be sure to scrape of any remaining material 
from the two mating surfaces. 

8. Lift out the thermostat and discard it. If you are not sure that it is 
inoperable, perform the testing procedures outlined in this section. Don't 
forget to remove the O-ring if it doesn't come out with the thermostat-it 
holds the thermostat in place, so it should already be out. 

To install: 

9. Once again, make sure that any remaining gasket material has been 
removed from the thermostat housing and cylinder head. 

10. Insert anew thermostat (160°F) into the housing. The element must 
be facing you and the pointed end should be pointing into the housing. 

11. Position a NEW O-ring into the groove in the housing so that it 
retains the thermostat. 

12. Position a new housing gasket onto the cylinder head so that the 
holes line up. 

13. Install the housing and tighten the bolts to 12-16 ft. Ibs. (16-22 Nm). 

14. Reattach the alternator mounting bracket and tighten the bolt to 26- 
30 ft. Ibs. (35-41 Nm). Adjust the belt tension and then tighten the adjusting 
bolt. 

15. Attach the coolant temperature sender lead to the front of the 
housing and tighten the nut securely. 

16. Reconnect the hoses and tighten the clamps being careful not to 
pinch the hose. This is a good time to inspect the hoses! 

17. Connect the batteries and then start the engine and check for leaks. 

V6 and V8 Engines 
DERATE 

v * See Figures 48,49,50,51 and 52 

On all engines covered here, the thermostat housing can be 
found on the front, top of the engine-easily identifiable by the large 
hoses attached to it. 

Serious damage may result from operating your engine without a 
thermostat! Don't even consider this! 

NEVER use an automotive thermostat in a marine enaine. 

1. Open or remove the engine hatch cover and disconnect the negative 
battery cables. 

2. Drain all water from the cylinder block and exhaust manifold(s) as 
detailed in the Cooling System section. 

3. Locate the thermostat housing at the front of the engine, loosen the 
hose clamps and then wiggle the four coolant hoses off of the thermostat 
housing. In many cases you may have to use a small prybar to persuade 
them off of the fitting-be careful that you don't damage the hose end in the 
process. 

I EFI models will have five hoses that need to be removed. 

1. Remove the two mounting bolts with their lock washers and then 
remove the thermostat housing. Some models may have a lifting eye 
attached to the housing-take note of its positioning before removing it. On 
certain later models you will also need to unscrew the temperature sender 
and move it out of the way. 

2. Remove the gasket and be sure to scrape off any remaining material 
from the two mating surfaces. 

3. Pry out the O-ring that holds the thermostat in place and then lift out 
the thermostat and discard it. If vou are not sure that it is inoperable, perform 
the testing procedures outlined h this section. 

HOSE /' 

-ig. 48 Exploded view of the thermostat and housing-typical, but 
nost models similar 
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Fig. 49 Thermostat housing--4.31 engines (Gi shown) 

Fig. 51 Thermostat housing-5.OLI5.8L Ford engines 

To install: 
4. Once again, make sure that any remaining gasket material has been 

removed from the thermostat housing and cylinder head. 
5. Insert a new thermostat (160°F except 7.4U8.2L which use a 140°F) 

into the housing. The element must be facing you when installed in the 
housing so that it goes into the engine when installed. 

6. Position a NEW O-ring into the groove in the housing so that it 
retains the thermostat. Make sure the O-ring is fully seated in the groove! 

7. Coat both sides of a new housing gasket with OMC Gasket Sealing 
compound (or similar) and position it onto the manifold so that the holes line 
UP. 

8. Install the housing and lifting eye, then tighten the bolts to 20-25 ft. 
Ibs. (27-34 Nm). 

9. Reconnect the hoses and tighten the clamps being careful not to 
pinch the hose. This is a good time to inspect the hoses! 

Always ensure that the water supply hose is attached to the correct 
nipple. On the side with three hoses (or four) it's the lower one in the 
middle. 

10. Connect the batteries and then start the engine and check for leaks. 

Fig. 50 Thermostat housing-5.7Ll7.4L18.2L engines 

Fig. 52 Thermostat housing-75L engines 

TESTING 

SY 
+ See Figures 53,54,55 and 56 

1. Inspect the thermostat at room temperature. If the thermostat is fully 
open, it is defective and must be replaced. Hold the thermostat up to the light 
and check it for leaks. A light leak around the perimeter indicates the 
thermostat is not closing, and therefore, it must be replaced. 

2. Attach a length of thread to the thermostat. Now, suspend the 
thermostat and a thermometer inside a container filled with water (do not use 
distilled water or ethylene glycol!). Take care to be sure neither the 
thermostat or the thermometer touches the container. If either one does 
touch the container, the test will be unreliable 

3. Heat the water until the thermostat just begins to open - when this 
happens confirm that the temperature is the same as the thermostat rating. 
The thermometer reading must agree with the rating stamped on the 
thermostat; 157-1 63°F for a 160°F thermostat, or 138-142°F for the 140°F 
unit. If the unit fails the test, it must be replaced. 

4. Continue to heat the water until a temperature of 182°F is reached; 
on 7.4U8.2L engines, it should reach 162°F. At this time the thermostat 
should be completely open to 5/32 in. (3.96mm); if not, replace it. 

5. Turn the heat off and allow the water to cool to a temperature 10" 
below the rating. The thermostat should now be completely closed; if not, 
replace it. 
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SEAT 

Fig. 53 Examine the perimeter of the 
thermostat for any visible light 

Fig. 54 Check the openin 
inline engine thermostats 

THERMOMETER 11 I 

HEATING 
' CUP 

Cylinder compression test results are extremely valuable indicators of 
internal engine condition. The best marine mechanics automatically check an 
engine's compression as the first step in a comprehensive tune-up. A 
compression test will uncover many mechanical problems that can cause 
rough running or poor performance. 

CHECKING COMPRESSION 

+ See Figures 57 and 58 S Y 
1. Make sure that the proper amount and viscosity of engine oil is in the 

crankcase, then ensure the battery is fully charged. 
2. Warm-up the engine to normal operating temperature, then shut the 

engine OFF. If the boat is out of the water, make sure to install a flush test 
kit. 

3. Remove the flame arrestor and open the choke or throttle fully. 
4. Disable the ignition system by doing the following: 

1986-89 engines 
Disconnect the high tension lead running between the ignition coil and 

the distributor at the distributor. Ground the lead to the engine to prevent any 
sparking. 

1990 engines 
All Cobra engines except 4.3L HO: Disconnect the high tension lead 

running between the ignition coil and the distributor at the distributor. Ground 
the lead to the engine to prevent any sparking. 

* 4.3L HO: Tag and disconnect the 14-pin connector at the ignition 
module, Position it out of the way. 

All King Cobra engines: Remove the mounting bolt and then disconnect 
the lead at the ignition module. Position it out of the way. 

gap here on Fig. 55 Check the opening gap here on V6 
and V8 engine thermostats 

Fig. 57 When checking the compression, always use a quality 
gauge 

1991-93 enaines 
On all 3 . 6 ~  engines: tag and disconnect the upper 2-wire connector at 

the ignition coil and position it out of the way. 
V6 and V8 carbureted Cobra engines except the 1991 4.3L HO: 

remove both distributor primary wires at the coil. Tape the terminals to avoid 
grounding. 

1991 4.3L HO: tau and disconnect the 14-dn connector at the ignition 
module. Position it out & the way. 

V8 carbureted King Cobra engines except the 5.7 LE: tag and 
disconnect the 14-pin connector at the ignition module. Position it out of the 
way. 

5.7 LE: remove both distributor primary wires at the coil. Tape the 
terminals to avoid grounding. 

EFI engines: disconnect the 2-way connector at the ignition coil. 

1994-95 engines 
3.OL and 4.3L engines and 7.4L EFI engines: tag and disconnect the 

upper 2-wire connector at the ignition coil and position it out of the way.. 
5.OFL, 5.7GL and 5.8FL engines: remove both distributor primary wires 

at the coil. Tape the terminals to avoid grounding 
7.4GL engines: tag and disconnect the 14-wire connector at the ignition 

module. 
EFI engines except the 7.4 EFI: tag and disconnect the 2-way 

connector at the ignition coil 

1996 engines 
3,OL, 4.3L, 5.7Gi and 7.4Gi engines: tag and disconnect the upper 

(grey) 2-wire connector at the ignition coil and position it out of the way.. 
5.OFL and 5.8FL engines: remove both distributor primary wires at the 

coil. Tape the terminals to avoid grounding 
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Fig. 58 Hi a cylinder exhibits unusually low compression, try 
squirting about a tablespoon of oil into i t  I 
* 5.OFi, 5.8Fi and 5.8FSi enqines: tag and disconnect the 2-way 

connector at the ignition coil 
7.4GL engines: tag and disconnect the 14-wire connector at the ignition 

module. 

1997-98 engines 
All except 5.7GUGS and 7.4GL engines: disconnect the grey Pwire 

connector at the ignition coil, it has purple and grey wires 
5.7GUGS engines: remove both distributor primary wires at the coil. 

Tape the terminals to avoid grounding 
7.4GL: Disconnect the 14-wire connector at the ignition module. 

1. Tag and disconnect all spark plug wires and then remove the plugs 
themselves. 

2. Install a screw-in type compression gauge into the No. 1 cylinder 
spark plug hole until the fitting is snug. Please refer to the firing order 
illustrations for location of the No. 1 cylinder. When fitting the compression 
gauge adapter to the cylinder head, make sure the bleeder of the gauge (if 
equipped) is closed. 

3. According to the tool manufacturer's instructions, connect a remote 
starting switch to the starting circuit. 

4. With the ignition switch in the OFF position, use the remote starting 
switch to crank the engine through at least five compression strokes 
(approximately 5 seconds of cranking) and record the highest reading on the 
gauge. 

5. Repeat the test on each cylinder, cranking the engine approximately 
the same number of compression strokes and/or times as the first. 

6. Compare the highest readings from each cylinder to that of the 
others. The indicated compression pressures are considered within 
specifications if the lowest reading cylinder is within 75 percent of the 
pressure recorded for the highest reading cylinder. For example, if your 
highest reading cylinder pressure was 150 psi (1034 kPa), then 75 percent of 
that would be 113 psi (779 kPa). So the lowest reading cylinder should be no 
less than 113 psi (779 kPa). 

7. Compression readings that are generally low indicate worn, broken, 
or sticking piston rings, scored pistons or worn cylinders. 

8, If a cylinder exhibits an unusually low compression reading, squirt a 
tablespoon of clean engine oil into the cylinder through the plug or injector 

hole and repeat the compression test. If the compression rises after adding 
oil, it means that the cylinder's piston rings and/or cylinder bore are 
damaged or worn. If the pressure remains low, the valves may not be 
seating properly (a valve job is needed), or the head gasket may be blown 
near that cylinder. 

9. If compression in any two adjacent cylinders is low (with normal 
compression in the other cylinders), and if the addition of oil doesn't help 
raise compression, there is leakage past the head gasket. Oil and coolant in 
the combustion chamber, combined with blue or constant white smoke from 
the tailpipe, are symptoms of this problem. However, don't be alarmed by the 
normal white smoke emitted from the tailpipe during engine warm-up during 
cold weather. There may be evidence of water droplets on the engine oil 
dipstick and/or oil droplets in the cooling system if a head gasket is blown. 

The spark plug performs four main functions: 
It fills a hole in the cylinder head. 

* It acts as a dielectric insulator for the ignition system. 
It provides spark for the combustion process to occur. 
It removes heat from the combustion chamber. 

It is important to remember that spark plugs do not create heat, they help 
remove it. Anything that prevents a spark plug from removing the proper 
amount of heat can lead to pre-ignition, detonation, premature spark plug 
failure and even internal engine damage. 

In the simplest of terms, the spark plug acts as the thermometer of the 
engine. Much like a doctor examining a patient, this "thermometer" can be 
used to effectively diagnose the amount of heat present in each combustion 
chamber. 

Spark plugs are valuable tuning tools, when interpreted correctly. They will 
show symptoms of other problems and can reveal a great deal about the 
engine's overall condition. By evaluating the appearance of the spark plug's 
firing tip, visual cues can be seen to accurately determine the engine's 
overall operating condition, get a feel for airlfuel ratios and even diagnose 
driveability problems. 

As spark plugs grow older, they lose their sharp edges and material from 
the center and ground electrodes is slowly eroded away. As the gap between 
these two points grows, the voltage required to bridge this gap increases 
proportionately. The ignition system must work harder to compensate for this 
higher voltage requirement and hence there is a greater rate of misfires or 
incomplete combustion cycles. Each misfire means lost horsepower, reduced 
fuel economy and higher emissions. Replacing worn out spark plugs with 
new ones (with sharp new edges) effectively restores the ignition system's 
efficiency and reduces the percentage of misfires, restoring power, economy 
and reducing emissions. 

How long spark plugs last will depend on a variety of factors, including 
engine compression, fuel used, gap, centeriground electrode material and 
the conditions in which the engine-is operated. 

SPARK PLUG HEAT RANGE 

+ See Figure 59 

Spark plug heat range is the ability of the plug to dissipate heat from the 
combustion chamber. The longer the insulator (or the farther it extends into 
the engine), the hotter the plug will operate; the shorter the insulator (the 
closer the electrode is to the block's cooling passages) the cooler it will 
operate. 

Selecting a spark plug with the proper heat range will ensure that the tip 
will maintain a temperature high enough to prevent fouling, yet be cool 
enough to prevent pre-ignition. A plug that absorbs little heat and remains too 
cool will quickly accumulate deposits of oil and carbon since it is not hot 
enough to burn them off. This leads to plug fouling and consequently to 
misfiring. A plug that absorbs too much heat will have no deposits but, due to 
the excessive heat, the electrodes will burn away quickly and might possibly 
lead to pre-ignition or other ignition problems. 

Pre-ignition takes place when plug tips get so hot that they glow 
sufficiently to ignite the airlfuel mixture before the actual spark occurs. This 
early ignition will usually cause a pinging during heavy loads and if not 
corrected will result in severe engine damage. While there are many other 
things that can cause pre-ignition, selecting the proper heat range spark plug 
will ensure that the spark plug itself is not a hot-spot source. 
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SPARK PLUG SERVICE 

New technologies in spark plug and ignition system design have 
pushed the recommended replacement interval higher and higher. 
However, this depends on usage and conditions. 

Spark plugs should only require replacement once a season. The 
electrode on a new spark plug has a sharp edge but with use, this edge 
becomes rounded by wear, causing the plug gap to increase. As the gap 
increases, the plug's voltage requirement also increases. It requires a 
greater voltage to jump the wider gap and about two to three times as much 
voltage to fire a plug at high speeds than at idle. 

Tools needed for spark plug replacement include: a ratchet, short 
extension, spark plug socket (there are two types; either 13116 inch or 518 
inch, depending upon the type of plug), a combination spark plug gauge and 
gapping tool and a can of anti-seize type compound. 

THE SMORTER 
THE PATH. THE 
FASTER THE 
HEAT IS DIS- 
SIPATED AND 
THE COOLER 

HEAVY LOADS. 
HIGH SPEEDS 

M THE LONGER 
T HE PATH. THE 
SLOWER THE 
HEAT IS 01s- 
SlPATED AN0 
THE HOTTER 

SHORT TRIP 
STOP-ANDGO 

SHORT insulator TIP LONG Insulator TIP 
Fast Heal Transfer Slow Heal Transter 
LOWER Heat Ranga HIGHER Heal Range 
COLD PLUG HOT PCUG 

Fig. 59 Spark plug heat range 

REMOVAL & INSTALLATION 

+ See Figures 60 and 61 3' 
1. When removing spark plugs, work on one at a time. Don't sta? by 

removing the plug wires all at once, because unless you number them, they 
may become mixed up. Take a minute before you begin and number the 
wires with tape. 

2. Disconnect the negative battery cable or turn the battery switch OFF. 
3. If the engine has been run recently, allow the engine to thoroughly 

cool. Attempting to remove plugs from a hot cylinder head could cause the 
plugs to seize and damage the threads in the cylinder head, especially on 
aluminum heads! 

4. Carefully twist the spark plug wire boot to loosen it, then pull the boot 
using a twisting motion to remove it from the plug. Be sure to pull on the boot 
and not on the wire, otherwise the connector located inside the boot may 
become separated from the high-tension wire. 

A spark plug wire removal tool is recommended as it will make 
removal easier and help prevent damage to the boot and wire 
assembly. 

5. Using compressed air (and safety glasses), blow debris from the 
spark plug area to assure that no harmful contaminants are allowed to enter 
the combustion chamber when the spark plug is removed. If compressed air 
is not available, use a rag or a brush to clean the area. Compressed air is 
available from both an air compressor or from compressed air in cans 
available at photography stores. 

Remove the spark plugs when the engine is cold, if possible, to 
prevent damage to the threads. If plug removal is difficult, apply a few 
drops of penetrating oil to the area around the base of the plug and 
allow it a few minutes to work. 

6. Using a 518 in. spark plug socket that is equipped with a rubber insert 
to properly hold the plug, turn the spark plug counterclockwise to loosen and 
remove the spark plug from the bore. 

Avoid the use of a flexible extension on the socket. Use of a flexible 
extension may allow a shear force to be applied to the plug. A shear 
force could break the plug off in the cylinder head, leading to costly 
and frustrating repairs. In addition, be sure to support the ratchet with 
your other hand-this will also help prevent the socket from damaging 
the plug. 

7. Evaluate each cylinder's performance by comparing the spark plug 
condition. Check each spark plug to be sure they are all of the same 
manufacturer and have the same heat range rating. Inspect the threads in 
the spark plug opening of the block and clean the threads before installing 
the plug. 

8. When ourchasina new soark ~luas, alwavs ask the dealer if there has 
been a spark change for thk engin; being serviced. Many times 
manufacturers will update the type of spark plug used in an engine to offer 
better efficiency or performance. 

9. Crank the engine through several revolutions to blow out any 
material that might have become dislodged during cleaning. Always use a 
new gasket (if applicable), but never use gaskets on taper seat plugs. The 
gasket must be fully compressed on clean seats to complete the heat 
transfer process and to provide a gas tight seal in the cylinder. 

Fig. 60 Grab the plug wire boot and twist while removing it 

Fig. 61 Removing the spark plug 
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10. Inspect the spark plug boot for tears or damage. If a damaged boot is 

found, the spark plug boot and possible the entire wire will need 
replacement. 

11. Check the spark plug gap prior to installing the plug. Most spark 
plugs do not come gapped to the proper specification. 

12. Apply a thin coating of anti-seize on the thread of the plug. This is 
extremely important on aluminum head engines. 

13. Carefully thread the plug into the bore by hand. If resistance is felt 
before the plug completely bottomed, back the plug out and begin threading 
again. 

Do not use the spark plug socket to thread the plugs. Always carefully 
thread the plug by hand or using an old plug wire to prevent the 
possibility of cross-threading and damaging the cylinder head bore. 

14. Carefully tighten the spark plug. If the plug you are installing is 
equipped with a crush washer, tighten the plug until the washer seats, then 
turn it 114 turn to crush the washer. Whenever possible, spark plugs should 
be tightened to the factory torque specification: 

1986-88 engines 
All engines-15 ft. Ibs. (20 Nm) 

1989 engines 
2.3L-5-10 ft. Ibs. (7-13 Nm) 
3.OL, 4.3L, 5.7L, 262,350-22 ft. Ibs. (30 Nm) 
Ford 5.OL15.8L-15-20 ft. Ibs. (20-27 Nm) 

* 460 King Cobra-5-10 ft. Ibs. (7-13 Nm) 
1990 engines 
* 2.3L-5-10 ft. Ibs. (7-13 Nm) 

GM Cobras-22 ft. Ibs. (30 Nm) - GM King Cobras-20 ft. Ibs. (27 Nm) 
Ford V8-15-20 R. Ibs. (20-27 Nm) 

1991-98 engines 
* GM-20 ft. Ibs. (27 Nm) 

Ford-5-10 ft. Ibs. (7-13 Nm) 
15. Apply a small amount of silicone dielectric grease to the end of the 

spark plug lead or inside the spark plug boot to prevent sticking, then install 
the boot to the spark plug and push until it clicks into place. The click may be 
felt or heard. Gently pull back on the boot to assure proper contact. 

16. Connect the negative battery cable or turn the battery switch ON. 
17. Start the engine and Insure proper operation. 

Fig. 62 A normally worn spark plug 
should have light tan or gray deposits 
on the firing tip (electrode) 

READING SPARK PLUGS 

+ See Figures 62 thru 68 

Reading spark plugs can be a valuable tuning aid. By examiningz 
insulator firing nose color, you can determine much about the engine's 
overall operating condition. 

In general, a light tanlgray color tells you that the spark plug is at the 
optimum temperature and that the engine is in good operating condition. 

Dark coloring, such as heavy black wet or dry deposits usually indicate a 
fouling problem. Heavy, dry deposits can indicate an overly rich condition, 
too cold a heat range spark plug, possible vacuum leak, low compression, 
overly retarded timing or too large a plug gap. 

If the deposits are wet, it can be an indication of a breached head gasket, 
oil control from ring problems or an extremely rich condition, depending on 
what liquid is present at the firing tip. 

Look for signs of detonation, such as silver specs, black specs or melting 
or breakage at the firing tip. 

Compare your plugs to the illustrations shown to identify the most 
common plug conditions. 

Fouled Spark Plugs 

A spark plug is fouled when the insulator nose at the firing tip becomes 
coated with a foreign substance, such as fuel, oil or carbon. This coating 
makes it easier for the voltage to follow along the insulator nose and leach 
back down into the metal shell, grounding out, rather than bridging the gap 
normally. 

Fuel, oil and carbon fouling can all be caused by different things but in 
any case, once a spark plug is fouled, it will not provide voltage to the firing 
tip and that cylinder will not fire properly. In many cases, the spark plug 
cannot be cleaned sufficiently to restore normal operation. It is therefore 
recommended that fouled plugs be replaced. 

Signs of fouling or excessive heat must be traced quickly to prevent 
further deterioration of performance and to prevent possible engine damage. 

Overheated Spark Plugs 

When a spark plug tip shows signs of melting or is broken, it usually 
means that excessive heat and/or detonation was present in that particular 
combustion chamber or that the spark plug was suffering from thermal 
shock. 

Fig. 63 A carbon-fouled plug, identified 
by soft, sooty black deposits, may 
indicate an improperly tuned engine 

Fig. 64 A physically damaged spark 
plug may be evidence of severe 
detonation in that cylinder. Watch the 
cylinder carefully between services, as 
a continued detonation will not only 
damage the plug but will most likely 
damage the engine 
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I Fig. 65 An oil-fouled spark plug 
indicates an enaine with worn piston 

Fig. 66 This spark plug has been left in 
the enaine too lona, as evidenced bv I I Fig. 67 A bridged or almost bridged 

spark plua, identified by the build-up 
the ex6eme gap. 6ugs with such an 
extreme gap can cause misfiring and 
stumbling accompanied by a noticeable 
lack of power 

Since spark plugs do not create heat by themselves, one must use this 
visual clue to track down the root cause of the problem. In any case, 
damaged firing tips most often indicate that cylinder pressures or 
temperatures were too high. Left unresolved, this condition usually results in 
more serious engine damage. 

Detonation refers to a type of abnormal combustion that is usually 
preceded by pre-ignition. It is most often caused by a hot spot formed in the 
combustion chamber. 

As air and fuel is drawn into the combustion chamber during the intake 
stroke, this hot spot will "pre-ignite" the air fuel mixture without any spark 
from the spark plugs. 

Detonation 

Detonation exerts a great deal of downward force on the pistons as they 
are being forced upward by the mechanical action of the connecting rods. 
When this occurs, the resulting concussion, shock waves and heat can be 
severe. Spark plug tips can be broken or melted and other internal engine 
components such as the pistons or connecting rods themselves can be 
damaged. 

Left unresolved, engine damage is almost certain to occur, with the spark 
plug usually suffering the first signs of damage. 

When signs of detonation or pre-ignition are observed, they are 
symptom of another problem. You must determine and correct the 
situation that caused the hot spot to form in the first place. 

INSPECTION & GAPPING 

+ See Figures 69 and 70 

A particular spark plug might fit hundreds of engines and although the 
factory will typically set the gap to a pre-selected setting, this gap may not be 
the right one for your particular engine. 

Insufficient spark plug gap can cause pre-ignition, detonation, even 
engine damage. Too much gap can result in a higher rate of misfires, 
noticeable loss of power, plug fouling and poor economy. 

Check the spark plug gap before installation. The ground electrode (the L- 
shaped one connected to the body of the plug) must be parallel to the center 
electrode and the specified size wire gauge must pass between the 
electrodes with a slight drag. 

Do not use a flat feeler gauge when measuring the gap on a used plug, 

between fie electrode~caused by ' 

excessive carbon or oil build-up on the 

Fig. 69 Using a wire-type spark plug gapping tool to check the 
iistance between center and ground electrodes 

3g. 70 Most spark plug gapping tools have an adjusting tool used 
o bend the ground electrode. USE IT! This tool greatly reduces the 
:hance of breaking off the electrode and is much more accurate 
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Tracking Arc 
High voltage arcs 
between a fouling 
deposit on the 
insulator tip and 
spark plug shell. This 
ignites the fuellair 
mixture at some 
point along the 
insulator tip. 
retarding the ignition 
timing which causes 
a power and fuel 
loss. 

Flashover 
A damaged spark 
plug boot. along wcth 
dirt and moisture. 
could permit the high 
voltage charge to 
short over the 
insulator to the spark 
plug shell or the 
engine. AC's buttress 
insulator descgn 
helps prevent high 
voltage flashover. 

Bridged Electrodes 
Fouling deposcts 
between the 
electrodes "ground 
out" the high voltage 
needed to  fire the 
spark plug. The arc 
between the 
electrodes does not 
occur and the fuel air 
mixture is not 
ignited. This causes a 
power loss and 
exhausting of raw 
fuel. 

Wide Gap 
Spark plug electrodes 
are worn so that the 
high voltage charge 
cannot arc across the 
electrodes. Improper 
gapping of electrodes 
on new or "cleaned- 
spark plugs could 
cause a similar 
condition. Fuel 
remains unburned 
and a power loss 
results. 

Fouled Spark Plug 
Deposits that have 
formed on  the 
insulator tcp may 
become conductive 
and provide a 
-shuntm path to the 
shell. This prevents 
the high voltage from 
arcing between the 
electrodes. A power 
and fuel loss is the 
result. 

Cracked Insulator 
A crack in  the spark 
plug insulator could 
cause the high 
voltage charge to 
' g r o ~ n d  out." Here. 
the spark does not 
lump the electrode 
gap and the fuel air 
mixture IS not 
ignited. This causes a 
power loss and raw 
fuel IS exhausted. 

Fig. 68 Typical spark plug problems showing damage that may indicate engine problems 
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because the reading may be inaccurate. A round wire-type gapping tool is 
the best way to check the gap. The correct gauge should pass through the 
electrode gap with a slight drag. If you're in doubt, try a wire that is one size 
smaller or larger. The smaller gauge should go through easily, while the 
larger one shouldn't go through at all. 

Wire gapping tools usually have a bending tool attached. Use this tool to 
adjust the side electrode until the proper distance is obtained. Never attempt 
to bend the center electrode. Also, be careful not to bend the side electrode 
too far or too often as it may weaken and break off within the engine, 
requiring removal of the cylinder head to retrieve it. 

Failure to follow the timing procedure instructions exactly will result 
in improper timing and cause performance problems at the least and 
possibly severe engine damage. If the timing is completely off, or if the 
distributor has been removed and the engine rotated, please refer to 
the initial timing procedures detailed in the Distributor Installation 
section. 

1. Confirm that the dwell angle is within specifications, adjust if 
necessary. 

2. Connect a suitable timing light to the No. 1 spark plug lead (see 
Firina Order illustrations for location of the No. 1 cvlinder). Connect the 

TESTING DVOM 

DERATE 
V 

Each time you remove the engine cover, visually inspect the spark plug 
wires for burns, cuts or breaks in the insulation. Check the boots on the coil 
and at the spark plug end. Replace any wire that is damaged. 

Once a year, usually when you change your spark plugs, check the 
resistance of the spark plug wires with an ohmmeter. Wires with excessive 
resistance will cause misfiring and may make the engine difficult to start. In 
addition worn wires will allow arcing and misfiring in humid conditions, 

Remove the spark plug wire from the engine. Test the wires by connecting 
one lead of an ohmmeter to the coil end of the wire and the other lead to the 
spark plug end of the wire. Resistance should measure approximately 3000- 
7000 ohms per foot of wire. If a spark plug wire is found to have excessive 
(high) resistance, the entire set should be replaced. 

REMOVAL & INSTALLATION 
A 

When installing a new set of spark plug wires, replace the wires oKe at a 
time so there will be no confusion. Coat the inside of ihe boots with dielectric 
grease to prevent sticking. Install the boot firmly over the spark plug until it 
clicks into place. The click may be felt or heard. Gently pull back on the boot 
to assure proper contact. Repeat the process for each wire. 

E It is important to route the new spark plug wire the same as the 
original and install it in a similar manner on the engine. Improper 
routing of spark plug wires may cause engine performance problems. 

As the engine must be running while performing this operation we 
recommend that it is undertaken with the boat in the water. If not, make 
certain that an engine flushing kit has been installed. 

ADJUSTMENT 

DERATE 

E If you are unsure of which ignition system your engine has been 
equipped with, please refer to the lgnition System Applications chart. 

Breaker Point Ignition Systems A 

DERA TE 
+ See Figures 71,72 and 73 

E If you are unsure of which ignition system your engine has been 
equipped with, please refer to the lgnition System Application chart 
found in the lgnition Systems section. 

pow& supply lead to the battery as detailed in thilight manufacturer's 
instructions. 

3. Connect a tachometer to the engine as detailed by the manufacturer. 
Do not use the tachometer on the instrument panel as it will not provide the 
necessary accuracy. 

4. Locate the timing mark scale on the engine's timing chain cover (just 
above the crankshaft pulleylharmonic balancer) and place a bit of white paint 
where the proper mark should be (TDC is usually marked with a 0, while 
each mark or gradation should equal 2"). Also, paint a dab on the mark 
stamped into the pulley (4 cyl.) or harmonic balancer (V6lV8). On Ford 
engines, the scale is actually on the harmonic balancer and there is a small 
pointer attached to the front cover. 

Please refer to the Tune-up Specifications chart for the correct 
timing figure. You may also be able to check the ignition timing 
specification on the engine tune-up sticker affixed to the engine. If this 
figure differs from that which is listed here, ALWAYS go with the figure 
on the sticker. 

Fig. 71 Typical timing mark tab-GM engine 

TIMING POINTER 

Fig. 72 Typical timing mark tab-ford engine 
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5. Start the engine and allow it to reach normal operating temperature 

at idle-the choke valve should be wide open. 
6. Check that the idle speed is to specification (as per the Tune-Up 

Specifications chart) with the engine in gear and then shift it to Neutral. 
7. While still idling, point the light at the timing marks. The strobe will 

make it appear that the mark on the tab and the mark on the pulley stand still 
in alignment. 

8. If the timing requires adjustment, loosen the clamp bolt at the base of 
the distributor and then carefully rotate the distributor or sensor until the 
correct marks line up. 

9. Tighten the clamp bolt to 20 ft. Ibs. (27 Nm) and check the timing one 
last time. 

10. Turn off the engine. 

E Please refer to the Tune-up Specifications chart for the correct 
timing figure. You may also be able to check the ignition timing 
specification on the engine tune-up sticker affixed to the engine. If this 
figure differs from that which is listed here, ALWAYS go with the figure 
on the sticker. 

11. Turn off the engine. Disconnect the timing light and the tachometer. 

BID And HE1 lgnition Systems 

* See Figures 71,72 and 73 

If you are unsure of which ignition system your engine has been 
equipped with, please refer to the lgnition System Application chart in 
the lgnition Systems section. 

Fig. 73 Always use a timing light to adjust the ignition timing 

Failure to follow the timing procedure instructions exactly will result 
in improper timing and cause performance problems at the least and 
possibly severe engine damage. 

1. Connect a suitable timing light to the No. 1 spark plug lead (see firing 
order illustrations for location of the No. 1 cylinder). Connect the power 
supply lead to the battery as detailed in the light manufacturer's instructions. 

2. Connect a tachometer to the engine as detailed by the manufacturer. 
Do not use the tachometer on the instrument panel as it will not provide the 
necessary accuracy. 

3. Locate the timing mark scale on the engine's timing chain cover (just 
above the crankshaft pulley/harmonic balancer) and place a bit of white paint 
where the proper mark should be (TDC is usually marked with a 0, while 
each mark or gradation should equal 2"). Also, paint a dab on the mark 
stamped into the pulley (4 cyl.) or harmonic balancer (V61V8). On Ford 
engines, the scale is actually on the harmonic balancer and there is a small 
pointer attached to the front cover. 

Please refer to the Tune-Up Specifications chart for the correct 
timing figure. You may also be able to check the ignition timing 
specification on the engine tune-up sticker affixed to the engine. If this 
figure differs from that which is listed here, ALWAYS go with the figure 
on the sticker. 

4. Start the engine and allow it to reach normal operating temperature 
at idle-the choke valve should be wide open. 

5. Check that the idle speed is to specification (as per the Tune-Up 
Specifications chart) with the engine in gear and then shift it to Neutral. 

Always ensure the air gap between the sensor and the trigger wheel 
is correct before checking ignition timing. 

6. While still idling, point the light at the timing marks. The strobe will 
make it appear that the mark on the tab and the mark on the pulley stand still 
in alignment. 

7. If the timing requires adjustment, loosen the clamp bolt at the base of 
the distributor and then carefully rotate the distributor or sensor until the 
correct marks line up. 

8. Tighten the clamp bolt to 20 ft. Ibs. (27 Nm) and check the timing one 
last time. 

9. Restart the engine and recheck the idle speed and mixture. Adjust as 
necessary. 

Please refer to the Tune-Up Specifications chart for the correct 
specifications. You may also be able to check the ignition timing 
specification on the engine tune-up sticker affixed to the engine. If this 
figure differs from that which is listed here, ALWAYS go with the figure 
on the sticker. 

EST lanition Svstems 

If you are unsure of which ignition system your engine has been 
equipped with, please refer to the lgnition System Application chart 
found in the lgnition Systems section. 

Carbureted Engines 

See Figures 71,72,73 and 74 

Failure to follow the timing procedure instructions exactly will result 
in improper timing and cause performance problems at the least and 
possibly severe engine damage. 

1. Connect a suitable timing light to the No. 1 spark plug lead (see firing 
order illustrations for location of the No. 1 cylinder). Connect the power 
supply lead to the battery as detailed in the light manufacturer's instructions. 

2. Connect a tachometer to the engine as detailed by the manufacturer. 
Do not use the tachometer on the instrument panel as it will not provide the 
necessary accuracy. 
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3. Locate the timing mark scale on the engine's timing chain cover (just 

above the crankshaft pulleylharmonic balancer) and place a bit of white paint 
where the proper mark should be (TDC is usually marked with a 0, while 
each mark or gradation should equal 2"). Also, paint a dab on the mark 
stamped into the pulley (4 cyl.) or harmonic balancer (V6lV8). On Ford 
engines, the scale is actually on the harmonic balancer and there is a small 
pointer attached to the front cover. 

Please refer to the Tune-Up Specifications chart for the correct 
timing figure. You may also be able to check the ignition timing 
specification on the engine tune-up sticker affixed to the engine. If this 
figure differs from that which is listed here, ALWAYS go with the figure 
on the sticker. 

4. Before moving forward, you must bypass the electronic spark 
advance function of the EST system. Disconnect the 4-wire connector on the 
side of the distributor and install OMC Adaptor #986662 across the two white 
leads. Connect the bare wire to a 12-volt engine power source. 

Not all models will have a harness connected to the 4-wire 
connector on the distributor. If there is nothing attached, simply 
remove the connector cover. 

5. Start the engine and allow it to reach normal operating temperature 
at idle-the choke valve should be wide open. 

6. Check that the idle speed is to specification (as per the Tune-Up 
Specifications chart) with the engine in gear and then shift it to Neutral. 

7. While still idling, point the light at the timing marks. The strobe will 
make it appear that the mark on the tab and the mark on the pulley stand still 
in aliqnment. 

8. If the timing requires adjustment, loosen the clamp bolt at the base of 
the distributor and then carefullv rotate the distributor or sensor until the 
correct marks line up. 

:ig. 74 Before checking the ignition timing on EST systems, you 
must install the special connector harness 

9. Tighten the clamp bolt securely and check the timing one last time. 
f 0. Turn off the engine, remove the adapter plug from the distributor and 

reconnect the 4-wire connector (or install the cap if there was no connector). 
11. Restart the engine. With the timing light still connected and the 

engine running at 1000 rpm, check that the timing advanced to 15" BTDC on 
all 1991-94 engines. Re-adjust as necessary by rotating the distributor. 

Please refer to the Tune-Up Specifications chart for the correct 
timing figure. You may also be able to check the ignition timing 
specification on the engine tune-up sticker affixed to the engine. If this 
figure differs from that which is listed here, ALWAYS go with the figure 
on the sticker. 

12. Turn off the engine. Disconnect the timing light and the tachometer. 

EFl Engines 

+ See Figures 71,72,73 and 75 

Although ignition timing is adjustable on these models, it is generally 
controlled by the EFI electronic control module. In order to adjust the timing, 
the ECM must be forced to enter into its service mode by using a scan tool. 
This done, the ECM will stabilize the base timing to allow for adjustment by 
conventional means of rotating the distributor. 

The idle speed must be correctly adjusted and within specifications 
before performing this procedure. 

1. Open or remove the engine compartment hatch. 
2. Connect a suitable timing light to the No. 1 spark plug lead (see firing 

order illustrations for location of the No. 1 cylinder). Connect the power 
supply lead to the battery as detailed in the light manufacturer's instructions. 

3. Connect a tachometer to the engine as detailed by the manufacturer. 
Do not use the tachometer on the instrument panel, as it will not provide the 
necessary accuracy. 

4. Locate the timing mark scale on the engine's timing chain cover (just 
above the crankshaft pulley/harmonic balancer) and place a bit of white paint 
where the proper mark should be (TDC is usually marked with a 0, while 
each mark or gradation should equal 2"). Also, paint a dab on the mark 
stamped into the pulley (4 cyl.) or harmonic balancer (V6lV8). 

Please refer to the Tune-Up Specifications chart for the correct 
timing figure. You may also be able to check the ignition timing 
specification on the engine tune-up sticker affixed to the engine. If this 
figure differs from that which is listed here, ALWAYS go with the figure 
on the sticker. 

5. Start the engine and allow it to reach normal operating temperature 
at idle. Set the idle speed to 1000rpm. 

6. Turn off the engine, locate the data link connector (DLC) on the 
EFIIMPI main harness (usually at the front of the engine on the upper 
starboard side) and plug in OMC's Marine Diagnostic Trouble Code (MDTC) 
tool-please refer to the Fuel System section for further details on this. If an 
MDTC is not available, use a jumper wire and connect it between the 
whitelblack and black wire terminals on the DLC. 

Fig. 75 OMC's MDTC tool makes setting the timing easy 
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7. Restart the engine and allow the idle to stabilize. 
8. Set the MDTC to the ON position. 
9. While still idling, point the light at the timing marks. The strobe will 

make ~t appear that the mark on the tab and the mark on the damperlpulley 
stand still in alignment. 

10. If the timing requires adjustment, loosen the clamp bolt at the base of 
the distributor and then carefully rotate the distributor until the correct marks 
line up. 

11. Tighten the clamp bolt securely and then recheck the timing. 
12. Disconnect the tool or the jumper wire. 
13. Check the timing one last time. If still correct, disconnect the light and 

tachometer. 

Spitfire EEM lgnition Systems 

These engine utilize a timing ring mounted on the crankshaft between the 
flywheel and the engine coupler which directs the EEM module when to fire 
a particular cylinder. No ignition timing adjustment is necessary or required. 
Please refer to the lgnition Systems section for further information on the 
Spitfire system. 

Thick Film Integrated (TFI-IV) lgnition Systems 

+ See Figures 72 and 73 

5 If you are unsure of which i nition system your engine has been 
equip ed with, please refer to k e  lgnition System Application chart 
f oundn  the lgnition Systems section. 

5 Failure to follow the timing procedure instructions exactly will result 
in  improper timing and cause performance problems at the least and 
posslbly severe engine damage. 

1. Position the shift lever in Neutral. 
2. Connect a suitable variable advance, inductive timing light to the No. 

1 spark plug lead (see Firing Order illustrations for location of the No. 1 
cylinder). Connect the power supply lead to the battery as detailed in the 
light manufacturer's instructions. 

3. Connect a tachometer to the engine as detailed by the manufacturer. 
Do not use the tachometer on the instrument panel as it will not provide the 
necessary accuracy. 

4. Locate the timing mark scale on the harmonic balancer and place a 
bit of white paint where the proper mark should be (TDC is usually marked 
with a 0, while each mark or gradation should equal 2"). 

5 Please refer to the Tune-up S ecifications chart for the correct 
t imin figure. You may also be a&e to check the i nition timing 
spec!lcation on the engine tune-up sticker aff ixetto the engine. If this 
figure differs from that which is listed here, ALWAYS go with the figure 
on the stcker. 

5. Start the engine and allow it to reach normal operating temperature 
at idle. 

6. Locate the two-wire SPOUT connector (near the front of the engine) 
and carefully pull out the shorting bar. 

7. While still idling, point the light at the timing marks. The strobe will 
make it appear that the mark on the tab and the mark on the pulley stand still 
in alignment. 

8. If the timing requires adjustment, loosen the clamp bolt at the base of 
the distributor and then carefully rotate the distributor until the correct marks 
line up. 

9. Apply Electrical Terminal grease to the SPOUT connector terminals 
and then reinsert the shorting bar. 

10. Check the timing advance to ensure it is advancing beyond the initial 
setting. 

11: Disconnect the timing ight and tachometer. 
12. T~ahten the d~stributor c l am bolt ro 17-25 ft. Ibs. ,23-34 Nml. 
13. ~ i s t a r t  the engine and recheck the idle speed and mixture. ~d jus t  as 

necessary. 

Please refer to the Tune-up Specifications chart for the correct 
specifications. You may also be able to check the ignition timing 
specification on the engine tune-up sticker affixed to the engine. If this 
figure differs from that which is listed here, ALWAYS go with the figure 
on the sticker. 

All 1986-89 models and many 1990 models were equipped with a 
standard breaker points ignition system. There are two ways to check 
breaker point gap: with a feeler gauge or with a dwell meter. Either way you 
choose, you are adjusting the amount of time (in degrees of distributor 
rotation) that the points will remain open. If you adjust the points with a feeler 
gauge, you are setting the maximum amount the points will open when the 
rubbing block on the points is on one of the high points of the distributor 
cam. When you adjust the points with a dwell meter, you are measuring the 
number of degrees (of distributor cam rotation) that the points will remain 
closed before they start to open as a high point of the distributor cam 
approaches the rubbing block of the points. 

Although using a feeler gauge is reasonably accurate when setting new 
point sets, this method can be unreliable when checking used points due to 
the rough surface caused by pitting associated with wear and tear. Adjusting 
the dwell should always be considered the more accurate method. 

There are two rules that should always be followed when adjusting or 
replacing points: 

Points and condenser are a matched set; NEVER replace one without 
replacing the other. 

When you change the point gap or dwell of the engine, you also 
change the ignition timing. Always adjust the timing after a point or dwell 
adjustment. 

Marine distributors have a corrosion-resistant coating applied to the 
return spring on top of the breaker plate and on the two small springs 
under the plate - NEVER use automotive parts as a replacement! 

REMOVAL AND INSTALLATION 

+ See Figures 76,77 and 78 

1. Remove or open the engine compartment hatch cover. Disconnect 
the negative battery cable or turn the battery switch to OFF. 

2. Loosen the distributor cap retaining screws (two) and carefully lift off 
the cap. Although it is not necessary remove the spark plug wires from the 
cap, we recommend that you first tag all the wires just to be safe. 

3. Note the position of the rotor and pull the rotor straight up and 
remove it. Check the rotor carefully for a burned or corroded center contact, 
cracks or carbon tracks. 

4. Loosen the primary terminal nut and then disconnect the lead wire. 
Do the same for the condenser lead wire. 

5. Loosen the condenserlbreaker point mounting screws and then lift 
them up and off the breaker plate. Clean any dirt or oil left on the plate. 

6. Coat the distributor cam with a small amount of distributor Cam 
Lubricant (NEVER use grease or oil), wipe the new point set clean and 
position it on the breaker plate. Tighten the mounting screws, leaving the 
lock screw slightly loose.. 

7. Reconnect the lead wires for the condenser and primary. 

8. Check that the points are in alignment. If not, carefully bend the 
stationary arm until they align properly. If you are still not satisfied, get a new 
set of points. Never adjust alignment on used points. 

9. Adjust the point gap as detailed following. Install the rotor in the 
same position is was removed. Install the cap, connect the battery cables 
and check for proper operation. 

10. Adjust the ignition timing 
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Fig. 76 Pull the rotor straight up to remove it Fig. 77 The condenser is held in place by a 
screw and clamp 

ADJUSTMENT-FEELER GAUGE 

DERATE 

* See Figures 79,80 and 81 

1. Perform the first three steps of the removal procedure above. 
2. Connect a remote starter switch as detailed in the manufacturers' 

instructions. Have a friend bump the engine over until you see that the 
breaker point rubbing block is resting on the high point of the distributor 
cam-the points should open to their fullest extent. 

3. Insert an feeler gauge between the points-please refer to the Tune- 
Up Specifications chart for correct point gap. The gauge should be snug but 
not tight. If adjustment is required, loosen the lock screw and insert a 
screwdriver in to the adjustment slot on the breaker plate; move the point set 
until a slight drag can be felt on the feeler gauge and then tighten the lock 
screw. Always check the gap a final time after tiohtenha the screw as the 
points sometimes move when tightening the scGw. 

4. Install the rotor and distributor cap. Connect the battery cables and 
adjust the ignition timing. 

LATE RAh PROPER 
MISALIGNMENT LATERAL ALIGNMENT 

Fig. 80 New contact points must be aligned by bending the fixture 
contact support. NEVER bend the breaker lever! 

Fig. 78 lnstall the point set on the breaker 
plate, then attach the wires 

ADJUSTMENT-DWELL METER 

TE 
* See Figure 82 

1. Perform the first three steps of the removal procedure above. 
2. Connect a dwell meter as per the manufacturer's instructions - 

usually the positive lead of the meter to the negative side of the coil and the 
negative lead of the meter to ground. 

3. Connect a remote starter switch as detailed in the manufacturer's 
instructions and then crank the engine. Observe the dwell reading on the 
meter, it should be as listed in the Tune-up Specifications chart. If not in 
range, loosen the lock screw slightly and then adjust the point opening by 
means of the adjustment slot. Increasing the point gap lowers the dwell 
reading, while decreasing the gap raises it. When the reading is within 
specifications, tighten the lock screw and then recheck the dwell one final 
time. 

4. lnstall the rotor and distributor cap. Connect the battery cables and 
adjust the ignition timing. 

Dwell should be checked between idle and 1750 rpm. Any dwell 
variations of more than 3Vrom idle to 1750 rpm indicate possible wear 
in the distributor. 

CONTACT 
A R M  

CEMKREB 

CONTACT 
A R M  NOT 

CONTACT 
A R M  NOT 
CENYEREB 

Fig. 81 Check the points for proper alignment after installation 
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WIDE GAP 

FORMAL DWELL-NORMAL GAP INSUFFICIENT DWELL 

Fig. 82 Three views of differing point dwell conditions 

SMALL GAP 

EXCESSIVE DWELL 

All models equipped with BID ignition systems require an air gap 
adjustment between the sensor wheel and the trigger wheel; particularly after 
the distributor has been removed. It is also a good idea to ensure that the air 
gap is within specification prior to performing any ignition timing procedures 

ADJUSTMENT-BID DISTRIBUTORS ONLY 

+ See Figure 83 
- 

1. O ~ e n  or remove the enaine hatches. 
2. ~ e m o v e  the distributor cap and pull off the rotor as detailed in the 

Ignition System section. 
3. Connect a remote starter switch as detailed in the manufacturer's 

instructions. 
4. Check the sensor coil, trigger wheel and teeth for signs of wear or 

other obvious damage. Using the remote starter, crank the engine around 
until a tooth on the wheel aligns with the contact on the coil. 

5. Insert a nonmetallic flat-bladed feeler gauge between the sensor and 
trigger wheel tooth. The gap should be 0.008 in. (0.20mm). 

6. If not within s~ecification, loosen the small screw on the triaaer coil 
slightly and move the coil carefully until the gap is within spec. ~ i ~ 6 e n  the 
screw securely-but not too tight- and recheck that the gap has not 
chanaed. 

7. Disconnect the remote starter. 
8. Install the rotor and distributor cap. 

Fig. 83 Checking the distributor air gap 

ADJUSTMENT 

All Engines WMbbl Carburetor 

DEBATE 
+ See Figures 84 and 85 

1. Locate the idle speed screw on your carburetor and turn it in or out 
until it is just resting on the idle cam, but is not moving it, The idle screw is 
threaded into the throttle linkage on the side of the carburetor and has a 
spring between the screw head and the linkage. 

2. Locate the idle mixture screw on the base of the carburetor and turn 
it in (clockwise) until it just lightly seats itself and then back it out: 

* 1986-89 2.5U3.OL engines-2 turns 
1986-89 2.3L, 4.3L and 5.OL engines-2 112 turns 

* 1988-90 Rochester-2 turns 
* 1988-90 2.3L engines-112 turn 

1988-93 3.OL engines-314 turn 
1988-93 3.OL HO engines-I turn on starboard screw; 112 turn on port 

screw 
1994 3.OGL engines-314 turn 
1994-98 3.OGS engines-I turn on starboard screw; 112 turn on port 

screw 
1988-94 4.3L engines-518 turn 
1995-98 4.3GL engines-518 turn 
1996-97 4.3GS engines-314 turn 
1988-90 5.OL engines-I 112 turns 

* 1991-93 5.OL engines-I 118 turns 
* 1990-93 5.OL HO engines-I turn 

1994-96 5.OFL engines-1 turn 
1994 5.7GL engines-314-1 turn 
1997-98 5.7GLlGS engines-314-1 turn 

Be careful not to turn the idle mixture screw in past the seated position 
or you risk damaging the seat or needle. Both the screw tip and the 
casting seat can be affected. Replace any screws suspected of 
damage. 

3. Ensure that the flame arrestor is in place and is free of debris and 
obstructions. A clogged filter will greatly impact this adjustment, 

4. Connect a tachometer as per the manufacturer's instructions--do not 
use the tach on your boat! 

5. Start the engine and allow it to run at idle until it reaches normal 
operating temperature. 
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1- ldle Speed Screw 
2- ldle Cam 

Fig. 84 The idle speed adjusting screw should rest on the idle cam 

Water must circulate through the lower unit and to the engine anytime 
the engine is  being run. Severe damage could result otherwise. If the 
boat is not in the water, inake sure a flushing attachment has been 
installed properly. 

6. You will need to disconnect the throttle cable from the throttle lever 
before performing the next step because the boat will need to be in gear. 

7. With the engine still running and the tach hooked up, move the shift 
lever into F and turn the mixture screw(s) in (clockwise), carefully and slowly, 
until the engine speed JUST begins to drop due to a LEAN condition. Jot 
down the number of turns. If your carburetor has two screws, and it most 
likely will, there are two schools of thought here-you can adjust them 
individually or alternately, We prefer the alternating method; that is, turning 
each screw in a little at a time, the same amount, until you get the LEAN 
condition. If you go this route, we suggest turning them alternately no more 
than 118th turn at a time. 

8. Now, back the screw(s) out (counterclockwise), evenly and 
alternately, until you achieve the correct idle speed as detailed in the Tune- 
Up Specifications chart. If the idle begins to drop before you get to the 
correct speed (due to a RICH condition this time) then back them down 
slightly until it runs smooth again. 

9. Recheck the idle speed and compare it to the recommended speed 
in the chart. If adjustment is required, now you can use the idle speed stop 
screw- turn it, gradually and evenly, until the correct idle is achieved. 

10. Turn the engine off and reconnect the throttle cable. Disconnect the 
tachometer. 

All Engines W14BBL Carbure 

TE 
1. Locate the idle speed screw on your carburetor and turn it in or out 

until it IS just resting on the idle cam, but is not moving it. The idle screw is 
threaded into the throttle linkage on the side of the carburetor and has a 
spring between the screw head and the linkage. 

2. Locate the idle mixture screw on the base of the carburetor and turn 
it in (clockwise) until it just lightly seats itself and then back it out: - 1986 engines-3 314 turns 

1987-89 engines wiRochester-3 314 turns 
1987-89 engines wlHolley-I 112 turns 
1990-91 4.3L HO engines-314 turn 

* 1996-97 4.3GS engines-314 turn 
* 1998 4.3GS engines-I 118 turns 

1990-92 5.7L engines-I14 turn 
* 1990-91 5.7L LE engines-1 turn 

1991-92 5.7L engines-112 turn 
1997 5.7GS engines-li2 turn 

I - ldle Mixture Needle 

Fig. 85 Never tighten the idle mixture screw against its seat; some 
models will have two screws 

1990 350 engines-1 turn 
1990 5.8L engines-1 112 turns 
1991 -96 5.8L engines-718 turn 

* 1990 454 engines-1 turn 
1991-97 7.4U8.2L engines-ti4 turn 
1990 460 engines-I 112 turns 

Be careful not to turn the idle mixture screw in past the seated position 
or you risk damaging the seat or needle. Both the screw tip and the 
casting seat can be affected. Replace any screws suspected of 
damage. 

3. Ensure that the flame arrestor is in place and is free of debris and 
obstructions. A clogged filter will greatly impact this adjustment. 

4. Connect a tachometer as per the manufacturer's instructions--do not 
use the tach on your boat! 

5. Start the engine and allow it to run at idle until it reaches normal 
operating temperature. 

Water must circulate through the lower unit and to the engine anytime 
the engine is being run. Severe damage could result otherwise. If the 
boat is not in the water, make sure a flushing attachment has been 
installed properly. 

6. You will need to disconnect the throttle cable from the throttle lever 
before performing the next step because the boat will need to be in gear. 

7. With the engine still running and the tach hooked up, move the shift 
lever into F and turn the mixture screw(s) in (clockwise), carefully and slowly, 
until the engine speed JUST begins to drop due to a LEAN condition. Jot 
down the number of turns. If your carburetor has two screws, and it most 
likely will, there are two schools of thought here--you can adjust them 
individually or alternately. We prefer the alternating method; that is, turning 
each screw in a little at a time, the same amount, until you get the LEAN 
condition. If you go this route, we suggest turning them alternately no more 
than 118th turn at a time. 

8. Now, back the screw@) out (counterclockwise), evenly and 
alternately, until you achieve the correct idle speed as detailed in the Tune- 
Up Specifications chart. If the idle begins to drop before you get to the 
correct speed (due to a RICH condition this time) then back them down 
slightly until it runs smooth again. 

9. Recheck the idle speed and compare it to the recommended speed 
in the chart. If adjustment is required, now you can use the idle speed stop 
screw- turn it, gradually and evenly, until the correct idle is achieved. 

10. Turn the engine off and reconnect the throttle cable. Disconnect the 
tachometer. 
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Fuel Injected Engines 

ldle speed is constantly monitored by the electronic control module (ECM) 
and controlled by the idle air control valve (IAC). ldle speed and mixture are 
not adjustable. Please refer to the Fuel System section for further information 
on the fuel injection system. 

Many engines are equipped with a positive crankcase ventilation (PCV) 
circuit that utilizes a PCV valve in the rocker cover in order to ventilate 
unburned crankcase gases back into the engine via the intake manifold in 
order that they can be re-burned. The PCV valve should be replaced every 
boating season or 100 hours of operation. 

A PCV system that is malfunctioning can cause rough running or idle, and 
also increased fuel consumption. Do not attempt to disconnect or bypass the 
system. 

REMOVAL & INSTALLATION 

* See Figure 86 s Y 
1. Locate the PCV valve in the cylinder head cover-usually the-port 

but it could be either. 
2. Carefully wiggle it back and forth while pulling upward on the valve 

itself until it pops out of the cover. 
3. Loosen the clamp (if equipped) and disconnect the breather hose 

from the valve. 
4. Reconnect the hose and press the valve back into the cylinder head. 

PCV valves are not serviceable. If your valve i s  clogged or otherwise 
not working properly, i t  must be replaced with a new one. 

INSPECTION 

+ See Figure 87 SY 

Start the engine and allow it to reach normal operating temperature. Pop 
out the PCV valve as detailed above and cover the opening with your thumb. 
You should be able to feel significant vacuum; if not replace the valve. With 
the valve still in your fingers, shake it back and forth a few times; you should 
be able to hear the inside components moving around-a significant clicking 
sound. 

If the valve passes these two tests, it is functioning properly. If it fails 
either of the tests and there are no leaks in any of the hoses or connections, 
it will require replacement. 

PCV valves are not serviceable. If your valve i s  clogged or otherwise 
not working properly, i t  must be replaced with a new one. 

Fia. 86 Tvpical PCV valve 

Fig. 87 Testing the PCV valve 

All engines covered in this manual are equipped with hydraulic valve 
lifters and do not require periodic valve adjustment. Adjustment to zero lash 
is maintained automatically by the-hydraulic pressure in the lifters. For initial 
adjustment procedures after cylinder head work or if a problem is expected, 
please refer to the appropriate Engine Mechanical section. 

Used fluids such as engine oil, gear oil, antifreeze and power steering 
fluid are hazardous waste and must be disposed of properly and responsibly. 
Before draining any fluids it is always a good idea to check with your local 
authorities; in many areas there are recycling programs available for easy 
disposal. Service stations, Parts stores and Marinas also often will accept 
waste fluids for recycling. 

Be sure of your local recyclers' policies before draining any fluids, as 
many will not accept fluids that have been mixed together. 

All engine covered in this manual are designed to run on unleaded fuel. 
Never use leaded fuel in your boat's engine. The minimum octane rating of 
fuel being used for your engine must be at least 86 AKI (outside the US, 90 

RON), on early models and 89 AKI (93 RON) on all others, but some 
engines may require higher octane ratings. OMC actually recommends the 
use of 89 AKI (93 RON) fuel as the ideal-in fact, anything less than this on 
many 4.3L, 5.OGL and 5.7L engines will require a change to the ignition 
timing. Fuel should be selected for the brand and octane that performs best 
with your engine. Check your owner's manual if in doubt. 

The use of a fuel too low in octane (a measure of anti-knock quality) will 
result in spark knock. Newer systems have the capability to adjust the 
engine's ignition timing to compensate to some extent, but if persistent 
knocking occurs, it may be necessary to switch to a higher grade of fuel. 
Continuous or heavy knocking may result in engine damage. 

ENGINE OIL 

Nothing affects the performance and durability of an engine more than the 
engine oil. If inferior oil is used, or if your engine oil is not changed regularly, 
the risk of piston seizure, piston ring sticking, accelerated wear of the 
cylinder walls or liners, bearings and other moving components increases 
significantly. 
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Maintaining the correct engine oil level is one of the most basic (and 

essential) form of engine maintenance. Get into the habit of checking your oil 
on a regular basis; all engines naturally consume small amounts of oil, and if 
left neglected, can consume enough oil to damage the internal components 
of the engine. Assuming the oil level is correct because you "checked it the 
last time" can be a costly mistake. 

If your engine has not been operated for more than 6 months it should be 
primed prior to starting. 

When shutting the engine down, always let the engine idle a few minutes 
to bring engine temperature down to a normal level. Since the engine is, at 
least in part, cooled by engine oil, it is necessary to allow the engine oil 
temerature to stabilize prior to shutdown. Not allowinq the temperature to 
stabilize can damage vital engine components. 

Everv container of enaine oil for sale in the US. should have a label 
describhg what standaris it meets. Engine oil service classifications are 
designated by the American Petroleum Institute (API), based on the chemical 
composition of a given type of oil and testing of samples. The ratings include 
"S" (normal gasoline engine use) and " C  (commercial, fleet and diesel) 
applications. Over the years, the "S" rating has been supplemented with 
various letters, each one representing the latest and greatest rating available 
at the time of its introduction. During recent years these ratings have 
changed and most recently (at the time of this manual's publication), the 
rating is " S G  or "CH-4. Each successive rating usually meets all of the 
standards of the previous alpha designation, but also meets some new 
criteria, meets higher standards andlor contains newer or different additives. 
Since oil is so important to the life of your engine, you should obviously 
NEVER use an oil of questionable quality. Oils that are labeled with modern 
API ratings, including the "energy conserving" donut symbol, have been 
proven to meet the API quality standards. Always use the highest grade of oil 
available. The better quality of the oil, the better it will lubricate the internals 
of your engine. 

In addition to meeting the classification of the API, your oil should be of a 
viscositv suitable for the outside temerature in which vour enaine will be 
operatiig. Oil must be thin enough to get between theclose-tderance 
moving parts it must lubricate. Once there, it must be thick enough to 
separate them with a slippery oil film. If the oil is too thin, it won't separate 
the parts; if it's too thick, it can't squeeze between them in the first place-- 
either way, excess friction and wear takes place. To complicate matters, cold- 
morning starts require a thin oil to reduce engine resistance, while high 
speed boatinq requires a thick oil which can lubricate vital enqine parts at - .  
temperaturea ' 

Accordina to the Societv of Automotive Enaineers' (SAE) viscositv 
classification system, an oil with a high visco$ty number (&ch as SAE 40 or 
SAE 50) will be thicker than one with a lower number (SAE 10W). The " W  in 
10W indicates that the oil is desirable for use in winter operation, and does 
not stand for "weight". Through the use of special additives, multiple-viscosity 
oils are available to combine easy starting at cold temperatures with engine 
protection at high speeds. For example, a 10W40 oil is said to have the 
viscosity of a 10W oil when the engine is cold and that of a 40 oil when the 
engine is warm. The use of such an oil will decrease engine resistance and 
improve efficiency. 

All OMC engines require the use of SAE 30 oil at temperatures above 
32°F (O°C). Engines operating in 0°F (-18°C) to 32°F (0°C) temperatures 
ranges should use SAE 20W-20 oil; while anyone operating under 0" F (- 
18°C) should use SAE 1 OW oil. 

Although acceptable in a pinch and also in certain weather 
conditions, multi-viscosity oils such as 10W-30 and 10W-40 are not 
recommended. OMC suggests any recommendation that you may find 
on your engine regarding a multi-viscosity oil should be ignored. These 
references are for automotive use only and not intended for marine 
applications. 

Priming 

Anytime your boat's engine has not been run for more than 6 
months it is a good idea to prime the engine prior to starting it. 

1. Check that the proper amount of oil is in the crankcase (see the 
Capacities chart). 

2. Remove the spark plugs. 
3. With the ignition key in the OFF position, connect a remote starter 

according to the manufacturer's instructions. 

4. Crank the engine for 15 seconds and then allow the starter to cool for 
1 minute. Repeat this sequence 2 more times until a total cranking time of 45 
seconds has been reached. 

5. Remove the remote starter. 
6. Install the spark plugs and start the engine. 

OIL LEVEL CHECK 

+ See Figures 88 thru 94 S Y 

The EPA warns that prolonged contact with used engine oil may cause 
a number of skin disorders, including cancer! You should make every 
effort to minimize your exposure to used engine oil. Protective gloves 
should be worn when changing the oil. Wash your hands and any other 
exposed skin areas as soon as possible after exposure to used engine 
oil. Soap and water, or waterless hand cleaner should be used. 

When checking the oil level, it is best that the boat be level and the oil be 
at operating temperature. Checking the level immediately after stopping the 
engine will give a false reading; always wait about 5 minutes before 
checking. 

It is normal for an engine to naturally consume oil during the course of 
operation, particularly during break-in on a new engine. You should not be 
alarmed if the oil level in your engine drops slightly between inspections. In 
fact, certain of OMC's high performance engines may use up to a quart of oil 
every 5 hours when operated at full throttle. 

1. Also the color of the oil is usually a pitch black color. Smelling the oil 
is a better indicator of oil condition than the color. If the oil smells burned, it 
should be replaced immediately. 

Over-filled crankcases can cause a fluctuation or drop in oil pressure, 
and, particularly on OMC engines, clattering from the rocker arms. Take 
great care in checking and filling your engine with oil. Always maintain it 
between the ADD and FULL or OP RANGE markings on the dipstick. 
Beware of false readings by checking the level too soon after adding oil. 

It takes a little while for fresh oil poured into the engine to reach the 
crankcase. Wait for about 3 minutes and then check the oil level again. 

Oil level should be checked each day the engine is operated and it is best 
to check it while in the water. 

2. Run the enqine until it reaches normal operating temperature. Shut it . . 

off and allow the oiito settle for at least 5 minutes. 
3. Locate the engine oil dipstick-almost always on either side and 

toward the front of the engine. 
4. Clean the area around the dipstick to prevent dirt from entering the 

engine. 
5. Remove the dipstick and note the color of the oil. Wipe the dipstick 

clean with a rag. 

Fig. 88 The oil dipstick on the 3.OL is on the starboard side. Note 
the top of the oil withdrawal tube 
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Yg. 89 The oil dipstick on the 4.3L is on the starboard side, near 
he power steering pump 

the engine 

6. Insert the dipstick fully into the tube and remove it again. Hold the 
dipstick horizontal and read the level on the dipstick. The level should always 
be at the upper limit. If the oil level is below the upper limit, sufficient oil 
should be added to restore the proper level of oil in the crankcase. Most 
dipsticks are marked with ADD and FULL or OP RANGE gradations. 

7. See Engine Oil Recommendations for the proper viscosity and type 
of oil. 

8. Oil is added through the filler port cap in the top of the cylinder head 
cover. Add oil slowly and check the level frequently to prevent overfilling the 
engine. 

Fig. 90 The oil dipstick on the 5.OL Ford is on the front starboard 
side of the engine 

Fig. 92 The oil dipstick on the 5.7L is on the front of the engine, 
near the alternator 

Fig. 93 The oil dipstick on the 7.4L is on the port side of the engine, 
near the front (8.2L similar) 

Do not overfill the engine. If the engine is overfilled, the crankshaft will 
whip the engine oil into a foam causing loss of lubrication and severe 
engine damage. 
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Fig. 94 The oil dipstick on the 7.5L is on the port side of the engine, 
near the front (8.2L similar) 

OIL & FILTER CHANGE 

+ See Figures 95 thru 102 

The EPA warns that prolonged contact with used engine oil may cause 
a number of skin disorders, including cancer! You should make every 
effort to minimize your exposure to used engine oil. Protective gloves 
should be worn when changing the oil. Wash your hands and any other 
exposed skin areas as soon as possible after exposure to used engine 
oil. Soap and water, or waterless hand cleaner should be used. 

A few precautions can make the messy job of oil and filter maintenance 
much easier. By placing oil absorbent pads, available at industrial supply 
stores, into the area below the engine, you can prevent oil spillage from 
reaching the bilge. 

It is a good idea to warm the engine oil first so it will flow better; and the 
contaminates in the bottom of the pan willbe suspended in the oil. This is 
accomplished by starting the engine and allowing it to reach normal 
operating temperature. 

Changing engine oil is sometimes complicated by the location of the drain 
plug. Most boats equipped with inboard engines use an evacuation pump to 
remove the used engine oil through the dipstick tube. If you don't have a 
pernlanently mounted oil suction pump in your engine compartment, you 
may want to consider installing one. This pump sucks waste oil out through 
either the dipstick tube or a connection on the oil drain plug and is available 
from your OMC dealer or from any number of aftermarket sources. They 
come in a variety of configurations: motorized, hand-pumped or attachments 
for an ordinary household drill. 

The maintenance interval for oil and filter change is every 100 hours of 
engine operation or. annually, whichever comes first. This interval should be 
strictly kept; in fact we recommend cutting the interval in half! 

E Since you will be hanging into the engine compartment, gather all 
the tools and spare parts necessary for the job. Don't forget plenty of 
rags to clean up any spills, and most importantly, remember a 
container or plastic milk jug to drain the oil into. 

1. Start the engine and run it until it reaches normal operating 
temperature. Turn the engine off and remove the dipstick andlor the 
withdrawal tube cap. 

2. Connect the evacuation pump hose to the dipstick tube or insert it 
into the withdrawal tube. Position the other hose, or the outlet at the bottom 
of the pump in your container. Keep in mind that the fast flowing oil, which 
will spill out of the pump hose, will flow with enough force that it could miss 
the container and end up all over the deck or in the bilge. Position the 
container accordingly and be ready to move it if necessary. Some models 
are equipped with a quick drain oil hose attachment; be sure to pull the 
tether through the bilge drain before removing the drain plug from the hose. 

Use caution around the hot oil; when at operating temperature, it is hot 
enough to cause a severe burn. 

3. Allow the oil to drain until nothing but a few drops come out of the 
pump. It should be noted that depending on the angle of the engine, some oil 
may be left in the crankcase. This is normal and should not cause the engine 
harm. 

4. Remove the evacuation pump and reinsert the dipstick or withdrawal 
tube cap. 

Fig. 95 A good shot of the filter-3.01 shown 

Fig. 96 Although most engines use the dipstick tube to remove the 
old engine oil, certain engines (2.513.0L) may use a separate tube 
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5. Position a drain pan, or a cut-down milk jug under the oil filter. Some 

filters are mounted horizontally and some vertically. In either case, there is 
usually oil left in the filter. When the filter is removed, oil will flow out of the 
engine and the filter. If you are not prepared, you will have a mess on your 
hands. It may also be necessary to use a funnel or fashion some type of 
drain shield to guide the oil into the drain pan. This can be as simple as a 
recycled oil bottle with the bottom cut off or an elaborate creation made of 
tin. In any case, its purpose is to prevent oil from spilling all over the engine 
and bilge. 

6. To remove the filter, you will probably need an oil filter strap wrench 
(available at almost any place that sells marine or automotive parts and 
fluids). Heat from the engine tends to tighten even a properly installed filter 
and makes it difficult to remove. Place the wrench on the filter as close to the 
engine as possible, while still leaving room to work. This will put the wrench 
at the strongest part of the filter (near the threaded end) and prevent 
crushing the filter. Loosen the filter with the wrench using a counterclockwise 
turning motion 

Some later models may utilize a remote oil filter. 

7. Once loosened. wrap a rag around the filter and unscrew it from the 
boss on the engine. Make sure that the drain pan and shield are positioned 
properly before you start unscrewing the filter. Should some of the hot oil 
happen to get on your hands and burn you, dump the filter into the drain 
pan. 

Fig. 97 On the newer V61V8 engines with fuel injection (5.OL shown), 
the remote filter is on the port side near the top 

Fig. 98 On the older V61V8 engines and most V6lV8 engine with a 
carburetor (5.7L shown), look on the side of the engine block I 

8. Wipe the base of the mounting boss with a clean, dry lint-free rag. If 
the filter is installed vertically, you may want to fill the filter about half way 
with oil prior to installation. This will prevent oil starvation when you fire the 
engine up again. Pre-filling the oil filter is usually not possible with 
horizontally mounted filters. Smear a little bit of fresh oil on the filter gasket 
to help it seat properly on the engine. 

9. Install the filter and tighten it approximately a quarter-turn after it 
contacts the mounting boss (always follow the filter manufacturer's 
instructions). This usually equals "hand tight." Using a wrench to tighten the 
filter is not required, nor should it be considered. 

Never operate the engine without engine oil. Severe and costly engine 
damage will result in a matter of seconds without proper lubrication. 

10 If any 011 has gotten into the b~lge, remove ~t usrng an 011 a b s o r b e r  
pad These pads are specially formulated to only absorb 011 and w~ll not soak 
up any water in the bilge Perform a v~sual inspection and make sure all 
connections are t~ght. 

11. Carefully remove the drain pan from under the oil filter and transfer 
the oil into a suitable container for recycling. 

12. Refill the engine with the proper quantity and quality of oil 
immediately (see the Capacities chart). You may laugh at the severity of this 
warning, but if you wait to refill the engine and someone unknowingly tries to 
start it, severe and costly engine damage will result. 

13. Refill the engine crankcase slowly through the filler cap on the 
cylinder head cover. Use a funnel as necessary to prevent spilling oil. Check 
the level often. You may notice that it usually takes less than the amount of 
oil listed in the Ca~acities chart to refill the crankcase. This is onlv until the 
engine is started and the oil filter is filled with oil. 

14. To make sure the proper level is obtained, run the engine to normal 
operating temperature, turn the engine OFF, allow the oil to drain back into 
the oil pan and recheck the level after about 5 minutes. Top off the oil to the 
correct mark on the dipstick. 

1- Oil Filter 
2- Sealing Ring 

Fig. 99 Removing the oil filter 
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Fig. 100 Before installing the new filter, wipe the gasket mating 
surface clean 

I Fig. 101 Dip a finger into a fresh bottle of oil, and lubricate the 
gasket of the new filter 

contacts the mating surface. Do not use a wrench to tight& the I fii+wl 

FLUID LEVEL 

+ See Figures 103 and 104 SY 

E Power steering fluid level should always be checked with the engine 
hot if at all possible. 

1. Start the engine and run it until it reaches normal operating 
temperature. 

2. Rotate the steering wheel lock-to-lock about 10 times to ensure that 
the fluid is warm. 

3. Turn the engine OFF and place the drive unit so that it is straight 
back. 

4. Locate the dipstick cap on top of the power steering fluid reservoir. 
Unscrew the cap and remove the dipstick. Wipe down the dipstick with a 
clean rag and reinsert it into the reservoir making sure that the cap is 
screwed all the way down. 

5. Remove the dipstick again and check that the fluid level is up to the 
FULL HOT mark (FULL COLD if the level is being checked cold). If the level 
IS between the FULL mark and the indent on the stick, it's OK. Below the 
Indent or hash mark and you must add fluid. Use OMC Power Trimflilt & 
Steering Fluid, GM Power Steering Fluid, or DexronC3 Ill ATF fluid. Do not 
overfill! 

6. It is always a good idea to bleed the system after adding fluid. 

BLEEDING THE SYSTEM 

E It i s  important that all air be removed from the system after filling or 
component removal. If air is left in the system, the fluid in the pump 
may foam during operation causing discharge or spongy steering. 

1. With the engine stopped and the drive unit positioned straight back, 
check that the fluid level is at the FULL COLD mark on the dipstick. 

2. Turn the steering wheel all the way over to Port and then check the 
fluid level again. Add fluid if necessary. 

3. Install the capldipstick onto the reservoir, start the engine and run it 
at idle for a minute and then shut it OFF again. Remove the reservoir cap 
allowing any foam in the pump to escape. 

4. Reinsert the dipstck and check the fluid again, making sure that it is 
at the FULL HOT mark this time. Add fluid as necessary. Repeat this step as 
necessary until the system no longer requires fluid. 

5. Start the engine again and move the steering wheel slowly from lock 
to lock several times. Remember the reservoir cap should still be off, so 
while you're moving the wheel, observe the fluid level in the reservoir-it 
should be above the pump body, if not, carefully add fluid so that the level 
stays above the body. 

6. Fluid containing air will be foamy and light red or tan in color. This is 
normal, but you must make sure that the fluid level is high enough so that 
the foam DOES NOT enter the pump ~nlet. Continue moving the wheel and 
adding fluid until there is no foam left, indicating the absence of air bubbles. 

If you see excessive foaming during the previous step, shut the 
engine down and let everything sit for 30 minutes before trying it again. 

7. Once the foam has disappeared, position the steering wheel at the 
center position and shut the engine Off. Screw in the capldipstick and 
recheck the fluid level. If not at the FULL HOT level, add fluid slowly until it 
is. 
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Fig. 103 Typical power steering pump I 

All engines covered in this manual utilize one of two cooling systems, or 
variations thereof. Simply, there is a Seawater Cooling system, sometimes 
called Raw Water system and a Closed Cooling system. 

Seawater systems are just that ... they utilize the water that the boat is 
operating in to cool and lubricate the drive and engine. Water is drawn in 
through the stern drive unrt and circulated to, and through, the engine and its 
components. The heated water is then returned overboard through the 
exhaust system. 

Closed Cooling systems are actually two systems working together; a 
seawater system and a closed system consisting of antifreeze-very similar 
to an automotive system, without the radiator. The two systems work 
together in a variety of ways. 

Complete information on individual system operation, and component 
repair procedures is detailed in the Cooling Systems section. In this section 
we will only deal with checking fluid levels, draining and filling, and flushing 
the systems. 

LEVEL CHECK 

Closed Cooling System Only 

* See Figure 105 

Always allow the engine to cool down before checking the 
coolant level. If possible, check cold. Opening a pressure cap with the 
engine hot can cause a violent discharge of steam and water, resulting 
in severe injury. If the engine is anything but cold, always remove the 
cap a quarter turn at a time in order to allow any residual pressure to 
escape slowly. 

1. Remove the pressure cap at the top of the heat exchanger. Coolant 
should be visible at the bottom of the filler neck, or within 1 in. (25mm) of the 
bottom of the neck. 

2. Reinstall the cap on the heat exchanger making sure that it seats on 
it's stops on the filler neck. 

3. Start the engine and run it until it reaches normal operating 
temperature. Turn off the engine and check that the coolant level is to the 
FULL line on the side of the coolant recovery tank. 

4. Fill the system with a 50150 mixture of distilled water and ethylene 
glycol antifreeze. 

FLUSHING THE SYSTEM 

If your boat is operated in sa l twaweavy mineral fresh watzor 
severely polluted water, flush the cooling system regularly-after each 
usage if at all possible! Always flush the system before draining and/or 
winter storage. 

Fig. 104 Power steering fluid dipstick 

I 1 - Coolant Recovery Reservoir 

Fig. 105 Check that the coolant level is to the FULL line on the 
coolant recovery tank when the engine is hot (early model shown, 
late models utilize a rectangular tank 

Seawater Svstems W1O Fresh Water Flush 

Boat Out Of Water 
+ See Figure 106 

NEVER run the engine when the boat is out of the water without water 
being supplied to the stern drive. 

1. Connect a flushing attachment over the water intake openings in the 
stern drive gear housing. These devices are available at your local OMC 
dealer or through a variety of aftermarket suppliers. 

2. Connect a garden hose between the flushing attachment and a water 
spigot. 

3. Open the spigot@) slowly, no more than half way, and allow the drive 
and cooling system to fill completely. You'll know the system is full when 
water begins to flow out of the drive unit, or through the propeller on closed 
systems. 
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Never allow the water to reach the flushing device at anything more 
than low pressure. 

Never allow the water to reach the flushing device at anything more 
than low pressure. 

4. With the drive in Neutral, start the engine and let it idle for 10 
minutes or until the water being discharged is clear and then turn the engine 
off. Never run the engine above 1500 rpm with the flushing device attached 
and always keep an eye on the temperature gauge incase the engine begins 
to overheat. 

5. Turn off the water from the spigot(s), disconnect the hose(s) and 
remove the flushing attachment. 

Boat In Wafer 

+ See Figure 106 

If your boat has a seacock (a water inlet valve), it must remain closed 
during this procedure in order to prevent water from flowing back into 
the boat. If your boat does not have a seacock, locate the water inlet 
hose at the seawater supply pump, disconnect it and plug it. We highly 
recommend that you leave a note to yourself in the vicinity of the 
ignition key reminding of the fact that this procedure has been done so 
that you, or someone else doesn't start the engine after flushing 
without reopening the seacock or reconnecting the inlet hose. Seem 
silly? Do it anyway! 

1. Raise the stern drive unit to the full UP position. 
2. Connect a flushing attachment over the water intake openings in the 

stern drive gear housing. These devices are available at your local OMC 
dealer or through a variety of aftermarket suppliers. 

3. Connect a garden hose between the flushing attachment and a water 
spigot. 

4. Lower the stern drive unit to the full INIDOWN position. 
5. Open the spigot(s) slowly, no more than half way, and allow the drive 

and cooling system to fill completely. You'll know the system is full when 
water begins to flow out of the drive unit, or through the propeller on closed 
systems. 

1 - Flushing Attachment 
2- Water Hose 

Fig. 106 Attach a flushing device to the drive unit when flushing the 
cooling system 

6. With the drive in Neutral, start the engine and let it idle for 10 
minutes or until the water being discharged is clear and then turn the engine 
off. Never run the engine above 1500 rpm with the flushing device attached 
and always keep an eye on the temperature gauge incase the engine begins 
to overheat. 

7. Turn off the water from the spigot(s). 
8. Raise the drive unit to the UP position again, disconnect the hose 

and remove the flushing attachment. 
9. Lower the unit and make sure you open the seacock and reconnect 

the inlet hose (don't forget to unplug it first!). 

Seawater Systems With Fresh Water Flush 

+ See Figure 107 SY 

Do not, under any circumstance, start the engine while performing this 
procedure! 

1. Locate the flush valve connected to a black hose on the side of the 
engine. There should be flush socket attachment with a cap connected to it. 

2. Remove the socket from the cap, connect a garden hose and then 
plug into the flush valve. 

3. Turn the hose spigot to its highest pressure and allow the engine to 
flush for 5 minutes. 

4. Turn off the water and remove the hoselsocket from the valve. 
5. Unscrew the socket from the hose and insert it back into the cap. 
6. You're done! That was easy-now you know why people spend the 

time and money to retro-fit these onto their engines.. 

Fig. 107 Certain late model engines may be equipped with a fresh 
water flushing attachment (or have been retro-fitted), making it 
much easier to regularly flush your cooling system 

Closed Systems 

The very name of this systems implies that it is not necessary to flush it. If 
for some reason you absolutely must flush the closed portion of this system, 
simply follow the drain and fill procedures. Remember though that the closed 
system uses a conventional seawater cooling system in conjunction with its 
closed portion-this system MUST be flushed on a regular basis and all 
procedures are detailed previously under Seawater Systems. 
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PRESSURE CAP TESTING 

Closed System Only SY 
+ See Figures 108,109 and 110 

The pressure cap on the coolant reservoir is designed to maintain closed 
system pressure at approximately 14 psi when the engine is at normal 
operating temperature. Clean, inspect and pressure test the cap at the end 
of your first season and then every 100 hours (or once a year) thereafter. 

Make sure the engine is cool before attempting to remove the cap. To 
be safe, always turn the cap 114 turn and allow any residual pressure to 
escape before removing it completely. Use a heavy rag or wear gloves. 

1. Remove the cap and wash it thoroughly to remove any debris from 
the sealing surfaces. 

2. Inspect the gasket and rubber seal for tears, cuts or cracks. If you 
notice anything, we recommend replacing the entire cap although you can 
replace the gasket on some older engines if you like. 

3. Make sure that the locking tabs on the cap are not bent or damaged 
in any way. If so, replace the cap. 

4. Use a cooling system pressure tester and, following the 
manufacturer's instructions, install the cap. Check that the cap relieves 
pressure at 14 psi and holds pressure for 30 seconds without falling below 
11 psi. Replace the cap if it fails. 

5. Check the inside of the filler neck for debris; it should be completely 
smooth. Check that the lock flanges on the filler neck are not bent or 
damaged and then install the cap. 

PRESSURE TEST 

Closed System Only 
SY 

Make sure the engine is cool before attempting to remove the cap. To 
be safe, always turn the cap 114 turn and allow any residual pressure to 
escape before removing it completely. Use a heavy rag or wear gloves. 

1. Remove the pressure cap from the reservoir or heat exchanger. 
2. Perform the pressure cap Testing procedure. If the cap is bad, this 

may be your problem. Replace the cap and ensure that the problem does 
not go away; if it persists, move to the next step. 

3. Add coolant so that the level is within one inch of the bottom of the 
filler neck. Attach a cooling system pressure tester to the filler neck and 
pressurize the system to 17 psi. 

4. Watch the gauge for about 2 minutes. If the pressure remains steady, 
you're OK. If the pressure drops, move to the next step. 

5. Maintain the specified pressure and check the entire closed system 
for any leaks-hoses, plugs, petcocks, pump seals, etc.). Also, listen very 
closely for any hissing or bubbling. 

6. If you've still not found any leaks, test the heat exchanger as detailed 
in the Coolina section. 

1- Rubber Seal 
2- Gasket 
3- Locking Tabs 

Fig. 108 Check the pressure cap carefully. .. 

7. If the exchanger is OK then you most likely have an problem with 
loose head bolts, a bad head gasket or a warped cylinder head, not the 
cooling system. 

DRAINING & FILLING 

DERATE 
V 

The cooling system should be drained, cleaned, and refilled each season, 
although OMC's recommendations are for every two years on normal anti- 
freeze systems. We think its cheap insurance to do it every season, but you 
certainly can't go wrong by following the factory's suggestion. The bow of the 
boat must be higher than the stern to properly drain the cooling system. If 
the bow is not higher than the stern, water will remain in the cylinder block 
and in the exhaust manifold. Insert a piece of wire into the drain holes, but 
not in the petcock, to ensure sand, silt, or other foreign material is not 
blocking the drain opening. 

If the engine is not completely drained for winter storage, trapped water 
can freeze and cause severe damage. The water in the oil cooler-if so 
equipped-must also be drained. 

Seawater System--4 Cylinder Engines 

+ See Figure 111 DERATE 

1. If the boat is in the water, close the seacock to preventwater from 
entering the cooling system. If the boat is not equipped with a seacock, 
disconnect the seawater inlet line and plug it. Make sure you leave yourself a 
note by the ignition switch reminding yourself to turn the valve back on or 
connect the line, especially if the boat is going to sit for a period of time. 
Sound silly? Do it! 

2. Position suitable containers under all drain plugs and hoses (if space 
permits) to catch any water being drained or else it will collect in the bilge. 

3. Loosen the clamp and disconnect the long supply hose at the 
thermostat housing. Slowly lower the hose and allow the water to drain. 

4. Loosen the clamp and disconnect the large house running from the 
thermostat housing to the engine water pump, at the pump. Allow all water to 
drain. 

5. Remove the drain plug on the side of the cylinder block (port on 
2.5L13.OL; starboard on 2.3L) and allow all water to drain, 

6. Remove the drain plug on the exhaust manifold or elbow. If your 
engine is not equipped with a drain, simply disconnect the hose from the 
lower fitting. 

7. On models equipped with power steering, disconnect the lower 
seawater hose at the cooler-some models may actually have a drain plug 
on the bottom side of the cooler. If the cooler is mounted horizontally, loosen 
the mounting bolt and tilt the cooler to aid in the draining. 

8. Loosen the clamps and disconnect both hoses at the seawater pump 
(if equipped). Allow all water to drain and then reconnect the hoses. 

9. On engines with closed cooling, remove the drain plug from the 
bottom of the heat exchanger. If there is no plug, disconnect the seawater 
inlet hose at the bottom of the exchanger. 

10. Disconnect and remove the lower end of any other hoses and hold 
them as low as possible while draining. Reconnect when all water has 
stopped draining. On models with closed cooling, refer to the flow diagrams 
in the Cooling section so that you do not disconnect any hoses used for the 
closed portion of the system. 

1- lnspect for damage 
2- Clean coolant recovery pasages 

Fig. 109 ... and then check the filler neck Fig. 110 Using a pressure tester to check the 
cap 
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Fia. 111 Both drain oluas are on the oort side-3.01 shown 

11. Using a stiff piece of wire, clean out all drain holes. Don't foraet any - .  
drain holes in the drive unit! 

12. Tilt the drive unit to the full UP position and then remove the water 
drain plug from the port side of the pivot housing; this can be found toward 
the front of the upper housing where it attachedto the bell housing. 

13. Turn the ignition switch ON and crank the engine over a few times to 
force out any residual water in the block or seawater pump, DO NOT START 
THE ENGINE! 

14. Coat the threads of all drain plugs with sealer and then reinstall 
them. Tighten the plugs and petcock securely. 

15. If you are winterizing the boat and its going to sit for a iew months, 
it's a good idea to remove the thermostat housing and fill the cylinder block 
and head with a mixture of water and anti-freeze. Remove the inlet line at 
the exhaust manifold and do the same. Make sure you drain all coolant into 
a suitable container prior to refilling the system with seawater next season. 

16. If you closed the seacock or disconnected the water inlet line, make 
sure you open or reconnect it PRIOR to restarting the engine. 

Seawater System-V6 And V8 Engines 

+ See Figures 112 lhru 120 DERATE 

Specific drain locations and disconnections vary from engine to engine. 
Please review the following items for the actual description for your engine 
before beginning the procedure: 

1987-90 2.3L engines- long hose at thermostat housing, large hose at 
engine water pump running from thermostat housing, starboard side exhaust 
manifold petcock and port side cylinder block petcock. If equipped with 
power steering or other oil cooler, remove the drain plug or lowest hose at 
the cooler. 

* 2.5Li3.OL engines-long hose at thermostat housing, large hose at 
engine water pump running from thermostat housing, port side exhaust 
manifold petcock and port side cylinder block petcock. If equipped with 
power steering or other oil cooler, remove the drain plug or lowest hose at 
the cooler. 

1986-87 4.3L engines-long hose at thermostat housing, large hose at 
engine water pump running from thermostat housing, exhaust manifold and 
cylinder block petcocks on port and starboard sides. If equipped with power 
steering or other oil cooler, remove the drain plug or lowest hose at the 
cooler. 

1988-95 4.3L engines-long hose at thermostat housing, large hose at 
engine water pump running from thermostat housing, cylinder block petcocks 
on port and starboard sides, hose at aft end of each exhaust manifold. If 
equipped with power steering or other oil cooler, remove the drain plug or 
lowest hose at the cooler. 

* 1996-98 4.3L engines-long hose at thermostat housing, large hose at 
engine water pump running from thermostat housing, cylinder block petcocks 
on port and starboard sides, hose at aft end of each exhaust manifold. If 
equipped with power steering or other oil cooler, remove the drain plug or 
lowest hose at the cooler. On 4.3Gi engines, remove the bypass hose at the 
check valve also. 

1986-88 5,OL and 5.7L engines-long hose at thermostat housing, 
large hose at engine water pump running from thermostat housing, cylinder 
block petcocks on port and starboard sides, two rubber caps at fore and aft 
sides of each exhaust manifold. If equipped with power steermg or other oil 
cooler, remove the drain plug or lowest hose at the cooler. 

1998 5.OL engines-large hose at engine water pump running from 
thermostat housing, cylinder block petcocks on port and starboard sides, 
rubber hose at aft end of each exhaust manifold. If equipped with power 
steering or other oil cooler, remove the drain plug or lowest hose at the 
cooler. 

* 1989-96 5.7L engines-long hose at thermostat housing, large hose at 
engine water pump running from thermostat housing, cylinder block petcocks 
on port and starboard sides, rubber capihose at aft end of each exhaust 
manifold. If equipped with power steering or other oil cooler, remove the 
drain olua or lowest hose at the cooler. On 5.7Gi enaines, remove the 
bypass h'bse at the check valve also. 

1997-98 5.7L engines-large hose at engine water pump running from 
thermostat housing, cylinder block petcocks on port and starboard sides, 
rubber hose at aft end of each exhaust manifold. If equipped with power 
steering or other oil cooler, remove the drain plug or lowest hose at the 
cooler. On Gi and GSi engines, remove the small bypass hose at the top of 
the thermostat housing also. 

1989-90 5.OL and 5.8L engines-long hose at thermostat housing, 
large hose at engine water pump running from thermostat housing, cylinder 
block petcocks on port and starboard sides, exhaust manifold petcocks on 
port and starboard sides, rubber cap at aft end of each exhaust manifold. If 
equipped with power steering or other oil cooler, remove the drain plug or 
lowest hose at the cooler. 

I Fig. 112 Port drain plug-4.3L engines 

Fig. 113 Starboard drain plug--4.3L engines 
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Fig. 116 Disconnect the long water supply hose-5.OLl5.7L GM 
engines; and the small by-pass hose--EFI engines, others similar I 

1991-96 5.OL and 5.8L engines-long hose at thermostat housing, 
large hose at engine water pump running from thermostat housing, cylinder 
block petcocks on port and starboard sides, rubber caplhose at aft end of 
each exhaust manifold. If equipped with power steering or other oil cooler, 
remove the drain plug or lowest hose at the cooler. On Fi and FSi engines, 
remove the bypass hose at the check valve also. 

1988-98 7.4L18.2L engines-long hose at thermostat housing, large 
hose at engine water pump running from thermostat housing, cylinder block 
petcocks on port and starboard sides, rubber caplhose at aft end of each 
exhaust manifold. If equipped with power steering or other oil cooler, remove 
the drain plug or lowest hose at the cooler. On Gi and GSi engines, remove 
the bypass hose at the check valve also. 

1987-90 7.5L engines-long hose at thermostat housing, large hose at 
engine water pump running from thermostat housing, cylinder block petcocks 
on port and starboard sides, rubber caplhose at aft end of each exhaust 
manifold. If equipped with power steering or other oil cooler, remove the 
drain plug or lowest hose at the cooler. 

1. If the boat is in the water, close the seacock to prevent water from 
entering the cooling system. If the boat is not equipped with a seacock, 
disconnect the seawater inlet line and plug it. Make sure you leave yourself a 
note by the ignition switch reminding yourself to open the valve or reconnect 
the line, especially if the boat is going to sit for a period of time. Sound silly? 
Do it! 

Fig. 115 Starboard drain locations-5.01 Ford engines; 5.8L similar 

Fig. 117 Loosen the starboard drain plugs-5.OL15.7L GM engines, 
others similar 

Fig. 118 Loosen the port drain plugs-5.OLl5.7LGM engines, others 
similar 
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FLUID LEVEL 

+ See Figures 121,122,123 and 124 SY 

Check the fluid level after the first 20 hours of operation and then at least 
every 50 hours of operation or once a season, whichever comes first. It's 
never a bad idea to check your unit more frequently, particularly if you use 
your boat in severe service conditions, We recommend checking the fluid 
level weekly as air pockets during a fluid fill or change may cause an initially 
false reading; which is to say that the initial level may drop on its own over 
the first 10 hours of operation or so. OMC recommends using OMC Hi-Vis 
Gear Case Lubricant in 1986-93 drives, OMC Ultra HPF Gear Case lube in 
1994-95 drives, and Mobilube I SHC Fully Synthetic SAE 75W-90 gear 
lubricant in 1996-98 units. Never substitute regular automotive grease. 

1. Position the drive unit in the full INIDOWN position so that the anti- 
ventilation plate is level. 

The oil level should always be checked with the drive unit cold. 

2. Remove the oil level dipstick found on top of the upper gear unit wipe 
it down with a clean lint-free rag and reinsert it. Remove it once again and 
check that the lubricant is up to the line on the stick. If the level is 
satisfactory, check the condition of the washer and then install it and the 
dipstick. It's a good idea to replace the washer on a regular basis regardless 
of its visible condition. 

3. If the level is low, add oil lubricant, very slowly, through the dipstick 

Fig. 122 Use the dipstick to check the fluid level-Cobra and King 
Cobra models 

opening and then reinstall the dipstick and washer. ' 

4 . -~et  it sit for a moment and then recheck it. 

The unit should never require more than 2 oz. of lubricant. If more is 
required, you've got an oil leak and the unit should not be operated 
until it is found and fixed. 

5. Clean any excess oil from the housing. Recheck the oil level on the 
dipstick again a final time after the next use. 

I Fig. 123 Use the dipstick to check the fluid level-SPIDP models I 

Fig. 121 A close up of the oil dipstick nut (SPIDP shown) I 

CHECKING FOR WATER 

It is a good idea to check the unit periodically for water contaminacon. 
Water in the drive oil usually indicates a bad seal somewhere on the unit and 
should be corrected immediately. 

1. With the engine off and the stern drive, unit cold, trim the drive to the 
full UP position. 

2. Remove the oil fillldrain plug and take a small sample of the 
lubricant-a teaspoon worth is more than enough. 

3. If the oil sample looks milky brown then there is likely a leaking seal 
in the drive unit and it should be located and replaced before operating the 
boat again. 

4. Most units covered in the manual have maanetic fillldrain plucls, so 
be sure to check that the end of the plug is free of i n y  metal filings. fi you 
find any metallic particles on the plug it can be an indication of greater 
problems within the drive unit. 
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Fig. 124 The top of the flat area indicates the case is full 

DRAIN AND REFILL 

The oil in the stern drive should be changed at least every 50 hours of 
operation or twice a season on Cobra and King Cobra drives,100 hours of 
operation or once a season on SPIDP drives; whichever comes first. It's 
never a bad idea to change the fluid in your unit more frequently, particularly 
if you use your boat in severe service conditions. OMC recommends using 
only OMC Hi-Vis Gear Case Lubricant in 1986-93 drives, OMC Ultra HPF 
Gear Case lube in 1994-95 drives, and Mobilube 1 SHC Fully Synthetic SAE 
75W-90 gear lubricant in 1996-98 units. Never substitute regular automotive 
grease. 

1986-93 Cobra Units 

+ See Figure 125 

Stern drive oil should always be changed with the unit cold. 

Take a look at the oil as it is being drained, if the oil is milky brown 
in color there is a good chance there is a leak in the unit. The stern 
drive unit should not be operated until the leak is found and corrected. 

1. Trim the stern drive to the full INIDOWN position. 
2. Position an oil drain pan or an old plastic milk jug under the drain 

hole on the bottom of the drive unit and then remove the drain plug 
(starboard side of lower gearcase). Removing the oil dipstick at this time will 
help the oil drain quicker. 

3. When the old oil has completely drained, install the drain plug and , . . - 
tighten it securely. 

4. Remove the oil fill ~ l u a  on the starboard side of the drive, iust above 
the anti-cavitation plate. h s e i  the dipstick into the hole so that it'i's just 
resting on the upper surface of the bore; do not screw it in. 

5. Pump the proper lubricant into the drive through the fill hole until it 
reaches upper mark on the dipstick. This will give a false reading (slightly 
high) in order to account for a fluid level drop once the air bubbles are 
purged when you start the engine. 

5 Please refer to the Capacities chart for lubricant capacities on a 
specific drive unit. 

Fill the drive unit slowly! Adding lubricant too quickly will cause too 
many air bubbles and could lead to an inaccurate level reading or even 
more severe damage. 

6. With the lube pump still attached, screw in the oil level dipstick 
securely. Quickly remove the pump and install the fill plug and washer. 

7. After allowing the oil to settle for a few minutes, check the level 
using the dipstick. Add lubricant slowly through the dipstick hole as required. 

8. Clean any excess oil on the housing. Check the oil level a final time 
and then recheck it again after the first use. 

1989-92 King Cobra Units 

+ See Figure 126 

Stern drive oil should always be changed with the unit cold. 

5 Take a look at the oil as it is being drained, if the oil is milky brown 
in color there is a good chance there is a leak in the unit. The stern 
drive unit should not be operated until the leak is found and corrected. 

1. Trim the stern drive to the full INIDOWN position. 
2. Position an oil drain pan or an old plastic milk jug under the drain 

hole on the bottom of the drive unit and then remove the drain plug (port side 
of lower gearcase). Removing the oil dipstick at this time will help the oil 
drain quicker. 

Fig. 125 The oil drain plug is on the starboard side of the housing 
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3. When the old oil has completely drained, install the drain plug and 

tighten it securely. 
4. Pump the proper lubricant into the drive through the oil dipstick hole 

until it reaches the upper mark on the dipstick with the dipstick just sitting in 
the bore--do not screw it into the hole. This will give a false reading (slightly 
high) in order to account for a fluid level drop once the air bubbles are 
purged when you start the engine. 

W Please refer to the Capacities chart for lubricant capacities on a 
specific drive unit. 

Fill the drive unit slowly! Adding lubricant too quickly will cause too 
many air bubbles and could lead to an inaccurate level reading or even 
more severe damage. 

5. After allowing the oil to settle for a few minutes, check the level 
using the dipstick. Add lubricant slowly through the dipstick hole as required. 

6. Clean any excess oil on the housing. Check the oil level a final time 
and then recheck it again after the first use. 

1993-95 King Cobra Units 

+ See Figure 126 

Stern drive oil should always be changed with the unit cold. 

W Take a look at the oil as it is being drained, if the oil is milky brown 
in color there is a good chance there is a leak in the unit. The stern 
drive unit should not be operated until the leak is found and corrected. 

1. Trim the stern drive to the full INIDOWN position. 
2. Position an oil drain pan or an old plastic milk jug under the drain 

hole on the bottom of the drive unit and then remove the fillidrain plug (port 
side of lower gearcase). Removing the oil dipstick at this time will help the oil 
drain quicker. 

3. When the old oil has completely drained, install an appropriate pump 
into the drain plug and tighten it securely. 

O I L  DRAIN I 
OPENING h- 

Fig. 126 The oil drain plug is on the port side of the housing 

4. Pump the proper lubricant into the drive until it reaches the upper 
mark on the dipstick with the dipstick just sitting in the bore--do not screw it 
into the hole. This will give a false reading (slightly high) in order to account 
for a fluid level drop once the air bubbles are purged when you start the 
engine. 

W Please refer to the Capacities chart for lubricant capacities on a 
specific drive unit. 

Fill the drive unit slowly! Adding lubricant too quickly will cause too 
many air bubbles and could lead to an inaccurate level reading or even 
more severe damage. 

5. With the lube pump still attached, thread in the dipstick and tighten it 
securely. Quickly remove the pump and install the fillidrain plug and washer; 
tighten it to 60-84 inch Ibs. (6.8-9.5 Nm). Reinstall the oil level dipstick with a 
new seal and tighten it to 48-72 inch Ibs. (5.4-8.1 Nm). Use sealing 
compound on the threads of the oil fillidrain and level plugs. 

6. After allowing the oil to settle for a few minutes, check the level 
using the dipstick. Add lubricant slowly through the dipstick hole as required. 

7. Clean any excess oil on the housing. Check the oil level a final time 
and then recheck it again after the first use. 

1994-95 Cobra Units And 1996-98 SP Units 

+ See Figures 127,128 and 129 S Y 

Stern drive oil should alwavs be chanaed with the unit cold. 

II Take a look at the oil as it is being drained, if the oil is milky brown 
in color there is a good chance there is a leak in the unit. The stern 
drive unit should not be operated until the leak is found and corrected. 

1. Trim the stern drive to the full INiDown position. 
2. Position an oil drain pan or an old plastic milk jug under the drain 

hole on the bottom of the drive unit and then remove the fillldrain plug (port 
side of lower gearcase). Remove the oil dipstick at this time which will help 
the oil drain quicker. 

3. While waiting for the oil to drain, remove the three shift lever cover 
retaining screws (two on the upper gear housing, one on the intermediate 
housing). Remove the cover and then remove the oil level plug to starboard 
of the shift lever. 

4. When the old oil has completely drained, position and install a 
suitable lubricant pump into the drain hole. 

5. Pump the proper lubricant into the drive through the fillidrain hole 
until it reaches the level at the bottom of the oil level hole on the upper gear 
housing. 

W Please refer to the Capacities chart for lubricant capacities on a 
specific drive unit. 

Fill the drive unit slowly! Adding lubricant too quickly will cause air 
bubbles that could lead to an inaccurate level reading or even more 
severe damaae. 

6. With the lube pump still attached, reinstall the oil level plug with a 
new seal, tighten it to 48-72 inch Ibs. (5.4-8.1 Nm). Do the same with the oil 
dipstick and then quickly remove the pump and install the fillidrain plug and 
washer; tighten it to 60-84 inch Ibs. (6.8-9.5 Nm). Use sealing compound on 
the threads of the oil fillidrain and level plugs. 

7. After allowing the oil to settle for a few minutes, check the level 
using the dipstick. Add lubricant slowly through the dipstick hole as required. 

8. Install the shift cover and tighten the three bolts to 108-132 inch Ibs. 
(12.2-14.9 Nm). 

9. Clean any excess oil on the housing. Check the oil level a final time 
and then recheck ~t again after the first use. 
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Fig. 127 After removing the shift cover... 

Fig. 129 The oil drain plug is on the port side of the housing 

1996-98 DP Units 

+ See Figures 127 thru 131 

Stern drive oil should always be changed with the unit cold. 

Take a look at the oil as it is being drained, if the oil is milky brown 
in color there is a good chance there is a leak in the unit. The stern 
drive unit should not be operated until the leak is found and corrected. 

1. Remove the propeller(s) as detailed in the Drive Systems section. 
2. Trim the stern drive to the full INIDown position. 
3. Position an oil drain pan or an old plastic milk jug under the bottom of 

the drive unit and then remove the fillidrain plug just inside the lower gear 
case housing, under the propeller shaft. Remove the oil dipstick at this time 
which will help the oil drain quicker. 

4. While waiting for the oil to drain, remove the shift lever cover 
retaining screws (one, two or three depending on the model, but usually 
three). Remove the cover and then remove the oil level plug to starboard of 
the shift lever. 

5. When the old oil has completely drained, position and install a 
suitable lubricant pump into the drain hole. Almost all models will require first 
screwing in a Fill Adaptor (# 3855932-4) 

Fig. 128 ... remove the oil level plug I 

Fig. 130 The oil drain plug is inside the housing, behind the 
propellers ... 

6. Pump the proper lubricant into the drive through the fillidrain hole 
until it reaches the level at the bottom of the oil level hole on the upper gear 
housing. 

Please refer to the Capacities chart for lubricant capacities on a 
specific drive unit. 

Fill the drive unit slowly! Adding lubricant too quickly will cause air 
bubbles that could lead to an inaccurate level reading or even more 
severe damage. 

7. With the lube pump still attached, reinstall the oil level plug with a 
new seal, tighten it to 48-72 inch Ibs. (5.4-8.1 Nm). Do the same with the oil 
dipstick and then quickly remove the pump and fill adaptor and install the 
fillidrain plug and washer; tighten it to 60-84 inch Ibs. (6.8-9.5 Nm). 

Don't forget to replace the O-rings when replacing the plugs! 
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1- Oi l  Fil l iDrain P lug 
2- Seal ing Washer or 0 - R ing  

Fig. 131 ... don't forget to replace that O-ring! 

8. Install the propellers. 
9. After allowina the oil to settle for a few minutes, check the level 

using the dipstick. A& lubricant slowly through the dipstick hole as required. 
10. Install the shift cover and tighten the retaining bolts to 108-132 inch 

Ibs. (12.2-14.9 Nm). 
11. Clean any excess oil on the housing. Check the oil level a final time 

and then recheck it again after the first use. 

FLUID LEVEL 

+ See Figure 132 

Fluid levels in the power trimltilt pump should be checked every 100 
hours of operation or once a season, whichever comes first. We recommend 
that you use OMC Power Trimflilt & Power Steering Fluid, although OMC 
suggests that in a pinch you can use DexronB II ATF. 

Fig. 132 Remove the screw to check the fluid level 

1. Position the stern drive in the full UPIOUT position in order to relieve 
all hydraulic pressure. 

Failure to position the drive unit in the full UPlOUT position before 
removing the plug could result in hydraulic fluid spraying all over upon 
~ l u a  removal. 

2. Loosen and remove the fill screw from the side of the pump housing. 
3. Check that the lubricant is up to the bottom of the threads in the hole. 

If necessary, add more fluid slowly through the hole uOntil the level is correct. 
4. With the fill screw still out, move the drive through its full range 6-10 

times in order to purge any air that may have entered the system. Lower the 
drive fully and recheck the fluid level again; repeat the process if necessary. 

5. Install the fill screw and tighten it securely. 

Although OMC does not publish intervals for propeller shaft lubrication, 
we recommend lubricating the shaft every 100 hours or 6 months, whichever 
comes first when the vessel is being opeiated in fresh water. If the vessel is 

Lubricate the cable pivot points every 100 hours or 6 months, whichever in saltwater, every 50 hours Or months' 'lease refer to the Drive 'ystems comes first when the vessel is being operated in fresh water, In salt water, section for details on propeller removal and installation. lubricate every 50 hours or 2 months whichever comes first. Always use 
OMC Grease. 

Lubricate the cable pivot points every 100 hours or 6 months, whichever 
comes first when the vessel is being operated in fresh water. In salt water, 
lubricate every 50 hours or 2 months whichever comes first. Always use 
OMC Grease. 
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+ See Figure 133 

Always check the steering system and its components for loose, 
missing or damaged components and fittings before performing your 
lubrication procedures. 

Lubricate the various steering system components every 50 hours or 2 
months, whichever comes first when the vessel is being operated in fresh 
water. In salt water, lubricate every 25 hours or 30 days whichever comes 
first. Use only OMC Triple-GuardGrease 

The transom end of the steering cable must be fully retracted into the 
cable housing before applying grease to the fitting. 

Lubricate all pivot points on the system with SAE 20 or 30 motor oil. 
The control valve grease fitting takes OMC Triple-Guard Grease as does 

the steering ram. 

Use only a hand operated grease gun when filling the zerk fitting. Never 
use a power operated gun! 

Fig. 133 Always use a hand operated grease gun when filling the 
:ontrol valve 

+ See Figures 134 and 135 CUL 7' 

The gimbal bearing and the U-Joints must be lubricated every 100 hours 
of operation, or once a season; whichever comes first. OMC EP Wheel 
Bearing Grease should be used in both instances. Certain older units may 
not be equipped with grease fittings; if yours is not, the U-joints will require 
disassembly and greasing. Because OMC recommends removing the drive 
unit prior to performing this service, the perfect time to consider performing it 
is during your winterization. 

Failure to perform this service on a regular basis will result in severe 
damage to the transom assembly and drive unit. 

1. Remove the drive unit as detailed in the Drive Unit section. Carefully 
support it in a holding assembly. 

2. Connect a hand operated grease gun to the fitting for the bearing 
and slowly pump in grease until the all of the old grease has been forced 
out. Take note of the old grease as it is expelled-if any evidence of water is 
observed, inspect the bearing for damage and replace as necessary. 

3. Now connect the grease gun to one of the fittings for the U-joints and 
slowly pump in grease until the all of the old grease has been forced out. 
Repeat this procedure for the second U-joint, being careful to force ALL of 
the old grease out. 

Use only a hand operated grease gun when filling the zerk fitting. Never 
use a power operated gun! 

4, Wipe all old grease off of the driveshaft splines and then coat the 
splines thoroughly w~th new grease. 

5. Carefully wipe any grease, oil or dirt from the two O-rings at the top 
of the shaft and then coat them thoroughly with light oil. 

6. Check the bellows for anv sians of damaae or deterioration, replacing 
if in doubt (as detailed in the ~ i i v e - ~ n i t  sectionj 

7. Check the engine alignment and then reinstall the drive unit. 

Fig. 134 The gimbal bearing is serviced via a grease (zerk) fitting on 
the starboard side of the housina 

Fig. 135 Each of the U-Joints has a grease fitting. Don't forget to 
lube the two O-rings at fhe end of the shaft 
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Probably the biggest surprise for boat owners is the extent to which mold 
and mildew develop in a boats interior. Preventing this growth is a two-fold 
process. First, the boat's interior should be thoroughly cleaned. Second, 
ventilation should be provided to allow adequate air circulation. 

Properly cleaning the boat includes removing as much as possible from it. 
The less there is on a boat, the less there is to attract mildew. Clothing, foul 
weather gear, shoes, books, charts, paper goods, leather, bedding, curtains, 
food stuffs, first aid supplies, odds and ends, etc., should be taken home. 
They're all fertile soil for mildew, as is dirt, grease, soap scum, etc. 

The next step is to vacuum, scrub and polish every surface, especially 
galley and head surfaces. Use a polish that leaves a protective coating on 
which it's hard for mold to get a foothold. Mildew-preventive sprays are 
available for carpets and furniture. The cleaner and more highly polished the 
insides of lockers, cabinets, refrigerators, icemakers, drawers and shower 
stalls are when you leave them, the less likely it is you'll find mold. Marine 
stores sell cleaners and polishes specifically for boats and for the marine 
environment. Many people find that regular household products are 
satisfactory. It's the elbow grease that counts. 

If dirt and grease are the growing medium, stagnant air is the fertilizer for 
mold and mildew (mildew is a form of mold). The more freely air can 
circulate in the interior of your boat the less conducive conditions will be for 
the growth of mold. Openings or vents at each end near the top can be 
fashioned to let air in. Flaps or stovepipe elbows can be used to keep rain 
out. Hatches and windows can then be left partially open. Visiting the boat 
on dry, sunny days and opening it up as much as possible is a great way to 
let fresh air in. Do this whenever possible. 

The best way to protect navigation and communications equipment from 
deteriorating is to remove the units from the boat. Wrap them in towels, not 
plastic, and take them home. Television sets, VCRs and stereos should also 
be removed to keep them safe and to keep cold and dampness from 
affecting them adversely. Before storing electronics equipment, clean off the 
terminals and the connecting plugs and spray them with a moisture- 
displacing lubricant that specifically says it's intended for use on electronics. 
Antennas should also be stored in a safe, dry place to protect them from 
both the elements and accidental damage. All terminal blocks, junction 
blocks, fuse holders and the back of electrical panels should be cleaned and 
sprayed with an appropriate protectant. Remove any corrosion that has 
developed. Anything that could be easily stolen, such as anchors, flare guns, 
binoculars, etc., is best taken home. 

+ See Figure 136 

Fiberglass reinforced plastic hulls are tough, durable, and highly resistant 
to impact. However, like any other material they can be damaged. One of the 
advantages of this type of construction is the relative ease with which it may 
be repaired. Because of its break characteristics, and the simple techniques 
used in restoration, these hulls have gained popularity throughout the world. 
From the most congested urban marina, to isolated lakes in wilderness 
areas, to the severe cold of northern seas, and in sunny tropic remote rivers 
of primitive islands or continents, fiberglass boats can be found performing 
their daily task with a minimum of maintenance. 

A fiberglass hull has almost no internal stresses. Therefore, when the hull 
is broken or stove-in, it retains its true form. It will not dent to take an out-of- 
shape set. When the hull sustains a severe blow, the impact will either be 
absorbed by deflection of the laminated panel or the blow will result in a 
definite, localized break. In addition to hull damage, bulkheads, stringers, 
and other stiffening structures attached to the hull may also be affected and 
therefore, should be checked. Repairs are usually confined to the general 
area of the rupture. 

The best way to care for a fiberglass hull is to first wash it thoroughly. 
Immediately after hauling the boat, while the bottom is still wet, is best, if 
possible. Remove any growth that has developed on the bottom. Use a 
pressure cleaner or a stiff brush to remove barnacles, grass, and slime. Pay 
particular attention to the waterline area. A scraper of some sort may be 
needed to attack tenacious barnacles. Pot scrubbers work well. Attend to any 
blisters: don't wait! 

Fig. 136 The best way to care for a fiberglass hull is to wash it 
thoroughly to remove any growth that has developed on the bottom 

Remove cushions and all weather curtains and enclosures and take them 
home. Make sure they are clean before storing them, and don't store them 
tightly rolled. After washing the topsides, remove any stains that have 
developed with one of the fiberglass stain removers sold in marine stores. 
For stubborn stains, wet-sanding with 600-grit paper may be necessary. 
Remove oxidation and stains from metal parts. Apply a coat of wax to 
everything. 

BELOW WATERLINE 

+ See Figure 137,138,139 and 140 

A foul bottom can seriously affect boat performance. This is one reason 
why racers, large and small, both powerboat and sail, are constantly giving 
attention to the condition of the hull below the waterline. 

In areas where marine growth is prevalent, a coating of vinyl, anti-fouling 
bottom paint should be applied. If growth has developed on the bottom, it 
can be removed with a solution of Muriatic acid applied with a brush or swab 
and then rinsed with clear water. Always use rubber gloves when working 
with Muriatic acid and take extra care to keep it away from your face and 
hands. The fumes are toxic. Therefore, work in a well-ventilated area, or if 
outside, keep your face on the windward side of the work. 

Fig. 137 This beautiful new fiberglass hull will not stay this good 
looking for long if it is not protected with anti-foul paint 
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Fig. 138 In areas where marine growth is 
prevalent, a coating of vinyl, anti-fouling 
bottom paint should be applied 

Fig. 139 This anti-foul paint has seen better 
days and must be replaced 

Barnacles have a nasty habit of making their home on the bottom of boats 
that have not been treated with anti-fouling paint. Actually they will not harm 
the fiberglass hull, but can develop into a major nuisance. 

If barnacles or other crustaceans have attached themselves to the hull, 
extra work will be required to bring the bottom back to a satisfactory 
condition. First, if practical, put the boat into a body of fresh water and allow 
it to remain for a few days. A large percentage of the growth can be removed 
in this manner. If this remedy is not possible, wash the bottom thoroughly 
with a high-pressure fresh water source and use a scraper. Small particles of 
hard shell may still hold fast. These can be removed with sandpaper. 

The idea behind anodes is simple: When dissimilar metals are dunked in 
water and a small current is leaked between or amongst them, the less-noble 
metal (galvanically speaking) is sacrificed. 

The zinc alloy that the anodes are made of is designed to be less noble 
than the aluminum alloy your drive unit is made from. If there's any 
electrolysis and there almost always is, the inexpensive zinc anodes are 
consumed in lieu of the expensive drive. 

These zincs need a little attention in order to do their job. Make sure 
they're there, solidly attached to a clean mounting site and not covered with 
any kind of paint or wax. 

Periodically inspect them to make sure they haven't eroded too much. At 
a certain point in the erosion process, the mounting holes start to enlarge, 
which is when the zinc might fall off. Obviously, once that happens, your 
drive no longer has any protection. 

Many OMCs offer an option of a zlnc or magnesium anode, magnesium 
actually works better in fresh water - never use magnesium in saltwater! If 
you tend to use your vessel in fresh and saltwater, always go with the zincs. 

OMC also offers an electronic corrosion control system, Active Protection 
System which is detailed later in this manual. 

SERVICING 

+ See Figure 141,142 and 143 

Depending on what kind of drive your boat has, you might have a 6  
number of zincs. Regardless of the number, there are some fundamental 
rules to follow that will give your boat's sacrificial anodes the ability to do the 
best job protecting your boat's underwater hardware that they can. 

The first thing to remember is that zincs (or magnesiums) are electrical 
components and like all electrical components, they require good clean 
connections. So after you've undone the mounting hardware and removed 
last year's zincs, you want to get the zinc mounting sites clean and shiny. 

Get a piece of coarse emery cloth or some 80-grit sandpaper. Thoroughly 
rough up the areas where the zincs attach (there's often a bit of corrosion 
residue in these spots). Make sure to remove every trace of corrosion. 

Zincs are attached with stainless steel machine screws that thread into 
the mounting for the zincs. Over the course of a season, this mounting 
hardware is inclined to loosen. Mount the zincs and tighten the mounting 
hardware securely. Tap the zincs wrth a hammer hitting the mounting screws 
squarely. This process tightens the zincs and allows the mounting hardware 
to become a bit loose in the process. Now, do the final tightening. This will 

Fig. 140 This hull is in even worse condition 
and should be sand blasted and repainted 

insure your zincs stay put for the entire season. 
All units utilize anodes in at least two locations, many have three. The 

following list should point you in the right direction for your particular model: 
a. Cobra-At the bottom of the transom shieldlassembly; on the leading 

edge of the lower gear case, where it mates with the upperlintermediate unit; 
and attached to the bearing carrier inside the lower unit. 

b. SP and King Cobra-At the bottom of the transom shieldlassembly; 
on the leading edge of the lower gear case, where it mates with the 
upperlintermediate unit; and, on the aft edge of the lower gear case, just 
forward of the propeller. 

c. DP-At the bottom of the transom shieldiassembly; and, on the 
leading edge of the lower gear case, where it mates with the 
upperlintermediate unit. 

INSPECTION 

If you use your boat in salt water, and your zincs never wear, inspyct 
them carefully. Paint or wax on zincs prevents them from working properly. 
They must be left bare. If the zincs are installed properly and not painted or 
waxed, inspect around them for signs of corrosion. If corrosion IS found, strip 
it off immediately and repaint with a rust inhibiting paint. If in doubt, replace 
the zincs. 

On the other hand, if your zinc seems to erode in no time at all, this may 
be a symptom of the zinc itself. Each manufacturer uses a specific blend of 
metals in their zincs. If you are using zincs with the wrong blend of metals, 
they may erode more quickly or leave you with diminished protection. 

Difficulty in starting accounts for almost half of the service required on 
boats each year. A survey by a major engine parts company indicated that 
roughly one third of all boat owners experienced a "won't start" condition in a 
given year. When an engine won't start, most people blame the battery 
when, in fact, it may be that the battery has run down in a futile attempt to 
start an engine with other problems. 

Maintaining your battery in peak condition may be thought of as either 
tune-up or maintenance material. Most wise boaters will consider it to be 
both. A complete check up of the electrical system in your boat at the 
beginning of the boating season is a wise move. Continued regular 
maintenance of the battery will ensure trouble free starting on the water. 

Complete battery service procedures are included in this section. The 
following are a list of basic electrical system service checks that should be 
performed. 

Check the battery for solid cable connections 
Check the battery and cables for signs of corrosion damage 
Check the battery case for damage or electrolyte leakage 
Check the electrolyte level in each cell 
Check to be sure the battery is fastened securely in position 
Check the battery's state of charge and charge as necessary 
Check battery voltage while cranking the starter. Voltage should remain 

above 9.5 volts 
Clean the battery, terminals and cables 
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Fig. 141 Almost all drive units covered here utilize an anode on the 
leading edge of the unit 

arrier 

Fig. 142 Certain models utilize an anode attached to the bearing 
carrier ... 

Fig. 143 . . . while most models also use one like this, mounted on 
the bottom of the transom assembly 

Coat the battery terminals with dielectric grease or terminal protector 
Check the tension on the alternator belt. 

Batteries that are not maintained on a regular basis can fall victim to 
parasitic loads (small current drains which are constantly drawing current 
from the battery, like clocks, small lights, etc.). Normal parasitic loads may 
drain a battery on boat that is in storage and not used frequently. Boats that 
have additional accessories with increased oarasitic load mav discharae a 
battery sooner. Storing a boat with the negative battery cabledisconn&ted 
or battery switch turned OFF will minimize discharge due to parasitic loads. 

CLEANING 

Keep the battery clean; as a film of dirt can help discharge a bat tG that 
is not used for long periods. A solution of baking soda and water mixed into a 
paste may be used for cleaning, but be careful to flush this off with clear 
water. 

H Do not let any of the solution into the filler holes on non-sealed 
batteries. Baking soda neutralizes battery acid and will de-activate a 
battery cell. 

CHECKING SPECIFIC GRAVITY 

The electrolyte fluid (sulfuric acid solution) contained in the batterfcells 
will tell you many things about the condition of the battery. Because the cell 
plates must be kept submerged below the fluid level in order to operate, 
maintaining the fluid level is extremely important. In addition, because the 
specific gravity of the acid is an indication of electrical charge, testing the 
fluid can be an aid in determining if the battery must be replaced. A battery in 
a boat with a properly operating charging system should require little 
maintenance, but careful, periodic inspection should reveal problems before 
they leave you stranded. 

Battery electrolyte contains sulfuric acid. If you should splash any on 
your skin or in your eyes, flush the affected area with plenty of clear 
water. If it lands in your eyes, get medical help immediately. 

As stated earlier, the specific gravity of a battery's electrolyte level can be 
used as an indication of battery charge. At least once a year, check the, 
specific gravity of the battery. It should be between 1.20 and 1.26 on the 
gravity scale. Most parts stores carry a variety of inexpensive battery testing 
hydrometers. These can be used on any non-sealed battery to test the 
specific gravity in each cell. 

Conventional Battery 

S Y 
+ See Figure 144 

A hydrometer is required to check the specific gravity on all batter~es that 
are not maintenance-free. The hydrometer has a squeeze bulb at one end 
and a nozzle at the other. Battery electrolyte is sucked into the hydrometer 
until the float or pointer is lifted from its seat. The specific gravity is then read 
by noting the position of the floatlpointer. If gravity is low in one or more 
cells, the battery should be slowly charged and checked again to see if the 
gravity has come up. Generally, if after charging, the specific gravity of any 
two cells varies more than 50 points (0.50), the battery should be replaced, 
as it can no longer produce sufficient voltage to guarantee proper operation. 

Check the battery electrolyte level at least once a month, or more often in 
hot weather or during periods of extended operation. Electrolyte level can be 
checked either through the case on translucent batteries or by removing the 
cell caps on opaque-case types. The electrolyte level in each cell should be 
kept filled to the split ring inside each cell, or the line marked on the outside 
of the case. 

©PDF Manual Master 2006



2-50 ENGINE AND DRIVE MAINTENANCE 
0 Never use mineral water or water obtained from a well. The iron 
content in these types of water is too high and will shorten the life of or 
damage the battery. 

If the level is low, add only distilled water through the opening until the 
level is correct. Each cell is separate from the others, so each must be 
checked and filled individually. Distilled water should be used, because the 
chemicals and minerals found in most drinking water are harmful to the 
battery and could significantly shorten its life. 

If water is added in freezing weather, the battery should be warmed to 
allow the water to mix with the electrolyte. Otherwise, the battery could 
freeze. 

Maintenance-Free Batteries 

Although some maintenance-free batteries have removable cell caps for 
access to the electrolyte, the electrolyte condition and level is usually 
checked using the built-in hydrometer "eye." The exact type of eye varies 
between battery manufacturers, but most apply a sticker to the battery itself 
explaining the possible readings. When in doubt, refer to the battery 
manufacturer's instructions to interpret battery condition using the built-in 
hydrometer. 

The readings from built-in hydrometers may vary, however a green eye 
usually indicates a properly charged battery with sufficient fluid level. A dark 
eye is normally an indicator of a battery with sufficient fluid, but one that may 
be low in charge. In addition, a light or yellow eye is usually an indication 
that electrolyte supply has dropped below the necessary level for battery 
(and hydrometer) operation. In this last case, sealed batteries with an 
insufficient electrolyte level must usually be discarded. 

BATTERY TERMINALS 

+ See Figures 145 and 146 s Y 

At least once a season, the battery terminals and cable clamps should be 
cleaned. Loosen the clamps and remove the cables, negative cable first. On 
batteries with top mounted posts, the use of a puller specially made for this 
purpose is recommended. These are inexpensive and available in most parts 
stores. 

Clean the cable clamps and the battery terminal with a wire brush, until all 
corrosion, grease, etc., is removed and the metal is shiny. It is especially 
important to clean the inside of the clamp thoroughly (a wire brush is useful 
here), since a small deposit of foreign material or oxidation there will prevent 

Fig. 144 The best way to determine the 
condition of a battery is to test the 
electrolyte with a battery hydrometer 

a sound electrical connection and inhibit either starting or charging. It is also 
a good idea to apply some dielectric grease to the terminal, as this will aid in 
the prevention of corrosion. 

After the clamps and terminals are clean, reinstall the cables, negative 
cable last; do not hammer the clamps onto battery posts. Tighten the clamps 
securely, but do not distort them. To retard corrosion, give the clamps and 
terminals a thin external coating of clear polyurethane paint after installation. 

Check the cables at the same time that the terminals are cleaned. If the 
insulation is cracked or broken, or if its end is frayed, the cable should be 
replaced with a new one of the same length and gauge. 

BATTERY & CHARGING SAFETY PRECAUTIONS 

Always follow these safety precautions when charging or handling a 
battery. 

1. Wear eye protection when working around batteries. Batteries 
contain corrosive acid and produce explosive gas, a byproduct of their 
operation. Acid on the skin should be neutralized with a solution of baking 
soda and water made into a paste. In case acid contacts the eyes, flush with 
clear water and seek medical attention immediately. 

2. Avoid flame or sparks that could ignite the hydrogen gas produced by 
the battery and cause an explosion. Connection and disconnection of cables 
to battery terminals is one of the most common causes of sparks. 

Always make sure that your stored battery is no where near any 
ignition source! 

3. Always turn a battery charger OFF, before connecting or 
disconnecting the leads. When connecting the leads, connect the positive 
lead first, then the negative lead, to avoid sparks. 

4. When lifting a battery, use a battery carrier or lift at opposite corners 
of the base. 

5. Ensure there is good ventilation in a room where the battery is being 
charged. 

6. Do not attempt to charge or load-test a maintenance-free battery 
when the charge indicator dot is indicating insufficient electrolyte. 

7. Disconnect the negative battery cable if the battery is to remain in the 
boat during the charging process. 

8. Be sure the ignition switch is OFF before connecting or turning the 
charger ON. Sudden power surges can destroy electronic components. 

9. Use proper adapters to connect the charger leads to batteries with 
non-conventional terminals. 

Fig. 145 A battery post cleaner is used to 
clean the battery posts ... 

Fig. 146 ... and the battery terminals 
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BATTERY CHARGERS 

Before using any battery charger, consult the manufacturer's instructions 
for its use. Battery chargers are electrical devices that change Alternating 
Current (AC) to a lower voltage of Direct Current (DC) that can be used to 
charge a marine battery. There are two types of battery chargers-manual 
and automatic. 

A manual battery charger must be physically disconnected when the 
battery has come to a full charge. If not, the battery can be overcharged, and 
possibly fail. Excess charging current at the end of the charging cycle will 
heat the electrolyte, resulting in loss of water and active material, 
substantially reducing battery life. 

As a rule, on manual chargers, when the ammeter on the charger 
registers half the rated amperage of the charger, the battery is fully 
charged. This can vary, and it is recommended to use a hydrometer to 
accurately measure state of charge. 

Automatic battery chargers have an important advantage--they can be 
left connected (for instance, overnight) without the possibility of overcharging 
the battery. Automatic chargers are equipped with a sensing device to allow 
the battery charge to taper off to near zero as the battery becomes fully 
charged. When charging a low or completely discharged battery, the meter 
will read close to full rated output. If only partially discharged, the initial 
reading may be less than full rated output, as the charger responds to the 
condition of the battery. As the battery continues to charge, the sensing 
device monitors the state of charge and reduces the charging rate. As the 
rate of charge tapers to zero amps, the charger will continue to supply a few 
milliamps of current-just enough to maintain a charged condition. 

REPLACING BATTERY CABLES 

Battery cables don't go bad very often, but like anything else, theycan 
wear out. If the cables on your boat are cracked, frayed or broken, they 
should be replaced. 

When working on any electrical component, it is always a good idea to 
disconnect the negative (-) battery cable. This will prevent potential damage 

to many sensitive electrical components 
Always replace the battery cables with one of the same length, or you will 

increase resistance and possibly cause hard starting. Smear the battery 
posts with a light film of dielectric grease, or a battery terminal protectant 
spray once you've installed the new cables. If you replace the cables one at 
a time, you won't mix them up. 

Any time you disconnect the battery cables, it is recommended that 
you disconnect the negative (-) battery cable first. This will prevent you 
from accidentally grounding the positive (t) terminal when 
disconnecting it, thereby preventing damage to the electrical system. 

Before you disconnect the cable(s), first turn the ignition to the OFF 
position. This will prevent a draw on the battery which could cause arcing. 
When the battery cable(s) are reconnected (negative cable last), be sure to 
check all electrical accessories are all working correctly. 

STORAGE 

If the boat is to be laid up for the winter or for more than a few weeks, 
special attention must be given to the battery to prevent complete discharge 
or possible damage to the terminals and wiring. Before putting the boat in 
storage, disconnect and remove the batteries. Clean them thoroughly of any 
dirt or corrosion and then charge them to full specific gravity reading. After 
they are fully charged, store them in a clean cool dry place where they will 
not be damaged or knocked over, preferably on a couple blocks of wood. 
Storing the battery up off the deck, will permit air to circulate freely around 
and under the battery and will help to prevent condensation. 

Never store the battery with anything on top of it or cover the battery in 
such a manner as to prevent air from circulating around the filler caps. All 
batteries, both new and old, will discharge during periods of storage, more so 
if they are hot than if they remain cool. Therefore, the electrolyte level and 
the specific gravity should be checked at regular intervals. A drop in the 
specific gravity reading is cause to charge them back to a full reading. 

In cold climates, care should be exercised in selectina the battery storaae 
area. A fully-charged battery will freeze at about 60" below zero. A . 
discharged battery, almost dead, will have ice forming at about 19" above 
zero. 

Taking extra time to store the boat properly at the end of each season will 
increase the chances of satisfactory service at the next season. Remember, 
storage is the greatest enemy of a marine engine. In a perfect world the unit 
should be run on a monthly basis. The steering and shifting mechanism 
should also be worked through complete cycles several times each month. 
But who lives in a perfect world! 

For most of us,'if a small amount of time is spent in winterizing our 
beloved boats, the reward will be satisfactory performance, increased 
longevity and greatly reduced maintenance expenses. 

Proper winterizing involves adequate protection of the unit from physical 
damage, rust, corrosion, and dirt. The following steps provide guide to 
winterizing your marine engine at the end of a season. 

1. Always keep a note or a checklist of just what maintenance needs to 
be done prior to starting the engine in the spring. 

2. Replace the oil and oil filter. Normal combustion produces corrosive 
acids that are absorbed by the oil. Leaving dirty oil in the engine for an 
extended time allows these acids to attack and damage bearing surfaces. 

3. Change the engine oil and filter. Used oil contains harmful acids and 
contaminants that should not be allowed to go to work on the engine all 
winter long. The driveltransmission oil should also be changed. 

4. Replace the fuel filter elements--draining any water from the filter 
bowls. 

5. Keeping the fuel tank full over the winter will help cut down on 
condensation. Using fuel additives, like OMC 2 t 4  Marine Fuel 
ConditionerlStabilizer, that control bacterial growth or prevent gelling in cold 
climates are also popular with many boaters and are highly recommended. 
Be sure to follow the manufacturer's instructions on the side of the can. 

On models with a 4bbl carburetor, run the engine under sufficient 
load to circulate the conditioner through the secondary fuel system. 

6. Bleed the fuel system of air and replace the water separating fuel 
filter. 

a. Flush the seawater circuit to remove corrosive salts. 
b. Drain the seawater system, taking special care to empty all the low 

spots. 
c. On closed cooling systems, replace the coolant with a clean, fresh, 

50150 mixture of water and antifreeze. Always mix the antifreeze and water 
mixture prior to pouring it into the engine. 

7. Inspect all hoses for signs of softening, cracking or bulging, 
especially those routinely exposed to high heat. Check hose clamps for 
tightness and corrosion. 

8. Close the fuel shut-off valve, if equipped, to stop all flow of fuel from 
the tanks to the engine. 

9. On carbureted engines, remove the flame arrestor and start the 
engine. Allow it to reach normal operating temperature. Run the engine at 
fast idle and squirt about 213 of an 8 oz. (0.24L) of can of Storage Fogging 
Oil or 12 oz. (355 ml) spray into the carburetor or throttle body. Just as the 
engine is starting to sputter, squirt the remaining 113 of the container into the 
carblthrottle body and allow the engine to die. Install the flame arrestor. 

10. On EFI engines, purchase a 6 gallon external fuel tank for an 
outboard. Add 5 gallons of fuel, 4 pints (64 oz.) of OMC Storage Fogging Oil 
and 113 cup (2.5 oz.) of 2 t 4  Marine Fuel Conditioner-mix thoroughly, and 
carefully. Carefully disconnect and plug the main fuel line from the boats fuel 
tank at the fuel pump. Hook a line from the 6 gallon fuel tank to the pump. 
Start the engine (using the fogging mixture as the fuel source) and run it at 
1500 rpm for 5 minutes to ensure that all fuel system and internal engine 
components are completely coated and protected. Turn off the engine and 
reinstall the main fuel line. 
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2-52 ENGINE AND DRIVE MAINTENANCE 
11. It's also a good idea to remove the spark plugs and pour about an 

ounce of Fogging Oil into each cylinder. You can also use SAE 20 motor oil. 
Crank the engine with the starter for a few seconds to make sure that the oil 
coats the cylinder bores completely. 

12. On engines so equipped, remove the water separating fuel filter and 
pour in about 2 oz. of 2 cycle outboard oil. Reinstall the filter, start the engine 
and run it until it dies. Install a new filter. 

13. Perform all the lubrication procedures detailed in this section. 
14. Loosen the adjusting bolts or tensioners on all drive or serpentine 

belts until the tension is relieved. 
15. Fully charge the batteries. Disconnect all leads. Unattended, a 

battery naturally discharges over a period of several weeks. The electrolyte 
on a discharged battery can freeze at 20°F (-7"C), so keep the batteries fully 
charged or, better still, remove them to a warmer storage area. Small 
automatic trickle chargers work well. 

16. Treat battery and cable terminals with petroleum jelly, silicone 
grease, or a heavy-duty corrosion inhibitor. 

17. Protect external surfaces with a heavy-duty corrosion inhibitor. 
18. Grease all greaseable points on the drivetrain. 
19. Lightly coat the alternator and starter with a light lubricant to disperse 

the water. 
20. Ensure that all drain holes on the stern drive are open by inserting a 

piece of wire into them. 

21. Make sure the stern drive is in the full INIDOWN position. 
22. Cover the engine with a waterproof sheet in case there are any leaks 

from above. Some boaters will take the time to seal all openings to the 
engine (air inlet, breathers, exhaust), however this traps moisture and may 
do more harm than good. 

23, Place a checklist in a handy spot to remind you of just what 
maintenance needs to be done prior to starting the engine in the spring. If 
this sounds silly, DO IT ANYWAY!! 

24. If you visit the boat during the winter, additional protection can be 
achieved using the starter to turn the engine over and circulate oil to the 
bearings and cylinder walls. 

25. If the boat is to be stored out of the water, always remove the drain 
plug(s) if equipped. We suggest you attach the plug to the ignition key as 
added insurance that you remember to reinstall it in the spring - sound silly? 
Why take the chance! 

81 Special inhibiting oils are available that provide greater protection. 
Use these to replace the standard engine oil; run the engine briefly to 
coat all surfaces, and then drain the oil. Protection remains good, 
provided the engine is not turned. 

26. If the engine cannot be fully winterized, replace oil, coolant, and all 
filters and run the engine up to operating temperatures monthly. 

Satisfactory performance and maximum enjoyment can be realized if a 
little time is spent in commissioning your boat in the spring. Assuming you 
have followed the steps we recommended to winterize your vessel (in 
addition to any the manufacturer specifies) and the unit has been properly 
stored, a minimum amount of work should be required to prepare it for use. 

After performing the spring commissioning and testing the boat on the 
water, it is a good idea to perform a full tune-up. Remember, you are relying 
on your engine to get you where you want to go. Treat it good now and it will 
treat you good later. 

The following steps outline a logical sequence of tasks to be performed 
before starting your engine for the first time in a new season. 

1. Pick up the checklist you made to remind yourself of just what 
maintenance needs to be done prior to startinq the engine in the spring. You . - 
did remember to write yourself a checklist .... right? 

- 

2. INSTALL THE DRAIN PLUG IF REMOVED! 
3. Remove the cover placed over the engine last winter. Unseal any 

engine openings (air inlet, breathers, exhaust) previously sealed. 
4. Replace all zincs. 
5. If you took our advice, you removed the battery for the winter. While 

it was in storage, you should have kept it fully charged. It should be ready to 
go, So install the battery and connect the battery cables. Treat battery and 
cable terminals with petroleum jelly, silicone grease, or a heavy-duty 
corrosion inhibitor. Capacity test the batteries. 

6. Tighten the alternator and other belts. 
7. As you did in the winter, inspect all hoses for signs of softening, 

cracking or bulging, especially those routinely exposed to high heat. Check 
hose clamps for tightness and corrosion. 

8. Ensure the exhaust manifolds are tight. 
9. On closed system engines, check the condition of the coolant mixture 

with a coolant tester and adjust the mixture by adding antifreeze or water. 
10. Bleed the fuel system of air. 
11. Connect the spark plug wires and any other connections. 
12. Start the engine and allow it to reach operating temperature. 
13. Once running, check the oil pressure, the raw water discharge and 

the engine for oil and water leaks. 
14. Drain water from the filter bowls. If an excessive amount of water is 

noted in the fuel system, you may want to consider a fuel conditioner or 
replacing the old fuel with fresh fuel. 

15. After testing the boat on the water, it is a good idea to change the 
engine oil and filter. The driveltransmission oil should also be changed. This 
eliminates the adverse effects of moisture in the oil. 

+ See Figures 147 thru 156 

Front 

I Fig. 147 Firing order diagram-2.3L 4 cylinder engines 
(1-3-4-2. clackwisel 

To avoid confusion, ALWAYS label the spark plug wires with a piece 
of tape before disconnecting them from the plug or distributor cap. 

I 
Fig. 148 Firing order diagram--4.31 V6 engines 
(1-6-5-4-3-2, clockwise) 
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ENGINE AND DRIVE MAINTENANCE 2-53 

Fig. 149 Firing order diagram-2dL and 3.OL 4 cylinder engines 
(1-3-4-2, clockwise) 

Front 

1110 

Fig. 150 Firing order diagram-4.31 HO V6 engines 
(1-6-5-4-3-2, clockwise) 

Fig. 151 Firing order diagram-5.0L,5.7L, 7.4L and 8.2L GM V8 
engines (1-8-4-3-6-5-7-2, clockwise) 

Front 
r@ 

Fig. 152 Firing order diagram-350,454 and 502 GM V8 engines 
(1-8-4-3-6-5-7-2, clockwise) 
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2-54 ENGINE AND DRIVE MAINTENANCE 

Fig. 153 Firing order diagram-5.01 (1986-93) and 7.5L Ford V8 
engines (1-5-4-2-6-3-7-8, counterclockwise) 

Fig. 155 Firing order diagram-5.0L,5.8L and 351 Ford V8 engines 
w1EFl (1-3-7-2-6-5-4-8, counterclockwise) 

Fig. 154 Firing order diagram-5.01 (1994-96) 5.OL HO and 5.8L Ford 
V8 engines wlcarburetor (1-3-7-2-6-5-4-8, counterclockwise) 

Fig. 156 Firing order diagram--460 Ford V8 engines 
(1-5-4-2-6-3-7-8, counterclockwise) 
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Engine Model Applications Applications-1986-89 

ENGINE MODEL APPLICATIONS 

Model Displacement Engine Horsepower Fuel Stern 
Year Model Number UCU. In. Type (At Prop.) Dellvery Drlve 

1986 2 5  252AMKW8,252APKWB 2.51153 L4 N A 2 bbl Cobra 
3 0 302AMKWB,302APKWB 3.01181 L4 N A 2 bbl Cobra 
4.3 432AMKW8, 432AMWXS, 4.31262 V6 N A 2 bbl Cobra 

432APKW8, 432APWXS 
434AMKW8,434AMWXS, 4,31262 V6 N A 4 bbl Cobra 
434APKW8,434APWXS 

5.0 504AMKW8, 504AMWXS. 5.01305 V8 185 4 bbl Cobra 
504APKW8, 504APWXS 

5.7 574AMKW8,574AMWXS, 5.71350 V8 230 4 bbl Cobra 
574APKW8, 574APWXS, 

1987 2.3 232AMFTC. 232APFTC. 2.31140 L4 N A 2 bbl Cobra 
232APSRC 

3 0 302AMARJ. 302AMFTC, 3 011 81 L4 N A 2 bbl Cobra 
302APFTC, 302APSRC. 
302APSRY 

4.3 432AMFTC, 432AMARY. 4.31262 V6 N A 2 bbl Cobra 
432APFTC. 432APARY. 
~ ~ ~ A P s R c ,  4 3 2 . 4 ~ ~ ~ ~  
434AMFTC, 434AMARY, 4.31262 V6 N A 4 bbl Cobra 
434APFTC. 434APARY, 
434APSRC. 434APSRY 

5.0 504AMFTC, 504AMARY. 5.01305 V8 185 4 bbl Cobra 
504APFTC, 504APARY 

5.7 574AMFTC, 574AMARY, 5.71350 V8 230 4 bbl Cobra 
574APFTC, 574APARY, 
574APSRC 

7.5 754APFTC. 754APSRC 7.51460 V8 335 4 bbl Cobra 
754BPFTC, 7548PSRC 7.51460 V8 440 Cobra 

1988 2.3 232AMRGDE, 232AMRGDP 2.31140 L4 N A 2 bbl Cobra 
ZWPRGDE, 232APRGDP 
BOWMRGDP, 302APRGDP 3 01181 L4 N A 2 bbl Cobra 
432AMLGDP, 432APRGDE, 4.31262 V6 N A 2 bbl Cobra 
A l ? A D R C n D  .-- ., . .--. 
434AMLGDP. 434APRGDP 4 31262 V6 N A 4 bbl Cobra 

5.0 SOZAMLGDP, 502APRGDP 5.01305 V8 N A 2 bbl Cobra I 5 7  
504AMLGDP, 504APRGDP 5.01305 V8 185 4 bbl Cobra 
574AMLGDP. 574APRGDP 5.71350 V8 230 4 bbl Cobra 

NA Not Available 

Engine Model Applications Applications-1990-92 

ENGINE MODEL APPLICATIONS 

Model Dlsplacement Engine Horsepower Fuel Stern 

302BPRPWS, 3028PRPWR 
3.0 HO 302CPRPWS, 302CPRPWR, 3.01181 L4 N A 2 bbl Cobra 

302CMLPWS. 302CMLPWR , 
302CMRPWS, 302CMRPWR 

4.3 432APRPWS, 432AMLPWS 4,31262 V6 160 2 bbl Cobra 
4.3 HO 434APRPWS, 434AMLPWS 4.31262 V6 N A 4 bbl Cobra 
5.0 502BPRPWS 5.01302 V8 185 2 bbl Cobra 
5.0 HO 502APRPWS, 502AMLPWS 5,01302 V8 200 2 bbl Cobra 
5 7 574APRPWS. 574AMLPWS 5.71350 V8 230 4 bbl Cobra 
5.7 LE 574APPWS 5.71350 V8 N A 4 bbl ffing Cobra 
5.8 584APRPWS. 584AMLPWS 5.81351 V8 235 4 bbl Cobra 
350 5748PPWS 5.71350 V8 N A 4 bbl ffing Cobra 
454 744APPWS 7.41454 V8 N A 4 bbl King Cobra 
460 754APPWS 7.51460 V8 N A 4 bbl King Cobra 

991 3.0 3OZBMRRGD 3.01181 L4 120 2 bbl Cobra 
3.0 HO 302CPRRGD, 302CMRRGD 3,01181 L4 N A 2 bbl Cobra 
4.3 432APRRGD, 432APLRGD 4.31262 V6 160 2 bbl Cobra 
4.3 HO 434APRRGD, 434APLRGD 4,31262 V6 N A 4 bbl Cobra 
5.0 5028PRRGD 5.01302 V8 185 2 bbl Cobra 
5.0 HO 502APRRGD. 502APLRGD 5.01302 V8 200 2 bbl Cobra 
5.7 574APRRGD, 574APLRGD 5.71350 V8 230 4 bbl Cobra 
5.7 LE, 350 574APERGD, 574BPERGD 5.71350 V8 N A 4 bbl King Cobra 
5.8 584APRRGD. 584APLRGD 5 8/38 V8 235 4 bbl Cobra 
7.4GL, 454. 744APERGD. 744BPERGF. 7.41454 V8 300 4 bbl Kina Cobra 
. - . . . - . , , . . . -. . - 
3.0 302BMRAMH 3.01181 L4 120 2 bbl Cobra 
3.0 HO 302CPRAMH, 3OZCMRAMH 3.01181 L4 N A 2 bbl Cobra 
4.3 432APRAMH. 432APLAMH 4.31262 V6 160 2 bbl Cobra 
5.0 502BPRAMH 5.01302 V8 185 2 bbl Cobra 
5.0 HO SOMPRAMH, 502APLAMH 5.01302 V8 200 2 bbl Cobra 
5.7 574APRAMH, 574APLAMH 5,71350 V8 230 4 bbl Cobra 
5.7 LE 574APEAMH. 5748PEAMH 5,71350 V8 4 bbl King Cobra 
5.8 584APRAMH, 584APLAMH 5.81351 V8 235 4 bbl Cobra 
5.8 LE, 351 584DPEAMH 5.81351 V8 235 4 bbl King Cobra 
7.4GL, 454, 744CPEAMH, 744DPEAMH, 7.41454 V8 300 4 bbl Kina Cobra 
454 HO 744DPPAMH 
8.2GL, 502 824BPEAMH 8.2502 V8 390 4 bbl King Cobra 
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Engine Model Applications Applications--1993-96 

ENGINE MODEL APPLICATIONS 

Model Displacement Englne Horsepower Fuel Stern 
Year Model Number UCU. In. Type (At Prop.) Delivery Drive 

1993 3.0 302BMRJVB 3.01181 L4 120 2 bbl Cobra 
3.0 HO 302CPRJVB, 302CMRJVB 3.01181 L4 130 2 bbl Cobra 
4.3 432APRJVB. 432APLJVB. 4.31262 V6 160 2 bbl Cobra 

432APRJVN, 432APLJVN 
4 3 HO 434APRJVB. 434APLJVB. 4.31262 V6 N A 2 bbl Cobra 

434APRJVN, 434APLJVN 
5 0 502BPRJVB 5 01302 V8 185 2 bbl Cobra 

5 0 HO SOZAPRJVB, 502APLJVB 5 01302 V8 200 2 bbl Cobra 

5 0 EFI SOFAPRJVB. SOFAPLJVB, 5 01302 V8 21 5 EFI Cobra 
SOFAPRJVN, SOFAPLJVN 

5 8 5MAPRJVB, 5MAPLJVB 5 81351 V8 235 4 bbl Cobra 

5 8 EFI 58FAPRJVB 58FAPLJVB 5 81351 V8 240 EFI Cobra 
SFAPRJVN; S~FAPLJVN 

5.8 LE, 351 584DPEJVB, 584DPPJVB, 5.81351 V8 N A 4 bbl King Cobra 
SFBPEJVB,58FAPPJVB EFI King Cobra 

7 4GL 454 744CPEJVB. 744DPEJVB 7.41454 V8 3W 4 bbl King Cobra 
454 HO 744DPPJVB 
8 2GL. 502 824BPEJVB 82502 V8 390 4 bbl ffing Cobra 

1994 3 OGL 302DCMMDA, 302DGMMDA 3 01181 L4 120 2 bbl Cobra 

3 0GS BOZCCPMDA, 302CGPMDA 3 01181 L4 135 2 bbl Cobra 
4 3GL 432ACMMDA 432ACPMDA 4 31262 V6 160 2 bbl Cobra 

MPI Mum-Port lnjecbon 
TBI Throttle Body lnjecbon 

DP DuoProp 
NA Not Available 

Engine Model Applications Applications-1997-98 

ENGINE MODEL APPLICATIONS 

Model Displacement Engine Horsepower Fuel Stern 

EFI Electronic Fuel Injection 
MPI Mum-Port Injection 
TBI Throttle Body lnjecbon 
SP Stngle Prop 
DP DuoProp 
NA Not Available 
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TUNE-UP SPECIFICATIONS 
1986-88 

Ignition Idle Fuel 
Spark Plug Timing Speed Max. Idle Point Pressure Compression 

Gap (Deg. BTDC Rpm WOT Mixture Gap Dwell Q Idle Pressure . - - 
Year Model Champion AC in. (mm) @ rpm) (In Gear) (rpm) (Turns Out) In. (mm) (Deg.) (PSI) (psi) 
1986 2.5 RV8-C MR43T 0.035 (0.9) 0 500-600 4200-4600 2 0.019 (0.48) 32-34 3.5-6 130 

3.0 RV8-C MR43T 0.035 (0.9) 0 500-600 4200-4600 2 0.019(0.48) 32-34 3.5-6 130 

- - -- - 

NA Not adjustable 
0 1 ATDC w186 AKI octane; 4 BTDC w189 AKI octane 
O 1 BTDC w186 AKI octane; 6 BTDC w189 AKI octane 
@ 8 BTDC w186 AKI octane; 13 BTDC wl89 AKI octane 
@ 5 BTDC wl86 AKI octane, 10 BTDC w189 AKI octane 
O Motorcraft 

@ 504AMFTC & 504APFTC: 8 BTDC wl86 AKI octane; 13 BTDC w189 AKI octane 
504AMARY & 504APARY: 5 BTDC w186 AKI octane; 10 BTDC w189 AKI octane 

0 574AMFTC & 574APFTC: 5 BTDC w186 AKI octane; 10 BTDC w189 AKI octane 
574AMARY & 574APARY: 3 BTDC w186 AKI octane; 8 BTDC w189 AKI octane 

@ 10 BTDC w186 AKI octane; 15 BTDC w189 AKI octane 
8 3 BTDC w186 AKI octane; 8 BTDC w189 AKI octane 
@ 2 112, 4 bbl: 3 314 
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TUNE-UP SPECIFICATIONS 
1989-90 

Ignition Idle Fuel 
Spark Plug Timing Speed Max. Idle Point Pressure Compression 

Gar, IDea. BTDC R Q ~  WOT Mixture Gap Dwell @ Idle Pressure . - - 
Year Model Champion AC In. (mm) @ rpm) (In Gear) (rpm) (Turns Out) In. (mm) (Deg.) (Psi) (Psi) 
1989 2.3 RS12YC AWSF-32 0 0.035 (0.9) 10 600-650 5200-5600 1 I2  0.01 9 (0.48) 34-38 5.75-7 155-1 65 

3.0 RV8-C MR43T 0.035 (0.9) O 550-600 4200-4600 2 0.019 (0.48) 31-34 5.75-7 130 
4.3 (2bbl) RV8-C MR43T 0.035 (0.9) O 550-600 4200-4600 518 0.019 (0.48) 37-41 5.75-7 160-1 75 
4.3 (4bbl) RV8-C MR43T 0.035 (0.9) 0 550-600 4400-4800 1 112 0.019 (0.48) 37-41 5.75-7 160-1 75 
5.0 RVRC MR44T 0.035 (0.9) 10 550-600 4000-4400 1 112 0.01 8 (0.45) 27-31 5.75-7 145-1 55 
5.7 RV8-C MR43T 0.035 (0.9) 8 550-600 4200-4600 3 314 0.01 8 (0.45) 27-31 5.75-7 150-1 60 
5.8 RV8-C MR43T 0.035 (0.9) 10 550-600 4000-4400 1 112 0.018 (0.45) 27-31 5.75-7 145-1 55 
262 RV8-C MR43T 0.035 (0.9) O 550-600 4400-4800 1 112 0.01 9 (0.48) 37-41 5.75-7 160-1 75 
350 RV8-C MR43T 0.035 (0.9) 8 550-600 4200-4600 3 314 0.018 (0.45) 27-31 5.75-7 150-1 60 
460 RV12YC ASF-32M @ 0.035 (0.9) 10 600-650 4400-4800 1 112 0.01 8 (0.45) 27-31 5-6 155-1 65 

1990 2.3 RSI 2YC AWSF-32 0 0.035 (0.9) 10 600-650 5200-5600 1 I2  0.01 9 (0.48) 34-38 5.75-7 75% of Highest 
3.0 @ 0 0 N A N A 5.75-7 75% of Hi hest 
3 0  HO RS12YC MR43LTS 0.035 (0.9) 0 @ 550-600 4200-4600 1 (Starboard) NA N A 5.75-7 75% of Highest . , 

1 12 (Port) 
4.3 RV8-C MR43T 0.035 (0.9) 0 550-600 4200-4600 518 0.019 (0.48) 37-41 5.75-7 75% of Highest 
4.3 HO RV8-C MR43T 0.035 (0.9) N A 550-600 4400-4800 314 N A N A 5.75-7 75% of Highest 
5.0 RV8-C MR43T 0.030 (0.76) I 0  0 
5.0 HO RV8-C MR43T 0.030 (0.76) 10 550-600 4200-4600 1 0.01 8 (0.45) 27-31 5.75-7 75% of Highest 
5 7  RV8-C MR43T 0.035 (0.9) 8 550-600 4200-4600 1 14 0.018 (0.45) 27-31 5.75-7 75% of Highest 

5.7 LE RV8-C MR43T 0.035 (0.9) 8 500-600 4200-4600 1 0.018 (0.45) 27-31 5.75-7 150-1 60 
5.8 RV8-C MR43T 0.030 (0.76) I 0  550-600 4200-4600 1 112 0.01 8 (0.45) 27-31 5.75-7 75% of Highest 
350 RV8-C MR43T 0.035 (0.9) N A 500-600 4200-4600 1 N A N A 5.75-7 150-1 60 
454 RV8-C MR43T 0.035 (0.9) N A 500-600 4600-5000 1 N A N A 5 75-7 150-1 60 
460 RS12YC MR43TS 0.035 (0.9) N A 600-650 4400-4800 1 112 N A N A 5-6 155-1 65 

NA Not adjustable @ 574AMFTC & 574APFTC: 5 BTDC w186 AKI oct; 10 BTDC w189 AKI oct. 
@ 1 ATDC w186-88 AKI octane; 4 BTDC w189 AKI octane 574AMARY & 574APARY: 3 BTDC wl86 AKI oct; 8 BTDC w189 AKI oct. 
@ 1 BTDC w186-88 AKI octane; 6 BTDC w189 AKI octane @ 10 BTDC w186 AKI octane; 15 BTDC w189 AKI octane 
O Motorcraft @ PWS: AC-R43TS, Champ.-RV12YC. PWC: AC-MR43T, Champ.-RV8C 
8 504AMFTC & 504APFTC: 8 BTDC w186 AKI oct; 13 BTDC w189 AKI oct. 63 Shunt required 

504AMARY & 504APARY: 5 BTDC w186 AKI oct.; 10 BTDC w189 AKI oct. 8 3 BTDC w186-88 AKI octane; 8 BTDC w189 AKI octane 
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TUNE-UP SPEClFlCATlONS 
1991-92 

Ignition Idle Distributor Oil Fuel 
Spark Plug Timing Speed Max. Sensor Idle Pressure Pressure Compression 

Gap (Deg. BTDC Rprn WOT Air Gap Mixture @ 2000 rpm @ Idle Pressure 
Year Model Champion AC In. (rnm) @ rpm) (In Gear) (rpm) In. (mm) (Turns Out) (psi) (Psi) (psi) 
1991 3.0 RV12YC R43TS 0.045 (1.1 4) 0 0 650-750 4200-4600 N A 314 40-60 5.757 75% of Highest 

3.0 HO RSl2YC R43LTS 0.045 (1.14) 0 0 650-750 4200-4600 NA 1 (Starboard) 40-60 5.757 75% of Highest 
112 (Port) 

4.3 RV8-C MR43T 0.035 (0.9) 0 550-650 4200-4600 0.008 (0.203) 518 40-60 5.757 75% of Highest 
4.3 HO RV8-C MR43T 0.045 (1.14) NA 550-650 4400-4800 N A 314 40-60 5.75-7 75% of Highest 
5.0 RV8-C MR43T 0.035 (0.9) 10 550-650 4000-4400 0.008 (0.203) 1 118 40-60 5.75-7 75% of Highest 
5.0 HO RV8-C MR43T 0.035 (0.9) 10 550-650 4000-4400 0.008 (0.203) 1 40-60 5.75-7 75% of Highest 
5.7 RV8-C MR43T 0.035 (0.9) 0 550-650 4200-4600 0.008 (0.203) 1 14 40-60 5.75-7 75% of Highest 
5.7 LE RV8-C MR43T 0.035 (0.9) 0 550-650 4200-4600 0.008 (0.203) 1 40-60 5.75-7 75% of Highest 
5.8 RV8-C MR43T 0.035 (0.9) 10 550-650 4000-4400 0.008 (0.203) 718 40-60 5.757 75% of Highest 
350 RV8-C MR43T 0.045 (1.14) N A 550-650 4200-4600 N A 1 40-60 5.75-7 75% of Highest 
7.4GL, 454 RV8-C MR43T 0.045 (1.14) NA 550-650 4000-4400 N A 1 14 40-60 5.757 75% of Highest 
454 HO RV8-C MR43T 0.045 (1.14) NA 550-650 4600-5000 N A 114 40-60 5.75-7 75% of Highest 

1992 3.0 RV12YC R43TS 0.045 (1.1 4) 0 0 650-750 4200-4600 N A 314 40-60 5.75-7 75% of Highest 
3.0 HO RS12YC R43LTS 0.045 (1 .14) 0 0 650-750 4200-4600 NA 1 (Starboard) 40-60 5.75-7 75% of Highest . , 

112 (Port) 
4.3 RV8-C MR43T 0.035 (0.9) 0 550-650 4200-4600 0.008 (0.203) 518 40-60 5.75-7 75% of Highest 
5.0 RV8-C MR43T 0.035 (0.9) 10 550-650 4000-4400 0.008 (0.203) 1 118 40-60 5.75-7 75% of Highest 
5.0 HO RV8-C MR43T 0.035 (0.9) 10 550-650 4000-4400 0.008 (0.203) 1 40-60 5.75-7 75% of Highest 
5.7 RV8-C MR43T 0.035 (0.9) 0 550-650 4200-4600 0.008 (0.203) 114 4-60 5.75-7 75% of Highest 
5.7 LE RV8-C MR43T 0.035 (0.9) 0 550-650 4200-4600 0.008 (0.203) 1 40-60 5.75-7 75% of Highest 
5.8 RV8-C MR43T 0.035 (0.9) 10 550-650 4000-4400 0.008 (0.203) 718 40-60 5.757 75% of Highest 
5.8 LE, 351 RS9-YC RX2CLTS 0.045 (1.14) NA 550-650 4600-5000 N A 718 40-60 5.75-7 75% of Highest 
7.4GL, 454 RV8-C MR43T 0.045 (1.14) N A 550-650 4200-4600 N A 1 I4 40-60 5.75-7 75% of Highest 
454 HO RV8-C MR43T 0.045 (1.14) NA 550-650 4600-5000 N A 1 14 40-60 5.757 75% of Highest 
8.2GL RV8-C MR43T 0.045 (1.14) NA 550-650 4800-5200 N A 1 14 40-60 5.75-7 75% of Highest 

- -  - - 

NA Not adjustable 
@ Shunt required 
@ 1 BTDC wl86-88 AKI octane; 6 BTDC w189 AKI octane 
@ 3 BTDC w186-88 AKI octane; 8 BTDC w189 AKI octane 
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TUNE-UP SPECIFICATIONS 
1993-94 

Ignition Idle Distributor Oil Fuel 
Spark Plug Timing Speed Max. Sensor Idle Pressure Pressure Compression 

Gap (Deg. BTDC Rpm WOT Air Gap Mixture @ 2000 rpm @ Idle Pressure 
Year Model Volvo Champion In. (mm) @ rpm) (In Gear) (rprn) In. (mm) (Turns Out) (psi) (psi) (Psi) 
1993 3.0 RV12YC R43TS 0.045 (1 .14) 0 0 650-750 4200-4600 N A 314 40-60 5.75-7 75% of Highest 

3.0 HO RS12YC R43LTS 0.045 (1.14) 0 0 650-750 4200-4600 NA 1 (Starboard) 40-60 5.75-7 75% of Highest ~, 

112 (Port) 
4.3 RV8-C MR43T 0.035 (0.9) 0 550-650 4200-4600 0.008 (0.203) 518 40-60 5.75-7 75% of Highest 
4.3 HO RV8-C MR43T 0.035 (0.9) 0 550-650 4200-4600 0.008 (0.203) 518 40-60 5.75-7 75% of Highest 
5.0 RV8-C MR43T 0.035 (0.9) 10 550-650 4000-4400 0.008 (0.203) NA 40-60 75% of Highest 
5.0 HO RV8-C MR43T 0.035 (0.9) 10 0 5.75-7 75% of Highest 
5.0 EFI RV8-C MR43T 0.045 (1 .I 4) 5 600@ 4200-4600 N A 1 118 40-60 5.75-7 75% of Highest 
5.8 RV8-C MR43T 0.035 (0.9) 10 550-650 4000-4400 0.008 (0.203) 718 40-60 5.75-7 75% of Highest 
5.8 EFI RS9YC RXZCLTS 0.045 (1.14) 5 600@ 4200-4600 N A N A 40-60 75% of Highest 
5.8 LE, 351 RS9YC RXZCLTS 0.045 (1 .I 4) 10 0 550-650 4600-5000 N A 718 40-60 5.75-7 75% of Highest 
7.4GL, 454 RV8-C MR43T 0.045 (1 .I 4) 10 0 550-650 4200-4600 N A 1 14 40-60 5.75-7 75% of Highest 
454 HO RV8-C M R43T 0.045 (1 .I 4) 1 0 0 550-650 4600-5000 N A 1 14 40-60 5.75-7 75% of Highest 
8.2GL, 502 RV8-C MR43T 0.045 (1.14) 10 @ 550-650 4800-5200 N A 1 14 40-60 5.75-7 75% of Highest 

1994 3.OGL RS12YC R43LTS 0.045 (1 .I 4) 0 0 650-750 4200-4600 N A 314 40-60 5.75-7 75% of Highest 
3.OGS RS12YC R43LTS 0.045 (1 .I 4) 0 0 650-750 4200-4600 NA 1 (Starboard) 40-60 5.75-7 75% of Highest 

112 (Port) 
4.3GL RV15YC4 MR43T 0.045 (1.14) 0 0 550-650 4200-4600 N A 518 40-60 5.75-7 75% of Highest 
5.0Fi RSl2YC R44LTS 0.045 (1.14) 5 600 @ 4200-4600 N A N A 40-60 31 -39 75% of Highest 
5.0FL RV15YC4 MR43T 0.035 (0.9) 10 550-650 4200-4600 0.008 (0.203) 1 40-60 5.757 75% of Highest 
5.7GL RV15YC4 MR43T 0.035 (0.9) 0 550-650 4200-4600 0.008 (0.203) 314-1 40-60 5.75-7 75% of Highest 
5.8Fi RS9YC R42CLTS 0.045 (1.14) 5 600 @ 4200-4600 N A N A 40-60 31 -39 75% of Highest 
5.8FL RV15YC4 MR43T 0.035 (0.9) 10 550-650 4000-4400 0.008 (0.203) 718 40-60 5.75-7 75% of Highest 
351 EFI RS9YC R42CLTS 0.045 (1.1'4) 5 600@ 4600-5000 NA ' NA 40-60 31-39 75% of Highest 
7.4GL RV15YC4 MR43T 0.045 (1 .14) 10 0 550-650 4200-4600 N A 1 14 40-60 5.75-7 75% of Highest 

N A Not adjustable 
0 Shunt required 
0 1 BTDC ~186-88 AKI octane; 6 BTDC w189 AKI octane 
0 3 BTDC w186-88 AKI octane; 8 BTDC w189 AKI octane 
@ Fixed 
0 Not adjustable 
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TUNE-UP SPEClFlCATlONS 
1995-96 

Ignition Idle Distributor Oil Fuel 
Spark Plug Timing Speed Max. Sensor Idle Pressure Pressure Compression 

Gap (Deg. BTDC Rpm WOT Air Gap Mixture @ 2000 rpm @ Idle Pressure 
Year Model Volvo Champion In. (mm) @ rpm) (In Gear) (rpm) In. (mrn) (Turns Out) (psi) (psi) (Psi) 
1995 3.OGS RS12YC R43LTS 0.045 (1.1 4) 0 0 650-750 4200-4600 NA 1 (Starboard) 40-60 5.75-7 75% of Highest 

1 12 (Port) 
4.3GL RV15YC4 MR43T 0.045 (1 14) @ 550-650 42004600 N A 518 40-60 5.75-7 75% of Highest 
5.0 EFI RS9YC R42CLTS 0.045 (1 .14) 5 600 0 4200-4600 N A N A 40-60 31 -39 75% of Highest 
5.0FL RV15YC4 MR43T 0.035 (0.9) 10 550-650 4400-4800 0.008 (0.203) 1 40-60 5.75-7 75% of Highest 
5.8 EFI RS9YC R42CLTS 0.045 (1.14) 5 600 0 4200-4600 N A N A 40-60 31 -39 75% of Highest 
5.8FL RV15YC4 MR43T 0.035 (0.9) 10 550-650 4000-4400 0 008 (0 203) 718 40-60 5.75-7 75% of Highest 
5.8 HO EFI RS9YC R42CLTS 0.045 (1 .14) 5 600 0 4600-5000 N A N A 40-60 31-39 75% of Highest 
7.4GL RV15YC4 MR43T 0.045 (1.14) 10 0 550-650 4200-4600 N A 1 14 40-60 5.75-7 75% of Highest 
7.4 EFI RV15YC4 MR43T 0.045 (1.1 4) 10 @ 600 0 4800-5200 N A N A 40-60 31-39 75% of Highest 
3.OGS RS12YC MR43LTS 0.045 (1.1 4) 0 0 650-750 4200-4600 NA 1 (Starboard) 40-60 5 75-7 75% of Highest 

N A  Not adjustable 
0 Shunt required 
0 5 BTDC w186-88 AKI octane; 0 TDC w189 AKI octane; shunt req'd 
0 Not adjustable 
0 Diagnostic leads shorted 
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TUNE-UP SPEClFlCATlONS 
1997-98 

Ignition Idle Distributor Oil Fuel 
Spark Plug Timing Speed Max. Sensor Idle Pressure Pressure Compression 

Gap (Deg. BTDC Rpm WOT Air Gap Mixture @ 2000 rpm @! Idle Pressure 
Year Model Volvo Champion In. (mm) @ rpm) (In Gear) (rpm) In. (mm) (Turns Out) (psi) (Psi) (Psi) 
1997 3.OGS RS12YC MR43LTS 0.045 (1.14) 0 0 650-750 4200-4600 NA I (Starboard) 40-60 5-7 75% of Highest 

112 (Port) 
4.3Gi RS12YC MR43LTS 0.045 (1.14) 8 0 6 0 0 0  4400-4800 N A N A 40-60 31-39 75% of Highest 
4.3GL RS12YC MR43LTS 0.045 (1 .14) @ 550-650 4200-4600 N A 518 40-60 5-7 75% of Highest 
4.3GS RS12YC MR43LTS 0.045 (1.14) @ 550-650 4400-4800 N A 314 40-60 5-7 75% of Highest 
5.7Gi RV15YC4 R43TS 0.045 (1.14) 8 0 6 0 0 0  4200-4600 N A N A 40-60 31-39 75% of Highest 
5.7GL RV15YC4 MR43T 0.035 (0.9) 0 550-650 4200-4600 0.008 (0.203) 3\44 40-60 5-7 75% of Highest 
5.7GS RV15YC4 MR43T 0.035 (0.9) 0 550-650 4200-4600 0.008 (0.203) 314-1 40-60 5-7 75% of Highest 
5.7GSi RS12YC MR43LTS 0.045 (1.14) 8 0 600 0 4600-5000 N A N A 40-60 31-39 75% of Highest 
7.4Gi RV15YC4 R43TS 0.045 (1 .I 4) 10 0 6 0 0 0  4200-4600 N A N A 40-60 31 -39 75% of Highest 
7.4GL RV15YC4 MR43T 0.045 (1.14) 1 0 0 550-650 4200-4600 N A 1 I4 40-60 5-7 75% of Highest 
3.OGS RS12YC MR43LTS 0.045 (1 .I 4) 0 0 650-750 4200-4600 NA 1 (Starboard) 40-60 5-7 75% of Highest 

112 (Port) 
4.3Gi RS12YC MR43LTS 0.045 (1.14) 8 0 600 0 4400-4800 N A N A 40-60 31-39 75% of Highest 
4.3GL RS12YC MR43LTS 0.045 (1.14) @ 550-650 4200-4600 N A 518 40-60 5-7 75% of Highest 
4.3GS RS12YC MR43LTS 0.045 (1.14) @ 550-650 4400-4800 N A 1 118 40-60 5-7 75% of Highest 
5.OGL RS12YC MR43LTS 0.035 (0.89) @ 550-650 4400-4800 0.008 (0.203) 314-1 40-60 5-7 75% of Highest 
5.7GS RS12YC MR43LTS 0.035 (0.89) @ 550-650 4400-4800 0.008 (0.203) 3/41 40-60 5-7 75% of Highest 
5.7GSi RS12YC MR43LTS 0.045(1.14) 8 0  6 0 0 0  4600-5000 N A N A 40-60 31-39 75% of Highest 
7.461 RS12YC MR43LTS 0.045 (1 .14) 10 0 6 0 0 0  4200-4600 N A N A 40-60 31-39 75% of Highest 
7.4GSi RV15YC4 MR43T 0.045 (1.14) 10 0 6 0 0 0  4800-5200 N A N A 40-60 31-39 75% of Highest 
8.2GSi RV15YC4 MR43T 0.045 (1 .I 4) 10 @ 600 0 4600-5000 N A N A 40-60 31-39 75% of Highest 

NA Not adjustable 
O Shunt required 
O Diagnostic leads shorted 
0 Not adjustable 

@ 1 BTDC w186-88 AKI octane; 6 BTDC w189 AKI octane; shunt req'd 
@ 3 BTDC w186-88 AKI octane; 8 BTDC wI89 AKI octane 
@ 5 BTDC w186-88 AKI octane; 10 BTDC w189 AKI octane 
@ 7 BTDC w186-88 AKI octane; 12 BTDC w189 AKI octane 
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CAPACITIES 

Crankcase Stern Drive Power Trim 

O Although badged as King Cobras, the 262 and 350 are actually Cobras 

CAPACITIES 

Crankcase Stern Drive Power Trim 
(With Filter) Oz. (ml) Reservoir 

Year Model Qts. (L) Cobra King Cobra SP DP Or. (ml) 
1992 3.0, 3.0 HO 4.0 (3.8) 64 (1892) X X X 54 (1597) 

4.3 4.5 (4.3) 64 (1892) X X X 54 (1597) 
5.0, 5.0 HO 6.0 (5.7) 64 (1892) X X X 54 (1597) 
5.7, 5.8 6.0 (5.7) 64 (1892) X X X 54 (1597) 
5.7 LE, 351 6.0 (5.7) X 103 (3050) X X 54 (1597) 
454 454 HO 502 7 0 16 6)  X 103 13050) X X 5A 11 SQ7\ . . . , . . . . . - , . . - . . . ,-.-, \----, - . , . - - . , 

1993 3.0, 3.0 HO 4.0 (3.8) 64 (1892) X X X 54 (1597) 
4.3. 4.3 HO 4.5 (4.3) 64 (1892) X X X 54 (1597) 
5.0,5.OH0,5.OEFI 6.0(5.7) 64(1892) X X X 54 (1597) 
5.8, 5.8 EFI 5.0 (4.7) 64 (1892) X X X 54 (1597) 
5.8 LE. 351 5.0 (4.7) X 103 (3050) X X 54 (1597) 
454, 454 HO, 502 7.0 (6.6) X 103 (3050) X X 54 (1597) 

1994 3.OGL. 3.OGS 4.0 (3.8) 71 (2100) X X X 54 (1597) 
4.3GL 4.5 (4.3) 71 (2100) X X X 54 (1597) 
5.0FL, 5.0Fi 6.0 (5.7) 71 (2100) X X X 54 (1597) 
5.7GL 5.0 (4.7) 71 (2100) X X X 54 (1597) 
5.8FL, 5.8Fi 6.0 (5.7) 71 (2100) X X X 54 (1597) 
351 EFI 5.0 (4.7) X 103 (3050) X X 54 (1597) 
7.4GL 7.0 (6.6) X 103 (3050) X X 54 (1597) 

1995 3.OGS 4.0 (3.8) 71 (2100) X X X 54 (1597) 
4.3GL 4.5 (4.3) 71 (2100) X X X 54 (1597) 
5.OFL, 5.0 EFI 6.0 (5.7) 71 (2100) X X X 54 (1597) 
5.8FL 6.0 (5.7) 71 (2100) X X X 54 (1597) 
5.8 EFI, 5.8 HO EFI 5.0 (4.7) 71 (2100) X X X 54 (1597) 
7.4GL, 7.4 EFI 7.0 (6.6) X 103 (3050) X X 54 (1597) 

1996 3.OGS 4.0 (3.8) X X 71 (2100) 54 (1597) 
4.3Gi,4.3GL,4.3GS 4.5(4.3) X X 71 (2100) 81 (2400) 54 (1597) 
5.0Fi, 5,OFL 6.0 (5.7) X X 71 (2100) 81 (2400) 54 (1 597) 
5.7Gi 6.0 (5.7) X X 71 (2100) 81 (2400) 54 (1597) 
5.8FL 6.0 (5.7) X X 71 (2100) 81 (2400) 54 (1597) 
5.8Fi, 5.8FSi 5.0 (4.7) X X 71 (2100) 81 (2400) 54 (1597) 
7.4Gi 9.0 (8.5) X X 71 (2100) 81 (2400) 54 (1 597) 
7.4GL 7.0 (6.6) X X 71 (2100) 81 (2400) 54 (1 597) 

1997 3.OGS 4.0 (3.8) X X 71 (2100) X 54 (1597) 
4.3Gi. 4.3GL, 4.368 4.5 (4.3) X X 71 (2100) 81 (2400) 54 (1 597) 
5.7GL, 5.7 GS 6.0 (5.7) X X 71 (2100) 81 (2400) 54 (1597) 
5.7Gi. 5.7GSi 6.0 (5.7) X X 71 (2100) 81 (2400) 54 (1597) 
7.4Gi. 7.4GL 9.0 (8.5) X X 71 (2100) 81 (2400) 54 (1597) 

1998 3.OGS 4.0 (3.8) X X 71 (2100) X 54 (1597) 
4.3Gi. 4.3GL, 4.309 4.5 (4.3) X X 71 (2100) 81 (2400) 54 (1597) 
5.OGL 6.0 (5.7) X X 71 (2100) 81 (2400) 54 (1597) 
5.7GS, 5.7 GSi 6.0 (5.7) X X 71 (2100) 81 (2400) 54 (1597) 
7.4Gi 9.0 (8.5) X X 71 (2100) 81 (2400) 54 (1597) 
7.4GSi. 8.2GSi 9.0 (8.5) X X X 81 (2400) 54 (1597) 

All capacities are approximate. Always use the dipstick or fillldrain hole to determine the exact quantity 
of lubricant required. 
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2-64 ENGINE AND DRIVE MAINTENANCE 

MAINTENANCE INTERVALS 

Daily1 
Before SO Hrs.1 SO Hrs.1 100 Hrs.1 SO Hrs.1 100 Hrs.1 Once A 

Component Procedure Use Weekly 25 Hrs. 60 Days I 2 0  Days I 2 0  Days Season Season Season 
Anodes Inspect X 
Battery Check Fluid 

Level X 
Inspect X 

Bilge Inspect X 
Carburetor Inspect X 
Cooling System Check Level - - 

Closed System X 
Check 
Pressure Cap X 
Flush Sea 
Water X X 
lnspect Hoses 
& Clamps: 

~rishwater X 
Saltwater X 

Replace 
Coolant X 

Drive Belts Inspect X 
Electrical System Check Wiring: 

~reshwater X 
Saltwater X 

Engine Alignment Check X 
Flame Arrestor Cleanllnspect 

1986-90 X 
1991-98 X 

Fuel Filter Replace X 
Fuel Pump - Check Vent 
Mechanical Tube X 
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ENGINE AND DRIVE MAINTENANCE 2-65 

MAINTENANCE INTERVALS 

Before SO Hrs.1 SO Hrs.1 100 Hrs.1 SO Hrs.1 100 Hrs.1 Once A 
Component Procedure Use Weekly 25 Hrs. GO Days 120 Days I 20  Days Season Season Season 

Fuel System InspectIAdjust 
Svstem X 

Replace Filter X 
Fuel Tank Check For 

Water x 
Gimbal Bearing Lubricate X 
Ignition System Cleanilnspect X 

Adjust Timmg X 
Oil Check Level: 

Crankcase X 
Power Steerina X 

Stern Drive X 

Trim Pump X 
Change: 

Crankcase X 
Power Steering X 

Stern Drive X 
Trim Pump X 

Oil Filter Change X 
PCV Valve InspectlReplace X 
Shiftrrhrottle Cable Inspect/Adjust/ 

Lubricate: 
Freshwater X 

Saltwater X 
Soark Pluas Check X - . . 

GapIReplace X 
Spark Plug Wires Inspect X 
Steering System Check Fluid 

Level X 
Inspect/Adjust/ 
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2-66 ENGINE AND DRIVE MAINTENANCE 

MAINTENANCE INTERVALS 

Daily1 
Before 50 Hrs.1 50 Hrs.1 100 Hrs.1 50 Hrs.1 100 Hrs.1 Once A 

Component Procedure Use Weekly 25 Hrs. GO Days 120 Days I20 Days Season Season Season 
Stern Drive Check Water 

Pick-up X 
Oil 

Check Level X 
Replace X 

Transom 
ShieldIBracket Inspect X 
Trim/Tilt Pump Inspect X 

Check 
Fluid Level X 

U-JointsIShafts Grease X 
Lube Splines X 
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ENGINE AND DRIVE MAINTENANCE 2-67 
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-68 ENGINE AND DRIVE MAINTENANCE 
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. . . . . . . . . . . . . . . . . . .  AUXILIARY SHAFT 
REMOVAL & INSTALLATION . . . . . . . . . .  

CAMSHAFT . . . . . . . . . . . . . . . . . . . . . . . .  
REMOVAL & INSTALLATION . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  CYLINDER HEAD 
REMOVAL & INSTALLATION . . . . . . . . . .  

CYLINDER HEAD (CAMSHAFT) COVER . . 
REMOVAL & INSTALLATION . . . . . . . . . .  

ENGINE COUPLER AND FLYWHEEL . . . . .  
REMOVAL & INSTALLATION . . . . . . . . . .  

ENGINE IDENTIFICATION . . . . . . . . . . . . .  
MODEL DESIGNATIONS . . . . . . . . . . . . .  

ENGINE . . . . . . . . . . . . . . . . . . . . . . . . . . .  
REMOVAL & INSTALLATION . . . . . . . . . .  

. . . . . . . . . . . . . . .  ENGINE ALIGNMENT 
ENGINE MECHANICAL ............... 

. . . . . . . . . . . . . . . . .  AUXILIARY SHAFT 
CAMSHAFT . . . . . . . . . . . . . . . . . . . . . . .  
CYLINDER HEAD . . . . . . . . . . . . . . . . . . .  
CYLINDER HEAD (CAMSHAFT) COVER . 
ENGINE . . . . . . . . . . . . . . . . . . . . . . . . . .  
ENGINE COUPLER AND FLYWHEEL . . .  
ENGINE IDENTIFICATION . . . . . . . . . . . .  
EXHAUST HOSE (BELLOWS) . . . . . . . . .  

. . . . . . . . . . . . . . .  EXHAUST MANIFOLD 
. . . . . . . . . . . . . . . . . . . .  EXHAUST PlPE 
. . . . . . . . . . . . . . . . . . . .  FRONT COVER 

FRONT ENGINE MOUNTS . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  FRONT OIL SEALS 

GENERAL INFORMATION . . . . . . . . . . . .  
HIGH-RISE EXHAUST ELBOW . . . . . . . .  

. . . . . . . . . . . . . . . . .  INTAKE MANIFOLD 
OIL PAN . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  OIL PUMP 
REAR ENGINE MOUNTS . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  REAR MAlN OIL SEAL 
ROCKER ARMS AND 
HYDRAULIC ADJUSTERS . . . . . . . . . . . .  
TIMING BELT AND TENSIONER . . . . . . .  
TIMING SPROCKETS . . . . . . . . . . . . . . .  

EXHAUST HOSE (BELLOWS) . . . . . . . . . .  

. . . . . . . . . .  REMOVAL & INSTALLATION 
. . . . . . . . . . . . . . . .  EXHAUST MANIFOLD 

. . . . . . . . . .  REMOVAL & INSTALLATION 
. . . . . . . . . . . . . . . . . . . . .  EXHAUST PlPE 

. . . . . . . . . .  REMOVAL & INSTALLATION 

. . . . . . . . . .  EXHAUST VALVE (FLAPPER) 
. . . . . . . . . . . . . . . . . . . .  REPLACEMENT 

. . . . . . . . . . . . . . . . . . . . .  FRONT COVER 
. . . . . . . . . .  REMOVAL & INSTALLATION 

. . . . . . . . . . . . .  FRONT ENGINE MOUNTS 
. . . . . . . . . .  REMOVAL & INSTALLATION 
. . . . . . . . .  HIGH-RISE EXHAUST ELBOW 

. . . . . . . . . .  REMOVAL & INSTALLATION 
. . . . . . . . . . . . . . . . . .  INTAKE MANIFOLD 

. . . . . . . . . .  REMOVAL & INSTALLATION 
OIL PAN . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . .  REMOVAL & INSTALLATION 
OIL PUMP . . . . . . . . . . . . . . . . . . . . . . . . .  

DISASSEMBLY & ASSEMBLY . . . . . . . . .  
. . . . . . . . . .  REMOVAL & INSTALLATION 

REAR ENGINE MOUNTS . . . . . . . . . . . . . .  
REMOVAL & INSTALLATION . . . . . . . . . .  

. . . . . . . . . . . . . . . .  REAR MAlN OIL SEAL 
. . . . . . . . . .  REMOVAL & INSTALLATION 

ROCKER ARMS & HYDRAULIC 
ADJUSTERS . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . .  REMOVAL & INSTALLATION 
. . . . . . . . . . . . . . .  VALVE ADJUSTMENT 

. . . . . . . . . . . . . . . .  VALVE ADJUSTMENT 
. . . . . . . . . . . . . . . . . . . . .  FRONT COVER 

. . . . . . . . . .  REMOVAL & INSTALLATION 
................... SPECIFICATIONS 

ENGINE . . . . . . . . . . . . . . . . . . . . . . . . . .  
TORQUE . . . . . . . . . . . . . . . . . . . . . . . . .  

TIMING BELT AND TENSIONER . . . . . . . .  
CHECKING . . . . . . . . . . . . . . . . . . . . .  
CORRECTING AN OUT-OF-TIME 
ENGINE . . . . . . . . . . . . . . . . . . . . . . . .  
REMOVAL & INSTALLATION . . . . . . . .  

. . . . . . . . . . . . . . . .  TlMlNG SPROCKETS 
. . . . . . . . . .  REMOVAL & INSTALLATION 
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3-2 ENGINE MECHANICAL - FORD 4 CYLINDER ENGINES 

The OMC 2.3L 140 cubic inch displacement engine is manufactured by 
Ford and has been a favorite combination when mated to the OMC Cobra 
stern drives. 

This in-line four-cylinder overhead camshaft power plant uses a full 
pressure lubrication system with a disposable flow-thru oil filter 
cartridge. Oil pressure is furnished by a gear-type oil pump, driven by 
the auxiliary shaft, which is driven, via the timing belt, by the 
crankshaft. A regulator on the oil pump controls the amount of oil 
pressure output. The oil pump scavenges oil from the bottom of the oil 
pan and feeds it through the oil filter and then to the main oil gallery in 
the block. Drilled passages in the block and crankshaft distribute oil to 
the camshaft and crankshaft to lubricate the rod, main and camshaft 
bearings. 

The camshaft runs in 4 bearings and is driven by the crankshaft via the 
timing belt. The auxiliary shaft, also driven by the crankshaft via the timing 
belt, drives the fuel pump and distributor in addition to the oil pump. The 
crankshaft runs in 5 main bearings with the middle bearing (#3) providing 
thrust. 

Cylinder numbering and firing orders are identified in the illustrations at 
the end of the Maintenance section. 

NEVER, NEVER attempt to use standard automotive parts when 
replacing anything on your engine. Due to the uniqueness of the 
environment in which they are operated in, and the levels at which they 
are operated at, marine engines require different versions of the same 
part; even if they look the same. Stock and most aftermarket 
automotive parts will not hold up for prolonged periods of time under 
such conditions. Automotive parts may appear identical to marine 
parts, but be assured, OMC marine parts are specially manufactured to 
meet OMC marine specifications. Most marine items are super heavy- 
duty units or are made from special metal alloy to combat against a 
corrosive salt water atmosphere. 

OMC marine electrical and ignition parts are extremely critical. In the 
United States, all electrical and ignition parts manufactured for marine 
application must conform to stringent US. Coast Guard requirements for 
spark or flame suppression. A spark from a non-marine cranking motor 
solenoid could ignite an explosive atmosphere of gasoline vapors in an 
enclosed engine compartment. 

ENGINE 

+ See Figure 1 

The engine serial numbers are the manufacturer's key to engine changes. 
These alpha-numeric codes identify the year of manufacture, the horsepower 
rating and various modelloption differences. If any correspondence or parts 
are required, the engine serial number must be used for proper identification. 

Remember that the serial number establishes the year in which the 
engine was produced, which is often not the year of first installation. 

The engine specifications decal contains information such as the model 
number or code, the serial number (a unique sequential identifier given 
ONLY to that one engine) as well as other useful information. 

An engine specifications decal can generally be found on top of the flame 
arrestor or on the side of the rocker arm cover - all pertinent serial number 
information can be found here--engine and drive designations, serial 
numbers and model numbers. Unfortunately this decal is not always legible 
on older boats and it's also quite difficult to find, so please refer to the 
following procedures for each individuals unit's serial number location. 

Serial numbers tags are frequently difficult to see when the engine 
is installed in the boat; a mirror can be a handy way to read all the 
numbers. 

The engine seriallmodel number is sometimes also stamped on the port 
rear side of the engine where it attaches to the bell housing; although on 
most later models it may instead be a metal plate attached in the same 
location. If your engine has a stamped number it will simply be the serial 
number; if you have a plate (and you should), it will always show a Model 
number and then the actual Serial number. Additionally, most models will 
also have this plate or sticker on the transom bracket. 

The first two characters identify the engine size in liters (L); 23 
represents the 2.3L, 30 represents the 3.OL and so forth. 

The third character identifies the fuel delivery system; 2 designates a 2 
bbl carburetor, 4 is a 4 bbl carburetor, and F is a fuel injected engine. 

The fourth character designates a major engine or horsepower 
changei t  doesn't let you know what the change was, just that there was 
some sort of change. A means it is the first model released, B would be the 
second, and so forth 

The fifth character designates what type of steering system was used; 
M would be manual steering and P would be power steering. 

Now here's where it gets interesting; on 1987 engines, the sixth, 
seventh and eighth characters designate the model year. The sixth and 
seventh actually show the model year, while the eighth is a random model 
year version code. ARJ, ARF, FTC, SRC or SRY show 1987. 

On 1988-90 engines, the sixth character designates the direction of 
propeller rotation. R is right hand, L is left hand and E is either. 

Also on 1988-90 engines, the seventh, eighth and ninth characters 
designate the model year. The seventh and eighth actually show the model 
year, while the ninth is a random model year version code. GDE or GDP is 
1988, MED or MEF is 1989, PWC, PWR or PWS is 1990. 

Any remaining characters are proprietary. So in example, a Model number 
on the ID plate that reads 232AMFTC would designate a 1987 2.3L engine 
with a 2 bbl carburetor and manual steering, first model released. 

Engine Model Designations 

All engines covered here utilize unique identifiers assigned by OMC; 
surnames if you will-2.3, 3.OGL, 3.OGS, etc. Obviously the first two 
characters designate the engine size in litres (L). The second letter, a G or 
and F designate the engine manufacturer; General Motors (G) or Ford (F). 
The third through fifth letters can be found in different combinations, but the 
individual letter designates the same thing regardless of position. L 
designates limited output. S and X designate superior output-a 3.OGL will 
always have a lesser horsepower rating than a 3.OGS in a given model year; 
a 5.7GL will be less than a 5.7GS. i designates that the engine is fuel 
injected, if there is no i then you know the engine uses a carburetor. 

REMOVAL & INSTALLATION 

CULT 
+ See Figures 2,3 and 

1. Check the clearance between the front of the engine and the inside edge 
of the engine compartment bulkhead. If clearance is less than 6 in. 
(15.2mm), you will need to remove the stern drive unit because there won't 
be enough room to disengage the driveshaft from the engine coupler. More 
than 6 in. will provide enough working room to get the engine out without 
removing the drive, BUT, we recommend removing the drive anyway. If you 
intend on doing anything to the mounts or stringers, you will need to re-align 
the engine as detailed in the Engine Alignment section-which requires 
removing the drive, so remove the drive! 

2. Remove the stern drive unit as detailed in the Drive Systems section. 
3. Open or remove the engine hatch cover. 
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ENGINE MECHANICAL - FORD 4 CYLINDER ENGINES 3-3 

Fig. I Decoding the engine model number is easy 

4. Disconnect the battery cables (negative first) at the battery and then 9. Locate the large rubber coated instrument cable connector (should 
disconnect them from the engine block and starter. 

Make sure that all switches and systems are OFF before disconnecting 
the battery cables. 

5. Disconnect the two power steering hydraulic lines at the steering 
cylinder (models wlpower steering). Carefully plug them and then tie them off 
somewhere on the engine, making sure that they are higher then the pump 
to minimize any leakage. 

6. Disconnect the fuel inlet line at the fuel pump or filter (whichever 
comes first on your particular engine) and quickly plug it and the inlet- a 
clean golf tee and some tape works well in this situation. Make sure you 
have rags handy, as there will be some spillage. 

7. Tag and disconnect the two-wire trimltilt connector. 

8. Pop the two-wire trimltilt sender connector out of the retainer and 
then disconnect it. You may have to cut the plastic tie securing the cable in 
order to move it out of the way. 

Fig. 2 Disconnect the power steering lines at 
the cylinder 

be on the starboard s
i

de), loosen the hose clamp and then disconnect it from 
the bracket. Move it away from the engine and secure it. On most models, 
you will also need to unplug the three-wire trimltilt cable connector just above 

Take note of your throttle arm attachment stud- is it a "push-to- 
close" or a "pull-to-close"? 

10. Disconnect the remote control shift cable and the transom bracket 
shift cable from the engine shift bracket. Remove the cables from the anchor 
pockets and the shift lever. Tape the trunnions to the cables so that the 
adjustment does not get knocked out of kilter. 

11. Remove the cotter pin and washer from the throttle arm. Loosen the 
anchor block retaining nut and then spin the retainer away from the cable 
trunnion. Remove the throttle cable from the arm and anchor bracket. Be 
sure to mark the position of the holes that the anchor block was attached to. 

12. Loosen the hose clamps (4) and disconnect the exhaust elbow 
bellows from elbow. You may want to spray some WD-40 around the lip of 
the hose where it connects to the elbow, grasp it with both hands and wiggle 
it back and forth while oullina down on it. 

13. Drain the cooliig sy iem as detailed in the Ma~ntenance section. 

Fig. 3 Disconnect the instrument cable 
connector 

\ \ 
ine hoist 
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3-4 ENGINE MECHANICAL - FORD 4 CYLINDER ENGINES 
14. Loosen the hose clamp on the water supply hose at the transom 

bracket and carefully slide it off the water tube. Attach the hose to the 
engine. 

15. Disconnect the shift cables and position them out of the way. 
16. Tag and disconnect any remaining lines, wires or hoses at the 

engine. 
17. Attach a suitable engine hoist to the lifting eyes (usually front 

starboard side, rear port side) and take up any line slack until it is just taught. 

The engine hoist should have a capacity of at least 1500 lbs. 
(680 kg). 

18. Locate the rear engine mounts and remove both lock nuts and flat 
washers. 

19. Locate the front engine mounts and remove the two lag bolts. 
20. If you listened to us at the beginning of the procedure, the drive unit 

should be removed. If so, slowly and carefully, lift out the engine. Try not to 
hit the power steering control valve, or any other accessories, while 
removing it from the engine compartment. If you didn't listen to us, and you 
had sufficient clearance in the engine compartment, the drive unit is probably 
still installed. Raise the hoist slightly until the weight is removed from the 
mounts and then carefully pull the engine forward until the driveshaft 
disengages from the coupler, now raise the engine out of the compartment. 

To install: 
21. Apply Engine Coupler grease to the splines of the coupler. 
22. Slowly lower the engine into the compartment. If the drive unit was 

not removed, AND the crankshaft has not been rotated, insert the driveshaft 
into the coupler as you push the engine backwards until they engage 
completely and then lower the engine into position over the rear mounts until 
the front mounts just touch the stringers. If the shaft and coupler will not align 
completely, turn the crankshaft or driveshaft slightly until they mate correctly. 

If the drive was removed, or the mounts were disturbed in any way, lower 
the engine into position over the rear mounts until the front mount just 
touches the stringer. 

23. lnstall the two flat washers into the recess in the engine bracket side 
of the rear mounts and then install the two lock nuts. Tighten them to 28-30 
ft. Ibs. (38-40 Nm). 

Never use an impact wrench or power driver to tighten the locknuts. 

24. lnstall the lag bolts into their holes on the front mounts and tighten 
each bolt securely. 

25. If the drive was removed, the mounts were disturbed or the 
driveshaftkoupler didn't mate correctly, perform the engine alignment 
procedure detailed in this section. We think it's a good idea to do this 
regardless! After you've performed the alignment procedure, make sure that 
you hold the top adjusting nut and tighten the lower nut on the mount to 100- 
120 ft. Ibs. (136-163 Nm). 

26. Reconnect the exhaust bellows by sliding it up and over the elbow, 
position the clamps between the ribs in the hose and then tighten the clamps 
securely. Make sure you don't position the clamps into the expanding area. 

27. Reconnect the water inlet hose. Lubricate the inside of the hose and 
wiggle it onto the inlet tube. Slide the clamp over the ridge and tighten it 
securely. This sounds like an easy step, but it is very important-if the hose, 
particularly the underside, is not installed correctly the hose itself may 
collapse or come off. Either scenario will cause severe damage to your 
engine, so make sure you do this correctly! 

28. Carefully, and quickly, remove the tape and plugs so you can connect 
the power steering lines. Tighten the large fitting to 15-17 ft. Ibs. (20-23 Nm) 
and the small fitting to 10-12 ft. Ibs. (14-16 Nm). Don't forget to check the 
fluid level and bleed the system when you are finished with the installation. 

29. Reconnect the trimltilt connector so the two halves lock together. 
30. Reconnect the trim position sender leads, the instrument cable, the 

enaine around wire, the batterv cables and all other wires, lines of hoses that 
w&e dikonnected during rembval. Make sure you swab a light coat of 
grease around the fitting for the large enginelinstrument cable plug. 

Always make certain that all switches and systems are turned OFF 
before reconnecting the battery cables. 

Make sure all cables, wires and hoses are routed correctly before 
initially starting the engine. 

31. Unplug the fuel line and pumplfilter fitting and reconnect them. 
Remember to check for leaks as soon as you start the engine. 

32, lnstall and adjust the throttle cable. For complete details, please refer 
to the Fuel System section): 

a. Remember we asked you to determine if you had a "push-to-close" 
or "pull-to-open" throttle cable (the throttle arm stud)? Position the remote 
control handle in Neutral-the propeller should rotate freely. 

b. Turn the propeller shaft and the shifter into the forward gear detent 
position and then move the shifter back toward the Neutral position halfway. 

c. Position the trunnion over the groove in the throttle cable so the 
internal bosses align and then snap it into the groove until it is fully seated. 

d. lnstall the trunnionicable into the anchor block so the open side of 
the trunnion is against the block. Position the assembly onto the bracket over 
the original holes (they should be the lower two of the four holes) and then 
install the retaining bolt and nut. When the nut is securely against the back of 
the bracket, tighten the bolt securely. 

e. lnstall the connector onto the throttle cable and then pull the 
connector until all end play is removed from the cable. Turn it sideways until 
the hole is in alignment with the correct stud on the throttle arm. Slide it over 
the stud and install the washer and a new cotter pin. Make sure the cable is 
on the same stud that it was removed from. Tighten the jam nut against the 
connector 

33. lnstall and adjust the shift cables. Please refer to the Drive Systems 
section for further details. 

34. Check and refill all fluids. Start the engine and check for any fuel or 
coolant leaks. Go have fun! 

ENGINE ALIGNMENT 

+ See Figure 5 @ C ~ F F / C U L T  

Engine alignment is imperative for correct engine installation and also for 
continued engine and drive operation. It is a good idea to ensure proper 
alignment every time that the drive or engine have been removed. Engine 
alignment is checked by using OMC alignment tool if912273 and handle 
#311880 (Volvo #3851083-0 and #3850609-31). Engine alignment is 
adjusted by raising or lowering the front engine mount(s). 

1. With the drive unit off the vessel, slide the alignment tool through the 
gimbal bearing and into the engine coupler. It should slide easily, with no 
binding or force. If not, check the gimbal bearing alignment as detailed in the 
Drive Systems section. If bearing alignment is correct, move to the next step. 

2. If your engine utilizes a jam nut on the bottom of the mount bolt, 
loosen it and back it off at least 112 in. 

3. Loosen the lock nut and back it off. 
4. Now, determine if the engine requires raising or lowering to facilitate 

alignment-remember, the alignment tool should still be in position. Tighten 
or loosen the adjusting nut until the new engine height allows the alignment 
tool to slide freely. 

Fig. 5 Install the alignment tool through the gimbal bearing 
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ENGINE MECHANICAL - FORD 4 CYLINDER ENGINES 3-5 
5. Hold the adjusting nut with a wrench and then tighten the lock nut to 

100-120 ft. Ibs. (136-163 Nm). If your engine uses a jam nut, cinch it up 
against the lock nut. 

6. Remove the alignment tool and handle. 

REMOVAL & INSTALLATION 

+ See Figures 6 and 7 UL T 
1. Position an engine hoist over the engine and hook it u T o  the two 

engine lifting. 
2. Remove the two lag screwsibolts on each side of the mount where it 

rests on the stringer. 
3. Raise the engine just enough to allow working room for removing the 

mount. 
4. Remove the 3 mount-to-engine mounting bolts with their lock 

washers and lift out the mount. 
5. Measure the distance between the top of the large washer on the 

mount and the flat on the lower side of the mounting bracket. Record it. 
6. Position a wrench over the bottom nut on the adjusting bolt, just 

underneath the mount to, hold the shaft and then remove the top nut. Lift off 
the bracket. 

7. Remove the two lock nuts from the bolt and slide out the adjusting 
bolt. Remember which washer goes where. The rubber mount and lower foot 
are serviced as an assembly 

To install: 
8. Slide the adjusting bolt up through the mount and then position the 

small and large washers over the bolt-large over small. 
9. Spin on the first (lower) lock nut and tighten it to 60-75 ft. Ibs. (81- 

102 Nm). 
10. Screw on the upper lock nut and then position the mount bracket 

over the bolt. Install the washer and adjusting nut and check the 
measurement taken in Step 5. Move the upper lock nut up or down until the 
correct specification is achieved and then tighten the adjusting nut to 100- 
120 ft. Ibs. (136-163 Nm). 

11. Spray the 3 mounting bolts with Loctite Primer N and allow them to 
air dry. Once dry, coat the bolts with Loctite or OMC Thread Sealing Agent 
and attach the mount to the engine. Tighten the bolts to 32-40 ft. Ibs. (43-54 
Nm). 

12. Position the mount over the lag screw holes and then slowly lower 
the engine until all weight is off the hoist. Install and tighten the lag screws 
securely. 

13. If you're confident that your measurements and subsequent 
adjustment place the engine exactly where it was prior to removal, then you 
are through. If you're like us though, you may want to check the engine 
alignment before you fire up the engine. 

REMOVAL & INSTALLATION 

+ See Figure 8 U l  T 
W 

1. Remove the engine as previously deta~led. 
2. Loosen the two bolts and remove the mount from the transom alate. 
3. Hold the square nut with a wrench and remove the shaft bolt. Be 

sure to take note of the style and positioning of the two mount washers as 
you are removing the bolt. Mark them, lay them out, or write it down, but 
don4 forget their orientation!! 

To install: 
4. Slide the lower of the two washers onto the mount bolt, exactly as it 

came off (this should be the thin one). 
5. Slide the bolt into the flat side of the rubber mount, install the 

remaining washer (as it came off!) and then spin on the square nut. Do not 
tighten it yet. 

Incorrect washer installation will cause excessive vibration during 
engine operation. 

6. Turn the assembly upside down and clamp the nut in a vise. Spin the 
assembly until the holes in the mounting plate are directly opposite any two 
of the flat sides on the nut. This is important, otherwise the slot on the 
engine pad will not engage the mount correctly. Secure the mount in this 
position and tighten the bolt to 18-20 ft. Ibs. (24-27 Nm) on 1987-88 engines, 
or 44-52 ft. Ibs. (60-71 Nm) on 1989-90 engines. 

7. Remove the mount from the vise and position it on the transom date. 
Install the bolts and washers and tighten each to 20-25 ft. Ibs. (27-34 ~ m ) .  

8. lnstall the engine, making sure that the slot in the engine pad 
engages the square nut correctly. lnstall the two washers and locknut and 
tighten it to 28-30 ft. Ibs. (38-41 Nm). 

Fig. 6 A good view of the front mount ... 

Fig. 7 ... and a closer view 
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I Fig. 8 A good view of the rear mount 

REMOVAL & INSTALLATION 

DERATE 
1. Open or remove the engine compartment hatch. ~ i s c z n e c t  the 

negative battery cable. 
2. Loosen the clamp and remove the crankcase ventilation hose at the 

cover (if equipped). Carefully move it out of the way. 
3. If your engine has a spark plug wire retainer attached to the cover, 

unclip the wires or remove the retainer. 
4. Loosen the cover mounting bolts (8) and lift off the cylinder head 

cover. Take note of any harness or hose retainers and clips that might be 
attached to certain of the mounting bolts; you need to make sure they go 
back in the same place. 

To install: 
5. Clean the cylinder head and cover mounting surfaces of any residual 

gasket material with a scraper or putty knife. 
6. Coat the cylinder head mounting surface with high temperature, oil 

resistant sealer. 
7. Position a new gasket on the cylinder head and then position the 

cover. Tighten the mounting bolts to 48-84 inch Ibs. (5.4-9.5 Nm). Make sure 
any retainers or clips that were removed are back in their original positions. 

8. Reconnect the spark plug wires. 
9. Connect the crankcase ventilation hose. Check that there were no 

other wires or hoses you may have repositioned in order to gain access to 
the cover. 

10. Connect the battery cables. 

REMOVAL & INSTALLATION 

+ See Figures 9 and 10 
DERA TE 

1. Open or remove the engine hatch cover and disconnect the negative 
battery cable. Remove the cylinder head cover as detailed previously. 

2. Rotate the camshaft until the tip of the camshaft lobe over the rocker 
is facing upward-the heel is resting on the rocker arm. 

3. Install the valve tool (4T74P-6565-A) over the valve spring and 
depress the spring until the rocker arm is released and you can lift it out. 

4. Remove the hydraulic valve adjuster. 
5. Repeat this procedure for each remaining rocker arm and adjuster. 

To install: 
6. Clean and inspect the rocker assemblies for nicks, scratches or signs 

of undue wear. If the pad at the valve end of the arm shows a groove, 
replace the arm. 

7. Coat all bearing surfaces of the rocker assembly and adjuster with 
engine oil. 

I Fig. 9 If the special tool i s  not available, you can usually compress 
the surina with a small urvbar 

Fig. 10 A good look at the valve train 
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8. Rotate the camshaft until the lobe is pointing up on the cylinder that 

you are working on. 
9. Depress the valve spring with the special tool again and insert the 

rocker arm into position. 
10. Repeat this procedure for each remaining rocker arm and adjuster, 

making sure that the spring has been released and the tool removed before 
moving on to the next arm. 

11. Adjust the valves and install the cylinder head cover. 
12. Connect the battery cable and check the idle speed. 

VALVE ADJUSTMENT 

These engines utilize hydraulic valve lifters, although therek no need for 
periodic valve adjustment, it is necessary to perform a preliminary 
adjustment after any work on the valve trainlrocker assembly. All adjustment 
should be undertaken while the lifter is on the base circle of the camshaft 
lobe for that particular cylinder. This means the opposite side of the pointy 
part of each lobe. 

1. Rotate the camshaft by hand until the base circle (heel) of the 
camshaft lobe is resting on the cam follower at the valve you intend to 
adjust; the lobe will be pointing straight up. 

2. Install the valve tool (#T74P-6565-A) into position and slowly apply 
pressure to the handle until the until the cam follower has collapsed the 
hydraulic lash adjuster completely. 

3. While using the tool to hold the adjuster in the collapsed position, 
insert a feeler gauge between the base of the camshaft lobe and the 
follower. Clearance should be 0.040-0.050 in. (1-1.3mm), although 0.035- 
0.055 in. (0.89-1.4mm) is acceptable. 

4. If clearance is out of range, remove the cam follower again and 
inspect it for any signs of damage. If the follower appears to be OK and not 
showing signs of excessive wear, measure the valve spring height between 
the pad and the retainer-if not within 1 17132-1 19132 in., replace the spring. 

5. If the valve spring installed height was within specifications, check 
that the camshaft is within specifications. If the camshaft checks out OK, 
install a new adjuster and recheck the lash a final time. 

REMOVAL & INSTALLATION 

1. Open or remove the engine compartment hatch. ~ i s c o h e c t  the 
negative battery cable. 

2. Drain all water from the engine, manifold and exhaust elbow as 
detailed in the Maintenance section. 

3. Loosen the 4 clamps holding the exhaust hose bellows to the high- 
rise elbow and wiggle the bellows off of the elbow. 

4. Disconnect the 2 shift cables at the shift bracket on the manifold. 
Remove the 2 locknuts and the bolt attaching the bracket to the manifold and 
lift off the bracket, positioning it on the engine out of the way. 

5. Remove the 4 mounting bolts and their lock washers and then lift off 
the high-rise elbow-you may have to persuade it with a few taps from a 
rubber mallet. 

6. On models with power steering, loosen the drive belt and then 
remove the pump and bracket from the thermostat housing on the leading 
edge of the manifold. 

7. Disconnect the small water line coming off the starboard side of the 
thermostat housing. Have a rag handy, because there will probably be some 
water spillage even though you've already drained the system. 

8. Remove the 2 mounting bolts and lock washers securing the 
thermostat housing to the manifold. Tap the housing a few times lightly with a 
rubber mallet until it separates from the manifold and then lift it off and 
position it out of the way with the remaining hoses still attached. Remove the 
gasket and thermostat. 

9. On models equipped with power steering, remove the oil cooler 
mounting bolts and pull it away from the bottom of the manifold. You should 
not have to disconnect the hydraulic lines or remove the cooler completely. 

10. Remove the 3 remaining locknuts and the upper bolt and then lift off 
the manifold. Remove the gasket. Once again, you may have to give the 
manifold a few friendly taps with a rubber mallet. 

To install: 
11. Clean all gasket and mating surfaces thoroughly (elbow, manifold 

and thermostat housing) and inspect the components for cracks, undue wear 
or other signs of damage. 

12. Position a new manifold gasket over the studs so the connecting bar 
is on the bottom and push it up against the block. No sealer or adhesive is 
necessary. 

13. Position the manifold over the studs and into position. Thread on the 
lock nuts (use new washers) and tighten them to 30-35 ft. Ibs. (41-47 Nm). 
Install the upper bolt and tighten it to 20-25 ft. Ibs. (27-34 Nm). 

14. Install the elbow with a new gasket and tighten the 4 bolts securely. 

15. Reposition the oil cooler if you removed it and tighten the mounting 
bolt securely. 

16. Slide a new cork gasket over the element end of the thermostat and 
install them into the housing. Coat both sides of a new housing-to-manifold 
gasket with OMC Sealing Compound, position it on the manifold and then 
move the housing into place. Slide in the mounting bolts (the longer one 
goes on the inside) and tighten them to 20-25 ft. Ibs. (27-34 Nm). Reconnect 
the small water line and tighten the clamp securely, being careful not to 
pinch the hose. 

17. Position the shift bracket and tiqhten the 2 nuts (use new washers if 
possible) and tighten to 30-35 ft. Ibs. (41-47 Nm). ~hrea'd in the bolt to the 
elbow and tighten it to 12-14 ft. Ibs. (16-19 Nm). Connect the shift cables. 

18. Install the power steering pump, if removed, and adjust the belt 
tension. 

19. Coat the elbow outlet with a bit of soapy water and then wiggle the 
bellows up and into position. Tighten the hose clamps securely. 

20. Reconnect the battery cables and run the engine. Check for any 
water leaks. 

REMOVAL & INSTALLATION 

1. Drain the cooling system. L W M E  
2. Loosen the hose clamps and slide off the exhaust hos~(bellows). 

Lubricating the elbow-to-bellows connection with a bit of soapy water will 
help break the hose loose. 

3. Loosen the 2 shift bracket lock nuts and unscrew them as far as you 
can without removing the nut from the stud. 

4. Remove the 4 elbow mounting bolts on the elbow mating flange and 
swing the shift cable anchor bracket out of the way. 

5. Lift it off the elbow. A little friendly persuasion with a soft rubber 
mallet may be necessary! Be careful though, no need lo take out all your 
aggressions on the poor thing. 

6. Remove the gasket(s) and restrictor plate (if equipped). You can 
throw away the gasket(s), but keep the plate if your engine uses it. 

To install: 
7. Clean the mating surfaces of the manifold and elbow thoroughly, coat 

both sides of a new gasket with Gasket Sealing compound and position it 
onto the manifold flange. 

8. If your engine was so equipped, position the restrictor plate andlor 
second gasket onto the manifold, Don't forget to coat the gasket with sealing 
compound. 

9. Position the elbow on the manifold, position the anchor bracket and 
screw the bolts in finger tight. Tighten all four to 12-14 ft. Ibs. (16-19 Nm). 

10. Tighten the 2 lower nuts on the shift bracket to 30-35 ft. Ibs. (41-47 
Nm). 

11. Slide the exhaust hose, while wiggling it, all the way onto the elbow 
and tighten the clamp screws securely. Make sure that the 2 upper clamps 
are riding in the channels on the upper side of the bellows. 
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REMOVAL & INSTALLATION 

+ See Figures 11 and 12 TE 

1. Loosen all four hose clamps, two on top of the hose and two on the 
bottom. 

2. Drizzle a soapy water solution over the top of hose where it mates 
with the exhaust elbow and let it sit for a minute. 

3. Grasp the hose with both hands and wiggle it side-to-side while 
pulling down on it until it separates from the elbow. 

4. Now wiggle it while pulling upwards until it pops off the exhaust pipe. 
Make sure that you secure the exhaust pipe while pulling off the hose. 

5. Check the hose for wear, cracks and deterioration. 
6. Coat the inside of the lower end of the hose with soapy water and 

wiggle it into position on the pipe. Remember to install the two clamps before 
sliding it over the end of the pipe. 

There are usually two ribs on one end of the hose-this is the side 
that attaches to the exhaust elbow. Do not position this end onto the 
exhaust pipe. 

7. Slide two clamps over the upper end (the side with two ribs!), 
lubricate the inside with soapy water and wiggle the hose over the elbow 
until it is in position. 

8. Tighten all four clamps securely. 

I Fig. 11 Loosen the lower clamp screws and then pull the bellows off 
of the exhaust pipe I 

Fig. 12 Be sure that the bellows end with two ribs is on top 

REMOVAL & INSTALLATION 

1. It is unlikely you will be able to get the pipe off without removing the 
engine, so remove the engine as previously detailed. 

2. Loosen the four retaining bolts at the transom shield and then 
remove the exhaust pipe. Carefully scrape any remnants of the seal from the 
pipe and transom mounting surfaces. 

The pipe mounting holes in the transom shield utilize Heli-Coil<reg> 
locking inserts. NEVER clean the holes or threads with a tapping tool 
or you risk damaging the locking feature of the threads. 

3. Coat a new seal with OMC Adhesive M or 3M Scotch Grip Rubber 
Adhesive and position it into the groove on the transom shield mating 
surface. 

4. Coat the mounting bolts with Gasket Sealing Adhesive. Position the 
exhaust pipe, insert the bolts and tighten them to 10-12 A. Ibs. (14-16 Nm) 
on 1987-89 engines; or 20-25 ft. Ibs. (27-34 Nm) on 1990 engines. 

Make sure that the trimltilt lines are routed correctly (above and 
behind) before tightening the pipe to the transom. 

5. Install the engine. 

EXHAUST VALVE (FLAPPER) REPLACEMENT 

DERA TE 
1. Remove the exhaust hose from the elbow and exhausTpipe. The 

flapper is located in the upper end of the pipe. 
2. The valve is held in place by means of a pin running through two 

bushings in the sides of the pipe. Position a small punch over one end of the 
pin and carefully press the pin out of the pipe. 

Make sure you secure the valve while removing the retaining pin so 
it doesn't fall down into the exhaust pipe. 

3. Press out the two bushings and discard them. Coat two new 
bushinas with Scotch Grip Rubber Adhesive and press them back into the 
sides 3 the pipe. 

4. Position the new valve into the pipe with the long side DOWN. When 
lookina at the valve, the molded retainina rinas are off-center-the side with 
the r i k s  should face the top of the piperwhen the valve is in place, coat the 
pin lightly with engine oil and slowly slide it through one of the bushings, 
through the two retaining holes on the valve and then through the opposite 
bushing. Make sure the pin ends are flush with the sides of the pipe on both 
sides. 

5. Install the exhaust hose. 

REMOVAL & INSTALLATION 

+ See Figure 13 DERATE 
1. Open the engine coverslhatch and disconnect the battzry cables. 

Drain all water from the engine as detailed in the Maintenance section. 
2. Disconnect the throttle cable at the bellcrank and anchor block. 

Disconnect the swivel linkage at the throttle arm on the carburetor. 
3. Carefully disconnect the fuel lines at the carburetor and fuel filter. 

Plug the lines and be careful to wipe up any spilled fuel. 
4. Remove the fuel line clamp bracket at the intake manifold and then 

disconnect the fuel lines at the fuel pump. Remove the lines. Pull the fuel 
pump vent tube from the nipple on the carburetor and position it out of the 
way. 

5. Loosen the hose clamp and then wiggle the water line off of the 
nipple on the end of the manifold. Tie the line back and out of the way with 
the open end facing upward. 
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6. Remove the fuel filter mounting bolts and then pull the filter off of the 

manifold and sit it down somewhere so that it is supported in the upright 
position. It is not necessary to remove the clamp from the oil dipstick. 

7. Remove the plastic cover and then the flame arrestor. 
8. Tag and disconnect the electrical lead to the choke at the housing. 
9. Remove the 4 mounting nuts and lift off the carburetor and gasket, 

10. Disconnect the distributor lead at the ignition coil and then remove 
the distributor cap, with the leads still attached, and position it out of the way. 
Pull out the rotor and then cover the top of the distributor with a clean rag. 

11. Pop the PCV valve out, with the hose still connected, and position it 
out of the way. 

12. Remove the 2 upper rear manifold bolts and move the throttle cable 
bracket out of the way. 

13. Remove the 2 upper front manifold bolts and move the lifting bracket 
out of the way. 

14. Remove the 4 lower manifold bolts, keeping them separate from the 
longer upper bolts. Don't forget the clamps on the 2 end bolts when you are 
removing them, 

15. Tap the manifold lightly a few time with a rubber mallet until it breaks 
loose from the engine and then remove the manifold and gasket. 

To install: 
16. Clean all mating surfaces thoroughly so that there is no residual 

gasket material. Inspect the components carefully for cracks, burrs and other 
signs of wear or damage. 

17. Insert a bolt (one of the longer ones) through the upper hole on each 
end of the manifold and then position the gasket over the bolts and onto the 
manifold. Posrtion the manifold onto the block and tighten the 2 bolts finger- 
tight. 

18. Thread in the 4 lower bolts (the short ones) until they are finger- 
tight-don't forget the clamps on the 2 outside bolts. 

19. Position the lifting and throttle cable brackets and then install the 2 
remaining upper bolts through the brackets and manifold. 

20. Tighten the manifold bolts, in the sequence illustrated, to 60-84 inch 
Ibs. (6.8-9.5 Nm). Follow the same sequence and then tighten them once 
more to 14-18 ft. Ibs. (19-24 Nm). 

21. Push the PCV valve back in place. lnstall the rotor and distributor 
cap. Connect the lead to the ignition coil. 

22. Position a new carburetor gasket onto the manifold so that the 2 
rounded nubs are facing the engine and then install the carburetor. Tighten 
the nuts to 12-14 ft. Ibs. (16-19 Nm). 

23. Connect the electrical lead at the choke housing and the snap the 
swivel linkage onto the ball stud at the throttle arm. 

24. lnstall the flame arrestor and plastic cover. lnstall the vent hose 
bracket. 

25. Position the fuel filter and thread in the bolts so the dipstick tube 
clamp is under the inner bolt. Tighten both bolts securely. 

26. Push the water line over the manifold nipple and tighten the clamp 
securely without pinching the hose. 

27. Remove the plugs and connect the fuel lines to the carburetor and 
filter. Attach the fuel line bracket and reconnect the vent hose at the 
carburetor. 

28. Connect both fuel lines to the fuel pump and tighten the nuts 
securely. 

Fig. 13 Intake manifold tightening sequence 

29. Connect the throttle cable at the bellcrank; position the flat washer 
and then insert a new cotter pin. Pivot the retainer down until you can get the 
trunnion into the anchor block and then tighten the nut securely. 

30. Connect the battery cables, start the engine and check for any fuel or 
water leaks. 

REMOVAL & INSTALLATION 

+ See Figures 14 and 15 CULT 
More times than not this procedure will require the removal of the 

engine. Your boat and its unique engine installation will determine this, 
but the procedure is almost always easier with the engine removed 
from the boat. 

1. Remove the engine as previously detailed in this section. 
2. If you haven't already drained the engine oil, do it now. Make sure 

you have a container and lots of rags available. 
3. Remove the starter motor as detailed in the Electrical section. 

Although not absolutely necessary, this step will make the job much easier. 
4. Remove the oil withdrawal tube from the oil drain plug fitting. 
5. Loosen and remove the oil pan retaining bolts and (22 on 1987-89 

engines and 20 on 1990 engines), starting with the center bolts and working 
out toward the pan ends. Lightly tap the pan with a rubber mallet to break 
the seal and then lift it off the cylinder block. If your engine stand will allow 
for rotating the engine, you'll find that this will be easier with the pan facing 
UP. 

6. Lift the reinforcement strips off of the pan flange on 1990 engines. 
To install: 
Clean the pan mating surfaces of any residual gasket material with a 

scraper or putty knife. Make sure that no old gasket material has been 
pressed into the retaining bolt holes in the pan, block or front cover. Clean 
the pan itself thoroughly with solvent. 
1987-89 Engines: 

7. Apply a 0.125 in. (3.18mm) bead of RTV sealant to the joint where 
the front cover and block meet. lnstall new front and rear seals into the front 
cover and over rear bearing c a p  move quickly here as the sealant sets up 
very quickly. Make sure that you press the tabs on each seal completely into 
the cylinder block. 

8. Apply gasket adhesive to the oil pan flange and also to 2 new side 
gaskets. Allow the adhesive to set up until it is tacky and then install the 
gaskets onto the flange on each side of the pan. 

9. Insert a guide pin into a hole on each side of the cylinder block 
mounting surface and then positian the oil pan onto the block. lnstall 4 M8 
bolts (two front and two rear) and tighten them to 96-120 inch Ibs. (10.8-13.6 
Nm). 

10. lnstall the remaining 18 M6 bolts and tighten them to 72-96 inch Ibs. 
(8.1-10.8 Nm), working clockwise around the pan from. 

11. Coat a new gasket with RTV sealant and then position the gasket 
onto the pan being very careful to line up all the holes. 
1990 Engines: 

12. Apply a 0.125 in. (3.18mm) bead of RTV sealant to the two joints (A) 
where the front cover meets the pan and the four joints where the oil pan 
meets the block (6). 

13. Apply gasket adhesive to a new oil pan gasket and allow it to set up 
until tacky. Position the gasket onto the oil pan flange making sure that all 
the holes line up correctly. 

14. Insert a guide pin into a hole on each side of the cylinder block 
mounting surface and then position the oil pan onto the block. Position the 
reinforcing strips on each side of the pan and then install 18 M6 bolts finger- 
tight. 

15. Remove the 2 guide pins and thread in the remaining two M6 bolts. 
Tighten all bolts to 72-96 inch Ibs. (8.1-10.8 Nm) in a clockwise pattern 
working around the pan. 

16. lnstall the oil drain fitting and finger tighten the bolt. Rotate the fitting 
and then attach the withdrawal tube. Tighten the fitting bolt and flare nut to 
15-1 8 ft. Ibs. (20-24 Nm), 

17. lnstall the starter motor and then install the engine (if removed). Run 
the engine up to normal operating temperature, shut it off and check the pan 
for any leaks. 
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Oil Pan 

Fig. 14 The oil pan uses a two-piece soft rubber gasket and two 
seals-1987-89 engines 

The two-piece oil pump utilizes an inner and outer rotor and a pressure 
relief valve. A baffled pick-up tube is bolted to the body of the pump. The 
pump is driven via the auxiliary shaft which is itself driven by the crankshaft 
via a timing belt. 

REMOVAL & INSTALLATION 

+ See Figures 16 and 17 CULT 
1. Remove the oil pan as previously detailed. ~emembefihat you 

probably need to remove the engine for this procedure. 
2. Loosen and remove the pump pick-up tube brace bolt. 
3. Loosen and remove the two pump mounting bolts and lift off the 

pump assembly. Pull out the pump shaft and take note of its orientation in 
the bore. 

4. Insert the pump shaft in the same manner in which it came out. 
5. Check that the pump and block mating surfaces are clean and then 

position the pump over the block so that the pump shaft slot is aligned 
correctly. Do not use a gasket or RTV sealant. 

6. Tighten the pump mounting bolts to 14-21 ft. Ibs. (19-28 Nm). 
7. Position the pick-up tube brace and tighten the bolt to 60 inch Ibs. (7 

Nm). 
8, Install the oil pan and engine. 

DISASSEMBLY & ASSEMBLY 

+ See Figure 17 CULT 

1. Remove the oil pan and oil pump. 
2. Remove the mounting bolts (2) and pull off the pick-up tube. 
3. Remove the 4 cover screws and lift off the cover. 
4. Lift out the two rotors and sit them down carefully as they break very 

easily. 

The pump body, relief valve and spring are serviced as an assembly. 

A 
Fig. 15 The oil pan uses a one-piece soft rubber gasket-1990 
enaines 

To assemble: 

5. Clean all components thoroughly in solvent and allow them to air dry 
completely-compressed air will speed the process if available. Clean the 
inside of the housing with a small toothbrush if necessary. 

6. Check the cover, inner housing and both rotors for scratching, nicks 
or any other signs of wear. Replace as necessary. 

7. Install the rotors so that the ID marks on each component are facing 
each other. 

8. Measure the clearance between the outer rotor race and the inner 
bore of the housing. Clearance should be 0.001-0.0013 in. (0.03-0.033mm). 

9. With the rotors still installed in the housing, lay a straight edge across 
the top of the assembly. Use a flat feeler gauge and measure the clearance 
between the straight edge and the rotors. Endplay must be 0.001-0.004 in. 
(0.03-0.10mm). 

10. Check the bearing clearance by measuring the outer diameter of the 
pump shaft with a micrometer and then subtracting that figure from the inner 
diameter of the housina bearina. Clearance should be 0.0015-0.0029 in. 
(0.04-0.07mm). 

11. Measurements outside of the soecifications on anv of the proceedinq 
stew will dictate reolacement of the associated componeh. 

'12. Install the &using cover and tighten the screws to 72-120 inch Ibs. 
(8.1-13.6 Nm). 

13. Connect the pick-up tube to the housing and tighten the 2 bolts to 14- 
21 ft. Ibs. (19-28 Nm). 

14. Install the oil pump and pan. 

REMOVAL & INSTALLATION 

+ See Figures 18,19 and 20 

1. Remove the engine from the boat as detailed previou$ in this 
section. 

2. Although not strictly necessary, we recommend removing the starter. 
3. Cut the plastic tie that secures the housing drain hose (if equipped) 

and the pull the hose out of the fitting. 
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Oil 

Fig. 16 Removing the oil pump assembly 

4. Remove the 4 or 5 mounting bolts and slide out the lower flywheel 
housing cover. 

5.-~oosen and remove any connections attached to either of the ground 
studs on each side of the flywheel. Move the electrical leads out of the way. 

6. Loosen the remaining retaining bolts (some of which were already 
removed with the shift bracket) for the flywheel housing and remove it. Take 
note of the positioning of any clamps so they may be installed in the same 
position. 

7. Slide a wrench behind the coupler and loosen the six flywheel 
mounting nuts gradually and as you would the lug nuts on your car or truck- 
that is, in a diagonal star pattern. 

8. Remove the coupler and then the flywheel. 
To install: 

9. Thoroughly clean the flywheel mating surface and check it for any 
nicks, cracks or gouges. Check for any broken teeth. 

10. Install the flywheel over the dowel on the crankshaft. 

The 2.3L engine uses a completely different coupler than other OMC 
engines-make sure that you have the correct part if replacing with a 
new one. 

R 

Fig. 18 Remove the upper cover. .. 

Cover 
/ 

ID 
Mark Rotors 

Pump 
Housin 
Fig. 17 Exploded view of the oil pump 

11. Slide the couoler over thestuds so that it sits in the recess on the 
flywheel. Install new jock washers and tighten the mounting bolts to 14-17 ft. 
Ibs. (19-23 Nm). Once again use the star pattern while tightening the bolts. 

12. Position the flywheel housing and the shift bracket. Make sure that 
the clamps are in their original positions and insert the mounting bolts. 
Tighten them to 28-36 ft. Ibs. (38-49 Nm). 

Fig. 19 ... and tl( en pull off the coupler after 
removing the bolts 

Fig. 20. Tighten the mounting bolts in a 
:riss-cross pattern 
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13. Install the washer, lock washer and inner nut on the ground stud and 

tighten it to 20-25 ft. Ibs. (27-34 Nm). Attach the electrical leads, install 
another lock washer and then tighten the outer nut securely. 

14. Slide the lower flywheel cover into place and tighten the bolts to 60- 
84 inch Ibs. (7-9 Nm). 

15. Attach the drain hose with a new plastic tie. 
16. Install the starter and engine. 

REMOVAL & INSTALLATION 

Two Piece Oil Seal 

+ See Figures 21,22,23 and 24 

These engines utilize a two-piece rear main seal. The seal can be 
removed without removing the crankshaft. You will need to remove the 
engine for this procedure though. 

1. Remove the engine as detailed previously in this section. 

2. Remove the oil pan and pump as detailed previously in this section. 

3. Loosen the retaining bolts and remove the rear main bearing cap. 
Carefully insert a small prybar or awl and remove the lower half of the seal 
from the cap. Do not damage the seal seating surface. 

4. Loosen the remaining bearing bolts just enough so that the 
crankshaft drops down 1116 in. at the rear. 

5. Using a hammer and a small drift or punch, tap on the end of the 
upper seal until it starts to protrude form the other side of the race. Grab the 
protruding end with pliers and pull out the remaining seal half. 

Upper and lower seals must replaced as a pair. 
one seal. 

6. Clean the seal grooves thoroughly with a sma 

Fig. 22 Drive out the old upper seal with a 
small drift 

I Fig. 21 Exploded view of the rear seal I 
7. Check that you have the correct new seal. Seals with a hatched inner 

surface can only be used on left hand rotation engines, smooth seals can be 
Never replace only used on any engine. Coat the lip and bead thoroughly with motor oil, but 

keep oil away from the seal parting surfaces. 
8, Your seal kit should come with an installation tool, if not, take a 0,004 

ll bottle brush. in. feeler gauge and cut each side back about a half inch so that you're left 
with an 11164 inch point. Bend the tool into the gap between the crankshaft 
and the seal seating surface. This will be your "shoe horn". 

9. Position the upper half of the seal (lip facing the engine) between the 
crank and the tool so that the seal's bead is in contact with the tool tip. Roll 
the seal around the crankshaft using the tool as a guide until each end is 
flush with the cylinder block. Remove the tool. 

Make sure that the tab on the seal is facing the rear. 

10. Tighten up all bearing cap bolts (except the rear) to bring the 
crankshaft back up into position. 

11. Insert the lower seal half into the main bearing cap with the lip facing 
the cap and the tab facing the rear. Start it so that one end is slightly below 
the edge of the cap and then use the tool to shimmy the seal all the way in 
until both edges are flush with the edge of the cap. Remove the tool. 

12. Make sure that the caplblock mating surfaces and the seal ends are 
free of any oil and then apply a small amount of Perfect Seal to the block just 
behind where the upper seal ends are. 

1- Cut away 

Fig. 23 Fabricate a seal installation tool out 
of an old feeler gauge ... 

1 -Installation tool 
2- Seal 
3- Engine block 
4- Crankshaft 

Fig. 24 ... and then use the tool to feed the 
seal around the crankshaft 
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Do not aet sealant on the seal ends. 

13. lnstall the bearing cap and tighten the bolts on all caps to 80-90 ft. 
Ibs. (109-122 Nm). 

14. lnstall the oil pump and pan. 
15. lnstall the engine. 

One Piece Oil Seal 

+ See Figure 25 CULT 

1. Remove the flywheel housing and cover as detailed in this section. 
2. Remove the engine coupler and flywheel from the engine as detailed 

in this section. 
3. Remove the engine and then the oil pan. 
4. Using an awl, punch a hole into the metal surface of the seal 

between the inner lip and the cylinder block. 
5. lnstall the threaded end of a slide hammer tool (# T77L-9533-B) into 

the end of the crankshaft and remove the seal. 
6. Thoroughly clean the seal and mating surface with clean engine oil. 
7. Position the seal on the installer tool (# T82L-6701-A) so that the 

spring side is facing the engine. Position the tool into place on the 
crankshaft, install the bolts and gradually (and alternately) tighten the bolts 
until the seal seats itself. The rear (outer) edge of the seal must be within 
0.005 in. (0.13mm) of the rear edge of the cylinder block. 

If the bolts supplied with the installation tool are not available, 
flywheellcoupler bolts may be used. 

8. Remove the tool and install the oil pan. 
9. lnstall the engine, flywheel and coupler. 

/ 
FRONT OF ENGINE 

Fig. 25 A good shot of the one piece seal and removal tool 

REMOVAL & INSTALLATION 

+ See Figure 26 CULT 

Any time the timing cover is removed, the timing belt should be 
inspected for wear or damage to determine if it should be replaced. 

1. Disconnect the negative battery cables. 
2. Drain all water from the system as detailed in the Maintenance 

section. 
3. Loosen the 4 water pump pulley bolts, but do not remove the pulley. 
4. Remove the power steering pump and alternator drive belt. 
5. Now remove the 4 bolts and pull off the water pump pulley. 
6. Remove the crankshaft pulley bolt and pulley. If difficulty is 

encountered, you may need to obtain a flywheel holding tool to keep the 
crankshaft from turning while loosening the bolt. Another method is to 
presoak the area with penetrating lubricant and allow it to sit overnight. A bolt 
which has been pretreated in this fashion will usually break loose easier. 

7. Remove the front cover retaining bolts (usually 4 Allen bolts and a 
Phillips screw) and remove the cover. Please note that the upper Allen bolt 
on the starboard side is linger than the others and must be installed in the 
same position. 

To install: 
8. Position the front cover on the engine. lnstall the retaining 

boltslscrew and tighten to 72-108 inch Ibs. (8-12 Nm). Don't forget that the 
longer bolt goes in the top hole. 

9. lnstall the crankshaft damper pulley and retaining bolt. Tighten the 
bolt to 100-120 ft. Ibs. (136-163 Nm. It's not a bad idea to use a new washer 
here. 

10. lnstall the water pump pulley and tighten the bolts to 14-21 ft. Ibs. 
(19-28 Nm). 

11. lnstall the drive belts and adjust the tension. 
12. Connect the battery cables. Run the engine, check for leaks and 

check the ignition timing. 

CHECKING 

1. Crank the engine without starting it until the timing mark on t& 
crankshaft pulley lines up with the TC mark on the timing grid. 

2. Pop out the rubber inspection plug found in the upper front cover and 
check that the camshaft sprocket timinq marks are aligned. If not, rotate the 
engine another full turn and recheck it.' 

Front 
Cover 

I 

\Clamper 
Pulley 

Fig. 26 Exploded view of the timing belt front cover 
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3. If the marks are aligned in the previous step, remove the distributor 

cap and confirm that the rotor is pointing to the No. 1 cylinder lead. 
4. If the belt fails any of these quick check, you will need to remove it 

and retime the engine. 

CORRECTING AN OUT-OF-TIME ENGINE 

If the crankshaft pulley and camshaft sprocket timing markTwere aligned 
in the Checking procedures, but the distributor rotor was not pointing at the 
No. 1 cylinder: 

1. Scribe a mark on the side of the distributor housing indicating the 
exact positioning of the cap tower for the No. 1 cylinder's spark plug lead. 

2. Pull out the high tension lead running from the ignition coil and 
ground it. Remove the distributor cap. 

3. Remove the distributor hold-down clamp bolt and then slowly pull up 
on the distributor until you feel it disengage from the auxiliary shaft. 

4. Rotate the rotor until it is 116th of a turn PAST the No.1 position. 
Insert the distributor back into the block until it is fully seated and engaged 
with the auxiliary shaft; you may have to wiggle the housing slightly to get 
everything to engage. 

5. When the distributor is fully seated in the block, you should notice 
that the rotor rotated back around to the No. 1 position. If it did not, repeat 
this procedure again until it does. 

6. Tighten the clamp bolt, install the cap and coil lead, and then start 
the engine. Check the ignition timing. 

If, in the Checking procedure, you were unable to aet the crankshaft and 
camshaft sprocket t ihng marks to align properly ~ a n ~ s i m u l t a n e o ~ s l ~ ) ,  the 
t ming belt has slipped. Refer to the Removal & Installation procedure and 
perform the steps 

REMOVAL & INSTALLATION 

ULT 
+ See Figures 27,28 and 

1. Disconnect the negative battery cables. 
2. Remove the front cover. 
3. Slide the retaining washer for the belt off of the crankshaft- 

remember that the concave side faces outward. 
4. Loosen the timing belt tensioner adjustment screw, position belt 

tensioner tool (# T74P-6254-A, or equivalent), on the tension spring roll pin 
and release the belt tensioner. Tighten the adjustment screw to hold the 
tensioner in the released position. 

SPROCKET 

Fig. 27 Exploded view of the timing belt and sprocket assembly 

5. Remove the crankshaft pulley, hub and beft guide. 
6. Remove the timing belt. If the belt is to be reused, mark the direction 

of rotation so it may be reinstalled in the same direction. 

If the belt is to be reused, inspect it for wear or damage. 

To install: 

Removing the spark plugs will make rotating the crankshaft easier. 

7. Rotate the engine and position the crankshaft sprocket to align the 
triangular mark on the sprocket with the TDC notch on the block. 

8. Position camshaft sprocket so that the timing mark aligns with the 
camshaft timing pointer grid. 

9. Remove the distributor cap and set the rotor to the No. 1 firing 
position by turning the auxiliary shaft. 

10. Install the timing belt over the crankshaft sprocket and then 
counterclockwise over the auxiliary and camshaft sprockets. Align the belt 
fore-and-aft on the sprockets, but be very careful not to disturb any of the 
timing marks alignments. 

11. Loosen the tensioner adjustment bolt to allow the tensioner to move 
against the belt. If the spring does not have enough tension to move the 
roller against the belt, it may be necessary to manually push the roller 
against the belt and tighten the bolt. 

12. If you haven't already done so, remove a spark plug from each 
cylinder in order to relieve engine compression and to make sure the belt 
does not jump time during rotation in the next step. 

13. Rotate the crankshaft two complete turns in the direction of normal 
rotation (clockwise when viewed from the front of the engine) to remove the 
slack from the belt. 

14. Tighten the tensioner adjustment bolt to 28-40 ft. Ibs. (40-55 Nm) and 
bracket bolt to 14-22 ft. Ibs. (20-30 Nm). 

15. Recheck the alignment of the timing marks. Rotate the engine two 
complete revolutions again and then make sure that the timing marks are all 
still in alignment. 

16. Install the retaining washer (concave side out) and slide it onto the 
crankshaft. The washer is keyed to the shaft. 

17. Install the front cover. 
18. Install the crankshaft damper pulley and tighten the retaining bolt to 

100-120 ft. lbs. (136-163 Nm). 
19. lnstall the water pulley and tighten the bolts to 14-21 ft. Ibs. 

(19-28 Nm). 
20. Install the spark plugs. 
21. Connect the battery cables. 
22. Start the engine and check the ignition timing. 

CA6HAFT SPROCKET 

WEBS FAC ING FRQNT 

TIMING M S  

SHAFT SPROCKET 

Fig. 28 Timing belt set-up 
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REMOVAL & INSTALLATION 

CULT 
+ See Figures 27 and 3 

1. Disconnect the battery cables. 
2. Remove the front cover and the timing belt. 
3. Remove the camshaft and auxiliary shaft sprocket retaining bolts, as 

necessary. A holding tool (# T74P-6256-8) is extremely helpful here. 
4. Remove the crankshaft, camshaft and auxiliary shaft sprockets, as 

necessary, using a suitable puller. 

To install: 

5. Install the crankshaft, camshaft andlor auxiliary shaft sprockets, as 
necessary. 

6. While holding the sprocket from turning (using the holding tool), 
tighten the camshaft sprocket retaining bolt to 80-90 ft. Ibs. (108.122 Nm) 
andlor the auxiliary sprocket retaining bolt to 28-40 ft. Ibs. (38-54 Nm. 

7. Install the timing belt and front cover. 
8. Connect the battery cables. 

I Fig. 29 Timing belt tensioner adjustment and pivot bolts I 

Fig. 31 Use a suitable tool to remove the 
:amshaft seal . . . 

REMOVAL & INSTALLATION 

CULT 
+ See Figures 31,32 an 

1. Disconnect the battery cables. 
2. Remove the front cover and timing belt. 
3. Remove the timing sprocket (crankshaft, camshaft andlor auxiliary 

shaft) under which the seal is being replaced. 

4. Use seal remover tool (#T74P-6700-B, or an equivalent jawed seal 
puller), to remove the crankshaft, camshaft andlor auxiliary shaft seal(s). 
Position the tool so that the jaws are gripping the thin edge of the seal very 
tightly. Operate the jackscrew on the tool to remove the seal. 

To install: 
5. Lubricate the lips of the new seals with clean engine oil. 
6. Use a threaded seal installer tool (# T74P-6150-A, or equivalent), to 

install the seals. 
7. Install the timing sprocket(s). 
8. Install the timing belt and front cover. 
9. Connect the battery cables. 

Center Arbor 

Fig. 30 The camshaft and auxiliary shaft sprockets are most easily 
removed or installed using a special holding tool 

Fig. 32 ... or use a punch very carefully if the 
tool is not available I Fig. 33 You must use the tool on the 

crankshaft or auxiliary shaft seals 
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REMOVAL & INSTALLATION 

CULT 
+ See Figures 32 thru 36 

W Depending on the available roomlclearance in the engine 
compartment, it may be necessary to raise the engine or remove it 
entirely in order to gain sufficient clearance when pulling out the 
camshaft. 

We recommend checking the camshaft lift prior to removing it from the 
cylinder block. 

I .  Disconnect the negative battery cable and drain the cooling system. 
2. Remove the cylinder head cover. 
3. Remove the front cover and the timing belt. 
4. Compress the valve springs using valve spring compressor lever (# 

T47P-6565-A), or equivalent, and remove the cam followers (rocker arms). 
5. Remove the camshaft sprocket retaining bolt and then remove the 

camshaft sprocket using a suitable puller. 
6. Remove the camshaft seal using a seal removal tool. 
7. Remove the two bolts pry off the camshaft rear retainer. 
8. Remove the camshaft slowly and carefully to prevent damage to the 

lobes, journals or bearings. 
9. Inspect the lobes and bearings for damage or wear. Replace the 

camshaft and bearings, as necessary. 
To install: 
10. If camshaft bearing replacement is necessary, you will have to rent or 

buy a bearing removal and installation tool. Essentially the tool is a threaded 
rod with a pulling plate and nut, along with various size drivers to push the 
bearings out of or pull the bearings into position. 

11. Make sure the threaded plug is in the rear of the camshaft. If you are 
replacing the camshaft, you may have to remove the plug from the old 
camshaft and install it in the new one. 

12. Coat the camshaft lobes with multi-purpose grease and lubricate the 
journals with heavy engine oil before installation. An engine assembly lube 
can also be used. Carefully slide the camshaft through the bearings. 

13. lnstall the camshaft rear retainer and tighten the two bolts to 6-9 ft. 
Ibs. (8-12 Nm). 

14. lnstall a new camshaft seal using a suitable seal installer. 
15. lnstall the camshaft sprocket and tighten the retaining bolt to 80-90 ft. 

Ibs. (1 08-1 22 Nm). 
16, lnstall the timing belt and front cover. 
17. lnstall the cylinder head cover. 
18. Connect the negative battery cable, then properly refill the engine 

cooling system. 
19. Run the engine and check for leaks. Check the ignition timing. 

REMOVAL & INSTALLATION 

+ See Figure 37 CULT 

1. Disconnect the battery cables. 
2. Remove the front belt cover and the timing belt. 
3. Remove the auxiliary shaft sprocket retaining bolt. Remove the 

sprocket using a puller. 
4. Remove the distributor. 
5. Remove the auxiliary shaft cover and the thrust plate. 
6. Withdraw the auxiliary shaft from the block being careful not to 

damaae the bearinas. 
To initall: 

., 
7. Dip the auxiliary shaft in engine oil before installing. Slide the 

auxiliary shaft into the cylinder block, being careful not to damage the 
bearings. 

8. lnstall the thrust plate and tighten the bolts to 6-9 ft. Ibs. (8-12 Nm). 
9. Position a new gasket and then install the auxiliary shaft cover. 

Tighten the cover screws to 6-9 ft. Ibs. (8-12 Nm). 

Cam Follower1 
Rocker 

RETAINING PLATE 

1 VIEW A I 

Seal 

Fig. 34 Exploded view of the camshaft 
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Fig. 35 Removing the rear retainer 

The auxiliary shaft cover and cylinder front cover share a common 
gasket. Cut off the old gasket around the cylinder cover and use half of 
the new gasket on the auxiliary shaft cover. 

10. Install the distributor. 
11. Install the auxiliary shaft sprocket and tighten the bolt to 28-40 ft. Ibs. 

(38-54 Nm). 
12. Align the timing marks and install the timing belt and front cover. 
13. Connect the battery cables. 
14. Check the ignition timing. 

Cover 
:ig. 37 Exploded view of the auxiliary shaft 

Fig. 36 Slide the camshaft in from the rear I 

REMOVAL & INSTALLATION 

+ See Figures 38,39 and 40 CULT 
1. Disconnect the battery cables and drain the cooling s$tem 
2. Remove the flame arrestor. 

W Before removing the spark plug wires, check the configuration of 
your engine against the firing order diagrams found in the Maintenance 
section. If your engine is different in any way, make notations to the 
diagrams to assure proper installation. Also, be sure to tag all of the 
spark plug wires and the distributor cap or ignition coil terminals, as 
applicable. 

3. Tag and remove the spark plug wires. Remove the spark plugs. 
4. Remove the distributor assembly. 
5. Tag and disconnect any vacuum hoses or electrical leads in the wav 

of head removal. 
6. Remove the intake manifold assembly. 
7. Remove the camshaft cover from the cylinder head. 
8. Remove the front cover retaining bolt(s) and remove the cover. 
9. Remove the timing belt from the camshaft pulley and the auxiliary 

pulley. Refer to the Timing Belts section. If the belt is not going to be 
replaced, be sure to mark the current direction of rotation on the belt to 
assure proper installation. 

:ig. 38 Exploded view of the cylinder head 
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3-18 ENGINE MECHANICAL - FORD 4 CYLINDER ENGINES 
10. Remove the exhaust manifold. 
11. Remove the timing belt idler and two bracket bolts. Remove the 

timing belt idler spring stop from the cylinder head. 
12. Tag and disconnect the oil sending unit wire. 
13. Remove the cylinder head bolts, then break the gasket seal and 

remove the cylinder head. 

Do not pry the cylinder head to break the gasket seal unless i t  i s  
absolutely necessary. Prying the cylinder head can deform the soft 
metal and compromise the gasket mating surfaces. 

To install: 

14. Clean all gasket mating surfaces and blow the oil out of the cylinder 
head bolt block holes. 

15. Check the cylinder head for flatness using a straightedge and a 
feeler gauge. If the head gasket surface is warped greater than 0.006 in. 
(0.152mm), it must be resurfaced. Do not grind off more than 0.010 in. 
(0.254mm) from the cylinder head. 

16. Position a new cylinder head gasket on the engine. Rotate the 
camshaft so that the locating pin is approximately 30 degrees to the right of 
the 6 o' clock position when facing the front of the cylinder head (this places 
the pin about at the five o'clock position) to avoid damage to the valves and 
pistons. 

17. If they are available, cut the heads off of two old cylinder head bolts 
to use as guide studs. Thread the studs into the engine block at opposite 
corners to use as guides. 

18. Make sure the gasket is properly fit to the block and then set the 
head into position. Apply a non-hardening gasket sealer to the bolt threads 
and install the bolts finger-tight. 

19. Tighten the head bolts using 2 passes of the sequence as illustrated, 
first to 50-60 ft. Ibs. (68-81 Nm) and then to 80-90 ft. Ibs. (108-122 Nm). 

Fig. 39 Use locating pins when installing the head 

20. Connect the oil sending unit wire. 
21. lnstall the timing belt tensioner spring stop to the cylinder head. 
22. Position the timing belt tensioner and tensioner spring to the cylinder 

head and install the retaining bolts. Rotate the tensioner against the spring 
with belt tensioner tool (# T74P-6254-A, or equivalent), and temporarily 
tighten. 

23. lnstall the exhaust manifold using a new gasket. For details, please 
refer to the Exhaust Manifold procedure found earlier in this section. 

24. Align the distributor rotor with the No. 1 plug location on the 
distributor cap and install it. 

25. lnstall the timing belt over the sprockets. If the belt is not being 
replaced, make sure you have installed it in the same direction of rotation as 
it was before removal. Complete timing belt installation as detailed under the 
Timing Belt procedures located in this section. Be sure to check belt tension 
and alignment, then to properly tighten the tensioner and pivot bolts. 

26. lnstall the front cover and tiahten the retaining bolt(s) to 6-9 ft. Ibs. (8- 
12 Nm). 

27. lnstall the rocker arm cover and tighten the retaining bolts to 48-84 
inch Ibs. 15.5-9.5 Nm). 

28. lnstall the intake manifold assembly. Tighten the bolts, in sequence, 
to 60-84 inch Ibs. (6.8-9.5 Nm) and then retighten them all to 14-18 ft. Ibs. 
(19-25 Nm). 

29. Connect all remaining vacuum hoses and electrical leads as tagged 
during removal. 

30. Position the alternator and install the drive belt. 
31. lnstall the spark plugs, then install the spark plug wires as tagged 

and noted during removal. 
32. lnstall the flame arrestor. 
33. Connect the battery cables. 
34. Bring the engine to normal operating temperature and check for 

leaks. 
35. Check the ignition timing 

Fig. 40 Cylinder head bolt torque sequence 
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TORQUE SPECIFICATIONS 

Component ft. lbs. inch Ibs. Nm 
Auxiliary shaft Sprocket bolt 28-40 38-54 

Thrust plate bolts 72-1 08 8-12 
Camshaft Cover 48-84 5.5-9.5 

Sprocket bolt 80-90 108-1 22 
Thrust plate (retainer) 72-1 08 8-12 

Connecting rod cap 30-36 40-49 
Crankshaft Damper pulley bolt 100-1 20 136-1 63 

Main bearing cap 80-90 108-1 22 
Cylinder head Step I 50-60 68-91 

Step 2 80-90 108-122 
Cylinder head cover 48-84 5.5-9.5 
Distributor clamp bolt 14-21 19-28 
Engine coupler Flywheel 54-64 73-87 

Flywheel housing 28-36 38-49 
Coupler nut 14-17 19-23 
Coupler ground stud 20-25 27-34 
Cover 60-84 7-9 

Engine mounts Front 
Adjusting nut 100-120 136-1 63 
Bracket bolts 32-40 43-54 
Lower nut 60-75 81-102 

Rear 
Center bolt 1987-8" I ~ - 3 n  94-37 

1989-9 
Lock nut 

Exhaust Pipe 1987-89 10-12 14-16 
1990 27-34 27-34 

Flywheel Bolt 54-64 73-87 
Cnver 60-84 7-9 

Housing 28-36 38-49 
Front cover 72-108 8-12 
Fuel pump 14-21 19-28 
Intake manifold Step 1 60-84 7-9 

Step 2 14-18 19-25 
Main bearing cap 80-90 108-1 22 
Oil  an M6 bolts 72-96 8-1 2 - - -  - - - 

M8 bolts 96-1 20 11-14 
Oil pump Cover bolts 72-1 20 8-14 

Mounting bolts 14-21 19-28 
Pick-up Tube 14-21 19-28 

Oil pressure sender 12-16 16-22 
Oil withdrawal tube (flare) 15-1 8 20-24 
Spark plug 5-10 6.8-13.6 
Timina belt Idler oullev 14-21 19-28 - - 

Tensioner oivot 28-40 38-54 
Valve cover 48-84 5 5-9 5 
Water pump (circulating pump) 14-21 19-28 
Water temperature sender 12-16 16-22 
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ENGINE SPECIFICATIONS 

I Standard Metric 
Component (in.) O (mm) O I Camshaft 

Connecting Rod 

Crankshaft 

Clearance 0.001-0.003 0.025-0.076 
Wear limit 0.006 0.152 

End Play 0.001-0.007 0.025-0.178 
Wear limit 0.009 0.229 

Journal Diameter 1.7713-1.7720 44.99-45 
Lobe Lift 0.2381 +I- 0.005 6.05 +I- 0.13 
Out or Round 0.005 0.127 
Runout 0.005 0.127 

Diameter 2.1720-2.1728 55.17-55.19 
Out or Round 0.004 0.102 
Piston pin bore 0.9104-0.9112 23.12-23-14 
Side Clearance 0.0035-0.0105 0.089-0.267 

Wear limit 0.015 0.38 
Out or Round 0.004 0.102 
Taper (max) 0.004 0.102 

- . ~  . ~ 

Connecting rod joumal diameter 2.0464-2.0472 51.98-52 
Crankshaft End Play 0.004-0.008 0.102-0.203 
Main Bearing 

Journal Diameter 2.3982-2.3990 60.91-60.94 
Out or round 0.0006 0.015 
Runout 0.002 0.05 

Wear limit 0.005 0.127 
Taper (max) 0.0006 0.015 

Piston 
Clearance 0.0014-0.0022 0.036 
Diameter Red 3.7780-3.7786 95.96-95.98 

Blue 3.7792-3.7798 95.99-96 
Piston Pin 

clearance 0.0002-0.0004 0.005 
Diameter 0.91 19-0.9124 23.16-23.18 
Interference fit Yes Yes 
Length 3.010-3.040 76.45-77.22 

I Piston Rincls 

Gap 0.01 0-0.020 0.254 
Clearance 0.002-0.004 0.05-0.10 

Oil 

I Gap 0.015-0.055 0.38-1.40 
Width Snug Snug 

ENGINE SPECIFICATIONS 

Standard Metric 
Component (in.) @ (mm) O 

Valve system 
Face Angle 44 deg. 
Lifter Hydraulic Hydraulic 
Rocker arm ratio 1.64:l 
Runout (max) 0.002 0.05 
Seat Angle 45 deg. 
Seat Width Intake 0.060-0.080 1.52-2.03 

Exhaust 0.070-0.090 1.78-2.29 
Spring (Outer) 

Free length 1.89 48 
Pressure 

lntake 71-79 Ibs. 316-351 N 
@ 1.56 @ 39.62 

Exhaust 159-175 Ibs. 707-778 N 
@ 1.16 @ 29.46 

Stern Clearance - . . . . . . . . . . .. . . . . 
Intake 0.0010-0.0027 0.025-0.069 
Exhaust 0.0015-0.0032 0.038-0.081 

O Unless othetwise noted 
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The OMC 2.5L 153 cubic inch displacement engine and the 3.OL 181 
cubic inch engine are manufactured by GMC and have been a favorite 
combination when mated to the OMC Cobra and SP stern drives. 

This in-line four-cylinder powerplant uses a full pressure lubrication 
system with a disposable flow-thru oil filter cartridge. Oil pressure is 
furnished by a gear-type oil pump, driven by the distributor, which is driven 
by a helical gear on the camshaft. A regulator on the oil pump controls the 
amount of oil pressure output. The oil pump scavenges oil from the bottom of 
the oil pan and feeds it through the oil filter and then to the main oil gallery in 
the block. Drilled passages in the block and crankshaft distribute oil to the 
camshaft and crankshaft to lubricate the rod, main and camshaft bearings. 
The main oil gallery also feeds oil to the valve lifters, which pump oil up 
through the hollow pushrods to the rocker arms to lubricate the valve train in 
the cylinder head. Cylinder numbering and firing orders are identified in the 
illustrations at the end of the Maintenance section. 

NEVER, NEVER attempt to use standard automotive parts when 
replacing anything on your engine. Due to the uniqueness of the 
environment in which they are operated in, and the levels at which they 
are operated at, marine engines require different versions of the same 
part; even if they look the same. Stock and most aftermarket 
automotive parts will not hold up for prolonged periods of time under 
such conditions. Automotive parts may appear identical to marine 
parts, but be assured, OMC marine parts are specially manufactured to 
meet OMC marine specifications. Most marine items are super heavy- 
duty units or are made from special metal alloy to combat against a 
corrosive salt water atmosphere. 

OMC marine electrical and ignition parts are extremely critical. In the 
United States, all electrical and ignition parts manufactured for marine 
application must conform to stringent US.  Coast Guard requirements for 
spark or flame suppression. A spark from a non-marine cranking motor 
solenoid could ignite an explosive atmosphere of gasoline vapors in an 
enclosed engine compartment. 

ENGINE 

+ See Figures 1 ,2  and 3 

The engine serial numbers are the manufacturer's key to engine changes. 
These alpha-numeric codes identify the year of manufacture, the horsepower 
rating and various modelloption differences. If any correspondence or parts 
are required, the engine serial number must be used for proper identification. 

Remember that the serial number establishes the year in which the 
engine was produced, which is often not the year of first installation. 

The engine specifications decal contains information such as the model 
number or code, the serial number (a unique sequential identifier given 
ONLY to that one engine) as well as other useful information. 

An engine specifications decal can generally be found on top of the flame 
arrestor or on the side of the rocker arm cover - all pertinent serial number 
information can be found hereengine and drive designations, serial 
numbers and model numbers. Unfortunately this decal is not always legible 
on older boats and it's also quite difficult to find, so please refer to the 
following procedures for each individuals unit's serial number location. 

Serial numbers tags are frequently difficult to see when the engine 
is installed in the boat; a mirror can be a handy way to read all the 
numbers. 

The engine seriallmodel number is sometimes also stamped on the port 
rear side of the engine where it attaches to the bell housing; although on 
most later models it may instead be a metal plate attached in the same 
location. If your engine has a stamped number it will simply be the serial 
number; if you have a plate (and you should), it will always show a Model 
number and then the actual Serial number. Additionally, most models will 
also have this plate or sticker on the transom bracket. 

The first two characters identify the engine size in liters (L); 30 
represents the 3,OL, 25 represents the 2.5L and so forth. 

* The third character identifies the fuel delivery system; 2 designates a 2 
bbl carburetor, 4 is a 4 bbl carburetor, and F is a fuel injected engine. 

The fourth character designates a major engine or horsepower 
change-it doesn't let you know what the change was, just that there was 
some sort of change. A means it is the first model released, B would be the 
second, and so forth 

The fifth character designates what type of steering system was used; 
M would be manual steering and P would be power steering. 

Now here's where it gets interesting; on 1986-87 engines and 1994-98 
engines, the sixth, seventh and eighth characters designate the model year. 
The sixth and seventh actually show the model year, while the eighth is a 
random model year version code. KWB and WXS represent 1986; and ARJ, 
ARF, FTC, SRC or SRY show 1987. MDA is 1994, HUB is 1995, NCA is 
1996, LKD is 1997 and BYC is 1998. 

On 1988-93 engines, the sixth character designates the direction of 
propeller rotation. R is right hand, L is left hand and E is either. 

Also on 1988-93 engines, the seventh, eighth and ninth characters 
designate the model year. The seventh and eighth actually show the model 
year, while the ninth is a random model year version code. GDE or GDP is 
1988, MED or MEF is 1989, PWC, PWR or PWS is 1990, RGD or RGF is 
1991, AMH or AMK is 1992 and JVB or JVN is 1993. 

Any remaining characters are proprietary. So in example, a Model number 
on the ID plate that reads 302AMFTC would designate a 1987 3.OL engine 
with a 2 bbl carburetor and manual steering, first model released. 

Engine Model Designations 

All engines covered here utilize unique identifiers assigned by OMC; 
surnames if you will-2.3, 3.OGL, 3.OGS, etc. Obviously the first two 
characters designate the engine size in litres (L). The second letter, a G or 
and F designate the engine manufacturer; General Motors (G) or Ford (F). 
The third through fifth letters can be found in different combinations, but the 
individual letter designates the same thing regardless of position. L 
designates limited output. S and X designate superior output-a 3.OGL will 
always have a lesser horsepower rating than a 3.OGS in a given model year; 
a 5.7GL will be less than a 5.7GS. i designates that the engine is fuel 
injected, if there is no i then you know the engine uses a carburetor. 

REMOVAL & INSTALLATION 

CULT 
+See Figures 4 thru 10 

Prior to removing the engine from your vessel, it is imperative to 
measure the engine height as detailed in the Determining Minimum 
Engine Height section on 1995-98 engines. DO NOT remove the engine 
until you have completed this procedure! 

1. Check the clearance between the front of the engine and the inside 
edge of the engine compartment bulkhead. If clearance is less than 6 in. 
(15.2mm), you will need to remove the stern drive unit because there won't 
be enough room to disengage the driveshaft from the engine coupler. More 
than 6 in. will provide enough working room to get the engine out without 
removing the drive, BUT, we recommend removing the drive anyway. If you 
intend on doing anything to the mounts or stringers, you will need to re-align 
the engine as detailed in the Engine Alignment section-which requires 
removing the drive, so remove the drive! 

2. Remove the stern drive unit as detailed in the Drive Systems section. 
3. Open or remove the engine hatch cover. 
4. Disconnect the battery cables (negative first) at the battery and then 

disconnect them from the engine block and starter. 

Make sure that all switches and systems are OFF before disconnecting 
the battery cables. 
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8MC King Cobras 

Model Year Designation: 
Randomly chosen 

P R A M H  

Randomly chosen for each 
major non-interchangeable 

Fig. 1 Decoding the engine model number is easy 

I Fig. 2 Engine serial number sticker-3.0L engines (2.5L engine 
similar) 

5. Disconnect the two power steering hydraulic lines at the steering 
cylinder (models wlpower steering). Carefully plug them and then tie them off 
somewhere on the engine, making sure that they are higher then the pump 
to minimize any leakage. 

6. Disconnect the fuel inlet line at the fuel pump or filter (whichever 
comes first on your particular engine) and quickly plug it and the inlet- a 
clean golf tee and some tape works well in this situation. Make sure you 
have rags handy, as there will be some spillage. 

7. Tag and disconnect the two-wire trimltilt connector. 
8. Pop the two-wire trimhilt sender connector out of the retainer and 

then disconnect it. You may have to cut the plastic tie securing the cable in 
order to move it out of the way. 

Model Year Version: 

Fig. 3 You should also be able to find a plate on the transom 
bracket 

9. Locate the large rubber coated instrument cable connector (should 
be on the starboard side), loosen the hose clamp and then disconnect it fron 
the bracket. Move it away from the engine and secure it. On early models, 
you will also need to unplug the three-wire trimhilt cable connector just 
above it. 

.Take note of your throttle arm attachment stud- is it a "push-to- 
close" or a "pull-to-close"? 

10. Remove the cotter pin and washer from the throttle arm. Loosen the 
anchor block retaining nut and then spin the retainer away from the cable 
trunnion. Remove the throttle cable from the arm and anchor bracket. Be 
sure to mark the position of the holes that the anchor block was attached to. 
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Fig. 4 Disconnect the power steering lines at the cylinder I 

Fig. 6 Disconnect the instrument cable 
connector 

Fig. 5 Locate the engine lifting brackets ... 

I 
Fig. 7 ... and then connect and engine hoist 

11. Loosen the hose clamps (4) and disconnect the exhaust elbow 
bellows from elbow. You may want to spray some WD-40 around the lip of 
the hose where it connects to the elbow, grasp it with both hands and wiggle 
it back and forth while pulling down on it. 

12. Drain the cooling system as detailed in the Maintenance section. 
13. Loosen the hose clamp on the water supply hose at the transom 

bracket and carefully slide it off the water tube. Attach the hose to the 
engine. 

14. Disconnect the shift cables and position them out of the way. 
15. Tag and disconnect any remaining lines, wires or hoses at the 

engine. 
16. Attach a suitable engine hoist to the lifting eyes (usually front 

starboard side, rear port side) and take up any line slack until it is just taught. 

W The engine hoist should have a capacity of at least 1500 Ibs. (680 
kg). 

17. Locate the rear engine mounts and remove both lock nuts and flat 
washers. 

18. Locate the front engine mount and remove the two lag bolts. 
19. If you listened to us at the beginning of the procedure, the drive unit 

should be removed. If so, slowly and carefully, lift out the engine. Try not to 
hit the power steering control valve, or any other accessories, while 
removing it from the engine compartment. If you didn't listen to us, and you 
had sufficient clearance in the engine compartment, the drive unit is probably 
still installed. Raise the hoist slightly until the weight is removed from the 
mounts and then carefully pull the engine forward until the driveshaft 
disengages from the coupler, now raise the engine out of the compartment. 

To install: 
20. Apply Engine Coupler grease to the splines of the coupler. 
21. Slowly lower the engine into the compartment. If the drive unit was 

not removed, AND the crankshaft has not been rotated, insert the driveshaft 
into the coupler as you push the engine backwards until they engage 
completely and then lower the engine into position over the rear mounts until 
the front mounts just touch the stringers. If the shaft and coupler will not align 
completely, turn the crankshaft or driveshaft slightly until they mate correctly. 

Anchor 
Block 

Cotter 
Pin 

~ n c h o r '  
Bracket 

If the drive was removed, or the mounts were disturbed in any way, lower the 
engine into position over the rear mounts until the front mount just touches 
the stringer. 

22. Install the two flat washers into the recess in the engine bracket side 
of the rear mounts and then install the two lock nuts. Tighten them to 28-30 
ft. Ibs. (38-40 Nm). 

Never use an impact wrench or power driver to tighten the locknuts. 

23. Install the lag bolts into their holes on the front mounts and tighten 
each bolt securely. 

24. If the drive was removed, the mounts were disturbed or the 
driveshaftkoupler didn't mate correctly, perform the engine alignment 
procedure detailed in this section. We think it's a good idea to do this 
regardless! After you've performed the alignment procedure, make sure that 
you hold the top adjusting nut and tighten the lower nut on the mount to 115- 
140 ft. Ibs. (1 56-1 90 Nm). 

25. Reconnect the exhaust bellows by sliding it up and over the elbow, 
position the clamps between the ribs in the hose and then tighten the clamps 
securely. Make sure you don't position the clamps into the expanding area. 

26. Reconnect the water inlet hose. Lubricate the inside of the hose and 
wiggle it onto the inlet tube. Slide the clamp over the ridge and tighten it 
securely. This sounds like an easy step, but it is very important-if the hose, 
particularly the underside, is not installed correctly the hose itself may 
collapse or come off. Either scenario will cause severe damage to your 
engine, so make sure you do this correctly! 

27. Carefully, and quickly, remove the tape and plugs so you can connect 
the power steering lines. Tighten the large fitting to 15-17 ft. Ibs. (20-23 Nm) 
and the small fitting to 10-12 ft, Ibs. (14-16 Nm). Don't forget to check the 
fluid level and bleed the system when you are finished with the installation. 

28. Reconnect the trimltilt connector so the two halves lock together. 
29. Reconnect the trim position sender leads, the instrument cable, the 

engine ground wire, the battery cables and all other wires, lines of hoses that 
were disconnected during removal. Make sure you swab a light coat of 
grease around the fitting for the large enginelinstrument cable plug. 
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Boss 
\ Groove 

Trunnion 

Fig. 9 Details of the throttle cable and trunnion 

Always make certain that all switches and systems are turned OFF 
before reconnecting the battery cables. 

Make sure all cables, wires and hoses are routed correctly before 
initially starting the engine. 

30. Unplug the fuel line and pumplfilter fitting and reconnect them. 
Remember to check for leaks as soon as you start the engine. 

31. Install and adjust the throttle cable. For complete details, please refer 
to the Fuel System section): 

a. Remember we asked you to determine if you had a "push-to-close" 
or "pull-to-open" throttle cable (the throttle arm stud)? Position the remote 
control handle in Neutral-the propeller should rotate freely. 

b. Turn the propeller shaft and the shifter into the forward gear detent 
position and then move the shifter back toward the Neutral position halfway. 

c. Position the trunnion over the groove in the throttle cable so the 
internal bosses align and then snap it into the groove until it is fully seated. 

d. lnstall the trunnionlcable into the anchor block so the open side of 
the trunnion is against the block. Position the assembly onto the bracket over 
the original holes (they should be the lower two of the four holes) and then 
install the retaining bolt and nut. When the nut is securely against the back of 
the bracket, tighten the bolt securely. 

e. lnstall the connector onto the throttle cable and then pull the 
connector until all end play is removed from the cable. Turn it sideways until 
the hole is in alignment with the correct stud on the throttle arm. Slide it over 
the stud and install the washer and a new cotter pin. Make sure the cable is 
on the same stud that it was removed from. Tighten the jam nut against the 
connector 

On 1995-98 engines, the throttle arm connector nut must be 
installed on the cable with a minimum of 9 turns-meaning that at least 
114 in. of thread should be showing between the end of the cable and 
the edge of the nut. 

32. lnstall and adjust the shift cables. Please refer to the Drive Systems 
section for further details. 

33. Check and refill all fluids. Start the engine and check for any fuel or 
coolant leaks. Go have fun! 

DETERMING MINIMUM ENGINE HEIGHT 

1995-98 Engines 

+ See Figure 11 

This procedure MUST be performed prior to removing the engine from the 
vessel. 

1. With the engine compartment open, position a long level across the 
transom running fore and aft. 

2. Have a friend or assistant steady the level while you measure from 
the bottom edge of the tool to the top of the exhaust elbow. Record the 
distance as "1". 

Trunnion 

Anchor 
Block 

Retaining 

Fig. 10 Attach the anchor block assembly to the bracket 

3. Now measure from the bottom of the level to the static water line on 
the drive unit. Record the distance as " 2 .  

4. Subtract the elbow measurement (1) from the static waterline 
measurement (2). If the result is less than 9 in. (228mm), an exhaust elbow 
high rise kit must be installed (available from your local parts supplier). 

ENGINE ALIGNMENT 

CULT 
+ See Figures 12 and 

Engine alignment is imperative for correct engine installation and also for 
continued engine and drive operation. It is a good idea to ensure proper 
alignment every time that the drive or engine have been removed. Engine 
alignment is checked by using OMC alignment tool #912273 and handle 
#311880 (Volvo #3851083-0 and #3850609-31). Engine alignment is 
adjusted by raising or lowering the front engine mountjs). 

1. With the drive unit off the vessel, slide the alignment tool through the 
gimbal bearing and into the engine coupler. It should slide easily, with no 
binding or force. If not, check the gimbal bearing alignment as detailed in the 
Drive Svstems section. If bearina alianment is correct, move to the next step. 

2. i f  your engine utilizes a j&n nut on the bottom of the mount bolt, 
loosen it and back it off at least 112 in. 

3. Loosen the lock nut and back it off. 
4. Now, determine if the engine requires raising or lowering to facilitate 

alignment-remember, the alignment tool should still be in position. T~ghten 
or loosen the adjusting nut until the new engine height allows the alignment 
tool to slide freely. 

5. Hold the adjusting nut with a wrench and then tighten the lock nut to 
115-140 ft. Ibs. (156-190 Nm). If your engine uses a jam nut, cinch it up 
against the lock nut. 

6. Remove the alignment tool and handle. 

Fig. 11 Use a level to determine minimum engine height 
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Fia. 12 lnstall the alianment tool through the aimbal bearing 

REMOVAL & INSTALLATION 

+ See Figure 13 CULT 
1 Pos~tron an engrne ho~st over the engrne and hook rt u ~ t o  the two 

englne llftlng eyes 
2 Remove the two lag bolts on each srde of the mount where it rests 

on the stringer 
3 Ra~se the engine just enough to allow worklng room for removlng the 

mount 
4 Remove the four mount-to-eng~ne mountlng bolts with the~r lock 

washers and l~ft out the mount Don't forget the spacer on the port side 
5 Measure the d~stance between the bottom of the large washer on the 

lower side of the mountrng bracket and the upper side of the smaller washer 
on top of the mount rtself Record it 

6 Posit~on an open end wrench over the adjustrng shaft just underneath 
the bracket to hold the shaft and then remove the top nut Lrft off the bracket 
and the spacer 

7 Remove the two bolts attach~ng the rubber mount to the upper 
bracket and remove ~t 

8 Remove the lower lock nut from the adjustlng shaft and lift the shaft 
out of the lower mount Some appl~cat~ons may have a jam nut under the 
locknut 

To install: 
9 Drop the adjustrng shaft lnto the lower mount and sprn on the lower 

locknut until ~t IS fingertrght 
10 Sl~de the spacer over the top end of the shaft 
11 Posit~on the rubber mount back Into the upper bracket and t~ghten the 

bolts to 30-35 ft Ibs (41-47 Nm) 
12 Pos~tron the upper bracket over the adjustrng shaft and then tighten 

the upper nut to 50-60 ft Ibs (68-81 Nm) 
13 Pos~tron the assembly onto the engrne, hold the spacer In place and 

install the two long bolts on the port srde lnstall the two shorter bolts Into the 
starboard s~de We suggest usrng new lock washers here Trghten the long 
bolts to 48-56 ft Ibs (65-76 Nm) and the short bolts to 32-40 ft Ibs (43-54 
Nm) 

14 Retr~eve the measurement you took earlier and check ~t now Loosen 
the lower locknut and rotate the adjustlng shaft untrl you achieve the correct 
d~stance between the two washers Once th~s IS done, clnch up the lower 
locknut unt~l rt IS trght agalnst the lower surface of the lower mount and then 
tighten the adjusting nut to 11 5-1 40 ft Ibs (1 56-190 Nm) 

15 Pos~tion the mount over the lag screw holes and then slowly lower 
the engine unt~l all we~ght is off the hoist Install and tighten the lag screws 
securely 

16 If you're confident that your measurements and subsequent 
adjustment place the englne exactly where rt was prror to removal, then you 
are through If you're l~ke us though, you may want to check the engine 
al~gnment before you frre up the engrne 

1 - Lag bolts and flat washers 

Fig. 13 A good view of the front engine mount-not all engines 
utilize the iam nut 

REMOVAL & INSTALLATION 

CULT 
1. Remove the engine as previously detailed. 
2. Loosen the two bolts and remove the mount from the transom plate. 
3. Hold the square nut with a wrench and remove the shaft bolt. Be 

sure to take note of the style and positioning of the two mount washers as 
you are removing the bolt. Mark them, lay them out, or write it down, but 
don't forget their orientation!! 

To install 
4. Slide the lower of the two washers onto the mount bolt, exactly as it 

came off. 
5. Slide the bolt Into the flat side of the rubber mount, install the 

remaining washer (as it came off!) and then spin on the square nut. Do not 
tighten it yet. 

Incorrect washer installation will cause excessive vibration during 
engine operation. 

6. Turn the assembly upside down and clamp the nut in a vise. Spin the 
assembly until the holes in the mounting plate are directly opposite any two 
of the flat sides on the nut. This is important, otherwise the slot on the 
engine pad will not engage the mount correctly. Secure the mount in this 
position and tighten the bolt to 18-20 ft. Ibs. (24-27 Nm) on 1986-88 engines, 
or 44-52 ft. Ibs. (60-71 Nm) on 1989-98 engines. 

7. Remove the mount from the vise and position it on the transom plate. 
lnstall the bolts and washers and tighten each to 20-25 ft. Ibs. (27-34 Nm). 

8. Install the engine, making sure that the slot in the engine pad 
engages the square nut correctly. Install the two washers and locknut and 
tighten it to 28-30 ft. Ibs. (38-41 Nm). 

REMOVAL & INSTALLATION 
A 

1. Open or remove the engine compartment hatch. ~ i s c z n e c t  the 
negative battery cable. 

2. Loosen the clamp and remove the crankcase ventilation hose at the 
cover (if equipped). Carefully move it out of the way. 

3. Tag and disconnect the shift cut-out switch leads at the terminal 
block. 

4. If your engine has a spark plug wire retainer attached to the cover, 
unclip the wires or remove the retainer. 

©PDF Manual Master 2006



ENGINE MECHANICAL - GM 4 CYLINDER ENGINES 4-7 
5. Remove the fuel line at the pump and plug it, and the fitting, to avoid 

spills and system contamination. Remove the overflow hose also, plugging it 
and moving it out of the way, Have some rags nearby, as there will be some 
seepage either way. Move the line out of the way of the cover. 

6. Remove the circuit breaker bracket and carefully position it out of the 
way. 

7. Loosen the cover mounting bolts and lift off the cylinder head cover. 
Take note of any harness or hose retainers and clips that might be attached 
to certain of the mounting bolts; you need to make sure they go back in the 
same place. 

To install: 
8. Clean the cylinder head and cover mounting surfaces of any residual 

gasket material with a scraper or putty knife. 
9. Position a new gasket on the cylinder head and then position the 

cover (don't forget the J-clips!). Tighten the mounting bolts to 45 inch Ibs. (5 
Nm) on 1986-93 engines, or 65 inch Ibs. (7.3 Nm) on 1994-98 engines. 
Make sure anv retainers or clips that were removed are back in their oriclinal 
positions. 

10. Reconnect the fuel line to the pump. Check for leaks now, and after 
you restart the engine. 

11. Connect the crankcase ventilation hose and the cut-out switch leads. 
Check that there were no other wires or hoses you may have repositioned in 
order to gain access to the cover. 

12. Connect the battery cables. 

REMOVAL & INSTALLATION 

* See Figure 14 DE/?ATE 

1. Open or remove the engine hatch cover and disconnect the negative 
battery cable. Remove the cylinder head cover as detailed previously. 

2. Bring the piston in the No. 1 cylinder to TDC. If servicing only one 
arm, bring the piston in that cylinder to TDC. The No. 1 cylinder is the first 
cylinder at the front of the engine. 

3. Loosen and remove the rocker arm nuts and lift out the balls. Lift the 
arm itself off of the mounting stud and pull out the pushrod. It is very 
important to keep each cylinder's component parts together as an assembly. 
We suggest drilling a set of holes in a 2x4 and positioning the pieces in the 
holes. 

To install: 
4. Clean and inspect the rocker assemblies. 
5. Coat all bearing surfaces of the rocker assembly with engine oil. 
6. Slide the push rods into their holes. Make sure that each rod seats in 

its socket on the lifter. 
7. Position the rocker arm over the stud so that the cupped side rides 

on the push rod. Slide the ball over the stud, install the nut and tighten it 
securely, or until all play in the push rod is taken up. 

8. Adjust the valves and install the cylinder head cover. 
9. Connect the battery cable and check the idle speed. 

Fig. 14 Exploded view of the rocker arm assembly 

VALVE ADJUSTMENT 

+ See Figure 15 DERA TE 

OMC recommends adjusting the valves while the engine is cold and 
while the engine is OFF. 

These engines utilize hydraulic valve lifters, although there is no need for 
periodic valve adjustment, it is necessary to perform a preliminary 
adjustment after any work on the valve trainlrocker assembly. All adjustment 
should be undertaken while the lifter is on the base circle of the camshaft 
lobe for that particular cylinder. This means the opposite side of the pointy 
part of each lobe. 

1. Rotate the crankshaft, or bump the engine with the starter until the 
No. 1 cylinder is at TDC of the compression stroke- remember, this is the 
first cylinder at the front of the engine). Both lifters should be on the base 
circle of the camshaft. Note that the notch or mark on the damper pulley will 
be lined up with the 0 mark on the timing scale. Be careful here though, this 
could mean that either the No. 1 or the No. 4 piston is at TDC. Place your 
hand on the No. 1 cylinder's valve and check that it does not move as the 
mark on the pulley is approaching the 0 mark on the tab. If it does not move, 
you're ready to proceed; if it does move, you are on the No. 4 cylinder and 
need to rotate the engine an additional full turn (360". This is important so 
make sure you've gotten it right! 

Another method is to mark the position of the No. 1 cylinder's terminal on 
the distributor; do this on the body of the distributor because you're about to 
remove the cap. Remove the distributor cap and bump the engine over with 
the starter until rotor points to the mark you made previously for the No. 1 
cylinder terminal. Once again, you're at TDC on the compression stroke. 

2. Now that the No. I cylinder is at TDC, you can adjust both valves. 
Loosen the adjusting nut on the rocker until you can feel lash (play in the 
push rod) and then tighten the nut until the lash has been removed. Carefully 
jiggle the push rod while tightening the nut until it won't move anymore-this 
is zero lash. Tighten the nut an additional full turn to set the lifter and then 
you're done. Perform this procedure on each of the valves for this cylinder. 

3. Perform the first two stem on the remainina cylinders in the proper 
order (2-4, front to back), setting the respective pision'for each cylinber'at 
TDC. 

Fig. 15 Wiggle the push rod slowly while tightening the rocker 
adiustina nut 
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REMOVAL & INSTALLATION 

1. Remove the cylinder head cover. 
DERATE 

2. Usina com~ressed air, thorouahlv cle the 
cylinder heaa and ;elated componen6. * 

If compressed air is not available, we highly recommend that you DO 
NOT proceed with this procedure. It is EXTREMELY important that no 
dirt gets into the lifter recesses before completing the installation. 

3. Loosen the rocker arms and pivot the rockers off of the pushrods. 
4. Disconnect the spark plug wires at the plugs. 
5. Remove the high tension lead at the coil. Tag and disconnect both 

electrical connectors and then remove the coil and its bracket from the 
cylinder head. 

6. Remove the distributor cap and mark the position of the rotor on the 
body of the distributor housing. Matchmark the distributor housing to the 
cylinder block and then remove the distributor, covering the hole carefully. 

7. Remove the pushrod cover and gasket from the side of the cylinder 
block. On most later models, this will require removing the shift bracket 
assembly and moving it as~de. 

8. Remove the pushrods and lifters from the block, being very careful to 
keep track of where each one came from. Once again, we suggest using a 
2x4 with holes drilled in it to store the rods and lifters; you'd be amazed at 
how quickly this job will fall apart if someone walks in and kicks the 
components that you have laid out on the floor! 

To install: 
9, Inspect the camshaft contact surface on the bottom of each lifter for 

excessive wear, galling or other damage. Discard the lifter if any of the 
above conditions are found. You'll probably also want to check out the 
camshaft lobe for damage also. 

10. Coat the bottom of each lifter with MolykoteB and then carefully 
install each one into its res~ective recess. 

11. lnstall the pushrods and then install the pushrod cover with a new 
gasket. Tighten the retaining bolts securely. If you removed the shift bracket 
previously, install it now. 

12, lnstall the distributor so the marks on the housing and block are in 
alignment. Confirm that the rotor orientation mark made on the housing still 
aligns with the direction that the rotor is pointing. If not, or if the engine has 
been rotated for some reason during this procedure, please refer to the 
Ignition System section for complete details. 

13. lnstall the distributor cap. 
14. lnstall the coil and its bracket. Reconnect all plug wires and electrical 

leads. 
15. Move the rockers into position and then adjust the valve lash as 

detailed previously. 
16. lnstall the cylinder head cover. 

If any, or all, of the lifters has been replaced with a new one it is very 
important that you add GM Engine Oil Supplement to the crankcase 
BEFORE starting the engine. 

These engines incorporate the intake and exhaust manifolds into one unit 
called a combination manifold. It is serviced as a unit. 

REMOVAL & INSTALLATION 

+ See Figure 16 DERATE 
1. Open or remove the engine compartment hatch. ~ l s c x e c t  the 

negative battery cable. 
2. Drain all water from the engine, manifold and exhaust elbow as 

detailed in the Maintenance section. 
3. Remove the flame arrestor and set it aside. 

4. Disconnect the throttle cable from the carburetor, remove the anchor 
bolt and position the cable out of the way. Mark which anchor stud the cable 
was attached to for installation. 

5. Disconnect the fuel line at the carburetor and fuel pump. Plug the 
pump inlet fitting. Make sure you have some rags handy to mop up the 
inevitable spill. 

6. Remove the carburetor as detailed in the Fuel System section. 
7. Remove the crankcase ventilation hose. Tag and disconnect any 

vacuum or electrical lines and then remove the carburetor. 
8. Disconnect the shift cables. 
9. Disconnect the water inlet line from the thermostat housing. 

10. Remove the alternator and its mounting bracket as detailed in the 
Charging System section. 

On certain early engines without power steering, it may not be 
necessary to remove the alternator. 

11. Tag and disconnect any wires or hoses that may interfere with 
manifold removal. 

12. Loosen the clamps and slide the exhaust pipe bellows off of the high 
rise elbow. Remove the mounting bolts (or nuts) and lift the elbow off of the 
manifold along with the throttle linkage plate. 

13. If equipped, remove the oil cooler and mounting bracket. 
14. Loosen and remove the manifold mounting bolts (4) and nuts (2) 

from the center outward and remove the manifold from the cylinder head- 
you may have to provide a little friendly persuasion. 

To install: 
15. Carefully clean all residual gasket material from the head, manifold 

and elbow mating surfaces with a scraper or putty knife. lnspect all gasket 
surfaces for scratches, cuts or other imperfections. 

16. Position a new gasket on the cylinder head and install the manifold; 
making sure that everything is aligned properly. Tighten all bolts/nuts until 
they are just tight and then torque them to 20-25 ft. Ibs. (27-34 Nm), starting 
in the center and alternately working your way out to the ends of the 
manifold. 

17. Position a new gasket coated with sealer on the manifold, making 
sure that the indents line up and then install the elbow. You may also have 
an additional gasket and a restrictor plate on some models. Tighten the 
mounting boltslnuts to 12-14 ft. Ibs. (16-19 Nm). Connect the exhaust 
pipelbellows and tighten the clamps securely. 

18. Connect the water inlet line and the shift cables. 
19. lnstall the carburetor with a new gasket and reconnect the throttle 

cable, choke wire and any vacuum lines. Remember which anchor stud the 
throttle was attached to. 

20. Connect the fuel line to the carb and the fuel pump (remember to 
unplug the pump fitting) and then install the flame arrestor. 

21. lnstall the alternator; tighten the alternator and bracket bolts to 26-30 
ft. Ibs. (35-41 Nm). lnstall the oil cooler if removed. 

22. Make sure that any miscelaneous lines or hoses that you may have 
moved or disconnected during removal are reconnected and routed properly. 

23. Fill the system with water, connect the battery cable and start the 
engine. When the engine reaches normal operating temperature, turn it off 
and re-torque the manifold bolts. 

REMOVAL & INSTALLATION 

+ See Figure 16 

1. Drain the cooling system. 
2. Loosen the hose clamps and slide off the exhaust hose (bellows). 
3. Reach into the open end of the elbow and loosen the hose clamp to 

disconnect the coolant hose if so equipped. Remove the hose and fitting, 
positioning them out of the way. 

4. Disconnect the throttle cable from the arm and anchor bracket. 
Position it out of the way. 

5. Remove the two bolts or nuts on the forward side of the elbow 
mating flange and swing the throttle cable anchor bracket out of the way. 

6. Remove the two nutslbolts and washers from the rear side of the 
elbow and lift it off the manifold. A little friendly persuasion with a soft rubber 
mallet may be necessary! Be careful though, no need to take out all your 
aggressions on the poor thing. 

7. Remove the gasket(s) and restrictor plate (if equipped). You can 
throw away the gasket(s), but keep the plate if your engine uses it. 
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lj 

Manifold 

Tg. 16 Exploded view of the manifold, elbow and exhaust pipe 

To install: 
8. Clean the matina surfaces of :he manifold ana elbow thorolrahlv. coat 

both sides of a new gase l  with Gasket Sealing compound and pos%oiit 
onto the manifold flange. 

REMOVAL & INSTALLATION 
9. If your engine was so equipped, position the restrictor plate and/or 

second gasket onto the manifold. Don't forget to coat the gasket with sealing + see ~i~~~~~ 16,17, 18 and 19 DERA TE 
comoound. 

10 Posltlon the elbow on the man~fold, Install the anchor bracket and 
screw the two boltsinuts In f~nger t~ght Install the remalnlng two bolts/nuts 1. Loosen all four hose clamps, two on top of the hose and two on the 

wlth new lock washers and then tlghten all four to 12-14 ft Ibs (16-19 Nm) bottom 

11 Connect the coolant hose Into the elbow and t~ghten the clamp 2 Drizzle a soapy water solut~on over the top of hose where ~t mates 

12 Sl~de the exhaust hose, wh~le w~ggl~ng ~ t ,  all the way onto the elbow w~th the exhaust elbow and let ~t s ~ t  for a m u t e  

and t~ghten the clamp screws securely 3 Grasp the hose w~th both hands and w~ggle ~t slde-to-s~de while 

13 Reconnect the throttle cable pullmg down on it unt~l ~t separates from the elbow. 
4 Now w~aale ~t wh~le pullma upwards unt~l ~t pops off the exhaust plpe 

Make sure thatyou secure the eihaust pipe while puiling off the hose. 
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5. Check the hose for wear, cracks and deterioration. 
6. Coat the inside of the lower end of the hose with soapy water and 

wiggle it into position on the pipe. Remember to install the two clamps before 
sliding it over the end of the pipe. 

H There are usually two ribs on one end of the hose--this is the side 
that attaches to the exhaust elbow. Do not position this end onto the 
exhaust pipe. 

7. Slide two clamps over the upper end (the side with two ribs!), 
lubricate the inside with soapy water and wiggle the hose over the elbow 
until it is in position. 

8. Tighten all four clamps securely. 

REMOVAL & INSTALLATION 

+ See Figure 16 TE 

1. It is unlikely you will be able to get the pipe off without';emoving the 
engine, so remove the engine as previously detailed. 

2. Loosen the four retaining bolts at the transom shield and then 
remove the exhaust pipe. Carefully scrape any remnants of the seal from the 
pipe and transom mounting surfaces. 

H The pipe mounting holes in the transom shield utilize Heli-Coil@ 
locking inserts. NEVER clean the holes or threads with a tapping tool 
or you risk damaging the locking feature of the threads. 

3. Coat a new seal with OMC Adhesive M or 3M Scotch Grip Rubber 
Adhesive and position it into the groove on the transom shield mating 
surface. 

4. Coat the mounting bolts with Gasket Sealing Adhesive. Position the 
exhaust pipe, insert the bolts and tighten them to 10-12 ft. Ibs. (14-16 Nm) 
on 1986-89 engines; or 20-25 ft. Ibs. (27-34 Nm) on 1990-98 engines. 

H Make sure that the trimltilt lines are routed correctly (above and 
behind) before tightening the pipe to the transom. 

5. lnstall the engine. 

EXHAUST VALVE (FLAPPER) REPLACEMENT 

1. Remove the exhaust hose from the elbow and exhaustpipe. The 
flapper is located in the upper end of the pipe. 

2. The valve is held in place by means of a pin running through two 
bushings in the sides of the pipe. Position a small punch over one end of the 
pin and carefully press the pin out of the pipe. 

Make sure you secure the valve while removing the retaining pin so 
it doesn't fall down into the exhaust pipe. 

Fig. 17 Loosen the upper clamp screws and 
wiggle the bellows off of the elbow ... 

3. Press out the two bushings and discard them. Coat two new 
bushings with Scotch Grip Rubber Adhesive and press them back into the 
sides of the pipe. 

4. Position the new valve inio the pipe with the long side DOWN. When 
looking at the valve, the molded retaining rings are off-center-the side with 
the rings should face the top of the pipe. When the valve is in place, coat the 
pin lightly with engine oil and slowly slide it through one of the bushings, 
through the two retaining holes on the valve and then through the opposite 
bushing. Make sure the pin ends are flush with the sides of the pipe on both 
sides. 

5. lnstall the exhaust hose. 

REMOVAL & INSTALLATION 

4 See Figure 20 CULT 

H More times than not this procedure will require the removal of the 
engine. Your boat and its unique engine installation will determine this, 
but the procedure is almost always easier with the engine removed 
from the boat. 

1. Remove the engine as previously detailed in this section. 
2. If you haven't already drained the engine oil, do it now. Make sure 

you have a container and lots of rags available. 
3. Remove the starter motor as detailed in the Electrical section. 

Although not absolutely necessary, this step will make the job much easier. 
4. Remove the oil withdrawal tube from the oil drain plug fitting. 
5. Loosen and remove the oil pan retaining bolts and nuts, starting with 

the center bolts and working out toward the pan ends. Lightly tap the pan 
with a rubber mallet to break the seal and then lift it off the cylinder block. If 
your engine stand will allow for rotating the engine, you'll find that this will be 
easier with the pan facing up. 

To install: 
6. Clean the pan mating surfaces of any residual gasket material with a 

scraper or putty knife. Make sure that no old gasket material has been 
pressed into the retaining bolt holes in the pan, block or front cover. Clean 
the pan itself thoroughly with solvent. 

7. Coat a new gasket with RTV sealant and then position the gasket 
onto the pan being very careful to line up all the holes. 

8. Move the pan and gasket onto the block. It is very important that you 
ensure all the holes line up correctly; sometimes a few bolts inserted through 
the pan and gasket will help the gasket stay in place. 

9. lnstall all bolts and nuts finger tight and then tighten the 114-20 bolts 
to 80 inch Ibs. (9 Nm) and the 5/16-18 bolts to 165 inch Ibs. (19 Nm). 
Remember, on all engines, to starf with the center bolts and work outward 
toward the ends of the pan. 

10. lnstall the oil drain fitting and finger tighten the bolt. Rotate the fitting 
and then attach the withdrawal tube. Tighten the fitting bolt and flare nut to 
15-18 ft. Ibs. (20-24 Nm). 

11, lnstall the starter motor and then install the engine (if removed). Run 
the engine up to normal operating temperature, shut it off and check the pan 
for any leaks. 

Fig. 18 ... loosen the lower clamp screws and 
then pull it off of the exhaust pipe 

Fig. 19 Be sure that the bellows end with 
two ribs is on top 
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I Fig. 20 The oil pan uses a one-piece soft rubber gasket I 

The two-piece oil pump utilizes two pump gears and a pressure relief 
valve. A baffled pick-up tube is press-fit into the body of the pump. The pump 
is driven via the distributor shaft which is itself driven from a gear on the 
camshaft. 

REMOVAL & INSTALLATION 

+ See Figure 21 CULT 

1. Remove the oil pan as previously detailed.  eme ember that you 
probably need to remove the engine for this procedure. 

2. Loosen and remove the wmr, ~ick-ur, tube s u ~ ~ o r t  bracket bolt. The 
tube is pressed into the pump housing'and s'hould not'be removed unless 
replacement is necessary. 

3. Loosen and remove the two pump mounting bolts and lift off the 
pump assembly. 

4. Check that the pump and block mating surfaces are clean and then 
position the pump over the block so that the pump drive shaft slot is aligned 
with the distributor tang. Make sure that the flange covers the alignment 
bushing. Do not use a gasket or RTV sealant. 

5. Tighten the pump mounting bolts to 110-120 inch Ibs. (12-14 Nm). 
Position the ~ick-up tube bracket and tighten the bolt to 60 inch Ibs. (7 Nm). 

6. lnstail the oil pan and engine. - 

Pump 
Housing 

Gears 

Pump . Housing 

\ \  Screen 

Fig. 21 Exploded view of the oil pump 

After removing the oil filter, check the spring and small fiber valve for 
proper operation. Any signs of incorrect operation, or wear and deterioration 
will necessitate replacement. 

REMOVAL & INSTALLATION 

1. Drain the oil as detailed in the Maintenance section. 
2. Remove the oil filter. 
3. Using a small prybar, remove the valve. 
4. lnstall a new valve and press it in by placing a 9116 in. deep socket 

over it and tapping the socket lightly with a hammer. 
5. lnstall the oil filter and refill the engine with the appropriate oil. 

REMOVAL & INSTALLATION 

+ See Figures 22,23 and 24 CUL 1 

1. Remove the engine from the boat as detailed previously in this 
section. 

2. Although not strictly necessary, we recommend removing the starter. 
3. Remove the 4 or 5 mounting bolts and slide out the flywheel housing 

cover. 
4. Loosen and remove any connections attached to either of the ground 

studs on each side of the flywheel. Move the electrical leads out of the way. 
5. Remove the ESA modulelshift bracket and position it out of the way 

on early models. On later models, remove the mounting bolts for the 10-pin 
connector and relay, and then move the bracket out of the way. 

6. Cut the plastic tie that secures the housing drain hose (if equipped) 
and the pull the hose out of the fitting. 

7. Loosen the remaining retaining bolts (some of which were already 
removed with the shift bracket) for the flywheel housing and remove it. Take 
note of the positioning of any clamps so they may be installed in the same 
position. 

8. Slide a wrench behind the coupler and loosen the six flywheel 
mounting nuts gradually and as you would the lug nuts on your car or truck- 
that is, in a diagonal star pattern. 

9. Remove the coupler and then the flywheel. 
To install: 
10. Thoroughly clean the flywheel mating surface and check it for any 

nicks, cracks or gouges. Check for any broken teeth. 
11. Install the ilywheel over the dowel on the crankshaft. 
12. Slide the coupler over the studs so that it sits in the recess on the 

flywheel. lnstall new lock washers and tighten the mounting bolts to 40-45 ft. 
Ibs. (54-61 Nm). Once again use the star pattern while tightening the bolts. 

13. Position the flywheel housing and the shift bracket. Make sure that 
the clamps are in their original positions and insert the mounting bolts. 
Tighten them to 28-36 ft. Ibs. (38-49 Nm). 

14, lnstall the washer, lock washer and inner nut on the ground stud and 
tighten it to 20-25 ft. Ibs. (27-34 Nm) on 1986-93 engines, or 35-40 ft. Ibs. 
(47-54 Nm) on 1994-98 engines. Attach the electrical leads, install another 
lock washer and then tighten the outer nut securely. 

15. Slide the lower flywheel cover into place and tighten the bolts to 60- 
84 inch Ibs. (7-9 Nm). 

16. Attach the drain hose with a new plastic tie. 
17. lnstall the starter and engine. 

REMOVAL & INSTALLATION 

Two Piece Oil Seal (1986-90) 

+ See Figures 25,26 and 27 

These engines utilize a two-piece rear main seal. The seal can be 
removed without removing the crankshaft. You will need to remove the 
engine for this procedure though. 

1. Remove the engine as detailed previously in this section. 
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2, Remove the oil pan and pump as detailed previously in this section, Upper and lower must replaced as a pair' Never 

3. Loosen the retaining bolts and remove the rear main bearing cap. one seal. 
Carefullv insert a small ~rvbar and remove the lower half of the seal from the 
cap. ~ o ' n o t  damage the seal seating surface, 

4. Using a hammer and a small drift, tap on the end of the upper seal 
until it starts to protrude form the other side of the race. Grab the protruding 
end with pliers and pull out the remaining seal half. 

Yg. 25 Drive out the old upper seal with a small drift 

5. Check that you have the correct new seal. Seals with a hatched inner 
surface can only be used on left hand rotation engines, smooth seals can be 
used on any engine. Coat the lip and bead thoroughly with motor oil. Keep 
oil away from the seal parting surfaces. 

6. Your seal kit should come with an installation tool, if not, take a 0.004 
in, feeler gauge and cut each side back about a half inch so that you're left 
with an 11164 inch point. Bend the tool into the gap between the crankshaft 
and the seal seating surface. This will be your "shoe horn". 

7. Position the upper half of the seal (lip facing the engine) between the 
crank and the tool so that the seal's bead is in contact with the tool tip. Roll 
the seal around the crankshaft using the tool as a guide until each end is 
flush with the cylinder block. Remove the tool. 

8. Insert the lower seal half into the main bearing cap with the lip facing 
the cap. Start it so that one end is slightly below the edge of the cap and 
then use the tool to shimmy the seal all the way in until both edges are flush 
with the edge of the cap. Remove the tool. 

,--------dl ,,,,,< 
,004'' Feeler Gauge (4mm) 

I. - . . . . . - - AT 
I (13mm) I 

1- Cut a w a y  

Fig. 26 Fabricate a seal installation tool out of an old feeler gauge ... 

1 - Installation tool 
2- Seal 
3- Engine block 
4- Crankshaft 

Fig. 27 ... and then use the tool to feed the seal around the 
crankshaft 
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seal I 

Fig. 28 Use the three slots in the seal retainer when removing the 
rear main seal I 

9. Make sure that the caplblock mating surfaces and the seal ends are 
free of any oil and then apply a small amount of Perfect Seal to the block just 
behind where the upper seal ends are. 

10. lnstall the bearing cap and tighten the bolts to 10-12 ft. Ibs. (14-16 
Nm). Tap the end of the crankshaft forward and backward (as detailed in the 
appropriate section) and then tighten the bolts to 60-70 ft. Ibs. (82-94 Nm). 

11. lnstall the oil pump and pan. 
12. lnstall the engine. 

One Piece Oil Seal (1991-98) 

CULT 
+ See Figures 28 and 29 

It is not necessary to remove the engine or rear main bearing cap when 
removing the one-piece oil seal on these engines although you may find it 
easier to do just that. 

1. Remove the flywheel housing and cover as detailed in this section. 
2. Remove the engine coupler and flywheel from the engine as detailed 

in this section. 
3. Remove the seal retainer. This is not absolutely necessary. 
4. Insert a small prybar into one of the three slots in the edge of the 

seal retainer and slowly pry the seal out of the retainer. Be very careful not to 
nick or damage the sealing surface while prying out the seal. 

5. Thoroughly clean the retainer surface and then install the retainer. 
6. Spread a small amount of engine oil around the inside and outside 

edges of a new seal and position it over its slots in the retainer. 
7. Position a seal driver (J-35621) over the seal and crankshaft and 

then thread the attaching screws into the holes in the crankshaft, tightening 
them securely. Turn the handle on the tool until it bottoms out-the seal is 
now in place. 

8. lnstall the flywheel and engine coupler. lnstall the cover and flywheel 
housing. 

REMOVAL & INSTALLATION 

1991-98 Engines Only 

+ See Figure 28 
CULT 

It is not necessary to remove the engine or rear main bearing cap when 
removing the one-piece oil seal on these engines although you may find it 
easier to do just that. 

H A new oil seal must be installed whenever the retainer is removed. 

1. Remove the oil pan. 

2. Remove the flywheel. 

Fig. 29 Use a seal driver to seat the new oil seal 

3. Loosen the nutslbolts and then lift out the retainer and gasket. 
4. Replace the oil seal. 
5. Clean all traces of old gasket material from the mating surfaces and 

position a new seal on the cylinder block. 
6. lnstall the seal retainer, and a new gasket, and tighten the nutslbolts 

to 135 inch Ibs. (15 Nm). 
7. lnstall the oil pan and flywheel as previously detailed. 

REMOVAL & INSTALLATION 
-- 

UL T 
+ See Figures 30 and 31 

1. If the engine is in the boat, install an engine hoist and tighten the 
chain so that the engine's weight is removed from the front engine mount. 
Remove the front engine mount. 

2. Remove the seawater pump from the front of the crankshaft on 
models so equipped. 

3. Remove the drive belts. 

4. Loosen the bolts securingthe pulley/harmonic balancer to the hub 
and remove the assembly-the 2.5L does not use the balancer. 

5. Install special tool #J-6978-E onto the hub with two 3/8-24 x 2 in. 
bolts and a 5116-24 x 2 in. bolt for the 2.5L, or three 3/8-24 x 2 in. bolts on 
the 3.OL. Tighten the tool press bolt and remove the hub. OMC suggests that 
you do not use a conventional gear puller for this procedure. 

To install: 
6. Coat the front cover oil seal lip with clean engine oil and then install 

the balancerlpulley over the crankshaft and key. You can use a rubber mallet 
to position it temporarily. 

7. lnstall the installation tool #J-5590 onto the hub. Be sure that you 
thread the tool into the crankshaft at least 112 in. to protect the threads. 

The crankshaft actually extends slightly through the front of the 
assembly, so make sure to use the correct tool. 

H In order that the timing mark can be properly positioned, there are 
two 318 in. holes and one 5116 in. holes in the hub that must be 
matched. 

8. lnstall the drive belts and make sure that it is adjusted properly. 

9. lnstall the seawater pump if removed. 

10. Install the front mount and unhook the engine hoist. 
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Fig. 30 Use a special puller to remove the 
hub ... 

Fig. 31 ... and then install it with another 

REMOVAL & INSTALLATION 

* See Figures 32,33 and 34 

This procedure may require engine removal, depending upon your 
particular boat. If necessary, remove the engine as detailed previously 
in this section. 

1. Open the drain valves and drain the coolant from the block and 
exhaust manifold. 

2. Loosen the alternator and power steering brackets to provide slack, 
and then remove the drive belts. 

3. Remove the harmonic balancerlpulleylhub assembly. 
4. Remove the water circulation pump. 
5. Secure the engine with a hoist and remove the front engine mount if 

you haven't already removed the engine. 
6. Drain the oil and remove the oil pan. 
7. Loosen all of the front cover retaining screws and then pull off the 

cover and gasket. Clean all gasket material from the cover and block mating 
surfaces. 

8. Pry the oil seal from the timing gear cover with a large drift or prybar. 
9. Grasp the oil nozzle with a pair of pliers and pull it out of the cylinder 

block. 

w 
Fig. 33 Use the special tool to drive the seal into the cover 

I Fig. 32 Removing the oil nozzle 

To install: 
10. Insert a new oil nozzle into the block and drive it into position with a 

rubber mallet, 

11. Coat both sides of a new oil seal lightly with grease and then position 
it into the cover so that the lip (open side) faces into the cover. With the 
cover on a clean flat surface, position a seal installer (#J-23042) over the 
seal and drive it into place with a hammer. 

12, Clean all old gasket material from the cover and block mating 
surfaces. Coat a new gasket lightly with grease and stick it into position on 
the cylinder block. 

13. The seal installer tool also acts as a centering tool. lnstall the tool 
onto the crankshaft and slide the cover over the tool and into position. Install 
the mounting screws and tighten them to 6-8 ft. Ibs. (9-10 ~ m j  on 1986-92 
engines, or 80 inch Ibs. (9 Nm) on 1993-98 engines. Tighten the screws 
evenly and gradually. 

14, Remove the centering tool. 

15. lnstall the water circulation pump and the harmonic balancerlhub. 

16. Install the oil pan. 

17. Install all belts and check their tension. 

18. Reinstall the engine mount; or if you removed the engine, install it 
now. 

19. Refill the engine with oil and coolant. 

Fig. 34 Exploded view of the front cover 
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We recommend checking the camshaft lift prior to removing it from the 
cylinder block. 

CHECKING LIFT 

* See Figure 35 ERA TE 

1. Tag and disconnect the electrical connectors at the ignition coil. 

2. Remove the cylinder head cover and rocker arms as detailed 
previously. 

3. Using a special adaptor (#J-8520), connect a dial indicator so that its 
tip is positioned on the end of the pushrod-the adaptor should screw onto 
the end of the rocker stud. 

4. Slowly rotate the crankshaft in the direction of engine rotation until 
the valve lifter is riding on the heel (back side of lobe) of the camshaft lobe. 
The pushrod should be at its lowest point when the lifter is on the heel. 

A remote starter works well for turning the engine over in this 
situation. 

5. Set the indicator to 0 and then rotate the engine until the pushrod is 
at the highest point of its travel. Camshaft lift should be 0.253 ti- 0.005 in. 
(6.426 +I- 0.127mm). 

6. Continue rotating the engine until the pushrod is back at its lowest 
position-make sure that the indicator still reads 0. 

7. Repeat this procedure for the remaining pushrods. 

8. lnstall the rocker arms and adjust the valve clearance. 

9. Install the cylinder head cover and reconnect the coil leads, 

REMOVAL & INSTALLATION 

CULT 
+ See Figure 36 thru 41 

This procedure may require engine removal, depending upon your 
particular boat. If necessary, remove the engine as detailed previously 
in this section. 

1. Drain the engine oil 

2. Open the drain valves and drain the coolant from the cylinder block 
and exhaust manifold. 

3. Remove the cylinder head cover and gasket. Loosen the rocker arm 
nuts just enough so that you can rotate the rockers off of the pushrod ends. 

4. Mark the position of the distributor's No. 1 cylinder terminal on the 
housing of the distributor and then remove the cap. Matchmark the 
distributor and the cylinder block, loosen the hold down clamp and lift out the 
distributor. 

5. Remove the ignition coil and side cover gasket, Take time to set up a 
system to keep the push rods and valve lifters in order, to ensure each will 
be installed back into the exact location from which it was removed. 
Withdraw each push rod and valve lifter in order. 

6. Remove the harmonic balancer 

7. Remove the water circulation pump. 

8. Secure the engine with a hoist and remove the front engine mount if 
you haven't already removed the engine. 

9. Remove the oil pan. 

10. Remove the front cover and gasket. Clean all gasket material from 
the cover and block maiing surfaces. 

11. Rotate the camshaft gear until the holes in the gear are aligned with 
the thrust plate screws. Remove the two screws. Carefully withdraw the 
camshaft gear and camshaft by pulling the gear straight forward and the 
shaft out of the block. 

n Dial n 

Fig. 35 Use a dial indicator when checking the camshaft lift 

Be very careful not to damage the camshaft bearings while removing 
the camshaft. 

12. Check the gear and thrust plate end-play. This clearance should be 
0.001-0.005 in. (0.025-0.127mm) max. If the decision is made to replace the 
camshaft gear, or the thrust plate, the gear must be pressed from the shaft. 
Gear removal from the camshaft requires the use of camshaft gear removal 
tool (#J-791) and an arbor press. Place the end of the removal tool onto the 
table of an arbor press, and then press the shaft free of the gear. The thrust 
plate must be positioned to prevent the woodruff key in the shaft from 
damaging the shaft when the shaft is pressed out of the gear. Also, be sure 
to support the end of the gear or the gear will be seriously damaged. 

13. If the camshaft bearings are to be removed, you will need to remove 
the flywheel as previously detailed. Although it is not necessary, removing 
the crankshaft will also facilitate bearing removal, make sure that you move 
the connecting rods out of the way so they do not interfere with bearing 
removal. 

14. Working from inside the block, drive out the rear cam bearing 
expansion plug (welch plug). 

15. Slide the pilot tool into position in the inner bearing. Install a nut onto 
the puller screw so that the screw can be threaded into the tool with the nut 
still extending out the front of the cylinder block. 

16. lnstall the remover onto the puller screw, slide the screw through the 
bore and thread it onto the pilot. 

17. Hold the screw shaft with a wrench while turning the puller nut with 
another until the bearing comes out. 

18. Now remove the pilot from the shaft and install it onto the drive 
handle so that the shoulder is against the handle. The front and rear 
bearings can now be driven out from the outside of the block. 

To install: 
19. Remove the handle from the pilot tool and install the inner bearing on 

the tool. 
20. Posit~on the tool and bearing to the rear of the inner bore. Install the 

screw shaft, with the remover, through the block and onto the pilot-from the 
front of the cylinder block. 

21. Align the oil hole in the bearing with the oil gallery hole and then 
snug the puller nut up against the adaptor. Using two wrenches again, hold 
the screw shaft with one while turning the puller with the other until the 
bearing is in position. 

The oil hole is on the top of the bearing and will not be visible 
during installation. To make installation easier, align the two holes and 
then mark the opposite side of the bearingiblock. 
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I Fig. 36 Line up the timing gear marks and 
the access holes should rest over the thrust 

Feeler Gauge 

Fig. 37 Checking the camshaft endplay 

Fig. 39 Make sure the timing marks align on both gears 

22. Attach the drive handle to the tool and position the new front bearing 
onto the tool. Align the oil holes and drive the bearing in from the front 
(outside) of the cvlinder block. Be sure that the bearina is driven in past the 
edge of ihe blockat least 118 in, in order to expose the oil hole for the timing 
gear nozzle. 

23. Repeat the last step for the rear bearing, but remember there is no 
oil nozzle hole in this bore so the bearing must be flush with the block. 

24, Install a new expansion plug at the rear bearing. 

25. To assemble the camshaft parts, first firmly support the camshaft at 
the back of the front journal in an arbor press. Next, place the gear spacer 
ring and the thrust plate over the end of the shaft, and install the Woodruff 
key in the shaft keyway. Install the camshaft gear and press it onto the shaft 
until it bottoms against the gear spacer ring. Check the end-play again. 

26. If you removed the crankshaft, install it now. 

27. Coat the camshaft lobes with G.M. Super Engine Oil Supplement and 
then pour the remainder of the can into the crankcase when you refill the 
engine with oil later in this procedure. 

28. Slowly slide the camshaft and gear into the block, being careful not 
to damage the lobes or bearings. When the shaft is almost all the way in, 
rotate the camshaft and crankshafts until the timing marks on the teeth of 
each gear line up and then slide the camshaft in until the thrust plate meets 
the cylinder block and the holes in the plate line up with those in the block. 
Slowly rotate the crankshaft until the access holes in the cam gear are over 
the thrust plate holes. Install the two retaining screws and tighten them to 72- 
90 inch Ibs. (8-10 Nm.) 

Fig. 40 Checking the run-out 

Fig. 41 Checking the gear backlash 
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29. Connect a dial indicator to the front of the cylinder block with an 

adaptor so that the needle on the indicator is in contact with the face of the 
camshaft gear. Rotate the engine 360" checking the run-out as you go. 
Repeat this procedure for the crankshaft gear. Camshaft runout should not 
exceed 0.004 in. (0.102mm). Crankshaft run-out should not exceed 0.003 in. 
(0.076mm). If run-out exceeds specification, remove the gear and check for 
burrs, otherwise replace the gear. 

30. Move the dial indicator so that the needle is now riding on a gear 
tooth. Wiggle the shaft back and forth while checking the backlash reading 
on the indicator. Backlash should be 0.004-0.006 in. (0.102-0.152mm). 

31. lnstall the oil pan. lnstall the front cover. 

31. lnstall the harmonic balancer and water pump. 

32. Installation of the remaining components is in the reverse order of 
removal. Don't forget to add the remainder of the Super Oil Supplement 
when refilling the engine with oil. 

REMOVAL & INSTALLATION 

+ See Figures 42 and 43 TE 

1. Drain the water from the cylinder block and manifold. 

2. Remove the fuel line support brackets. Disconnect the fuel line at the 
carburetor and fuel pump, plug the fitting holes and remove the line. 

3. Remove the combination manifold as previously detailed in this 
section; you can leave the carburetor attached if you like. 

4. Disconnect the coolant hoses at the thermostat housing and move 
them out of the way. Have some rags available, as there will still be some 
coolantlwater in the hoses. 

5. Tag and disconnect the temperature sending unit lead at the 
thermostat housing, loosen the mounting bolts and then remove the housing 
and thermostat. 

6. Tag and disconnect all wires at the ignition coil and then remove the 
mounting bracket bolt and lift off the coil. 

7. Tag and disconnect the spark plug wires at the plugs; move them out 
of the way. Although not necessary, it's a good idea to remove the plugs 
themselves also. 

8. Remove the circuit breaker bracket and then unbolt and remove the 
engine lifting bracket (if equipped). 

9. Remove the cylinder head cover and rocker assemblies as detailed 
previously in this section. Remove the pushrods. 

10. Loosen the cylinder head bolts, from the center bolts and working out 
to the ends of the head and then carefully lift the head off the block. You may 
need to persuade it with a rubber mallet-be careful! Set the head down 
carefully do not sit it on cement. 

Fig. 42 Cylinder head tightening sequence 

To install: 
11. Carefully, and thoroughly, remove all residual head gasket material 

from the cylinder head and block mating surfaces with a scraper or putty 
knife. Check that the mating surfaces are free of any nicks or cracks. Make 
sure there is no dirt or old gasket material in any of the bolt holes. Refer to 
the Engine Rebuilding section for complete details on inspection and 
refurbishing procedures. 

12. Position a new gasket over the cylinder block dowel pins. On models 
using a steel gasket, coat both sides of the gasket with a thin layer of Gasket 
Sealing Compound. Do not use too much sealing compound!! 

13. Position the cylinder head over the dowels in the block. Coat the 
threads of the head bolts with PermatexB and install them finger tight. It 
never hurts to use new bolts, although it's not necessary, Tighten the bolts, a 
little at a time, in the sequence illustrated, until the proper tightening torque is 
achieved. 1986-93 engines have a final torque of 90-100 ft. Ibs. (122-136 
Nm), while 1994-98 engines have a final torque of 95 ft. Ibs. (129 Nm)- 
make sure that you check the Torque Specifications chart for any preliminary 
stepsltorques. 

14. lnstall pushrods, rocker assemblies and the cylinder head cover. 

15. lnstall the circuit breaker and engine lifting brackets, lnstall the spark 
plugs if they were removed and then connect the plug wires. 

16. lnstall the coil and reconnect all the electrical leads. 

17. lnstall the thermostat housing, the coolant hoses and the temperature 
sending lead. 

18. lnstall the manifold and connect the fuel line. Don't forget to remove 
the fitting plugs. 

19. Add coolantlwater, connect the battery and check the oil. Start the 
engine and run it for a while to ensure that everything is operating properly. 
Keep an eye on the temperature gauge. 

20. Re-tighten the cylinder head bolts after 20 hours of operation. 

Fig. 43 Remove the cylinder head carefully 
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4-18 ENGINE MECHANICAL - GM 4 CYLINDER ENGINES 

O See Figures 44,45 and 46 
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Fig. 44 Exploded view of the cylinder block-3.01 engines, 2.5L similar 
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ENGINE MECHANICAL - GM 4 CYLINDER ENGINES 4-19 
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ig. 45 Exploded view of the cylinder head-3.01 engines, 2.5L similar 
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4-20 ENGINE MECHANICAL - GM 4 CYLINDER ENGINES 
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Fia. 46 Exeloded view of the flvwheel housina and rear mounts-3.01 engines, 2.5L similar 
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TORQUE SPECIFICATIONS 

Component ft. lbs. inch Ibs. Nm 
Alternator bracket to engine 26-30 - 35-41 
Camshaft sprocket Sprocket 0 0 

Thrust plate - 72-90 8-10 
Combination manifold Nutlbolt 20-25 - 27-34 
Connecting rod cap 35 47 
Crankshaft Main bearing cap (exc. rear) 60-70 - 81-95 

Main bearing cap (rear) 
Step 1 10-12 - 14-16 
Step 2 1986-90 60-70 - 82-94 

Oil seal retainer 
1991-98 135 15.3 

Cylinder head 1986-93 90-100 - 122-136 
1994-98 Sten 1 15  A7 - .. -- 

Step 2 65 88 
Step3 95 129 

Cylinder head cover 1986-93 45 5 
1994-98 65 7.3 

Distributor clamp bolt 20 27 
Engine coupler Flywheel housing 28-36 - 38-49 

Coupler nut 40-45 - 54-61 
Coupler ground stud 1986-93 20-25 - 27-34 

1994-98 35-40 - 47-54 
Cover - 60-84 7-9 

Engine mounts Front 
Bracket bolts 30-35 - 41-47 
Upper nut 50-60 - 68-81 
Lower nut 115-140 - 156-190 
Mounting bolts Port 48-56 - 65-76 

Starboard 32-40 - 43-54 
Rear 

Center bolt 1986-88 18-20 - 24-27 
1989-98 44-52 - 60-71 

Lock nut 28-30 - 38-40 
Mounting bolts 20-25 - 27-34 

Exhaust Elbow 12-14 - 16-19 
Exhaust Pipe 1986-89 10-12 - 14-16 

1990-98 27-34' - 27-34 
Front cover 1986-92 6-8 - 9-10 

1993-98 80 9 
Main bearing cap Exc, rear 60-70 - 81-95 

Rear Step1 10-12 - 14-16 
Step2 60-70 - 81-95 

Oil pan 114 x 20 bolts 80 9 
5/16 x 18 bolts 165 18.6 
Drain retainer 15-18 - 20-24 

a Sprocket is press-fit to camshaft 

TORQUE SPECIFICATIONS 

Component ft. lbs. inch Ibs. Nm 
Oil pump 

Cover bolts - 65-75 7-8 
Mounting bolts - 110-120 12-14 
Pick-up Tube 60 7 

Oil pressure sender adapter 10-14 - 14-19 
Oil seal retainer 1991 -98 135 15.3 
Oil withdrawal tube (flare) 15-18 - 20-24 
Power steering pump 

Bracket 
Bolt 26-30 - 35-41 
Stud 13-15 - 18-20 

Hydraulic line fitting 
Large 15-17 - 20-23 
Small 10-12 - 14-16 

Raw water pump bracket 13-17 - 18-23 
Timina chain cover 1986-92 6-8 

Valve cover 

1994-98 65 7.3 
Water pump (circulating pump) 13-17 - 18-23 
Water temperature sender 20 27 

@ Sprocket is press-fit to camshaft 
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ENGINE SPECIFICATIONS 

Standard Metric 
Component (in.) O (mm) O 

Camshaft 
Bearing Length 0.86 21.84 
Bearing Outer Diameter 

# I ,  #2 1.999-2.001 50.78-50.83 
#3 2.009-2.011 51.03-51.08 

Journal Diameter 1986-93 1.8687 47.48 
1994-98 1.8692 47.47 

Lobe Lift 0.253 +/- 0.005 6.43 +/- 0.13 
Connecting Rod 

Bearing Clearance 2.5L 0.0007-0.0027 0.018-0.069 
3.0L 0.00085-0.00135 0.022-0.034 

End Play 0.008-0.015 0.20-0.38 
Length 2.5L 0.797-0.802 20.24-20.37 

3.OL 0.792-0.822 20.12-20.88 
Crankshaft 

Crankpin 2.5L 1.999-2.000 50.78-50.80 
3.0L 2.099-2.100 53.32-53.34 

Crankshaft End Play 0.002-0.006 0.05-0.15 
Main Bearing 

Clearance 0.0003-0.0029 0.008-0.074 
Journal Diameter 2.2983-2.2993 58.38-58.40 
Length 

# I  thru 4 0.83 0 21.08 0 
#5 0.822 20.88 

Piston 
Clearance 

Limit at top land 2.5L 0.0245-0.0335 0.622-0.851 
3.0L 0.0255-0.0345 0.648-0.876 

Limit at skirt 2.5L 0.0005-0 0015 0.013-0.038 
3.0L 0.0025-0.0035 0.064-0.089 

Groove D e ~ t h  
Compression ring 2.5L 0.200-0.208 5.08-5.28 

3.0L 0.209-0.21 1 5.31-5.36 
Oil ring 2.5L 0.194-0 202 4.93-5.13 

3.0L 0.190-0.199 4.83-5.06 
Piston Pin 

Clearance 
Production 0.0003-0.0004 0.008-0.010 
Service Limit 0.001 Max 0.02 Max 

Diameter 0.9270-0.9273 23.55-23.56 
Interference fit 0.0008-0.0021 0.020-0.050 
Length 2.990-3.010 75.95-76 45 

O Unless otherwise noted 
a 2.5L: 0.802 (20.37) 
D 314 to 1 full hrrn down from zero lash 

ENGINE SPECIFICATIONS 

Standard Metric 
Component (in.) O (mm) O 

Piston Rings 
Compression 

Gap 
2.5L 0.010-0.020 0.25-0.51 
3 OL 

Upper 0.010-0 020 0.25-0.51 
Lower 0.013-0.025 0.33-0.64 

Width 0.0775-0.0780 1.97-1.98 
Oil 

Gap 0.015-0.055 0.38-1.40 
Width 

Groove 0.188-0.189 4.78-4.80 
Ring 

2.5L 0.150-0.156 3.81-3.96 
3.0L 0.154-0.160 3.91-4.06 

Valve system 
Face Angle 45 deg. 

, "~ , 
Free length 2.08 52.83 
Pressure 78-86 Ibs. 347-383 N 

@ 1.66 @ 42.16 
Stem Clearance 

Q Unless otherwise noted 
0 2.5L: 0.802 (20.37) 
@ 314 to 1 full turn down from zero lash 
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5-2 ENGINE MECHANICAL-GM V6 AND V8 ENGINES 

NEVER, NEVER attempt to use standard automotive parts when 
replacing anything on your engine. Due to the uniqueness of the 
environment in which they are operated in, and the levels at which they are 
operated at, marine engines require different versions of the same part; even 
if they look the same. Stock and most aftermarket automotive parts will not 
hold up for prolonged periods of time under such conditions. Automotive 
parts may appear identical to marine parts, but be assured, OMC marine 
parts are specially manufactured to meet OMC marine specifications. Most 
marine items are super heavy-duty units or are made from special metal 
alloy to combat against a corrosive saltwater atmosphere. 

OMC marine electrical and ignition parts are extremely critical. In the 
United States, all electrical and ignition parts manufactured for marine 
application must conform to stringent US. Coast Guard requirements for 
spark or flame suppression. A spark from a non-marine cranking motor 
solenoid could ignite an explosive atmosphere of gasoline vapors in an 
enclosed engine compartment. 

V6 ENGINES 

The OMC 4.3L, 262 cubic inch displacement V6 engine is manufactured 
by GMC. This engine is used in numerous models known as the 4.3, 4.3 HO, 
4.3GL, 4.3GS and 4.3Gi. 

The 4.3 and 4.3GL models are equipped with a 2-barrel carburetor, while 
the 4.3,43 HO and 4.3GS models are equipped with a 4-barrel carburetor. 
Throttle body fuel injection was introduced on the 4.3Gi in 1996. 

The lubrication systems and component locations on this engine are 
virtually identical to the larger V8 engines, except for having only three 
cylinders in each bank. 

A balance shaft is mounted above the camshaft on all 1994 and later 
models and extends the entire length of the block and is supported on each 
end by a bearing. The balance shaft is driven by gears on the end of the 
camshaft and equalizes the dynamic forces known as harmonic vibrations 
minimizing engine vibration during routine operation of a V6 engine. Cylinder 
numbering and firing order is identified in the illustrations at the end of the 
Maintenance Section. 

All 4.3L engines are left hand (counterclockwise) rotation when viewed 
from the stern of the boat. This does not necessarily indicate that your prop 
rotation is the same- always check them both! 

V8 ENGINES 

The OMC 5.OL, 305 cubic inch and 5.7L, 350 cubic inch displacement 
(small block) V8 engines are manufactured by GMC. These engines are 
used in the following configurations: 

5.0 (214 bbl) 
5.OGL (2 bbl) 
5.7 (4 bbl) ' 
5.7Gi (TBI) 
5.7GL (2 bbl) 
5.7GS 1214 bbl) - 5.7GSi (TBI) 
5.7 LE (4 bbl) 
350 (4 bbl) 

The OMC 7.4L, 454 cubic inch and 8.2L, 502 cubic inch displacement (big 
block) V8 engines are also manufactured by GMC. These engines are used 
in the following configurations: 

7.4 (4 bbl) 
7.4 454 (4 bbl) 
7.4 EFI (MPI) 

* 7.4GL (4 bbl) 
7.4Gi (MPI) 
7.4GSi (MPI) 
8.2GL (4 bbl) 
8.2GSi (MPI) 

* 454 (4 bbl) 
454 HO (4 bbl) 

* 502 (4 bbl) 

The lubrication system is a force fed type where oil is supplied under full 
pressure to the crankshaft, main and connecting rod bearings, camshaft 
bearings and the valve lifters. Oil flow from the valve lifters is metered and 
pumped by the lifter through the hollow core pushrods to lubricate the rocker 
arms and valve train. All other components are lubricated by gravity and 
splash methods. 

The oil pump is mounted on the rear main bearing cap and is driven by an 
extension shaft from the distributor-driven by the camshaft. Oil is drawn into 
the pump through the oil pick-up tube and screen. Should the screen 
become clogged, a relief valve in the screen will open and allow oil to be 
drawn into the pump. 

Once oil reaches the pump, the pump forces oil through the lubrication 
system. A spring-loaded relief valve in the oil pump limits the maximum pump 
output pressure. 

The pressurized oil flows out the pump through a full-flow disposable oil 
filter cartridge. On engines equipped with an oil cooler, the oil flows through 
the filter, out to the oil cooler via hoses and then returns to the block. Should 
the oil filter andlor cooler become clogged, a by-pass valve will open 
allowing the pressurized oil to by-pass the filter and cooler. 

Some of the oil is then routed to the No. 5 crankshaft main bearing, the 
remainder of the oil pressure is routed to the main oil gallery. The main oil 
gallery is located above the camshaft and runs the full length of the block. Oil 
from the main gallery is routed through individual passages to the camshaft 
bearings, No's 1, 2, 3, and 4, crankshaft main bearings and the lifter galley's 
on each side of the block. 

Holes in the camshaft bearings and crankshaft main bearings align with 
the holes in the block for oil flow. Grooves in the bearings allow oil to flow 
between the bearing and the component. 

Oil in the lifter galleries is forced into each hydraulic lifter through a hole in 
the side of the lifter. Oil flowing through the lifter must pass through a 
metering valve in each of the lifters. The metered volume of oil then flows up 
through the hollow push-rods to the valve rockers. A small hole in the rocker 
arm allows oil to lubricate the valve train bearing surfaces. All excess oil 
drains back to the oil pan through oil return holes in the cylinder head. 

A baffle plate or "splash pan" mounted below the main bearing caps 
prevents excess oil being thrown off the crankshaft from aerating the oil in 
the oil pan. 

The distributor shaft and gear is lubricated by oil in the starboard lifter 
gallery. The timing chain and gears are lubricated with oil flowing out the 
front of the No. 1 main bearing journal. The mechanical fuel pump and 
pushrod is lubricated with oil thrown off the camshaft eccentric. 

All V8 engines are left hand (counterclockwise) rotation when viewed from 
the stern of the boat except some inboards which are right hand (clockwise). 
This does not necessarily indicate that your prop rotation is the same- 
always check them both! 

Cylinder numbering and firing order is identified in the illustrations at the 
end of the Maintenance Section. 

ENGINE 

O See Figures 1 , 2 , 3  and 4 

The engine serial numbers are the manufacturer's key to engine changes. 
These alpha-numeric codes identify the year of manufacture, the horsepower 
rating and various modelloption differences. If any correspondence or parts 
are required, the engine serial number must be used for proper identification. 

Remember that the serial number establishes the year in which the 
engine was produced, which is often not the year of first installation. 

The engine specifications decal contains information such as the model 
number or code, the serial number (a unique sequential identifier given 
ONLY to that one engine) as well as other useful information. 

An engine specifications decal can generally be found on top of the flame 
arrestor, on the side of the thermostat housing (early V6lV8 engines), or on 
the inner side of the rocker arm cover, usually near the breather1PCV line 
(port side on most models) - all pertinent serial number information can be 
found here-engine and drive designations, serial numbers and model 
numbers. Unfortunately this decal is not always legible on older boats and 
it's also quite difficult to find, so please refer to the following procedures for 
each individuals unit's serial number location. 
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ENGINE MECHANICAL-GM V6 AND V8 ENGINES 5-3 

OMC King Cobra@ 

Cubic Inches 

Decoding the engine 

Model Year Designation: 
Randomly chosen 

P R A  

Randomly chosen for each 
major non-interchangeable 

model number i s  easy 

Propeller Rotation: 
E = Either 
R = Right Hand 
L = Left Hand n 

m 

I Model Year Version: 

W Serial numbers tags are frequently difficult to see when the The fifth character designates what type of steering system was used; 
engine i s  installed in  the boat; a mirror can be a handy way to read all M would be manual steering and P wouid be power steering. 
the numbers. 

The engine seriallmodel number is sometimes also stamped on the port 
rear side of the engine where it attaches to the bell housing; although on 
most later models it may instead be a metal plate attached in the same 
location. If your engine has a stamped number it will simply be the serial 
number; if you have a plate (and you should), it will always show a Model 
number and then the actual Serial number. Additionally, most models will 
also have this plate or sticker on the transom bracket. 

* The first two characters identify the engine size in liters (L); 43 
represents the 4.3L, 50 represents the 5.OL and so forth. 

The third character identifies the fuel delivery system; 2 designates a 2 
bbl carburetor, 4 is a 4 bbl carburetor, and F is a fuel injected engine. 

The fourth character designates a major engine or horsepower 
change-it doesn't let you know what the change was, just that there was 
some sort of change. A means it is the first model released, B would be the 
second, and so forth. 

engines 

Now here's where it gets interesting; on 1986-87 engines and 1994-98 
engines, the sixth, seventh and eighth characters designate the model year. 
The sixth and seventh actually show the model year, while the eighth is a 
random model year version code. KWB and WXS represent 1986; and ARJ, 
ARF, FTC, SRC or SRY show 1987. MDA is 1994, HUB is 1995, NCA is 
1996, LKD is 1997 and BYC is 1998. 

On 1988-93 engines, the sixth character designates the direction of 
propeller rotation. R is right hand, L is left hand and E is either. 

Also on 1988-93 engines, the seventh, eighth and ninth characters 
designate the model year. The seventh and eighth actually show the model 
year, while the nineth is a random model year version code. GDE or GDP is 
1988, MED or MEF is 1989, PWC, PWR or PWS is 1990, RGD or RGF is 
1991, AMH or AMK is 1992 and JVB or JVN is 1993. 

Any remaining characters are proprietary. So in example, a Model number 
on the ID plate that reads 574AMFTC would designate a 1987 5.7L engine 
with a 4 bbl carburetor and manual steering, first model released. A number 
readina 74FAPRJVBwould desianate a 1993 7.4L enaine with fuel iniection, 
powersteering and a right hand-propeller, first releas;; get the picture? 

Fig. 3 Engine serial number sticker-V6 and 
V8 engines 

Fig. 4 You should also be able to find a plate 
on the transom bracket 
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5-4 ENGINE MECHANICAL-GM V6 AND V8 ENGINES 
Engine Model Designations 

Most engines covered here utilize unique identifiers assigned by OMC; 
surnames if you will-4.3GL, 5.OGL, 8.2GSi, etc. Obviously the first two 
characters designate the engine size in litres (L). The second letter, a G or 
and F designate the engine manufacturer; General Motors (G) or Ford (F). 
The third through fifth letters can be found in different combinations, but the 
individual letter designates the same thing regardless of position. L 
designates limited output. S and X designate superior output-a 4.3GL will 
always have a lesser horsepower rating than a 4.3GS in a given model year; 
a 5.7GL will be less than a 5.7GS. An i designates that the engine is fuel 
injected, if there is no i then you know the engine uses a carburetor. 

REMOVAL & INSTALLATION 

CULT 
+ See Figures 5 thru 12 

Prior to removing the engine from your vessel on all 1994-98 
models, it is imperative to measure the engine height as detailed in the 
Determining Minimum Engine Height section. DO NOT remove the 
engine until you have completed this procedure! 

1. Check the clearance between the front of the engine and the inside 
edge of the engine compartment bulkhead. If clearance is less than 6 in. 
(15.2mm), you will need to remove the stern drive unit because there won't 
be enough room to disengage the driveshaft from the engine coupler. More 
than 6 in, will provide enough working room to get the engine out without 
removina the drive. BUT, we recommend removina the drive anvwav. If vou 
intend o: doing anything to the mounts or stringek, you will need td re-align 
the engine as detailed in the Engine Alignment section-which requires 
removing the drive, so remove the drive! 

2. Remove the stern drive unit as detailed in the Drive Systems section. 
3. Open or remove the engine hatch cover. 
4. Disconnect the battery cables (negative first) at the battery and then 

disconnect them from the engine block and starter. 

Make sure that all switches and systems are OFF before disconnecting 
the batterv cables. 

5. Disconnect the two power steering hydraulic lines at the steering 
cylinder (models wlps). Carefully plug them and then tie them off somewhere 
on the engine, making sure that they are higher then the pump to minimize 
any leakage. 

6. Disconnect the fuel inlet line at the fuel pump or filter (whichever 
comes first on your particular engine) and quickly plug it and the inlet- a 
clean golf tee and some tape works well in this situation. Make sure you 
have rags handy, as there will be some spillage. 

7. Tag and disconnect the two-wire trimltilt connector. 
8. Pop the two-wire trimltilt sender connector out of the retainer and 

then disconnect it. You may have to cut the plastic tie securing the cable in 
order to move it out of the way. 

9. Locate the large rubber coated instrument cable connector (should 
be on the starboard side), loosen the hose clamp and then disconnect it from 
the bracket. Move it away from the engine and secure it. On early models, 
you will also need to unplug the three-wire trimltilt cable connector just above 
it. 

Take note of you throttle arm attachment stud- is it a "push-to- 
close" or a "pull-to-close"? What hole is it on?? 

10. Remove the cotter pin and washer from the throttle arm. Loosen the 
anchor block retaining nut and then spin the retainer away from the cable 
trunnion. Remove the throttle cable from the arm and anchor bracket. Be 
sure to mark the position of the holes that the anchor block was attached to. 

11. Loosen the 4 hose clamps and disconnect the intermediate exhaust 
hose bellows from intermediate pipe. You may want to spray some WD-40 
around the lip of the hose where it connects to the elbow, grasp it with both 
hands and wiggle it back and forth while pulling down on it. Slide it down 
over the lower pipe. 

I Fig. 5 Disconnect the power steering lines at the cylinder 

Fig. 6 Disconnect the fuel inlet line 

12. Drain the cooling system as detailed earlier in this section. 
13. Loosen the hose clamp on the water supply hose at the transom 

bracket and carefully slide it off the water tube. Attach the hose to the 
engine. On big block engines, disconnect the water line at the oil cooler on 
the rear of the block. 

14. Disconnect the shift cables and position them out of the way. 
15. Tag and disconnect any remaining lines, wires or hoses at the 

engine. 
16. Attach a suitable engine hoist to the lifting eyes and take up any line 

slack until it is just taught. 

The engine hoist should have a capacity of at least 1500 Ibs. (680 
kg). 

17. Locate the rear engine mounts and remove both lock nuts and flat 
washers. 

18. Locate the front engine mounts and remove the two (per mount) lag 
bolts. 

19. If you listened to us at the beginning of the procedure, the drive unit 
should be removed. If so, slowlv and carefullv, lift out the enaine. Trv not to 
hit the power steering control valve, or any oiher accessories, while. 
removing it from the engine compartment. If you didn't listen to us, and you 
had sufficient clearancein the engine compartment, the drive unit is probably 
still installed. Raise the hoist slightly until the weight is removed from the 
mounts and then carefully pull the engine forward until the driveshaft 
disengages from the coupler, now raise the engine out of the compartment. 
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ENGINE MECHANICAL-GM V6 AND V8 ENGINES 5-5 

Throttle arm Anchor block 
Throttle retaining screw 
cable 1 

Cotter 
Din 
1 1.1 

Anchor bracket 

I Fig. 7 Details of the throttle cable assembly-1994-98 engines 
except fuel injected 7.4L18.2L engines 1 
To install: 
20. Apply Engine Coupler grease to the splines of the coupler. 

21. Slowly lower the engine into the compartment. If the drive unit was 
not removed, AND the crankshaft has not been rotated, insert the driveshaft 
into the coupler as you push the engine backwards until they engage 
completely and then lower the engine into position over the rear mounts until 
the front mounts just touch the stringers. If the shaft and coupler will not align 
completely, turn the crankshaft or driveshaft slightly until they mate correctly. 

If the drive was removed, or the mounts were disturbed in any way, lower 
the engine into position over the rear mounts until the front mount just 
touches the stringer. 

22. Install the two flat washers into the recess in the engine bracket side 
of the rear mounts and then install the two lock nuts. Tighten them to 28-30 
ft. Ibs. (38-40 Nm). 

Never use an impact wrench or power driver to tighten the locknuts. 

23. Install the lag bolts into their holes on the front mounts and tighten 
each bolt securely. 

24, If the drive was removed, the mounts were disturbed or the 
driveshafticoupler didn't mate correctly, perform the engine alignment 
procedure detailed in this section. We think it's a good idea to do this 
regardless! 

25. Reconnect the exhaust bellows by sliding it up and over the pipe, 
position the clamps between the ribs in the hose and then tighten the clamps 
securely. Make sure you don't position the clamps into the expanding area. 

26. Reconnect the water inlet hose. Lubricate the inside of the hose and 
wiggle it onto the inlet tube. Slide the clamp over the ridge and tighten it 
securely. This sounds like an easy step, but it is very important-if the hose, 
particularly the underside, is not installed correctly the hose itself may 
collapse or come off. Either scenario will cause severe damage to your 
engine, so make sure you do this correctly! 

Fig. 10 .:.and then connect and engine hoist 

Throttle 
Arm Throttle I 

ing 

Fia. 8 Details of the throttle cable assembly-1994-98 7.4GilGSi and 

27. Carefully, and quickly, remove the tape and plugs so you can connect 
the power steering lines. Tighten the large fitting to 15-17 ft. Ibs. (20-23 Nm) 
and the small fitting to 10-12 ft. Ibs. (14-16 Nm). Don't forget to check the 
fluid level and bleed the system when you are finished with the installation. 

28. Reconnect the trimltilt connector so the two halves lock together. 

29. Reconnect the trim position sender leads, the instrument cable, the 
engine ground wire, the battery cables and all other wires, lines of hoses that 
were disconnected during removal. Make sure you swab a light coat of 
grease around the fitting for the large enginelinstrument cable plug. 

Boss 
\ Groove 

Fig. 11 Details of the throttle cable and 
trunnion-1994-98 engines 

Fig. 12 Attach the anchor block assembly to 
the bracket-1994-98 enaines 

©PDF Manual Master 2006



5-6 ENGINE MECHANICAL-GM V6 AND V8 ENGINES 

Always make certain that all switches and systems are turned OFF 
before reconnecting the battery cables. 

Make sure all cables, wires and hoses are routed correctly before 
initially starting the engine. 

30. Unplug the fuel line and pumpifilter fitting and reconnect them. 
Remember to check for leaks as soon as you start the engine. 

31. lnstall and adjust the throttle cable. For complete details, please refer 
to the Fuel System section): 

a. Remember we asked you to determine if you had a "push-to-close" 
or "pull-to-open" throttle cable (the throttle arm stud)? Position the remote 
control handle in Neutral-the propeller should rotate freely. 

b. Turn the propeller shaft and the shifter into the forward gear detent 
position and then move the shifter back toward the Neutral position halfway. 

c. Position the trunnion over the groove in the throttle cable so the 
internal bosses align and then snap it into the groove until it is fully seated. 

d. lnstall the trunnionicable into the anchor block so the open side of 
the trunnion is against the block. Position the assembly onto the bracket over 
the original holes (they should be the lower two of the four holes) and then 
install the retaining bolt and nut. When the nut is securely against the back of 
the bracket, tighten the bolt securely. 

e. lnstall the connector onto the throttle cable and then pull the 
connector until all end play is removed from the cable. Turn it sideways until 
the hole is in alignment with the correct stud on the throttle arm. Slide it over 
the stud and install the washer and a new cotter pin. Make sure the cable is 
on the same stud that it was removed from. Tighten the jam nut against the 
connector 

The throttle arm connector nut must be installed on the cable with a 
minimum of 9 turns-meaning that at least 114 in. of thread should be 
showing between the end of the cable and the edge of the nut. 

32. lnstall and adjust the shift cables. Please refer to the Drive Systems 
section for further details. 

33. Check and refill all fluids. Start the engine and check for any fuel or 
coolant leaks. Go have fun! 

DETERMING MINIMUM ENGINE HEIGHT 

1994-98 Engines Only 

4 See Figure 13 

This procedure MUST be performed prior to removing the engine from the 
vessel. 

1. With the engine compartment open, position a long level across the 
transom running fore and aft. 

2. Have a friend or assistant steady the level while you measure from 
the bottom edge of the tool to the top of the exhaust elbow. Record the 
distance as "1". 

3. Now measure from the bottom of the level to the static water line on 
the drive unit. Record the distance as " 2 .  

u 
Fia. 13 Use a level to determine minimum enaine heiaht 

4. Subtract the elbow measurement (1) fromthe static waterline 
measurement (2). If the result is less than 13 in. (330mm) on V6 engines or 
14 in. (356mm) on V8 engines, an exhaust elbow high rise kit must be 
installed (available from your local parts supplier). 

ENGINE ALIGNMENT 

CULT 
4 See Figures 14 and 15 

Engine alignment is imperative for correct engine installation and also for 
continued engine and drive operation. It is a good idea to ensure proper 
alignment every time that the drive or engine has been removed. Engine 
alignment is checked by using OMC alignment tool (#912273) and handle 
(#311880). Engine alignment is adjusted by raising or lowering the front 
engine mount(s). 

1. With the drive unit off the vessel, slide the alignment tool through the 
gimbal bearing and into the engine coupler. It should slide easily, with no 
binding or force. If not, check the gimbal bearing alignment as detailed in the 
Drive Systems section. If bearing alignment is correct, move to the next step. 

2. If vour enoine utilizes a iam nut on the bottom of the mount bolt. 
loosen it i n d  bacc it off at least'll2 in. 

3. Loosen the lock nut and back it off. 
4. Now, determine d the engine requires raising or lowering to facilitate 

alignment-remember, the alignment tool should still be in position. Tighten 
or loosen the adjusting nut until the new engine height allows the alignment 
tool to slide freely. 

5. Hold the adjusting nut with a wrench and then tighten the lock nut to 
100-120 ft. Ibs. (136-163 Nm). If your engine uses a jam nut, cinch it up 
against the lock nut. 

6. Remove the alignment tool and handle. 

Fig. 14 lnstall the alignment tool through the gimbal bearing 

Fig. 15 A good view of the front engine mount and its components 
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ENGINE MECHANICAL-GM V6 AND V8 

REMOVAL & INSTALLATION 

+ See Figures 15 and 16 C U T  

1. Position an engine hoist over the engine and hook it up-to the two 
engine lifting eyes. 

2. Remove the two lag screws/bolts on each side of the mount where it 
rests on the stringer. 

3. Raise the engine just enough to allow working room for removing the 
mount. 

4. Remove the three mount-to-engine mounting bolts with their lock 
washers and lift out the mount. One of the bolts is hidden under the bracket, 
behind the mount bolt. 

Some engines may use bolts of different lengths; mark them so you 
can replace them in their original locations. 

5. Measure the distance between the top of the large washer on the 
mount and the flat on the lower side of the mounting bracket. Record it. 

6. Position a wrench over the bottom nut on the adjusting bolt, just 
underneath the mount, to hold the shaft and then remove the too nut. Lift off 
the bracket. 

7. Remove the two lock nuts from the bolt and slide out the adjusting 
bolt. Remember which washer goes where. 

To install: 
8. Slide the adjusting bolt up through the mount and then position the 

small and large washers over the bolt-large over small. 
9. Spin on the first (lower) lock nut and tighten it to 60-75 ft. Ibs. (81- 

102 Nm). 
10. Screw on the upper lock nut and then position the mount bracket 

over the bolt. Install the washer and adjusting nut and check the 
measurement taken in Step 5. Move the upper lock nut up or down until the 
correct specification is achieved and then tighten the adjusting nut to 100- 
120 ft. Ibs. (136-163 Nm) on V6 and 5.OU5.7L engines; 50-70 ft. Ibs. (68-95 
Nm) on 7.4L and 8.2L engines. 

. - 
bdt in this shot 

11. Spray the three mounting bolts with Loctite Primer N and allow them 
to air dry. Once dry, coat the bolts with Loctite or OMC Thread Sealing Agent 
and attach the mount to the engine. Tighten the bolts to 32-40 ft. Ibs. (43-54 
Nm). 

12. Position the mount over the lag screw holes and then slowly lower 
the engine until all weight is off the hoist. Install and tighten the lag screws 
securely. 

13. If you're confident that your measurements and subsequent 
adjustment place the engine exactly where it was prior to removal, then you 
are through. If you're like us though, you may want to check the engine 
alignment before you fire up the engine. 

REMOVAL & INSTALLATION 

CULT 
+ See Figure 17 

1. Remove the engine as detailed previously. 

2. Loosen the two bolts and remove the mount from the transom plate. 
Remember, you will already have removed the top lock nut and the washer 
during engine removal. 

3. Hold the square nut with a wrench and remove the shaft bolt. Be 
sure to take note of the style and positioning of the two mount washers as 
you are removing the bolt. Mark them, lay them out, or write it down, but 
don't forget their orientation!! 

To install: 
4. Slide the lower of the two washers onto the mount bolt, exactly as it 

came off. 

5. Slide the bolt into the flat (bottom) side of the rubber mount, install 
the remaining washer (as it came off!) and then spin on the square nut. Do 
not tighten it yet. 

Incorrect washer installation will cause excessive vibration during 
engine operation. 

6. Turn the assembly upside down and clamp the square nut in a vise. 
Spin the assembly until the holes in the mounting plate are directly opposite 
any two of the flat sides on the nut. This is important, otherwise the slot on 
the engine pad will not engage the mount correctly. Secure the mount in this 
position and tighten the bolt to 18-20 ft. Ibs. (24-27 Nm) on 1986-88 engines, 
or 44-52 ft. Ibs. (60-71 Nm) on 1989-98 engines. 

7. Remove the mount from the vise and position it on the transom plate. 
Install the bolts and washers and tighten each to 20-25 ft. Ibs. (27-34 Nm). 

8. lnstall the engine, making sure that the slot in the engine pad 
engages the square nut correctly. lnstall the two washers and locknut and 
tighten it to 28-30 ft. Ibs. (38-41 Nm). 

Fig. 17 A good look at the rear mount 
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5-8 ENGINE MECHANICAL-GM V6 AND V8 ENGINES 

REMOVAL & INSTALLATION 

+ See Figures 18,19 and 20 
DERATE 

In order to perform this procedure efficiently, we recommend 
removing the exhaust manifold in order to have sufficient working 
room to remove the cylinder head cover. Although not completely 
necessary, it's worth the extra effort to avoid the aggravation of 
working around the manifolds. Please refer to the manifold procedure 
later in this section. 

1. Open or remove the engine compartment hatch. Disconnect the 
negative battery cable. 

2. Loosen the clamp and remove the crankcase ventilation hose at the 
cover. Carefully move it out of the way. 

3. Tag and disconnect any lines, leads or hoses that might be in the 
way of removal. In some instances you may be able to simply secure them 
out of the way without disconnecting them-you be the judge. 

4. If your engine has a spark plug wire retainer attached to the cover, 
unclip the wires or remove the retainer and then tag and disconnect the plug 
wires at the spark plugs. 

5. Loosen the cover mounting bolts (usually three on the V6, four on the 
5.OLl5.7L and seven or eight on the 7.4U8.2L) and lift off the cylinder head 
cover. Take note of any harness or hose retainers and clips that might be 
attached to certain of the mounting bolts; you need to make sure they go 
back in the same place. 

To install: 
6. Clean the cylinder head and cover mounting surfaces of any residual 

gasket material with a scraper or putty knife. 
7. Position a new gasket on the cylinder head and then position the 

cover (don't forget the J-clips!). Tighten the mounting bolts to: 
* 100 inch Ibs. (11.3 Nm) on 1986-93 4.3L engines 
* 62-11 5 inch Ibs. (7-1 3 Nm) on 1994-96 4.3L engines 

106 inch Ibs. (12 Nm) on 1997-98 4.3L engines 
45 inch Ibs. (5 Nm) on 1986-96 5.OU5.7L engines 
65 inch Ibs. (7.3 Nm) on 1991 350 engines 
65 inch Ibs. (7.3 Nm) on 1992 5.7 LE engines 
90 inch Ibs. (10 Nm) on 1997 5.0U5.7L enaines (except the 1997 

5.7GSi) 
106 inch Ibs. (12 Nm) on 1997 5.7GSi and 1998 V8 engines 
11 5 inch Ibs. (1 3 Nm) on 7.4U8.2L engines, except 1996-97 and 1998 

7.4Gi 
60-90 inch lbs. (7-10 Nm) on 1996-97 7.4Ll8.2L engines 
72 inch Ibs. (8 Nm) on 1998 7.4Gi engines 

Make sure any retainers or clips that were removed are back in their 
original positions. 

8. Connect the crankcase ventilation hose and any other lines or hoses 
that may have been disconnected. Check that there were no other wires or 
hoses you may have repositioned in order to gain access to the cover. 

9, Install the exhaust manifold. 
10. Connect the battery cables. 

REMOVAL & INSTALLATION 

1992-98 4.3L V6 and 1992-98 7.4L18.2L V8 Engines 

+ See Figure 21 TE 

1. Open or remove the engine hatch cover and disconnect the negative 
battery cable. Remove the cylinder head cover as detailed previously. 

2. Bring the piston in the No. 1 cylinder to TDC. If servicing only one 
arm, bring the piston in that cylinder to TDC. The No. I cylinder is the first 
cylinder at the port side of the engine. 

3. Loosen and remove the rocker arm nut on the V6, shoulder bolt on 
the V8. Lift out the ball. 

4. Lift the arm itself off of the mounting stud (or boss) and pull out the 
pushrod. On the V8, lift off the pushrod guide before removing the pushrod if 
it didn't come off with the rocker. It is very important to keep each cylinder's 
component parts together as an assembly. We suggest drilling a set of holes 
in a 2x4 and positioning the pieces in the holes. 

Fig. 18 Remove the bolts (5.7L shown) ... 

Fig. 19 ... and then lift off the cover 

Fig. 20 Position a new gasket on the head 
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Pushrod 

Fig. 21 Exploded view of the rocker arm assembly (most V8 engines 
use a shoulder bolt) 

To install: 
5. Clean and inspect the rocker assemblies. If any scuffing, wear or 

obvious deterioration is found replace the entire assembly (rocker, ball and 
pushrod, and guide if equipped). Roll each push rod across a flat, even 
surface (countertops work great for this); if it does not roll smoothly, 
replace it. 

6. Coat all bearina surfaces of the rocker assemblv with enaine oil. 
7. Slide the push;ods into their holes. Make sure ihat eacLrod seats in 

its socket on the lifter. 
8. On V8 engines, position the guide over the rod so the other side is 

sitting on the boss. 
9. Position the rocker arm over the stud (boss) so that the cupped side 

rides on the push rod, Slide the ball over the stud, install the nut or bolt and 
tighten it to: 

40 ft. Ibs. (54 Nm) on 1992-96 V6 engines - 20 ft. Ibs. (27 Nm) on 1997-98 V6 engines 
40 ft. Ibs. (54 Nm) on 1992-98 V8 engines, except 1998 7.4Gi 
45 ft. Ibs. (61 Nm) on 1998 7.4Gi engines 

10. No additional adjustment of the valves is necessary as the lash is set 
automatically when the rocker is tightened to specifications. 

11. Install the cylinder head cover, connect the battery cable and check 
the idle speed. 

1986-91 4.3L V6, 1986-98 5.OLl5.7L V8,1990-91 7.4L V8 Engines 

- 
4 See Figures 21,22 and 23 

1. Open or remove the engine hatch cover and disconnect the negative 
battery cable. Remove the cylinder head cover as detailed previously. 

2. Bring the piston in the No. 1 cylinder to TDC. If servicing only one 
arm, bring the piston in that cylinder to TDC. The No. 1 cylinder on is the first 
cylinder at the port side of the engine. 

3. Loosen and remove the rocker arm nuts and lift out the balls. 
4. Lift the arm itself off of the mounting stud and pull out the pushrod. It 

is very important to keep each cylinder's component parts together as an 
assembly. We suggest drilling a set of holes in a 2x4 and positioning the 
pieces in the holes. 

On certain engines, the exhaust valve pushrods are longer then 
those for the intake valve. 

To install: 
5. Clean and inspect the rocker assemblies, particularly the balls where 

they mate with the rockers. 
6. Coat all bearing surfaces of the rocker assembly with engine oil. 
7. Slide the push rods into their holes. Make sure that each rod seats in 

its socket on the lifter. 
8. Position the rocker arm over the stud so that the cupped side rides 

on the push rod. Slide the ball over the stud, install the nut and tighten it until 
zero lash is present. 

9. Adjust the valves as detailed in the Valve Adjustment section. 
10. Install the cylinder head cover, connect the battery cable and check 

the idle speed. 

VALVE ADJUSTMENT 

1986-91 4.3L V6,1986-98 5.OL15.7L V8,1988-91 7.4L V8 And 1998 
7.4Ll8.2L V8 Engines 

4 See Figure 24 

These engines utilize hydraulic valve lifters, although there is no need for 
periodic valve adjustment, it is necessary to perform a preliminary 
adjustment after any work on the valve trainlrocker assembly. All adjustment 
should be undertaken while the lifter is on the base circle of the camshaft 
lobe for that particular cylinder. This means the opposite side of the pointy 
part of each lobe. 

1. Rotate the crankshaft, or bump the engine with the starter until the 
No. 1 cylinder is at TDC. Note that the notch or mark on the damper pulley 
will be lined up with the 0 mark on the timing scale. Be careful here though, 
this could mean that either the No. 1 or the No. 6 (No. 4, V6) piston is at 
TDG. Place your hand on the No. 1 cylinder's valve and check that it does 
not move as the mark on the pulley is approaching the 0 mark on the tab. If 
it does not move, you're ready to proceed; if it does move, you are on the 
No. 6 (No. 4) cylinder and need to rotate the engine an additional full turn. 
This is important so make sure you've gotten it right! 

2. Now that the No. 1 cylinder is at TDC, you can adjust the following 
valves on V6 engines: 

No. I cylinder: intake and exhaust 
No. 2 cylinder: intake 
No. 3 cylinder: intake 
No. 5 cylinder: exhaust 
No. 6 cylinder: exhaust 

Or these valves on V8 engines: 
No. 1 cylinder: intake and exhaust 
No. 2 cylinder: intake 
No. 3 cylinder: exhaust 

Fig. 22 Wouldn't it be nice if your valve train looked this good? 

Fia. 23 Close-up of the rocker assembly 
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5-10 ENGINE MECHANICAL-GM V6 AND V8 ENGINES 
No. 4 cylinder: exhaust 
No. 5 cylinder: intake 
No. 7 cylinder: intake 
No. 8 cylinder: exhaust 

3. Loosen the adjusting nut on the rocker until you can feel lash (play in 
the push rod) and then tighten the nut until the lash has been removed. 
Carefully jiggle the push rod while tightening the nut until it won't move 
anymore-this is zero lash. Tighten the nut an additional full turn (314 turn for 
the 1988-91 big block) to set the lifter and then you're done. Perform this 
procedure on each of the valves listed above. 

4. Slowly rotate the engine an additional full turn and this will bring the 
No. 6 (No. 4 on V6) piston to TDC. The pulley notchlmark should once again 
be in line with the 0 on the timing tab. You can now adjust the remaining 
valves as you just did on the first pass: 

No. 2 cylinder: exhaust 
No. 3 cylinder: intake 
No. 4 cylinder: intake and exhaust 
No. 5 cylinder: intake 
No. 6 cylinder: intake 

Or these valves on V8 engines: 
No. 2 cylinder: exhaust 
No. 3 cylinder: intake 
No. 4 cylinder: intake 
No. 5 cylinder: exhaust 
No. 6 cylinder: intake and exhaust 
No. 7 cylinder: exhaust 
No. 8 cylinder: intake 

1992-98 4.3L V6,1992-97 7.4Ll8.2L V8 And 1998 7.4Gi V8 Engines 

No initial valve lash adjustment is necessary on these engines; net 
lash is set when tightening the rocker arm nut or shoulder blot to the 
proper torque. The rocker studs on engines with nuts are equipped 
with 'positive stop' shoulders. 

REMOVAL & INSTALLATION 

TE 
+ See Figures 25 thru 

Although all engines covered here are equipped with hydraulic 
lifters, some utilize conventional flat lifters, while others will be 
equipped with roller lifters. Procedures for each type are different, yet 
similar enough that we will cover them both within this procedure. 

1. Using compressed air, thoroughly clean all dirt and grit from the 
cylinder head and related components. 

If compressed air is not available, we highly recommend that you DO 
NOT proceed with this procedure. It is EXTREMELY important that no 
dirt gets into the lifter recesses before completing the installation. 

2. Remove the cylinder head cover. 
3. Remove the intake and exhaust manifolds. 
4. Loosen the rocker arms and pivot the rockers off of the pushrods; or 

just remove them completely. 
5. Remove the pushrods from the block, being very careful to keep 

track of where each one came from. 
6. Remove the splash shield on 1998 7.4Gi engines. 
7. On V6 and certain later V8 engines, loosen and remove the mounting 

bolts (two or four) and then lift off the lifter guide retainer, with the 
restrictorslguides. It is a good idea to mark the front side of the retainer for 
proper installation later on. 

Not all engines utilize a guide retainer or restrictorslguides in all 
years, but it will be obvious whether or not your particular engine has 
them. 

8. Remove the lifters. Although they should come right out, you may 
want to use a magnet, or in some cases on later engines you will need to 
use a lifter extractor tool (#J9290-1 or J-3049-A) to extract each lifter. On 
engines with roller lifters and lifter guides, it is important that the two match 

Fig. 24 Wiggle the push rod slowly while tightening the rocker arm 
adjusting nut 

each other and that the roller rolls in the same direction as when it was 
removed; for this reason we think it's a good idea to match mark each lifter 
to its guide prior to removing it. 

Once again, we suggest using a 2x4 with holes drilled in it to store 
the rods and lifters; you'd be amazed at how quickly this job will fall 
apart if someone walks in and kicks the components that you have laid 
out on the floor! 

To install: 

9. Clean all components thoroughly and let dry completely, use 
compressed air if at all possible. 

10. Make sure that the push rod oil passages are clean and clear. 
Inspect the camshaft contact surface on the bottom of each lifter for 
excessive wear, galling or other damage. Discard the lifter if any of the 
above conditions are found. You'll probably want to check out the camshaft 
lobe for damage also. 

11. Coat the bottom of each flat lifter with MolykoteB, but on models with 
roller lifters use GM Engine Oil Supplement, and then carefully install each 
one into its respective recess. 

12. lnstall the retainer, with restrictorslguides if equipped, and tighten the 
bolts to 12 ft. Ibs. (16 Nm) on V6 engines, 18 ft. Ibs. (25 Nm) on 5.OLl5.7L V8 
engines and 20 ft, Ibs. (26 Nm) on the big blocks. Make sure that the marks 
you made across the roller lifters and their guides match up and that the 
mark you made on the retainer is toward the front of the engine!! 

On engines with restrictorslguides, the retainer MUST contact ALL 
guides. If bent, and it does not make contact, replace it with a new one. 
DO NOT attempt to bend it back into position. 

13. lnstall the pushrods into the sockets on the lifters. Install the splash 
shield on the Gi. 

14. Move the rockers into position and then tighten the nut as detailed in 
your engine's respective Rocker Arm procedure as detailed previously. 

15. lnstall the intake and exhaust manifolds. 
16. Install the cylinder head cover. 

If any, or all, of the lifters has been replaced with a new one it is very 
important that you add GM Engine Oil Supplement to the crankcase 
BEFORE starting the engine. 
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Fig. 25 A good look at the lifter, retainer and 
push rod-1986-96 4.3L V6 engines 

Fig. 26 The lifter retainer on 1997-98 V6 
models is slightly different ... 

Fig. 28 A simple magnet is a good way to remove the lifter (note the 
set-up for storing them!) ... 

Fig. 30 Valve lifter retainer and guides on a V8 (V6 simliar) 

Fia. 27 ... as is the retainer on a V8 enaineiif 

Fig. 29 ... although later models will require a special tool 

Fig. 31 Notice the guide and the pushrod socket in the lifter 
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Fig. 32 The lifter should come out easily ... 

REMOVAL & INSTALLATION 

4.3L V6 Engines 

+ See Figures 34 thru 40 

1. Open or remove the engine compartment hatch. D~sconnect the 
negative battery cable. 

2. Loosen the clamp and remove the crankcase ventilation or PCV 
hoses at the cylinder head covers. Carefully move them out of the way. 

3. Drain all water from the cylinder block and manifolds. 
4. Tag and disconnect all water hoses at the manifold and thermostat 

housing. Have some rags handy, since there will still be some water in them. 
Carefully move them out of the way. 

5. Remove the flame arrestor and then disconnect the throttle cable at 
the carburetorlthrottle body anchor block. 

6. Disconnect the fuel line and duo the line end and the carblthrottle 
body. If you have a non-flexible line,'di&onnect it at the fuel pump also. 
Move both the cable and fuel line out of the wav. 

7. Tag and disconnect the lead at the temberature gauge sender unit. 
Do the same with the harness connected to the rear of the alternator. Tag 
and disconnect any other lines, leads or hoses that might be in the way of 
removal. In some instances you may be able to simply secure them out of 
the way without disconnecting them-you be the judge. 

8. If your engine has a spark plug wire retainer attached to the cylinder 
head cover, unclip the wires or remove the retainer and then tag and 
disconnect the plug wires at the spark plugs. 

9. Remove the distributor cap with the leads still connected. Mark the 
position of the distributor rotor to the distributor body. Scribe a matchmark 
across the distributor and the manifold. Loosen the clamp bolt and remove 
the distributor. Please refer to the Electrical section for further details on 
distributor removal. DO NOT turn the engine over once the distributor has 
been removed. 

10. Remove the alternator and its mounting bracket. 

Fig. 34 lntake manifold tightening 
sequence-1986-95 engines 

Fig. 33 ... and look like this (roller lifter shown) 

11. Tag and disconnect any leads at the ignition module and move them 
out of the way. 

12. Tag and disconnect the wire at the oil sending unit and then remove 
the unit itself. 

13. Loosen and remove the manifold mounting bolts in the reverse order 
of the illustrated tightening sequence and then remove the manifold. Don't 
forget the solenoid bracket. There is a good likelihood you will need to pry 
the manifold off the block; be very careful that you don't scratch or mar the 
mating surfaces on the block, manifold or heads. 

To install: 
14. Carefully remove all remaining gasket material from the manifold 

mating surfaces with a scraper or putty knife. Be careful that you don't 
accidentally drop any old gasket into the crankcase or intake ports on the 
cylinder head. 

15. Inspect the manifold and all mating surfaces for any cracks or nicks. 
16. On 1986-96 engines, position new seals on the cylinder block mating 

surfaces. Position new gaskets on the cylinder head mating surfaces. Use 
GM Silicone Rubber Sealer at all water passages andlor wherever a seal 
butts against a gasket. 

Some engines may not have front or rear cylinder block seals. If 
yours is one of them, apply a 3116 in. (5mm) bead of RTV sealant to the 
forward and aft edges of the cylinder block mating surface. Make sure 
that you run the bead at least a 112 in. up onto the gaskets. 

17. On 1997-98 engines, coat the cylinder head side of the gasket with 
RTV sealant. DO NOT apply too much sealer-see the illustration. Position 
the gaskets onto the heads over the locater plns. 

18. Apply a 112 in. (13mm) bead of RTV sealant to the forward and aft 
edges of the cylinder block mating surface. Make sure that you run the bead 
at least a 112 in. up onto the gaskets. 

19. On all engines, install the manifold into place so that all the bolt holes 
line up, insert the bolts and tighten them to: 

30 ft. Ibs. (41 Nm) on 1986-95 engines 
35 ft. Ibs. (48 Nm) on 1996 engines 
11 ft Ibs. (15 Nm) on 1997-98 engines. This is final torque, so be sure 

you check the Specifications chart for the first two stages. 

Fig. 35 lntake manifold tightening 
sequence-1996 engines I Fig. 36 lntake manifold tightening 

sequence-1997-98 engines I 
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Fig. 37 Make sure to use new seals (or 
sealer) along the cylinder block-to-manifold 
mating surfaces-1986-96 enaines 

t 
Fig. 38 Coat the cylinder head side of the 
gasket with RTV sealant-1997-98 engines 

(0.50") 
Fig. 40 Run a bead of sealant as shown on the aft block-to-manifold 
mating surface--1997-98 engines 

Check the Torque Specifications chart for any further details on tightening 
needs. Tighten all bolts in the order shown in the illustration. On all 1997-98 
engines, coat all eight bolts with thread locking sealant prior to installing 
them; remember also that these engines utilize a three step tightening 
process. 

20. lnstall the oil sendina unit and connect the wire. 
21. Connect the ignitionmodule leads and install the distributor as 

detailed in the ~lectrical section. Put the cap back on and reconnect the plug 
wires to the spark plugs. 

22. lnstall all water hoses and tighten their clamps securely. 
23. lnstall the fuel line at the carburetorlthrottle body and fuel pump. 

Make sure you remove any plugs you may have inserted on removal. 
24. lnstall the throttle cable and adiust it as detailed in the Fuel Svstem 

section. lnstall the flame arrestor. 
25. Connect all other lines, leads and hoses that may have been 

removed to facilitate manifold removal. 
26. lnstall the alternator and mounting bracket. Reconnect the harness 
27. Connect the battery cable and start the engine. Check the ignition 

timing and idle speed. Check all hoses and seals for leaks. 

5.OL And 5.7L V8 Engines 

+ See Figures 41,42,43,44,45 and 46 
DERATE 

1. Open or remove the engine compartment hatch. Disconnect the 
negative battery cable. 

2. Loosen the clamp and remove the crankcase ventilation or PCV 
hoses at the cylinder head covers. Carefully move them out of the way. 

3. Drain all water from the cylinder block and manifolds. 

Fig. 39 Run a bead of sealant as shown on 
the forward block-to-manifold mating 
surface-1997-98 engines 

4. Tag and disconnect all water hoses at the manifold and thermostat 
housing. Have some rags handy, since there will still be some water in them. 
Carefully move them out of the way. 

5. Remove the flame arrestor and then disconnect the throttle cable at 
the carburetorlthrottle body anchor block. 

6. Disconnect the fuel line and plug the line end and the carbithrottle 
bodylfuel rail fitting. If you have a non-flexible line, disconnect it at the fuel 
pump also. Move both the cable and fuel line out of the way. 

7. Tag and disconnect the lead at the temperature gauge sender unit. 
Do the same with the harness connected to the rear of the alternator. Tag 
and disconnect any other lines, leads or hoses that might be in the way of 
removal. In some instances you may be able to simply secure them out of 
the way without disconnecting them-you be the judge. 

8. If your engine has a spark plug wire retainer attached to the cylinder 
head cover, unclip the wires or remove the retainer and then tag and 
disconnect the plug wires at the spark plugs. 

9. Remove the distributor cap with the leads still connected, Mark the 
position of the distributor rotor to the distributor body. Scribe a matchmark 
across the distributor and the manifold. Loosen the clamp bolt and remove 
the distributor. Please refer to the Electrical section for further details on 
distributor removal. DO NOT turn the engine over once the distributor has 
been removed. 

10. Remove the alternator and its mounting bracket. 
11. Tag and disconnect any leads at the ignition module and move them 

out of the way. 
12. Tag and disconnect the wire at the oil sending unit and then remove 

the unit itself. 
13. Loosen and remove the manifold mounting bolts in the reverse order 

of the illustrated tightening sequence and then remove the manifold. Don't 
forget the solenoid bracket. There is a good likelihood you will need to pry 
the manifold off the block; be very careful that you don't scratch or mar the 
mating surfaces on the block, manifold or heads. 

To install: 
14. Carefully remove all remaining gasket material from the manifold 

mating surfaces with a scraper or putty knife. Be careful that you don't 
accidentally drop any old gasket into the crankcase or intake ports on the 
cylinder head. 

15. Inspect the manifold and all mating surfaces for any cracks or nicks. 
16. On 1992-97 engines (exc. 1997 5.7GSi), position new seals on the 

cylinder block mating surfaces. Position new gaskets on the cylinder head 
mating surfaces. Use GM Silicone Rubber Sealer at all water passages 
andlor wherever a seal butts against a gasket. 

Some engines may not have front or rear cylinder block seals. If 
yours is one of them, apply a 3116 in. (5mm) bead of RTV sealant to the 
forward and aft edges of the cylinder block mating surface. Make sure 
that you run the bead at least a 112 in. up onto the gaskets. 

17. On 1997 5.7GSi and all 1998 engines, coat the cylinder head side of 
the gasket with RTV sealant. DO NOT apply too much sealer-see the 
illustration. Position the gaskets onto the heads over the locater pins. 

18. Apply a 112 in. jl3mm) bead of RTV sealant to the forward and aft 
edges of the cylinder block mating surface. Make sure that you run the bead 
at least a 112 in. up onto the gaskets. 
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/ FRONT 

Fif. 41 Intake manifold tightening 
sequence-1992-97 5.7L engines except the 
1997 5.7GSi 

Fig. 44 Coat the cylinder head side of the 
gasket with RTV sealant-1997 5.7GSi and all 
1998 enaines 

Fig. 42 Intake manifold tightening 
sequence--1997 5.7GSi and 1998 5.OLl5.7L 
engines 

Fig. 45 Run a bead of sealant as shown on 
the forward block-to-manifold mating 
surface-1997 5.7GSi and all 1998 enaines. 

Fig. 43. Make sure to use new seals (or 
sealer) along the cylinder block-to-manifold 
mating surfaces-1992-97 engines except 
the 1997 5.7GSi 

(0.50") 
Fig. 46 Run a bead of sealant as shown on 
the aft block-to-manifold mating surface- 
1997 5.7GSi and all 1998 enaines 

19. On all engines, install the manifold into place so that all the bolt holes 
line up, insert the bolts and tighten them to: 

30 ft. Ibs. (41 Nm) on 1986-97 engines 
11 ft Ibs. (15 Nm) on 1997 GSi and 1998 engines. This is final torque, 

so be sure you check. This is final torque, so be sure you check the 
Specifications chart for the first two stages-27 inch Ibs. (3 Nm) on the first 
pass, 106 inch Ibs. (12 Nm) on the second. 

Check the Torque Specifications chart for any further details on tightening 
needs. Tighten all bolts in the order shown in the illustration. On all 1998 
engines (yes, this also goes for the 1997 5.7GSi), coat all eight bolts with 
thread locking sealant prior to installing them; remember also that these 
engines utilize a three step tightening process. 

20. lnstall the oil sending unit and connect the wire. 
21. Connect the ignition module leads and install the distributor as 

detailed in the Electrical section. Put the cap back on and reconnect the plug 
wires to the spark plugs. 

22. lnstall all water hoses and tighten their clamps securely. 
23. lnstall the fuel line at the carburetorlthrottle body and fuel pump. 

Make sure you remove any plugs you may have inserted on removal. 
24. lnstall the throttle cable and adjust it as detailed in the Fuel System 

section. lnstall the flame arrestor. 
25. Connect all other lines, leads and hoses that may have been 

removed to facilitate manifold removal. 
26. Install the alternator and mounting bracket. Reconnect the harness. 
27. Connect the battery cable and start the engine. Check the ignition 

timing and idle speed. Check all hoses and seals for leaks. 

7.4L And 8.2L V8 Engines (Except 1997-9 

+ See Figures 47 thru 52 E 

1. Open or remove the engine compartment hatch. Disconnect the 
negative battery cable. 

2. Loosen the clamp and remove the crankcase ventilation or PCV 
hoses at the cylinder head covers. Carefully move them out of the way. 

3. Drain all water from the cylinder block and manifolds. 

4. Remove the flame arrestor cover. Remove the flame arrestor itself 
and then disconnect the throttle cable at the carburetor anchor block. 

5. Disconnect the electrical leads and remove the alternator. 

6. Tag and disconnect all water hoses at the manifold and thermostat 
housing. Have some rags handy, since there will still be some water in them. 
Carefully move them out of the way and then remove the thermostat 
housing. 

7. Disconnect the fuel line and plug the line end and the carburetor 
fitting. If you have a non-flexible line, disconnect it at the fuel pump also. 
Move both the cable and fuel line out of the way. 

8. Tag and disconnect the purpleiwhite wire at the choke housing. 

9. Unplug the main harness at the connector block. Disconnect it from 
the retaining clips and move it out of the way. 

10. Tag and disconnect any other lines, leads or hoses that might be in 
the way of removal. In some instances you may be able to simply secure 
them out of the way without disconnecting them-you be the judge. 

11. If your engine has a spark plug wire retainer attached to the cylinder 
head cover, unclip the wires or remove the retainer and then tag and 
disconnect the plug wires at the spark plugs. 

12. Remove the distributor cap with the leads still connected. Mark the 
position of the distributor rotor to the distributor body. Scribe a matchmark 
across the distributor and the manifold. Loosen the clamp bolt and remove 
the distributor. Please refer to the Electrical section for further details on 
distributor removal. DO NOT turn the engine over once the distributor has 
been removed. 

13. Tag and disconnect any leads at the ignition module and move them 
out of the way. 

14. Loosen and remove the manifold mounting bolts in the reverse order 
of the illustrated tightening sequence and then remove the manifold; no need 
to separate the carburetor unless you are replacing the manifold. There is a 
good likelihood you will need to pry the manifold off the block; be very careful 
that you don't scratch or mar the mating surfaces on the block, manifold or 
heads. 
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0 Front 

Fig. 47 lntake manifold tightening 
sequence-1988-90 engines 

@ FRT J 

Fig. 50 lntake manifold tightening 
sequence-1 996-97 engines 

fypmmzq 
FRONT 0 

Fig. 48 lntake manifold tightening 
sequenc+l991 engines 

4 FRT 

Fig. 51 lntake manifold tightening 
sequence1998 engines 

To install: 
15. Carefully remove all remaining gasket material from the manifold 

mating surfaces with a scraper or putty knife. Be careful that you don't 
accidentally drop any old gasket into the crankcase or intake ports on the 
cylinder head. 

16. Inspect the manifold and all mating surfaces for any cracks or nicks. 
17. Position new seals on the cylinder block mating surfaces, Position 

new gaskets on the cylinder head mating surfaces-make sure the gaskets 
have the metal inserts covering the center exhaust port. Use GM Silicone 
Rubber Sealer at all water passages andior wherever a seal butts against a 
gasket. 

Some engines may not have front or rear cylinder block seals. If 
yours is one of them, apply a 3116 in. (5mm) bead of RTV sealant to the 
forward and aft edges of the cylinder block mating surface. Make sure 
that you run the bead at least a 112 in. up onto the gaskets. 

18. install the manifold into place so that all the bolt holes line up, insert 
the bolts and tighten them to: 

30 ft. Ibs. (41 Nm) on 7.4L engines. 
35 ft. Ibs. (47 Nm) on 8.2L engines 

Check the Torque Specifications chart for any further details on tightening 
needs. Tighten all bolts in the order shown in the illustration, 

19. Connect the ignition module leads and install the distributor as 
detailed in the Electrical section. Put the cap back on and reconnect the plug 
wires to the spark plugs. 

20. lnstall all water hoses and tighten their clamps securely. 
21. lnstall the fuel line at the carburetor and fuel pump. Make sure you 

remove any plugs you may have inserted on removal. 
22. lnstall the throttle cable and adjust it as detailed in the Fuel System 

section. lnstall the flame arrestor and cover. 
23. Connect all other lines, leads and hoses that may have been 

removed to facilitate manifold removal. 
24. lnstall the alternator and mounting bracket. Reconnect the harness. 
25. Connect the battery cable and start the engine. Check the ignition 

timing and idle speed. Check all hoses and seals for leaks. 

C FRT 1 

Fig. 49 lntake manifold tightening 
sequence1 992-95 engines 

Fig. 52 Installing the intake manifold and 
gaskets 

1997-98 7.4L18.2L GilGSi V8 Engines 

Upper Manifold (Plenum) 
+ See Figures 53 thru 59 

1. Open or remove the engine compartment hatch. Disconnect the 
negative battery cable. 

2. Relieve the fuel system pressure as detailed in the Maintenance or 
Fuel System sections. 

3. Loosen the clamp and remove the crankcase ventilation or PCV 
hoses at the cylinder head covers. Carefully move them out of the way. 

4. Remove the flame arrestor cover. Remove the flame arrestor itself 
and then disconnect the throttle cable at the throttle body bell crank. 

5. Tag and disconnect the electrical leads at the following: 
ECM J1 and 52 
Knock sensor module 
Throttle position sensor 

* IAC valve 
MAP sensor 
IATsensor 

6. Tag and disconnect the hose from the pressure regulator at the 
nipple on the port side of the plenum (1997 7.4Gi and 1998 GSi). 

7. Tag and disconnect the vapor lrne at the pulse limiter on the port 
side, rear. 

8. Loosen the mounting bolts (8 or 12) in the reverse order of the 
illustrated tightening sequence and lift off the plenum. Make sure that you 
take note of how the throttle and fuel line brackets were positioned. Remove 
and discard the eight O-rings. 

9. Carefully cover the lower manifold port openings to prevent dirt from 
entering the engine. 

Upper intake plenums are made of aluminum-be extremely careful of 
how you handle it and where you set it down, particularly the mating 
surfaces. 
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To install: 
10. Carefully remove any remaining gasket material from the plenum and 

manifold mating surfaces. Make sure the O-ring recesses in the lower 
manifold runners are free of grime and dirt. 

11. Clean the inside of the plenum with Carburetor Cleaner or something 
similar. Do not use anything with methyl ethyl ketone! 

12. Coat the new O-rings lightly with grease and insert them into the 
recesses on the lower manifold. 

13. Position the plenum onto the manifold in such a way that you do not 
dislodae the 0-rinas. Coat the threads of the mounting bolts with LubriplateB 
777 (6 similar) arh install them. Tighten the bolts in sequence, in several 
steps, to 124 inch Ibs. (14 Nm). 

14. Connect the pulse limiter hose and tighten the clamp securely. 
15. Reconnect all electrical leads previously removed. 
16. Reconnect all vacuum lines previously removed. 
17. Install the flame arrestor and reconnect the throttle cable. Check for 

correct throttle operation and adjust if necessary. 
18, Connect the battery cables. 

Never soak the plenum in commercial liquid cleaners or solvents. 

Fig. 55 Disconnect the sensor leads ... 

Fig. 57 Upper intake plenum tightening 
sequence--1997 7.4Gi and 1998 
7.4GSii8.2GSi 

I Fig. 54 Disconnect the throttle linkage (7.4Gi) 

I Fig. 56 ... and the ECM connectors 

Fig. 58 Upper intake plenum tightening 
sequence--1998 7.4Gi 

Fig. 59 ~nstallii&the intake plenum and 
gaskets 
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Lower Manifold 

+ See Figures 52,60 and 61 

1. Open or remove the engine compartment hatch. Disconnect the 
negative battery cable. 

2. Drain all water from the cylinder block and manifolds. 
3. Remove the upper intake manifold (plenum). 
4. Disconnect the electrical leads and remove the alternator. 
5. Tag and disconnect all water hoses at the manifold and thermostat 

housing. Have some rags handy, since there will still be some water in them. 
Carefully move them out of the way and then remove the thermostat 
housing. 

6. Disconnect the fuel line and plug the line end and the throttle body 
fitting if not already done. If you have a non-flexible line, disconnect it at the 
fuel pump also. Move both the cable and fuel line out of the way. 

7. Unplug the main harness at the connector block. Disconnect it from 
the retaining clips and move it out of the way. 

8. Tag and disconnect any other lines, leads or hoses that might be in 
the way of removal. In some instances you may be able to simply secure 
them out of the way without disconnecting them-you be the judge. 

9. If your engine has a spark plug wire retainer attached to the cylinder 
head cover, unclip the wires or remove the retainer and then tag and 
disconnect the plug wires at the spark plugs. 

10. Remove the distributor cap with the leads still connected. Mark the 
position of the distributor rotor to the distributor body. Scribe a matchmark 
across the distributor and the manifold. Loosen the clamp bolt and remove 
the distributor. Please refer to the Electrical section for further details on 
distributor removal. DO NOT turn the engine over once the distributor has 
been removed. 

11. Tag and disconnect any leads at the module and move them out of 
the way. 

12. Loosen and remove the manifold mountrng bolts in the reverse order 
of the illustrated tiahtenina seauence and then remove the manifold: no need 
to separate the ca?bureto; unless you are replacing the manifold.   here is a 
good likelihood you will need to pry the manifold off the block; be very careful 
that you don't scratch or mar the mating surfaces on the block, manifold or 
heads. 

To install: 
13. Carefully remove all remaining gasket material from the manifold 

mating surfaces with a scraper or putty knife. Be careful that you don't 
accidentally drop any old gasket into the crankcase or intake ports on the 
cylinder head. 

14. Inspect the manifold and all mating surfaces for any cracks or nicks. 
15. Position new seals on the cylinder block mating surfaces. Position 

new gaskets on the cylinder head mating surfaces-make sure the gaskets 
have the metal inserts covering the center exhaust port. Use GM Silicone 
Rubber Sealer at all water passages and/or wherever a seal butts against a 
gasket. 

Some engines may not have front or rear cylinder block seals. If 
yours is one of them, apply a 3/16 in. (5mm) bead of RTV sealant to the 
forward and afl edges of the cylinder block mating surface. Make sure 
that you run the bead at least a 112 in. up onto the gaskets. 

16. On all engines, install the manifold into place so that all the bolt holes 
line up, insert the bolts and tighten them to: 

30 ft. Ibs. (41 Nm) on 7.4L engines. 
35 ft. Ibs. (47 Nm) on 8.2L engines 

Check the Torque Specifications chart for any further details on tightening 
needs. Tighten all bolts in the order shown in the illustrations. On 1998 Gi 
engines, coat all bolts with thread locking sealant prior to installing them. 

17. Connect the module leads and install the distributor as detailed in the 
Electrical section. Put the cap back on and reconnect the plug wires to the 
spark plugs. 

18. lnstall all water hoses and tighten their clamps securely. 
19. lnstall the fuel line at the carburetor/throttle body and fuel pump. 

Make sure you remove any plugs you may have inserted on removal. 
20. Connect all other lines, leads and hoses that may have been 

removed to facilitate manifold removal. 
21. lnstall the alternator and mounting bracket. Reconnect the harness. 
22. lnstall the upper plenum. 
23. Connect the battery cable and start the engine. Check the ignition 

timing and idle speed. Check all hoses and seals for leaks. 

Fig. 60 Intake manifold tightening sequence- all 1997 7.4L engines ( 

C7 
Fig. 61 Intake manifold tightening sequence-1998 7.4Ll8.2L 

REMOVAL & INSTALLATION 

DERATE 
+ See Figures 62,63,64,65,66 and 67 

1. Open or remove the engine compartment hatch. Disconnect the 
negative battery cable. 

2. Drain all water and/or coolant from the engine, manifold and exhaust 
elbow as detailed in the Maintenance section. 

3. Disconnect all watericoolant lines at the manifold and move them out 
of the way. It's a good idea to tag these so that you can ensure proper 
reconnection. Make sure that you have some rags handy, because there will 
probably be some spillage even though you've already drained the system. 

4. Loosen the hose clamps (twoifour) and then disconnect the exhaust 
pipe hose (bellows) at the elbow and move it out of the way. Grasp the hose 
with both hands and wiggle it back and forth while pulling it off the elbow. 
Take note of where all the hose clamps were situated. 

5. If you intend to remove the starboard manifold, many engines will 
have the circuit breaker bracket attached to the elbow, loosen the mounting 
bolt(s) and remove the circuit breaker bracket (breaker still attached) and 
position it out of the way. Many later models will also have the ignition 
module bracket attached to the rear side as well; detach it and move it aside. 

6. If you intend to remove the port elbow on EFI models, remove the 
fuel reservoir water hose and position it out of the way. 

7. Also on the port elbow, all models with remote oil filters will have the 
filter bracket attached to the forward side of the elbow- be sure you support 
this carefully when removing the mounting bolts. 

8. Remove, disconnect, or simply move out of the way, any hoses or 
wires which may be in the way of removal on your particular engine. 

9. Loosen the manifold retaining boltsinuts from the center outward and 
then pry off the manifold/elbow assembly. 

©PDF Manual Master 2006



5-18 ENGINE MECHANICAL-GM V6 AND V8 ENGINES 
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Fig. 62 Exploded view of the exhaust system on a typical V8 engine 
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Fig. 63 The port exhaust manifold uses 4 mounting nuts on the V6 ... 

Fig. 65 Close-up of the manifold and related components--except 
7.4L18.2L engines 

10. If necessary, loosen the four retaming bolts and remove the exhaust 
elbow (except 1986-90 V6) from the manifold. 

To install: 
11. Carefully clean all residual gasket mater~al from the head, manlfold 

and elbow mating surfaces with a scraper or putty kn~fe Inspect all gasket 
surfaces for scratches. cuts or other ~m~erfections. 

12 Pos~t~on a new gasket, without any sealant, on the cyllnder head and 
install the mandold, makrng sure that everything IS ahgned properly Trghten 
all nuts until they are just tight and then tlghten them to 18-22 ft Ibs (24-30 
Nm) on the 1986-90 4 3L V6 and 20-26 R Ibs. (27-35 Nm) on 1991-98 V6 
and all V8 engines, starting In the center, and workrng your way out to the 
ends of the manifold. On 7 4U8 2L englnes, trghten any mounting bolts to 
24-28 ft Ibs (33-38 Nm) 

13 If you removed the elbow, posltlon a new gasket on the mandold, 
makmg sure that the Indents line up (on seawater cooled englnes) and then 
mstall the elbow Tighten the mounting bolts to 10-12 ft. Ibs (14-16 Nm) on 
1986-93 engmes or 12-18 ft Ibs (16-24 Nm) on 1994-98 engines, refer to 
the Exhaust Elbow procedures found later for more deta~l on rnstalling the 
elbow. 

14 Connect the exhaust p~peibellows to the elbow and tighten the 
clamps securely 

15. If you removed the man~fold or elbow plugs for some reason, make 
sure that the threads are coated wlth sealant before screwlng them back In 

16 Connect the waterlcoolant hoses and t~ghten the clamps securely 
17 Make sure that any miscellaneous llnes or hoses that you may have 

moved or d~sconnected during removal are reconnected and routed properly. 
18 FrII the system wrth water or coolant, connect the battery cable and 

start the engine When the englne reaches normal operating temperature, 
turn it off and re-torque the manifold bolts 

Fig. 64 ... as does the starboard side. Note that these engines did 
not use an elbow until 1991 

Elbow Mountina 

Fig. 66 The module bracket is held in place by one of the elbow 
mounting bolts on certain later models 

Fig. 67 On models with a remote oil filter, the filter bracket is 
secured by the two forward mounting bolts 
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REMOVAL & INSTALLATION 

E 1986-90 4.3L V6 engines did not use a high rise exhaust elbow. 

1. Drain the cooling system. 
2. Loosen the two hose clamps and slide off the exhaust hose 

(bellows). Grasp it with both hands and pull it off while wiggling it from side to 
side. If it sticks, drip a little bit of soapy water around the lip. 

3. If you intend to remove the starboard elbow, first loosen the mounting 
bolts and remove the circuit breaker bracket (if equipped) and position it out 
of the way. Many later models will also have the ignition module bracket 
attached to the rear side as well; detach it and move it aside. 

4. If you intend to remove the port elbow on EFI models, remove the 
fuel reservoir water hose and position it out of the way. 

5. Also on the port elbow, all models with remote oil filters will have the 
filter bracket attached to the forward side of the elbow-be sure you support 
this carefully when removing the mounting bolts. 

6. Remove the four bolts, lock washers and washers from the elbow 
and lift it off the manifold. A little friendly persuasion with a soft rubber mallet 
may be necessary! Be careful though, no need to take out all your 
aggressions on the poor thing. 

7. Remove the gasket and discard it. 
To install: 

8. Clean the mating surfaces of the manifold and elbow thoroughly, coat 
both sides of a new gasket with Gasket Sealing compound and position it 
onto the manifold flange. 

9. Pos~tion the elbow on the manifold so the bolt holes are in alignment. 
Position any anchor brackets or mounting hardware for other components 
and then install the four mounting bolts and their washers. Tighten the 
mounting bolts to 10-12 ft. Ibs. (14-16 Nm) on 1986-93 engines or 12-18 ft. 
lbs. (16-24 Nm) on 1994-98 engines. 

10. Slide the exhaust hose, while wiggling it, all the way onto the elbow. 
Position the two clamps in their channels and tighten the clamp screws 
securely. Coating the inside of the hose with a soapy water solution will help 
you slip it on. 

REMOVAL & INSTALLATION 

+ See Figures 62,68 and 69 

Not all engines will use an intermediate pipe between tjie upper 
bellows and the lower exhaust pipe. 

1. Starting with the upper hose, loosen all four hose clamps, two on top 
of the hose and two on the bottom. 

2. Drizzle a soapy water solution over the top of the hose where it 
mates with the exhaust elbow and let it sit for a minute. 

3. Grasp the hose with both hands and wiggle it side-to-side while 
pulling down on it until it separates from the elbow (or the top of the manifold 
on early V6 engines). 

4. Now wiggle it while pulling upwards until it pops off the intermediate 
exhaust pipe. 

5. The lower hose should be removed in the same manner as the 
upper. 

6. Check the hose for wear, cracks and deterioration. 
7. Coat the inside of the lower end of the lower hose with soapy water 

and wiggle it into position on the Y-pipe (lower). Remember to install the two 
clamps before sliding it over the end of the pipe. 

There is a step about 1 112 in. into the inside of one end on each the 
upper and lower hoses; upper only on the 7.4L18.2L engines. The 
stepped side of BOTH hoses should fit over the intermediate pipe. This 
means that the stepped side on the upper hose faces DOWN, and the 
stepped side on the lower hose faces UP! 

8. Slide the two clamps over the upper end of the lower hose and then 
coat the inside with the soapy water solution and insert the bottom of the 
intermediate pipe into it fully until it seats on the step. Tighten the clamp 
screws securely. 

9. Coat the inside of the lower end of the upper hose with soapy water 
and wiggle it into position on the intermediate pipe until it meets the step. 
Remember to install the two clamps before sliding it over the end of the pipe. 

10. Slide two clamps over the upper end, lubricate the inside with soapy 
water and wiggle the hose over the elbow. 

11. Tighten all four clamp screws securely. 

REMOVAL & INSTALLATION 

+ See Figure 62 CULT 

1. It is unlikely you will be able to get the pipe off without removing the 
engine, so remove the engine as previously detailed. 

2. Loosen the four retaining bolts at the transom shield and then 
remove the exhaust pipe. Carefully scrape any remnants of the seal from the 
pipe and transom mounting surfaces. 
E The pipe mounting holes in the transom shield utilize Heli-Coil@ 
locking inserts. Never clean the holes or threads with a tapping tool or 
you risk damaging the locking feature of the threads. 

3. Coat a new seal with 3M Rubber Adhesive and position it into the 
groove on the transom shield mating surface. 

Fig. 68 A good look at the upper hose ... 

Fig. 69 ... and the lower hose-not all engines will have the bulge in 
the lower hose like shown here 
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4. Coat the mounting bolts with Gasket Sealing Adhesive. Position the 

exhaust pipe, insert the bolts and tighten them to 10-12 ft. Ibs. (14-16 Nm) 
on 1986-90 engines or 20-25 ft. Ibs. (27-34 Nm) on 1991 -98 engines. 

5. lnstall the engine. 

EXHAUST VALVE (FLAPPER) REPLACEMENT 

DERATE 
1. Remove the exhaust hoses and the intermediate e x h z t  pipe. The 

flapper is located in the upper end of the y-pipe. 
2. The valve is held in place by means of a pin running through two 

bushings in the sides of the pipe. Position a small punch over one end of the 
pin and carefully press the pin out of the pipe. 

Make sure you secure the valve while removing the retaining pin so 
it doesn't fall down into the exhaust pipe. 

3. Press out the two bushings and discard them. Coat two new 
bushings with Scotch Grip Rubber Adhesive and press them back into the 
sides of the pipe. 

4. Position the new valve into the pipe with the long side DOWN. When 
looking at the valve, the molded retaining rings are off-center-the side with 
the rings should face the top of the pipe. When the valve is in place, coat the 
pin lightly with engine oil and slowly slide it through one of the bushings, 
through the two retaining holes on the valve and then through the opposite 
bushrng. Make sure the pin ends are flush with the sides of the pipe on both 
sides. 

5. lnstall the exhaust hose. 

REMOVAL & INSTALLATION 

1986-96 4.3L V6 and 1986-97 5.7L V8 Engines (Except 1997 5.7GSi) 

CULT 

More times than not, this procedure will require the removal of the 
engine. Your boat and its unique engine installation will determine this, 
but the procedure is almost always easier with the engine removed 
from the boat. 

1. Remove the engine as previously detailed in this section. 
2. If you haven't already drained the engine oil, do it now. Make sure 

you have a container and lots of rags available. 
3. Remove the oil dipstick and then remove the dipstick tube($ 
4. Remove the oil withdrawal tube from the oil drain plug fitting. 
5. Loosen and remove the oil pan retaining bolts and nuts, starting with 

the center bolts and working out toward the pan ends. Lightly tap the pan 
with a rubber mallet to break the seal and then lift it off the cylinder block. If 
your engine stand will allow for rotating the engine, you'll find that this will be 
easier with the pan facing up. 
To install: 

6. Clean the pan mating surfaces of any residual gasket material with a 
scraper or putty knife. Make sure that no old gasket material has been 
pressed into the retaining bolt holes in the pan, block or front cover. Clean 
the pan itself thoroughly with solvent. 

7. Position a new seal into the rear main bearing cap groove and press 
it into place; make sure that the ends are pressed into the small openings in 
the cylinder block. 

8. Coat new side gaskets lightly with grease and position them so that 
the aft ends overlap the rear seal and the front ends are pressed into the 
groove between the timing cover and the cylinder block. 

9. lnstall all bolts finger tight and then tighten the front and rear 5116 in. 
bolts to 12-15 ft. Ibs Ibs. (16-20 Nm) and the remaining 114 in. bolts to 6-7.5 
ft. Ibs. (8-10 Nm). Remember to start with the center bolts and work outward 
toward the ends of the pan. 

10. lnstall the oil drain fitting and finger tighten the bolt. Rotate the fitting 
and then attach the withdrawal tube. Tighten the fitting bolt and flare nut to 
15-18 ft. Ibs. (20-24 Nm). 

11. lnstall the engine (if removed). Refill with all fluids. Run the engine up 
to normal operating temperature, shut it off and check the pan for any leaks. 

1997-98 4.3L V6 Enaines 

+ See Figures 70,71,72,73 and 74 

More times than not, this procedure will require the removal of the 
engine. Your boat and its unique engine installation will determine this, 
but the procedure is almost always easier with the engine removed 
from the boat. 

1. Remove the engine as previously detailed in this section. 
2. If you haven't already drained the engine oil, do it now. Make sure 

you have a container and lots of rags available. 
3. Remove the oil dipstick and then remove the dipstick tube($ 
4. Remove the oil withdrawal tube from the oil drain plug fitting. 
5. Loosen and remove the oil pan retaining bolts and nuts, starting with 

the center bolts and working out toward the pan ends. Lightly tap the pan 
with a rubber mallet to break the seal and then lift it off the cylinder block. If 
your engine stand will allow for rotating the engine, you'll find that this will be 
easier with the pan facing up. 
To install: 

6, Clean the pan mating surfaces of any residual gasket material with a 
scraper or putty knife. Make sure that no old gasket material has been 
pressed into the retaining bolt holes in the pan, block or front cover. Clean 
the pan itself thoroughly with solvent. 

7. Apply a small dab of RTV sealer to the joints on either side of the 
rear oil seal retainer and front cover, position a new pan gasket onto the pan 
being very careful to line up all the holes-do not use RTV sealant with this 
gasket other than where noted, Make sure that the sealer is applied at least 
1 in. (25.4mm) in either direction from each of the four joints. 

8. Move the pan and gasket onto the block; don't dawdle here because 
the RTV sealant applied in the previous step sets up very quickly. It is very 
important that you ensure all the holes line up correctly. 

On these engines, proper alignment of the rear edge of the pan and 
the block is im~erative-if both surfaces are not flush. the enaine-to- 
transom bracket alignment will not be rigid. 

" 

9. lnstall the special straight edge (#J346773) at the rear and slide the 
pan back against it. lnstall the pan retaining bolts and nuts finger-tight. 

10. Check the clearance between the three oil pan-to-bell housing 
contact points with a feeler gauge. If clearance exceeds 0.010 in. (0.254mm) 
at any of the three points you will need to remove the pan and start over 
again. Continue this until all three points are within specifications. 

11. Now tighten the bolts to 18 ft. Ibs. (25 Nm) and the nuts to 17 ft. Ibs. 
(23 Nm). Remember to follow the torque sequence shown in the illustration. 

12. On all engines again, install the oil drain fitting and finger tighten the 
bolt. Rotate the fitting and then attach the withdrawal tube. Tighten the fitting 
bolt and flare nut to 15-18 ft. Ibs. (20-24 Nm). 

13. lnstall the engine (if removed). Refill with all fluids. Run the engine up 
to normal operating temperature, shut it off and check the pan for any leaks. 

1997 5.7GSi And 1998 5.OLi5.7L V8 Enaines - 
ULT 

+ See Figures 70,71,75 and 76 

More times than not, this procedure will require the removal of the 
engine. Your boat and its unique engine installation will determine this, 
but the procedure is almost always easier with the engine removed 
from the boat. 

1. Remove the engine as previously detailed in this section. 
2. If you haven't already drained the engine oil, do it now. Make sure 

you have a container and lots of rags available. 
3. Remove the oil dipstick and then remove the dipstick tube@). 
4. Remove the oil withdrawal tube from the oil drain plug fitting. 
5. Loosen and remove the oil pan retaining bolts, studs and nuts, 

starting with the center fasteners and working out toward the pan ends. Lift 
off the reinforcing strips and then lightly tap the pan with a rubber mallet to 
break the seal and then lift it off the cylinder block. If your engine stand will 
allow for rotating the engine, you'll find that this will be easier with the pan 
facing up. 
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Fig. 70 Apply a little RTV sealant at the 
joints as shown-front of engine I Fig. 71 Apply a little RTV sealant at the 

joints as shown-rear of engine 

Fig. 73 ... and then slide it back against the special tool to check pan 
alignment 

To install: 
6. Clean the pan mating surfaces of any residual gasket material with a 

scraper or putty knife. Make sure that no old gasket material has been 
pressed into the retaining bolt holes in the pan, block or front cover. Clean 
the pan itself thoroughly with solvent. 

7. Apply a small dab (5mm) of GM Adhesive sealer to the joints on 
either side of the rear oil seal retainer and front cover, position a new pan 
gasket onto the pan being very careful to line up all the holes--do not use 
RTV sealant with this gasket other than where noted. Make sure that the 
sealer is applied at least 1 in. (25.4mm) in either direction from each of the 
four joints. 

8. Move the pan and gasket onto the block; don't dawdle here because 
the RTV sealant applied in the previous step sets up very quickly. It is very 
important that you ensure all the holes line up correctly. 

9. Position the reinforcing strips on each side and then tighten the bolts, 
stud or nuts on each corner to 15 ft. Ibs. (20 Nm); tighten the remaining bolts 
and studs to 106 inch Ibs. (12 Nm). 

10. Install the oil drain plug or the oil drain fitting and finger tighten the 
bolt. Rotate the fitting and then attach the withdrawal tube. Tighten the fitting 
bolt and flare nut to 15-18 ft. Ibs. (20-24 Nm). 

11. Install the engine (if removed). Refill with all fluids. Run the engine up 
to normal operating temperature, shut it off and check the pan for any leaks. 

1988-98 7.4L18.2L V8 Engines 

+ See Figures 77,78,79 and 80 CULT 

More times than not, this procedure will require the removal of the 
engine. Your boat and its unique engine installation will determine this, 
but the procedure is almost always easier with the engine removed 
from the boat. 

Fig. 72 Install the oil pan ... I 

Fig. 74 Oil pan tightening sequence 

1. Remove the engine as previously detailed in this section. 
2. If vou haven't alreadv drained the enaine oil, do it now. Make sure 

vou have a container and lois of raw availa6e. 
3. Remove the oil dipstick anithen remove the dipstick tube(s) 
4. Remove the oil withdrawal tube from the oil drain ~ l u a  fittina. 
5. Loosen and remove the oil pan retaining bolts and nuis, s t h n g  with 

the center bolts and working out toward the pan ends. Lightly tap the pan 
with a rubber mallet to break the seal and then lift it off the cylinder block. If 
your engine stand will allow for rotating the engine, you'll find that this will be 
easier with the pan facing up. 

6. Lift of the pan reinforcement strips on 1988-91 engines. 
To install: 

7. Clean the pan mating surfaces of any residual gasket material with a 
scraper or putty knife. Make sure that no old gasket material has been 
pressed into the retaining bolt holes In the pan, block or front cover. Clean 
the pan itself thoroughly with solvent. 

On all but the 1998 7.4Gi: 
8. Apply RTV sealer (Silicone Rubber Sealer) to the four corners (front 

and rear) of new side gaskets. Coat them with sealer and position them onto 
the cylinder block. 

9. Position a new seal into the groove in the rear main bearing cap so 
that the ends mate evenly with the side gaskets. 

10. Position a new front seal onto the bottom of the front cover and press 
the locating tips into the holes in the cover. Make sure that the ends of the 
seal mate evenly with the side gaskets. 
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Fig. 75 Install the oil pan with the fasteners in these positions, all 
not shown are bolts-1997 GSi and 1998 engines 

11. On 7.4L engines, install all bolts and nuts finger tight and then tighten 
the pan-to-front cover bolts to 70 inch Ibs. (8 Nm) and the remaining bolts to 
160 inch Ibs. (18 Nm). On 8.2L engines, install all bolts and nuts finger tight 
and then tighten the pan-to-front cover bolts to 120 inch Ibs. (13.6 Nm) and 
the remaining bolts to 200 inch Ibs. (22.5 Nm). Refer to the tightening 
sequence illustration for 1988-91 engines; on 1992-93 engines, tighten them 
evenly and alternately from the center outward. 

On the 1998 7.4Gi: 
12. Apply RTV sealant to the four places that the front and rear main 

bearing caps mate with the cylinder block. 
13. Position a new gasket and then install the oil pan. Thread in all 

mounting bolts finger tight and then tighten them to 18 it. Ibs. (25 Nm), 
alternately and from the center outward. 

On all engines: 
14. Install the oil drain fitting and finger tighten the bolt. Rotate the fitting 

and then attach the withdrawal tube. Tighten the fitting bolt and flare nut to 
15-18 ft. Ibs. (20-24 Nm); 20 ft. Ibs. (28 Nm) on the 1998 7.4Gi.. 

15. Install the engine (if removed). Refill with all fluids. Run the engine up 
to normal operating temperature, shut it off and check the pan for any leaks. 

I Reinforcina 

I A Strip 

I Fig. 77 Installing the oil pan-1988-91 
engines 

Fig. 76 A view of the pan, note the reinforcing strip 

The two-piece oil pump utilizes two pump gears and a pressure regulator 
valve enclosed in a two-piece housing. A baffled pick-up tube is press-fit into 
the body of the pump. The pump is driven via the distributor shaft which is 
itself driven from a gear on the camshaft. Oil passes through the pick-up 
screen, through the pump and then through the oil filter. 

REMOVAL & INSTALLATION 

+ See Figures 81,82 and 83 CULT 

1. Remove the oil pan as previously detailed. Remember that you 
probably need to remove the engine for this procedure. 

2. Most V8 engines utilize an oil baffle (deflector) plate; remove the 
retaining nuts (three, and a bolt) and lift out the baffle. Certain V6 engines 
also use a baffle that is mounted to the pick-up screen. 

3. Loosen and remove the pump mounting bolt(s) from the rear main 
bearing cap and lift off the pump assembly. 

4. Pull out the driveshaft and retainer. 
5. Loosen the four pump cover screws and lift off the cover with the 

screen attached. 

The oil pump pick-up screen-and pipe are press fit to the pump 
cover, they are serviced as an assembly so should not be separated; 
nor should they be replaced during normal service. If the assembly 
does require replacement, mount the pump in a vise and pull out the 
pipe. Do not reinstall the same assembly, use only a new replacement. 
Make sure that the screen is parallel with the bottom of the oil pan. 

Fig. 78 Installing the oil pan-1992-98 
engines (except 1998 7.4Gi) 

Fig. 79 Installing the oil pan-1998 7.4Gi 
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6. Matchmark the two gears where they mesh and then lift out the two 

gears. Remove the pressure regulator valve and it associated parts. 
7. Clean all components in solvent and dry thoroughly. Inspect the 

pump body and gears for cracks, excessive wear or other damage 
8. lnstall the pressure regulator valve into the housing cover with a new 

spring. 
9. Install the retaining pin. 

10. lnstall the drive gear into the housing. lnstall the idler gear so that the 
matchmarks mesh with the drive gear and the smooth side is toward the 
cover. 

11. lnstall the pump cover and tighten the screws to: 
6-9 ft. Ibs. (8-12 Nm) on 1986-96 V6 engines 
106 inch Ibs. (12 Nrn) on 1997-98 V6 engines 
6-9 ft. Ibs. (8-i2 ~ m ) ' o n  1986-97 5 . 0 ~ 5 . j ~  V8 engines (except the 

1997 5.7GSi) 
106 inch Ibs. (12 Nrn) on the 1997 5.7GSi and 1998 5.OU5.7L V8 

engines 
80 inch Ibs. (9 Nrn) on all 7.4U8.2L V8 engines (except the 1998 7.4Gi) 
106 inch Ibs. (12 Nm) on 1998 7.4Gi 

12. Check that the pump and block mating surfaces are clean and then 
position the pump over the block so that the pump extension shaft tang is 
aligned with the distributor driveshaft slot. Do not use a gasket or RTV 
sealant. Tighten the pump mounting bolts to 65 ft. Ibs. (90 Nm) on all but the 
8.2L engine, and 70 ft. Ibs. (95 Nm) on 8.2L engines 

Front 

Fig. 80 Oil pan tightening sequenk1988-91 engines 

The pump should slide into place easily, if not recheck the 
alignment of the two shafts. 

13. Install the oil baffle on engines so equipped and tighten the nuts to 
30 ft. Ibs. (40 Nm). 

14. lnstall the oil pan and engine. 

Almost all engines covered here utilize a bypass valve. After removing the 
oil filter, check the spring and small fiber valve for proper operation. Any 
signs of incorrect operation, or wear and deterioration will necessitate 
replacement. 

Fig. 81 Oil pump and pick-up screen properly installed on a typical 
\lr( 

Baffle 
Plate 

Oil 

e 
Pump 

FI I 

Fia. 82 Most V8s use an oil baffle plate 
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1 - Extensisrr Shaft 7 - Pump Cover 
2 - Shaft Caupiirtg 8 - Pressure Regufa%at Valve 
3 - Pump Body 9 - Pressure Aeguiafsr Spring 
4 - Drive Gear and Shaff 7 0- Plug 
5 - ldier Gear 1 4  - Relaming Pin 
6 - Pickup Screen and Pipe 12- Screws 

REMOVAL & INSTALLATION 

+ See Figure 84 

1. Drain the oil as detailed in the Maintenance section. 
2. Remove the oil filter. 
3. Using a small prybar, remove the valve. 
4. Install a new valve and press it in by placing a 9116 in. deep socket 

over it and tapping the socket lightly with a hammer. 
5. Install the oil filter and refill the engine with the appropriate oil. 

REMOVAL & INSTALLATION 

Over the years, these engines were equipped in a variety of 
configurations-flywheel and torsional damper, flywheel, damper and 
coupler, flywheel and coupler, etc. And for a number of years, some 
models also had a timing ring attached. Early models are usually the 
ones equipped with a damper, while Cobra, SP and DP models usually 
were equipped with the coupler. King Cobra models are usually the 
ones that use the timing ring, although there were also some 4.3L 
engines that used it. Although we have attempted to narrow the 
applications in the following procedures, it was not always year or 
model specific. Please read the procedures FIRST in order to determine 
which one is appropriate for your particular engine's configuration. 

Fig. 84 Oil filter bypass valve 
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Models With A Torsional Damper 

CULT 
Over the years, these engines were equipped in a varizy of 

configurations-flywheel and torsional damper, flywheel, damper and 
coupler, flywheel and coupler, etc. And for a number of years, some 
models also had a timing ring attached. Early models are usually the 
ones equipped with a damper, while Cobra, SP and DP models usually 
were equipped with the coupler. King Cobra models are usually the 
ones that use the timing ring, although there were also some 4.3L 
engines that used it. Although we have attempted to narrow the 
applications in the following procedures, it was not always year or 
model specific. Please read the procedures FIRST in order to determine 
which one is appropriate for your particular engine's configuration. 

1. Remove the engine as detailed previously. 
2. Loosen the bolts and remove the flywheel housing and cover plate. 
3. Remove the three mounting bolts and pull off the rear torsional 

damper. 
4. Remove four of the six flywheel retaining bolts. Loosen the other two, 

any two is fine, and back them out about half way. Using the two bolts as a 
stop, carefully pull the flywheel off of the crankshaft flange. Remove the two 
bolts and flywheel. 

To install: 
5. Position the flywheel over the dowel pin on the flange and make sure 

that the holes line up correctly. Coat the bolt threads with engine oil, install 
them and tighten to 59 ft. Ibs. (82 Nm). Tighten the six bolts in a diagonal 
star pattern. 

6. lnstall the torsional damper and tighten the bolts securely. 
7. lnstall the housing and plate. Coat all mounting bolts with engine oil 

and tighten the 9116 in. housing bolts to 30 ft. Ibs. (41 Nm), the 5116 in. plate 
bolts securely. 

8. Install the engine. 

Models With A Timing Ring 

+ See Figures 86 and 87 

II Over the years, these engines were equipped in a variety of 
configurations-flywheel and torsional damper, flywheel, damper and 
coupler, flywheel and coupler, etc. And for a number of years, some 
models also had a timing ring attached. Early models are usually the 
ones equipped with a damper, while Cobra, SP and DP models usually 
were equipped with the coupler. King Cobra models are usually the 
ones that use the timing ring (350,454, 502,7.4L), although there were 
also some 4.3L engines that used it. Although we have attempted to 
narrow the applications in the following procedures, it was not always 
year or model specific. Please read the procedures FIRST in order to 
determine which one is appropriate for your particular engine's 
configuration. 

1. Remove the engine from the boat as detailed previously in this 
section. 

2. Loosen and remove any connections attached to either of the ground 
studs on each side of the flywheel. Move the electrical leads out of the way. 

3. Loosen the 5 retaining bolts and slide out the lower housing cover. 
4. Although not strictly necessary, we recommend removing the starter. 
5. Locate the timing sensor cover on the housing, loosen the two nuts 

and lift off the cover. Remove the two nuts and washers and then pull out the 
sensor and position it out of the way. 

6. Cut the plastic tie that secures the housing drain hose and the pull 
the hose out of the fitting. 

7. Remove the flywheel housing retaining nutslbolts and pull off the 
housing. Take note of the positioning of the oil cooler and its bracket. 

8. Slide an offset wrench behind the coupler and loosen the six flywheel 
mounting nuts gradually and as you would the lug nuts on your car or truck- 
that is, in a diagonal star pattern. Remove the coupler. 

9. Mark the dowel hole on the timing ring and pry it off the flywheel. 
Remove the flywheel. 

To install: 
10. Thoroughly clean the flywheel mating surface and check it for any 

nicks, cracks or gouges. Check for any broken teeth. 
11. lnstall the flywheel over the dowel on the crankshaft. 
12. Position the timing ring over the locating pin making sure the pin is in 

the correct hole-you did mark it, right? Press the ring into position. 
13. Slide the coupler over the studs so that it sits in the recess on the 

flywheel. lnstall new lock washers and tighten the mounting nuts to 40-45 ft. 
Ibs. (54-61 Nm). Once again use the star pattern while tightening the bolts. 

14. lnstall the flywheel housing and attach the-oil cooler. Tighten the 
nutslbolts to 32-40 ft. lbs. (43-54 Nm). 

15. lnstall the washer, lock washer and inner nut on the ground stud and 
tighten it to 15-20 ft. Ibs. (20-27 Nm). Attach the electrical leads, install 
another lock washer and then tighten the outer nut securely. 

16. Slide the drain hose in and attach it with a new plastic tie. 
17. Position the timing sensor onto the mounting studs and press in on 

the spring tab so that the sensor seats itself correctly over the timing ring. 
lnstall the washers and nuts, with the tab still depressed, and tighten them to 
48-64 inch Ibs. (5-7 Nm). Once the nuts are tightened, press in on the spring 
tab again and confirm that the tab DOES NOT touch the timing ring. If it 
does, loosen the nuts and try it again. 

If the sensor tab comes in contact with the teeth of the timing ring, i t  
will be damaged on engine start-up. 

18. lnstall the sensor and tighten the nuts to 48-64 inch Ibs. (5-7 Nm). 
19. Coat both sides of a new gasket with Gasket Sealing Compound and 

position it onto the cover. Slide the cover into position and tighten the bolts to 
60-84 inch Ibs. (7-9 Nm). 

20. lnstall the engine. 

Models With A Coupler 

+ See Figures 85,86 and 87 CULT 

Over the years, these engines were equipped in a variety of 
configurations-flywheel and torsional damper, flywheel, damper and 
coupler, flywheel and coupler, etc. And for a number of years, some 
models also had a timing ring attached. Early models are usually the 
ones equipped with a damper, while Cobra, SP and DP models usually 
were equipped with the coupler. King Cobra models are usually the 
ones that use the timing ring, although there were also some 4.3L 
engines that used it. Although we have attempted to narrow the 
applications in the following procedures, it was not always year or 
model specific. Please read the procedures FIRST in order to determine 
which one is appropriate for your particular engine's configuration. 

1. Remove the engine from the boat as detailed previously in this 
section. 

2. Loosen and remove any connections attached to either of the ground 
studs on each side of the flywheel. Move the electrical leads out of the way. 

3. Although not strictly necessary, we recommend removing the starter. 
4. Loosen the 4 or 5 retaining bolts and slide out the lower housing 

cover. 
5. Cut the plastic tie that secures the housing drain hose and the pull 

the hose out of the fitting. 
6. Remove the oil cooler and bracket, take note of the positioning of 

both and secure them out of the way. 
7. Remove the flywheel housing. 
8. Slide an offset wrench behind the coupler and loosen the six flywheel 

mounting nuts gradually and as you would the lug nuts on your car or truck- 
that is, in a diagonal star pattern. 

9. Remove the coupler and then the flywheel. 
To install: 
10. Thoroughly clean the flywheel mating surface and check it for any 

nicks, cracks or gouges. Check for any broken teeth. 
11. lnstall the flywheel over the dowel on the crankshaft. 
12. Slide the coupler over the studs so that it sits in the recess on the 

flywheel. lnstall new lock washers and tighten the mounting nuts to 40-45 ft. 
Ibs. (54-61 Nm) except on 1992 engines where the spec is 35-40 ft. Ibs. (47- 
54 Nm). Once again use the star pattern while tightening the bolts. 

13. lnstall the flywheel housing and attach the oil cooler. Tighten the 
bolts to 28-36 ft. Ibs. (38-49 Nm) on 1986-91 engines or 32-40 ft. Ibs. (43-54 
Nm) on 1992-98 engines. 

14. lnstall the washer, lock washer and inner nut on the ground stud and 
tighten it to 20-25 ft. Ibs. (27-34 Nm) on 1986-91 engines or 15-20 ft. Ibs. 
(20-27 Nm) on 1992-98 engines. Attach the electrical leads, install another 
lock washer and then tighten the outer nut securely. 

15. Coat both sides of a new gasket with Gasket Sealing Compound and 
position it onto the cover. Slide the cover into position and tighten the bolts to 
60-84 inch Ibs. (7-9 Nm). 

16. Slide the drain hose in and attach it with a new plastic tie. 
17. lnstall the engine. 
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Fig. 85 Remove the cover... Fig. 86 ... and then pull off the coupler after 
removing the bolts 

REMOVAL & INSTALLATION 

4.3L V6 And 5.OL15.7L V8 Engines 

+ See Figure 88 CULT 

It is not necessary to remove the engine or rear main bearing cap when 
removing the one-piece oil seal on these engines although you may find it 
easier to do just that. 

A new oil seal must be installed whenever the retainer is removed. 

1. Remove the oil pan. 
2. Remove the flywheel. 
3. Loosen the nutslbolts and then lift out the retainer and gasket. 
4. Replace the oil seal. 
5. Clean all traces of old gasket material from the mating surfaces and 

position a new seal on the cylinder block. 
6. Install the seal retainer, with a new gasket, and tighten the nutslbolts 

to 135 inch Ibs. (15 Nm). 
7. Install the oil pan and flywheel as previously detailed. 

REMOVAL & INSTALLATION 

4.3L V6 And 5.OLl5.7L V8 Engines 

Early engines may h . . .  
two piece oil seal. - 

Fig. 88 Removing the seal retainer 

One Piece Seal 

Fig. 87 Tighten the mounting bolts in a 
criss-cross pattern 

+ See Figures 88,89 and 90 

It is not necessary to remove the engine or rear main bearing cap when 
removing the one-piece oil seal on these engines although you may find it 
easier todo just that. 

1. Remove the flvwheel housing and cover as detailed in this section. 
2. Remove the kg ine coupler and flywheel from the engine as detailed 

in this section. 
3. Remove the seal retainer. This is not absolutely necessary. 
4. Insert a small prybar into one of the three slots in the edge of the 

seal retainer and slowly pry the seal out of the retainer. Be very careful not to 
nick or damage the sealing surface while prying out the seal. 

5. Thoroughly clean the retainer surface and then install the retainer. 
6. Spread a small amount of engine oil around the inside and outside 

edges of a new seal and position it into a Seal Driver (7J-35621). 
7. Position the driver and seal over the crankshaft and then thread the 

attaching screws into the holes in the crankshaft, tightening them securely. 
Turn the handle on the tool until it bottoms out-the seal is now in place. 

8. Install the flywheel and engine coupler. lnstall the cover and flywheel 
housing. 

Two Piece Seal 
+ See Figures 91 and 92 

These engines utilize a two-piece rear main seal. The seal can be 
removed without removing the crankshaft. You will need to remove the 
engine for this procedure though. - 

1. Remove the engine as detailed previously in this section. 
2. Remove the oil Dan and pump as detailed previously in this section. 
3. Loosen the retaining bolts and remove the rear main bearing cap. 

Carefully insert a small prybar and remove the lower half of the seal. Do not 
damage the seal seating surface. 

Fig. 89 Use the three slots in the seal 
retainer when removing the rear main seal 

Fig. 90 Use a seal driver to seat the new oil 
peal 
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1 - Cut away 

Fig. 91 Fabricate a seal installation tool out of an old feeler gauge ... I 
4. Using a hammer and a small drift, tap on end of the upper seal until ~t 

starts to protrude form the other side of the race. Grab the protruding end 
with pliers and pull out the remaining seal half. 

5. Check that you have the correct new seal. Seals with a hatched inner 
surface can only be used on left hand rotation engines, smooth seals can be 
used on any engine. Coat the lip and bead with motor oil. Keep oil away 
from the seal parting surfaces. 

6. Your seal kit should come with an installation tool, if not, take a 0.004 
in. feeler gauge and cut each side back about a half inch so that you're left 
with an 11164 inch point. Bend the tool Into the gap between the crankshaft 
and the seal seating surface. This will be your "shoe horn". 

7. Position the upper half of the seal (lip facing the engine) between the 
crank and the tool so that the seal's bead is in contact with the tool tip. Roll 
the seal around the crankshaft using the tool as a guide until each end is 
flush with the cylinder block. Remove the tool. 

8. Insert the lower seal half into the main bearing cap with the lip facing 
the cap. Start it so that one end is slightly below the edge of the cap and 
then use the tool to shimmy the seal all the way in until both edges are flush 
with the edge of the cap. Remove the tool. 

9. Make sure that the caplblock mating surfaces and the seal ends are 
free of any oil and then apply a small amount of Perfect Seal to the block just 
behind where the upper seal ends are. 

10. lnstall the bearing cap and ttghten the bolts to the correct torque as 
detailed in the Torque Specifications chart. 

11. lnstall the oil pump and pan. 
12. lnstall the engine. 

7.4Ll8.2L V8 Engines 

CULT 
+ See Figures 90 and 9 

It is not necessary to remove the engine or rear main bearing cap when 
removing the one-piece oil seal on these engines although you may find it 
easier to do just that. 

1. Remove the flywheel housing and cover as detailed in this section. 
2. Remove the engine coupler and flywheel from the engine as detailed 

in this section. 
3. Insert a small prybar into the seal groove and slowly pry the seal out 

of the groove. Be very careful not to nick or damage the sealing surface 
while prying out the seal. 

4. Thoroughly clean the groove surface. 
5. Spread a small amount of engine oil around the inside and outside 

edges of a new seal and position it into a Seal Driver (J-38841) so that the 
seal's lip faces the cylinder block. 

6. Position the driver and seal over the crankshaft and then thread the 
attaching screws into the holes in the crankshaft, tightening them securely. 
Turn the handle on the tool until ~t bottoms out-the seal is now ~n place and 
you can remove the tool. 

7. lnstall the flywheel and engine coupler. Install the cover and flywheel 
housing. 

1 - Installation tool 
2- Seal 
3- Engine block 
4- Crankshaft 

Fig. 92 ... and then use the tool to feed the seal around the 
crankshaft 

REMOVAL & INSTALLATION 

See Figure 94 ~ D E R A T E  

1. Disconnect the battery cables. 
2. Remove the bracket mounting bolts for the alternator and power 

steering pump. 
3. Drain the engine and manifolds. Loosen the two mounting bolts and 

remove the seawater pump from the crankshaft. 
4. Remove the drive or serpentine belt(s) as detailed in the 

Maintenance section. 
5. Remove the three bolts and pull off the drive pulley attached to the 

balancer. 
6. Remove the balancer retaining bolt (if equipped) and install the 

special removal tool (#J-23523-03) onto the damper. Tighten the tool press 
bolt and remove the damper; don't lose the crankshaft key. OMC suggests 
that you do not use a conventional gear puller for this procedure. 

To install: 
7. Inspect the crank key and then install it into the shaft. Using a little 

GM Adhesive will make this easier. 
8. Coat the front cover oil seal lip with clean engine oil and then install 

the damper with a proper installafion tool (#J-23523-03, J-23523-E or J- 
39046). Be sure that you thread the tool into the crankshaft at least 112 in. to 
protect the threads. In a pinch you can use a block of wood and a plastic 
mallet, but be careful that the pulley does not shift on its mountings while 
you're hammering. Or, you can use a large washer and a 7116-20 x 4 in. bolt, 
but we suggest the tooi. 

Main 

Fig. 93 These engines do not use a seal retainer 
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9. lnstall the plate, thrust bearing and nut on to the rod. Tighten the nut 

until it bottoms out and then remove the tool. 
10. lnstall the retaining bolt (if equipped) and tighten it to: 

60 ft. Ibs. (81 Nm) on 1986-90 4.3L V6 and 5.OU5.7L V8 engines 
(except LE and 350) 

70 ft. Ibs. (95 Nm) on 1990 5.7 LE and 350 V8 engines 
70 ft. Ibs. (95 Nm) on 1991-96 4.3L V6 and 5.7L V8 engines 

* 74 ft. Ibs. (100 Nm) on 1997-98 4.3L V6 and 5.7L V8 engines 
85 ft. Ibs. (1 15 Nm) on 7.4L V8 engines (except I998 7.4Gi) 
110 ft. Ibs. (149 Nm) on 1998 7.4Gi V8 engines 
90 ft. Ibs. (122 Nm) on 8.2L V8 engines 

Squirt a little RTV sealant into the crankshaft keyway to guard against oil 
seepage. 

11. lnstall the drive pulley and tighten the bolts to 35 ft. Ibs (48 Nm) on 
the V6, 43 ft. Ibs. (58 Nm) on V8 engines. 

12. lnstall the driveiserpentine belt and make sure that it is adjusted 
properly. 

13. lnstall the seawater pump. 

I - Special Tool 

Fig. 94 Use a special tool to remove and install the balancer 

REMOVAL & INSTALLATION 

All Except 1988-91 7.4L Engines 

ERA TE 
+ See Figures 95 and 9 

This procedure may require engine removal, depending upon your 
particular boat. If necessary, remove the engine as detailed previously 
in this section. 

1. Open the drain valves and drain the coolant from the block and 
exhaust manifold(s). Loosen the alternator and power steering brackets to 
provide slack, and then remove the drive belts. 

2. Remove the oil pan on the 7.4Li8.2L V8, not always a bad idea on 
the other engines either, but OMC suggests that it must be removed on the 
big block engines. Although we can't recommend it, many people will leave 
the pan on and cut the seal as detailed in the procedures for the 1988-91 
7.4L. 

3. Remove the alternator and power steering pump bracket bolts. 
4. Remove the water circulation pump. 
5. Remove the harmonic balancer and pulley as detailed previously in 

this section. 
6. Loosen the mounting bolts and remove the front cover. 
7. If the oil seal needs replacement, pry it out from the front (outer) side 

of the cover with a small prybar. 
8. Remove the front cover gasket. 

To install: 
9. Clean all gasket material from the cover and block mating surfaces 

with a scraper of putty knife. Be careful not to knock any pieces of gasket 

into the timing assembly. 
10. If you removed the oil seal, install a new one with the lip toward the 

inside of the cover. Position a support under the seal and cover and then 
press the seal into the cover with the proper tool (#J-23042 - 1986-93 
engines, #J-35468 - 1992-98 7.4Ll8.2L engines and 1994-98 4.3L15.OU5.7L 
engines). 

11. Coat the lip of the oil seal with engine oil. Coat both sides of a new 
gasket with sealant and then position the gasket onto the engine. lnstall the 
cover so that all the bolt holes line up; there are dowel pins on the cylinder 
block that will help alignment. Tighten the bolts to: 

80 inch Ibs. (9 Nmi on 1986-96 V6 enaines 
106 inch lbs.' (12 ~ m )  on 1997-98 V6 engines 

* 80 inch Ibs. (9 Nm) on 1986-97 5.OU5.7L V8 engines (except 1992 5.7 
LE and 1997 5.7FSi) 

100 mch Ibs. ( I  1 Nm) on 1992 5.7 LE engines 
106 inch Ibs. (12 Nm) on 1997 5.7FSi and all 1998 5.7L V8 engines 
96 inch Ibs. (11 Nm) on 1992-97 7.4L V8 engines 
106 inch Ibs. (12 Nm) on 1998 7.4L V8 engines 

* 120 inch Ibs. (14 Nm) on 8.2L V8 engines 
Don't forget to use new cover on engines w~th a composite cover! 
12. lnstall the oil pan. 
13. lnstall the harmonic balancer and its pulley. 
14. lnstall the circulation pump and its pulley. Pull the belts back on. 

Check their tension adjustment. 
15. lnstall the engine if removed. Add oil and waterlcoolant, start the 

engrne and check for any leaks. 

Fig. 95 f3emovjng the front cover46 shown, V8 similar 

1- Crankcase front cover seal installer 
2- Support ( to  prevent distorting cover) 

Fig. 96 Make sure the front cover is supported securely before 
pressing in the oil seal 
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1988-91 7.4L Engines 

4 See Figure 97 DE/?AfE 

This procedure may require engine removal, depending upon your 
particular boat. If necessary, remove the engine as detailed previously 
in this section. 

1. Open the drain valves and drain the coolant from the block and 
exhaust manifold. Loosen the alternator and power steering brackets (or the 
idler pulley) to provide slack, and then remove the drive belts. 

2. Drain the oil if you haven't already done so. 
3. Remove the alternator and power steering pump bracket bolts. 
4. Remove the water circulation pump. 
5. Remove the harmonic balancer and pulley as detailed previously in 

this section. 
6. Remove the two 7116 in. oil pan-to-front cover bolts. Loosen the 318 

in. cover mounting bolts and pry the front cover outward slightly. Insert a 
razor knife between the cover and block so that it is flush with the inside of 
the cover and then carefully cut the oil pan seal at each side of the cover. 

7. Remove the cover. 
8. If the oil seal needs replacement, pry it out from the front (outer) side 

of the cover with a small prybar. 
9. Remove the front cover gasket. 

To install: 
10. Clean all gasket material from the cover and block mating surfaces 

with a scraper of putty knife. Be careful not to knock any pieces of gasket 
into the timing assembly. 

11. If you removed the oil seal, install a new one with the lip toward the 
inside of the cover. Position a support under the seal and cover and then 
press the seal into the cover with the proper tool (#J-22102). 

12. Take a new oil pan gasket and cut out a portion of it equal to that 
which you cut previously when removing the cover. Coat the oil pan mating 
surface with RTV sealer and carefully position the cut gasket into the flange. 
While you have the sealer out, run a small bead along the joints where the 
three (pan, cover and block) surfaces come in contact with one another. 

13. Coat the lip of the oil seal with engine oil. Coat both sides of a new 
gasket with sealant and then position the gasket onto the engine. lnstall the 
cover so that all the bolt holes line up; there are dowel pins on the cylinder 
block that will help alignment. Tighten the cover-to-pan bolts to 8 ft. Ibs. (10 
Nm). Tighten the cover-to-block bolts to 6 ft. Ibs. (8 Nm). 

14. lnstall the harmonic balancer and its pulley. 
15. lnstall the circulation pump and its pulley. Pull the belts back on. 

Check their tension adjustment. 
16. lnstall the engine if removed. Add oil and waterlcoolant, start the 

engine and check for any leaks. 

Fig. 97 Use a sharp knife to cut the oil pan seal 

REMOVAL & INSTALLATION 

4 See Figures 98 and 99 DERA TE 

1. Disconnect the battery cables. 
2. Remove the mounting bolts for the alternator and power steering 

pump brackets. 
3. Remove the crankshaft pulley and harmonic balancer as previously 

detailed in this section. 
4. Remove the front cover as previously detailed in this section. 
5. Rotate the camshaft slightly so that it creates tension on one side of 

the timing chain (either side is OK). Find a reference point on the same side 
of the cylinder block as the side that the timing chain is tight on and then 
measure from this point to the outer edge of the chain. 

6. Rotate the camshaft in the opposite direction until the other side of 
the chain is tight. Press the inner side of the chain outward until it stops and 
then measure from your reference point on the cylinder block (obviously, do 
this from the same side of the chain as you did in the previous step) to the 
outer edge of the chain. This is timing chain deflection and it should be no 
more than 0.625 in. (16mm). If it is more than specification, the chain will 
require replacement. 

7. Look carefully at the camshaft and crankshaft sprockets-you should 
notice a small indent on the front edge of one of the teeth on each sprocket. 
Bump the engine over until these two marks are in alignment as shown in 
the illustration--crank mark at 12:00 and cam mark at 6:00, a remote starter 
will work or you can screw the damper bolt back into the crankshaft and turn 
it with a wrench. 

8. Dab a little paint across one of the chain links and the camshaft 
sprocket. Loosen the camshaft sprocket retaining bolts (three, although on 
the certain 1994-98 V6 engines, one will be a nut--don't be concerned if the 
stud comes out with the nut), grasp the sprocket on each side with the chain 
still attached and wiggle it off the shaft. It should come off readily, but if not, 
tap the bottom edge lightly with a rubber mallet. 

Never rotate the crankshaft once the timing chain has been removed. If 
moved, you'll risk damage to the pistons andlor valve train. 

9. Mount a gear puller (#J-1619) over the crankshaft pulley and pull it 
off the shaft. Don't lose the key. 

To install: 
10. Clean the chain and sprockets in solvent and let them air dry. Check 

the chain for wear and damage, making sure there are no loose or cracked 
links. Check the sprockets for cracked or worn teeth. 

11. Coat the woodruff key lightly with adhesive and position it on the 
crankshaft. lnstall the crankshaft sprocket onto the shaft with an installation 
tool (#J-22102). 

12. lnstall the timina chain onto the camshaft s~rocket so that the paint 
marks made during reioval match up. If they do, and you haven't moied the 
engine, the timing marks on the two sprockets should also. Hold the 
sprocketkhain in both hands so the chain is hanging down, engage the 
chain around the crankshaft sprocket and then slide the cam sprocketkhain 
onto the camshaft making sure the dowel pin aligns with the hole in the 
sprocket. Do not force it! On 1994-98 V6 engines, make sure the balance 
shaft drive gear stud fits through the hole. Tighten the three mounting 
boltslnut to: 

20 ft. Ibs. (27 Nm) on 1986-93 4.3L V6 and 5.OU5.7L V8 (except 1992 
5.7 LEI and all 7.4L V8 enaines 

100 inch Ibs. (11 ~ m j o n  1992 5.7 LE 
* 21 ft. Ibs. (28 Nm) on 1994-98 4.3L V6 and 5.OL15.7L V8 engines 

25 ft. Ibs. (34 Nm) on 8.2L V8 engines 

Never force the camshaft sprocket onto the shaft or use a hammer, lest 
you loosen the rear welch plug. 

13. lnstall the front cover, harmonic balancer and water pump pulley. 
14. lnstall and adjust the drive belts. 
15. lnstall the seawater pump and reconnect the alternator and power 

steering brackets. 
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v 
1- Reference Po in t  

Fig. 98 When checking timing chain deflection, find a reference 
point on the cylinder block and use it for each measurement 

Remember that when the timing marks were aligned properly, the 
No. 4 (or No. 6, V8) cylinder was at TDC so if you removed the 
distributor for some reason, the rotor should be at the No. 4 (No. 6) 
post on the cap, NOT at the No. 1 post. 

REMOVAL & INSTALLATION 

1994-98 4.3L V6 Enaines Onlv 

+ See Figures 100,101 and 102 

1. Remove the distributor cap and mark the position of the No. 1 
cylinder terminal on the side of the housing. Matchmark the housing to the 
engine and then remove the distributor. 

2. Remove the intake manifold. 
3. Remove the drive belts and then remove the water circulating pump 

and its pulley. 
4. Remove the harmonic balancer and its pulley. 
5. Remove the oil pan. 
6. Remove the front cover. 
7. Fashion a small wedge out of an old piece of wood and jam it 

(carefully!) in between the teeth of the balance shaft driven gear and the 
camshaft drive gear (this is behind the sprocket) to hold the shafts from 
turning. Loosen, but do not remove, the driven gear bolt-although not on all 
applications, the chances are very good that this will be a TorxB head. 

8. Loosen the three camshaft sprocket boltslnut and then pull off the 
sprocket with the timing chain attached. Remove the camshaft drive gear. 

9. Now you can remove the bolt loosened previously and pull off the 
balance shaft drive gear. 

10. Remove the two mounting bolts from the balance shaft retainer and 
lift off the plate. You've probably already noticed that these will be TorxB 
fasteners also. 

11. Insert a suitable prybar between the rear of the shaft and the cylinder 
block and carefully shimmy the shaft forward and out of the bearing housing 
in the rear of the block. Slide the entire shaft out through the front of the 
block. Be careful not to knock any debris into the inside of the cylinder block. 
You can also use a soft mallet and carefully tap the front bearing assembly 
to accomplish this step. 

To install: 
12. Glean the balance shaft in solvent and let it dry completely. Inspect 

the rear bearing for wear or damage. Inspect the front bearing for excessive 
side play on the shaft, wear or damage. Check the bearing bore in the front 
of the cylinder block for scoring. 

-?----/ 1- Timmg marks  al igned 
2- Locat ing p ins  

Fig. 99 The two marks on each of the timing sprockets must be in  
alignment before removing or installing the timing chain 

13. Lubricate the front and rear bearina with motor oil and then carefullv 
slide the shaft through the front bore until 'i feeds into the rear bearing. OMC 
suggests using a Driver Handle (#J-8092) and Shaft Installer (#J-36996) to 
accomplish shaft installation, but many technicians simply tap the front edge 
of the shaft with a plastic mallet until the retaining ring on the front bearing 
seats against the cylinder block-you make the call as to which option you 
choose. 

14. Install the thrust plate and tighten the two fasteners to 120 inch Ibs. 
(14 Nm). 

15. Position the driven gear onto the balance shaft with the bolt finger 
tight. Make sure that the timing mark is at the bottom of the gear. 

16. Install the camshaft drive gear so that the mark aligns with the one 
on the balance shaft driven gear (it will be pointing UP). You may have to 
wiggle the two shafts until you get the marks to align correctly, Install the 
stud and tighten to 12 ft. Ibs. (16 Nm). 

17. Remove the balance shaft drive gear bolt again and coat the threads 
with Loctite. Screw it in and tighten it to 15 ft. Ibs. (20 Nm); and then turn the 
bolt an additional 35". 

18. Install the timing chain and front cover. 
19. Install the intake manifold. 

CHECKING LIFT 

v + See Figures 103,104 and 105 

If the shaft is out of the engine, you can use a micrometer to take 
the heel-to-lobe measurement and the side-to-side measurement. 
Subtract the second measurement from the first to get lobe lift. Most 
times though, the shaft will still be in the cylinder block so perform the 
following procedure. 

1. Tag and disconnect the electrical connectors at the ignition coil. 
2. Remove the cylinder head cover and rocker arms as detailed 

previously. 
3. Using a special adaptor (#J-8520), connect a dial indicator so that its 

tip is positioned on the end of the pushrod-the adaptor should screw onto 
the end of the rocker stud. 

4. Slowly rotate the crankshaft in the direction of engine rotation until 
the valve lifter is riding on the heel (back side of lobe) of the camshaft lobe. 
The pushrod should be at its lowest point when the lifter is on the heel. 

A remote starter works well for turning the engine over in this 
situation. 
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I- Wedge 
2- Driven Gear 
3- Drive Gear 

Fig. 100 Use a wooden wedge to keep the 
balance and camshafts from rotating while 
loosening the retaining bolt. 

1- Pry Bar 
2- Balance shaft 
3- Bearing housing 

Fig. 101 Carefully lever the balance shaft 
forward and out of the cylinder block 

5. Set the indicator to 0 and then rotate the engine until the pushrod is 
at the highest point of its travel, Camshaft lift should be as detailed in the 
Engine Specifications chart. 

6. Continue rotating the engine until the pushrod is back at its lowest 
position-make sure that the indicator still reads 0. 

7. Repeat this procedure for the remaining pushrods. 
8. lnstall the rocker arms and adjust the valve clearance. 
9. lnstall the cylinder head cover and reconnect the coil leads. 

REMOVAL & INSTALLATION 

CULT 
+ See Figures 106 and 107 

1. Remove the cylinder head covers and rocker assemblies as 
previously detailed in this section. Remove the pushrods. 

2. Remove the intake manifold. 
3. Remove the lifter restrictor mounting bolts and lift out the restrictors 

(if equipped). Matchmark the lifters to their bores and then lift out the valve 
lifters with a small magnet and store them in a rack with labels so they can 
be reinstalled in their original locations. 

4. Remove the front cover and timing chainlsprockets as previously 
detailed in this section. 

5. Remove the fuel pump and push rod on early V6 and small block V8 
engines. 

6. Remove the inner camshaft drive gear on 1994-98 V6 engines. 
7. Remove the thrust platelretainer. 
8. Thread two (three on later V8s) 5116-18 x 4 in. bolts into the 

camshaft bolt holes and carefully pull the camshaft out of the cylinder block. 
You may have to wiggle it back and forth a bit, so be sure you don't lean it 
up or down or else you could damage the bearings. 

9. If the camshaft bearings are to be removed, you will need to remove 
the flywheel as previously detailed, Although it is not necessary, removing 
the crankshaft will also facilitate bearing removal, make sure that you move 
the connecting rods out of the way so they do not interfere with bearing 
removal. 

r----l 

Fig. 103 Use a micrometer when checking 
the camshaft lift with the shaft out of the 
engine 

1 -Alignment marks 

Fig. 102 The timing marks on the balance 
shaft driven gear and the camshaft drive 
gear must be aligned on installation 

1986-96 engines: 
10. Working from inside the block, drive out the rear cam bearing 

expansion plug (welch plug). 
11. Slide the pilot tool (#J-6098-01) into position in the inner bearing- 

the bearing closest to the center of the engine. 
12. lnstall a nut and washer onto the puller screw so that the screw can 

be threaded into the tool with the nut still extending out the front of the 
cylinder block. 

13, Index the pilot over the screw so that the open end is toward the nut 
on the puller screw. 

14. lnstall the remover so the shoulder is facing the No. 3 bearing and it 
has sufficiently engaged the threads of the tool. 

15. Hold the screw shaft with a wrench while turning the puller nut (front) 
with another until the bearing comes out. Repeat this procedure for the No. 2 
bearing. 

16. Now remove the pilot from the shaft, remove the tool and reassemble 
it on the rear of the engine to remove the No. 4 bearing. 

17. Install the remover onto the drive handle so that the shoulder is 
against the handle. The front and rear bearings can now be driven out from 
the outside of the block. 

1997-98 engines: 
18. Working from inside the block, drive out the rear cam bearing 

expansion plug (welch plug). 
19. Insert the camshaft bearing removal tool (#J-33049) through the first 

bearing (front of block) and into the bearing being removed. Make sure the 
collet is the correct one for your engine and turn the tool until it has seated 
into the bearing. 

20. Push the centering cone up against the cylinder block and into the 
recess of the No. 1 bearing so that the tool centers itself. Drive the bearing 
out of the block. 

21. Repeat the procedure to remove the remaining bearings; noting that 
the No. 1 bearina needs to be removed from the rear of the block to allow for 
proper centering of the tool. 

DIMENSION A MINUS 
DIMENSION B EOUALS 
THE CAM LOBE L I F T  I 

A 
Fig. 104 Measure the camshaft lobe at these 
two points with the micrometer 

Fig. 105 Use a dial indicator when checking 
the camshaft lift with the shaft in the engine 
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/ I 
Fig. 106 Make sure you don't cant the camshaft during removal or 
installation. Note the two 4 in. bolts screwed into the end of the 
shaft (V6 shown) 

To install: 
22. If you removed the bearings: 
1986-96 engines: 
23. lnstall the installer tool on the driver handle and then drive the front 

and rear bearinas into the block from the outside toward the center (see the 
following Note on oil hole alignment). 

24. Remove the handle from the pilot tool and install the inner bearing on 
the tool. 

25. Position the tool and bearing to the rear of the inner bore. Install the 
screw shaft, with the remover, through the block and onto the pilot-from the 
front of the cylinder block. 

26. Align the oil hole in the bearing with the oil gallery hole and then 
snug the puller nut up against the adaptor. Using two wrenches again, hold 
the screw shaft with one while turning the puller with the other until the 
bearing is in position. 

The oil hole@) will not be visible during installation. To make 
installation easier, align the holes in the bearing with those in the block 
and then mark the opposite side of the bearinglblock. To make it easier 
for you, the No.1 bearing should have the holes on equal sides of the 6 
o'clock position; Nos. 2,3 and 4 bearing holes should be positioned at 
the 5 o'clock position (toward the left side of engine) and even with the 
bottom of the cylinder bore; No. 5's oil hole should be at the 12 o'clock 
position. 

27. Repeat the last step for the remaining bearings. 
28. Coat a new rear welch plug with sealant and install it so that it is 

flush with the surface of the cylinder block, or no more than 1132 in. 
(0.792mm) deep when measured from the outer edge of its recess. 

1997-98 engines: 
29. Bearing installation on these engines is essentially the reverse of 

removal. Take note of the following though: 
* lnstall the front and rear bearings first, from the outside toward the 

inside. 
* Bearing bore sizes may vary, be sure you have the correct bearings 

when replacing them. 
Make sure that the oil holes in the bearing align with the holes in the 

block, during and after installation. 
Coat a new rear welch plug with sealant and install it so that it is flush 

with the surface of the cylinder block, or no more than 1132 in. (0.792mm) 
deep when measured from the outer edge of its recess. 

On all engines now: 
30. Inspect the camshaft as detailed previously. 
31. Coat the camshaft journals with engine oil. Coat the camshaft lobes 

and distributor drive gear teeth with GM Engine oil supplement or Molykote 
(in a pinch, just use engine oil). 

32. Reinstall the long bolts and carefully insert the shaft into the cylinder 
block and slide it all the way in. Be very careful not to damage the bearings. 

33. Remove the installation bolts and install the thrust plateiretainer (if 
equipped) and tighten the bolts to 106 inch Ibs. (12 Nm) on 1986-96 V6 
engines and all V8 engines, or 124 inch Ibs. (14 Nm) on 1997-98 V6 
engines. 

Fig. 107 Camshaft bearing removal tool used on 1986-96 engines 

34. lnstall the fuel pump and push rod on engines so equipped. 
35. lnstall the drive aears, timing chain and front cover. 
36. Drop the lifters 6ack into the% original bores so that they are aligned 

with the matchmarks and then install the restrictors. lnstall the push rods. 
37. lnstall the intake manifold. 
38. lnstall the rocker assemblies and the cylinder head covers. 

REMOVAL & INSTALLATION 

CULT - + See Figures 108,109,110,111,112 and 113 

1. Drain the water from the cylinder block and manifold. 
2. Remove the fuel line support brackets. Disconnect the fuel line at the 

carburetorlthrottle body and fuel pump, plug the fitting holes and remove the 
line. 

3. Remove the cylinder head cover and rocker assemblies as detailed 
previously in this section. 

4. Remove the intake and exhaust manifolds as previously detailed; you 
can leave the carburetorlthrottle body attached to the intake manifold if you 
like. 

5. If you intend to remove the valve lifters, now is the time to do it. 
Either way, make sure that you cover the valley of the cylinder block carefully 
with plenty of rags to prevent dirt from entering any of the passages or 
settling on any components. 

6. Tag and disconnect the spark plug wires at the plugs; move them out 
of the way. Although not necessary, it's a good idea to remove the plugs 
themselves also; plug the holes if you do. 

7. Remove or relocate any components or connections that may 
interfere with the removal of an individual cylinder head. 

8. Loosen the cylinder head bolts in the reverse order of the illustrated 
tightening sequence and then carefully lift the head off the block. You may 
need to persuade it with a rubber mallet-be careful! Set the head down 
carefully on two support blocks; do not sit it on cement. 

Its always a good idea to keep a record of which bolts came from 
which holes. It may sound silly, but on many engines they are different 
sizes and you wouldn't be the first person to break off a long bolt while 
tightening it in a short hole. Spend the extra few seconds and do this! 

To install: 
9. Carefully, and thoroughly, remove all residual head gasket material 

from the cylinder head and block mating surfaces with a scraper or putty 
knife. Check that the mating surfaces are free of any nicks or cracks. Make 
sure there is no dirt or old gasket material in any of the bolt holes. Refer to 
the Engine Rebuilding section found for complete details on inspection and 
refurbishing procedures. 
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I A- Front I 
Fig. 108 Cylinder head tightening 
sequence--1986-96 4.3L V6 engines 

Fig. 111 Cylinder head tightening 
sequence-7.4118.21 V8 engines I 

Fig. 109 Cylinder head tightening 
seauence-1997-98 4.3L V6 enaines 

Fig. 112 Cylinder head tightening 
sequence-8.1 L V8 engines 

10. Position a new gasket over the cylinder block dowel pins. Do not use 
any sealer as the gasket is coated with a laquer which will provide the proper 
sealing effect once the engine gets to normal operating temperature the first 
time. DO NOT use automotive-type steel gaskets. Make sure the word UP is 
facing, you guessed it, up, if noted on your gasket. 

11. Position the cylinder head over the dowels in the block. Coat the 
threads of the head bolts with Gasket Sealing compound and install them 
finger tight. It never hurts to use new bolts, although it's not necessary. 

12. Tighten the bolts, a little at a time, in the sequence illustrated, until 
the proper tightening torque is achieved. 

1986-97 4.3L V6 and 5.OLl5.7L V8 engines (except the 1997 5.7GSi: 
the first step should be 25 ft. Ibs. (34 Nm), the second step should be 45 ft. 
Ibs. (61 Nm), while the last step should be to 65 ft. Ibs. (88 Nm). 

1998 4.3L V6 engines: tighten all the bolts, in sequence, to 22 ft. Ibs. 
(30 Nm). Next, turn the short bolts (#11, 7, 3, 2, 6 & 10) an additional 55"; 
the medium bolts (#I2 & 13) an additional 65"; and the long bolts (#I, 4, 8, 5 
& 9) an additional 75". Obviously you will need a torquelangle meter for 
these last passes. - 1997 5.7GSi and all 1998 5.OLl5.7L V8 engines: tighten all the bolts, in 
sequence, to 22 ft. Ibs. (30 Nm). Next, turn the short bolts (#3, 4, 7, 8, 11, 
12, 15 & 16) an additional 55"; the medium bolts (#I4 & 17) an additional 
65"; and the long bolts (#I, 2, 5, 6, 9, 10 & 13) an additional 75". Obviously 
you will need a torquelangle meter for these last passes. 

7.4U8.2L V8 engines: the first step should be 35 ft. Ibs. (47 Nm), the 
second step should be 65 ft. Ibs. (88 Nm), while the last step should be to 80 
ft. Ibs. (108 Nm) on 1988-91 engines or 85 ft. Ibs. (115 Nm) on 1992-98 
engines. 

13. Install the rocker assemblies and the cylinder head cover. Don't 
forget the baffle plate and restrictorslretainers on engines so equipped. 

14. Install the manifolds and connect the fuel line. Don't forget to remove 
the fitting plugs. 

15, Install the spark plugs if they were removed and then connect the 
plug wires. 

16. Install or connect any other components removed to facilitate getting 
the head off. 

17. Add coolanffwater, connect the battery and check the oil. Start the 
engine and run it for a while to ensure that everything is operating properly. 
Keep an eye on the temperature gauge. 

18. It never hurts to re-tighten the cylinder head bolts again after 20 
hours of operation. 

Fig. 110 Cylinder head tightening 
sequence-5.OLl5.7L V8 engines 

1 -Cylinder head 
2- Head bolts 

Fig. 113 Many engines have three different 
size bolts 

REMOVAL & INSTALLATION 

+ See Figure 114 TE 
1, Disconnect the battery cables and then drain all waterirom the block 

and manifolds. 
2. Drain all waterlcoolant from the cylinder block. 
3. Loosen, but do not remove, the pump pulley mounting bolts. 
4. Loosen the power steering pump and alternator bracket bolts and 

swivel them in until you are able to remove the belt(s). Different engines may 
have different systems, follow the belt back and loosen the appropriate 
components. 

5. Now you can remove the pump pulley bolts along with the lock 
washers and clamping ring. Pull off the pulley. 

6. Disconnect the water hoses at the pump. 
7. Remove the mountinq bolts and lift the pump off of the block. 

CYLINDER 

GABKET 
Figure 114 Removing the water circulating pump 
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To install: 10. Reconnect the water hoses and tighten the hose clamps securely. 

8. Carefully scrape any old gasket material off both mounting surfaces. 11. Position the pump pulley and clamping ring on the boss. Screw the 
Inspect the pump for blockage, cracks or any other damage. Inspect the mounting bolts and lock washers in and tighten them securely. 
impeller for cracks. Replace either if necessary. 12. Install the drive belt(s) and adjust them as detailed previously. Start 

9. Coat both sides of a new gasket@) with sealant and position on the the engine and check the system for leaks. 
cylinder block. Coat the threads of the pump mounting bolts with sealant, 
install the pump and tighten the bolts to: 

30 ft. Ibs. (41 Nm) on 4.3L V6 and 5.OU5.7L17.4L V8 engines 
35 ft. Ibs. (47 Nm) on 8.2L V8 engines. 

Reinforcing Strip V 

:ig. 115 Exploded view of the cylinder block, all years similar-V6 engines 

Damper 
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Rocker Rocker 
Nut - 6 8 7  Arm 

Pushrod - no, 
&stern 

Cylinder 
Head , 
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Hoist 
Bracket 

Spring - 

\ ~ ~ d r a t h c  ' 
Gasket Lifter I n t h  valve\ 

\ Exhaust Valve 

Fig. 118 Exploded view of the cylinder head, all years similar-5.OL15.7L V8 engines Fig. 116 Exploded view of the cylinder block, all years similar-V8 engines 
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T h r o t t l e  
C a b l e  

t  racket 

I Fig. 121 Exploded view of the upper intake manifold-1996-98 7.4Ll8.2L MPI V8 engines 

,Bolt ' Distr ibutor H o l d i n g  C l a m p  

&f Distr ibutor G a s k e t  

€a3 
€9 
Or. 

C o v e r  

-. 
\ 

P a d  

  lame Arrestor  

Fig. 120 Exploded view of the intake manifold, all years similar-V6 engines, 5.OLl5.7L V8 and 
7.4Ll8.2L carbureted V8 enaines verv similar 
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Distributor 
/Hold down 

- 

Fig. 122 Exploded view of the lower intake manifold-1996-98 7.4L18.2L MPI V8 engines 

Sender P ez? 
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TORQUE SPECIFICATIONS - 4.3L V6 

I Component ft. Ibs. inch Ibs. Nm 
Exhaust Pipe To transom 

1986-90 10-12 14-16 
1991-98 20-25 27-34 

Flywheel Bellhousing 
1986-91 28-36 38-39 
1992-98 32-40 43-54 

Coupler Nut 40-45 54-61 
Cover 60-84 7-9 
Stud 

1986-91 20-25 27-34 
1992-98 15-20 20-27 

Timing Sensor 48-64 5-7 
Front Cover 1986-96 80 9 

1007.0A I n~ 17 
8 "", -"" . -- . - 

Harmonic Balancer 1986-90 60 81 
1991-96 70 95 
1007-0A 74 I no 

Ignition Coil Clamp 7-10 0.8-1.13 
Intake Manifold 1986-95 30 41 

1006 35 48 .--- - - . . 

1997-08 1 1  15 
Main Bearing Cap 1986-91 70 95 

1992-96 
Outer on #2, #3, #4 70 95 

All others 80 110 
1997-98 77 105 

Manifolds Exhaust 
1986-90 18-22 24-30 
1991-98 20-26 27-35 

lntake 
1986-95 30 41 

1996 35 48 
1997-08 11 15 

Oil Filter Adaptor (Remote) To block 20-25 27-34 
Oil Filter Bypass Valve 20 , - 27 
Oil Pan Boltslnuts 

1986-96 
114 x 20 bolts 6-7.5 8-1 0 

5116~18bolts 12-15 16-20 
1997-98 

Nuts 17 23 
BoltslStuds 18 25 

Dipstick Tube Fitting 15-1 8 20-24 
Drain Retainer 15-1 8 20-24 

TORQUE SPECIFICATIONS - 4.3L V6 

Component ft. Ibs. inch Ibs. Nm 
Oil Pump Cover bolts 

Mounting Bolts 65 90 
Oil Pressure Sender Adaptor 10-14 14-19 

Sender 10-14 14-19 
Oil Seal Retainer 135 15.3 
Oil Withdrawal Tube (flare) 15-1 8 20-24 
Power Steering Pump Bracket 

Bolt 26-30 35-41 
Studlnut 13-15 18-20 

Lines 
Large fitting 15-17 20-23 
Small fitting 10-12 14-16 

Raw Water Pump Bracket 30 41 
Rocker Arm Nut 

1997-98 20 27 
Stud 35 47 

Spark Plugs 22 0 30 0 
Timing Chain Cover 1986-96 80 9 

13 

Valve Cover 

Valve Lifler Guide Retainer 12 16 
Water Pump (circulating pump) 30 . 41 
Water Temperature Sender 18-22 24-30 

O 1997 and later: New - 22 fl. Ibs. (30 Nm); used - 15 fl. Ibs. (20 Nm) 
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TORQUE SPECIFICATIONS - 5.OU5.7L V8 

Component ft. lbs. Inch Ibs. Nm 
Camshaft Sprocket 1986-93 20 22 

1992 5 7 LE 100 11 
1994-98 21 28 

Retainer Bolt 1986-97 124 14 
1998 106 12 

Connectmg Rod Cap 1992-97 O 45 60 
1998 2O+55 deg - 27 +55 deg 

Coolant Temp Sender 15 20 
Crankshaft Main Bearing Cap 1986-91 70 95 

1992-97 O 

I Outer on #2, 3, 4 70 95 
All others 80 

. . 
110 

1998 (21 0 
Oil Seal Retainer 135 15.3 
Pulley Bolt 43 58 

Cyllnder Head Bolts 1986-97 O Step 1 25 34 
Sten 7 A S  e l  - - .  
Step 3 65 88 

1998 0 0 
Core Plug 15 20 
Cover 1986-96 @ 45 5 

D~pstick Tube 15-18 - 20-24 
D~stributor Cap Bolt 21 2.4 

Clamp Bolt 1986-97 0 20 27 
10DR 4 (2 ?L: ,*"" 8 "  L" 

Engine Mounts Front To engine 32-40 - 43-54 
Adlustlng nut 100-120 - 136-163 
Bolt/Lower Nut 60-75 - 81-102 

Rnslr ?n ?n ?a nn  , .--, L"--" ""--," 
Exhaust Elbow To Manifold 1986-93 10-12 - 14-16 

1994-98 12-18 - 16-24 
Exhaust Manlfold 20-26 - 27-35 
Exhaust Plpe To transom 1986-90 10-12 - 14-16 

1991-98 20-25 - 27-34 
Flame Arrestor Cover - 30-40 3 4-4 5 

Mountlng studs - 65-80 7-9 
Flywheel Bellhouslng 1986-91 28-36 - 38-49 

1OW.DR V J n  A 7  44 .-"- -- "'.7" -."-"7 

Comler nut A n d 5  L;AJ?I - . - , . . . . . ,- .- - .  - .  
Coupler stud 1986-91 20-25 - 27-34 

1992-98 15-20 - 20-27 
Pmmr cn nn 7 n --.-. uw-u., ,-a 

Front Cover 1986-97 O 
A nn.3 

80 . -- 9 . - 
0 1997 5.7GSi: use 1998 specifications 
@Inboard bolt: 74 ft. Ibs. (100 Nm); Outboard bolt (4 bolt caps) 67 ft. Ibs (90 Nm) 
@ 1st pass: 22 ft lbs. (30 Nm); 2nd pass: shott bolt - 55 deg., medium bolt - 65 deg.. long bolt - 75 deg 
0 1991 350 and 1992 5.7 LE: 65 inch Ibs. (7 Nm) 

TORQUE SPECIFICATIONS - 5.OU5.7L V8 

Component ft. lbs. lnch lbs. Nm 
Harmonlc Balancer 1986-90 60 81 

1991-96 70 95 
1997-98 74 100 

lgnitlon Coil Clamp 7-10 0.8-1.13 
Intake Manifold 1986-97 30 41 

I "  Y J  

1992-97 0 Outer on #2, 3, 4 70 95 
All n t h ~ r c  Qn d 4 n  

1990 0 0 
Manifolds Exhaust 20-26 - 27-35 

Intake 1986-97 30 41 
1998 0 0 

011 Pan 1986-97 0 114x20 bolts 6-7.5 8-10 
5116x18 bolts 12-15 - 16-20 

'""R f i r n a r c  I F  7n IVY-  --, 8 "  G" 

All others 106 12 
Dipstick Tube Fitting 15-18 - 20-24 
Drain Plug 18 25 
Dra~n Retainer 15-18 - 20-24 

Oil Pump Cover bolts 1986-97 O 6-9 8-12 
1998 106 12 

Mounttng bolts 65 90 
Oil Pressure Sender Sender 10-14 - 14-19 

Adaptor 10-14 - 14-19 
Oil Pressure Gauge Sensor 11 15 
Oil Seal Retainer 135 15.3 
011 Withdrawal Tube (flare) 15-18 - 20-24 
Power Steerlng Pump Bracket Bolt 26-30 - 35-41 

Studlnut 13-15 - 18-20 
L~nes Large fitting 15-17 - 20-23 

Small fitting 10-12 - 14-16 
Raw Water Pump Bracket 30 41 
Rocker Arm Nut 40 54 - 

Stud 35 47 
Spark Plugs 22 @ 30 8 
Tim~ng Chain Cover 1986-97 O 80 9 

1998 106 12 
Valve Cover 1986-96 0 45 5 

1997 O 90 10 
1998-03 106 12 

Valve Llfter Gulde Retainer 18 25 
Water(Circu1ating) Pump 30 41 
Water Temperature Sender 18-22 24-30 
Windage Tray Nut 29 40 

0 1997 5.7GSi: use 1998 specificat~ons 
Inboard bolt. 74 ft. Ibs (100 Nm); Outboard bolt (4 bolt caps): 67 ft. Ibs. (90 Nm) 

@ 1991 350 and 1992 5.7 LE: 65 inch Ibs. (7 Nm) 
@ 1st pass: 27 inch Ibs (3 Nm); 2nd pass: 106 lnch Ibs. (12 Nm); 3rd pass: 11 ft. Ibs. (15 Nm) 
8 1998: New - 22 ft. Ibs. (30 Nm); used - 11 ft. Ibs. (15 Nm) 
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TORQUE SPECIFICATIONS - 7.4U8.2L V8 

Component ft. lbs. inch lbs. Nm 
Camshaft Sprocket 7.4L 20 27 

8.2L 25 34 
Connecting rod cap 1992-96 7.4L 48 65 

A 71 711 99 

".&""# ," "U  

Coolant Temp. Sensor 15 20 
Crankshaft Main Bearing Cap 1988-91 Rear 70 95 

Others 11n 148 - .. . -. - . . -  . .- 
1992-98 7.4L 100 135 

8.2L 110 149 
Cylinder Head 1988-91 Step 1 35 47 

Step 2 65 88 
Step 3 80 108 

1992-98 Step 1 35 47 
9tm 7 65 RR 

Timing sensor - 48-64 5-7 
Front Cover 1988-91 E 

1992-97 7.4L 96 10.8 

TORQUE SPECIFICATIONS - 7.4U8.2L V8 

Component ft. lbs. inch lbs. Nm 
Fuel Rail Bolt 89 10 -- 
Harmonic Balancer 7.4L Exc. 1998 Gi 85 115 

1998 7.4Gi 110 149 
8.2L 90 122 

Intake Manifold 7.4L 3 0 0  - 4 1 0  
1) 9 1  ?C "7 " LL "" -, r 

Main Bearing Cap 1988-91 Rear 70 95 
nthrrs l l n  .I AQ - . . . -. - . .- 

1992-98 7 4L 100 135 
8 2L 110 149 

Man~folds Exhaust Nut 20-26 - 27-35 
Bolt 24-28 - 33-38 

Intake 7 4L 3 0 0  - 4 1 0  
11 71 'X A7 -.-- -" 

MAP Sensor 18 25 
Oil Filter Adaptor (Remote) 20-25 - 27-34 
Oil Filter Bypass Valve 20 27 
Oil Pan All exc. 1998 7.4Gi 7.4L To Block 160 18 

To Front Cover - 70 8 
8.2L To Block 200 22.5 

To Front Cover - 120 14 
1998 7.4Gi 18 25 
Dipstick tube fitting 15-18 - 20-24 

Oil Pump Cover Bolts Exc. 1998 7.4Gi 80 9 
1998 7.4Gi 106 12 

Mounting Bolts 7.4L 65 90 
R 71 70 95 . - -- 

Power Steering Pump Bracket Bolt 26-30 - 35-41 
Studlnut 13-15 - 18-20 

Lines Large fitting 15-17 - 20-23 
Small fitting 10-12 - 14-16 

Rocker Arm Bolt 1992-98 Exc. 1998 Gi 40 54 
1998 7.4Gi 45 61 

Spark Plugs 22 0 30 0 
Timing Chain Cover 1988-91 Block bolts 6 8 

Pan bolts 8 10 
1992-97 7.4L 96 10.8 

8.2L 120 13.6 
1998 7.4L 106 12 

8.2L 120 13.6 
Valve Cover 1988-95 Nuts 115 13 

sttlrl - f in -~n  7-10 -.-- - - - - . . - 
1996-97 - 60-90 7-10 
1998 (exc. Gi) Nuts 115 13 

Stud - 60-90 7-10 
I OOR 7 A C i  77 (I 

" ,  
@ 7 4G1 Lower manlfold only, upper - 10 ft Ibs (14 Nm) 
O 1998: New - 22 ft. Ibs. (30 Nm); used - 15 ft. ibs. (20 Nrn) 
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O Unless otherwise noted 

ENGINE SPECIFICATIONS - 4.3L V6 

Standard Metric 
Component (in.) O (mm) O 

Piston Rings - Groove Clearance Production 198696 0.0012-0.0032 0.0305-0.0813 
Compression 199743 0.020 06 0.50&1.524 

Service Limit 198596 M.OO1 M.025 
1997-98 0.004 Max 0.10 Max 

Gap Production TOP. 0.010d 020 0.254-0.508 
2nd: 0.0100.025 0.2546.635 

Service Limit 1986-96 M.010 +0.254 
1997-98 0.035 Max 0.89 Max 

Piston Rings - Groove clearance Production 0.002-0.007 0.051 -0.177 
Oil Service Limit 1986-96 M.001 M.025 

1997-98 0.008 MAX 0.203 MAX 
Gap Production 198696 0.0150.055 0.381-1.397 

1997-03 0.0150.050 0.381-1.27 
Service Limn 1986-9fi +n nin +n ? ~ d  .-- .. .-.--7 

1997-98 0.065 1.651 
Piston pin Dlameter 1986-96 0.92704.9273 23.54623.553 

1997-98 0.927 23.545 
Clearance Production O.WO250.00035 0.006-0.039 

Service L~mit 0.001 Max 0.025 Max 
Interference fit 0.0080.Wl6 0.OM3d.04060 

Valve system Face Angle 45 deg. 45 deg. 
Lash 1986-91 1 turn down 1 turn down 

1992-98 Net Lash Net Lash 
Lifl 1997-98 intake 0.414 10 51 

Exhaust 0.428 10.87 
Liier Hydraulic Hydraulic 
Rocker Arm Ratio 1.50:l 1.5O:l 
Seat Angle 46 deg. 46 deg. 
Seat Width Intake 198696 0.0312-0.0625 0.79370.1587 

1997-98 0.040-0.065 1.0161.651 
Exhaust 1986-96 0.06256.0937 0.15870.2381 

1997-98 0.065-0.098 1.651-2.489 
Spring Free Length 2.03 51.6 
Spring installed Ht. 1997-98 1.690-1 710 42.92-43.43 
Spring Pressure Open 198696 194-206 Ibs. Q 1 25 863-916 N Q 31.75 

1997-98 187-203 Ibs. Q 1.27 832-903 N Q 32.25 
Closed 76-84 ibs. @ 1.70 338-374 N @ 43.16 

Stem-t~Guide Clear. Pmdudion 0.0010-0.0027 0.0254-0.0686 
Service Limit Intake 0.001 Max 0.025 Max 

Exhaust 0.002 Max 0.51 Max 

Unless otherwise noted 
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I ENGINE SPEClFlCATlONS - 5.OU5.7L V8 

Standard Metric 

O Unless otherwise noted 
0 1997 5.7GSi: Use 1998 specifications 

ENGINE SPECIFICATIONS - 5.OU5.7L V8 

Standard Metric 
Component (in.) O (mm) O 

Piston Clearance Production 1986-97 0 0.0007-0.0017 0.0178-0.0431 
1998 0.0007-0.0021 0.018-0.053 

Service Limit 0.0027 Max 0.076 Max 
Piston Rings - Groove Clearance Production 0.001 2-0.0032 0.031 -0.081 
Compression Service Limit +0.001 ffi.025 

Gao Production Too: 

, - - - -. - . - -, --- -. . - - . - - 
Piston Rings - Groove clearance Production 0.002-0.007 0.051-0.177 
Oil Service Limit +0.001 fl.025 

Gap Production 1986-97 0 0.015-0.055 0.381-1.397 
1998 0.01 0-0.030 0.25-0.76 

Service Limit 1986-97 +0.010 ffi.254 
IDOR +n mi +n n754 , ""., . -.--. -.--- . 

Piston Pin Diameter 1986-97 0 0.9270-0.9273 23.546-23.553 
1998 0.9270-0.09271 23.545-23.548 

Clearance Produchon 1986-97 0 0.00025-0.00035 0.006-0.009 
1998 0.0004-0.0008 0.010-0.020 

sorvirp I ima 

- 

Llfter Hydraulic Hydraulo 
Rocker Arm Raho 1 50 1 1 50 1 
Seat Angle 46 deg. 46 deg. 
Seat Width Intake 1986-97 0 0.0312-0.0625 0.7937-0.1587 

1998 0.045-0.065 1.14-1.65 
Exhaust 1986-97 0 0.0625-0.0937 0.1587-0.2381 

1998 0.065-0.098 1.65-2.489 
Spring Free Length 1986-97 0 2.03 51.6 

A .?no " n" L. 1 
l ilJD L."L dL.d 

Spring Installed Ht. 1998 1.69-1.71 42.92-43.43 
Spring Pressure Open 1986-97 0 194-206 Ibs. @ 1.25 863-916 N @ 31.75 

1998 187-203 Ibs. @ 1.27 832-903 N @ 32.25 
Closed 76-84 Ibs. @ 1.70 338374 N @ 43.16 

Stem-to-Guide Clear. Production 0.0010-0.0027 0.0254-0.0686 
Servlce Limit intake ffi.001 +0.0254 

Exhaust +0.002 fl.0508 

O Unless otherwise noted 
0 1997 5.7GSi: Use 1998 specifications 
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ENGINE MECHANICAL-GM V6 AND V8 ENGINES 5-45 

ENGINE SPEClFlCATlONS - 7.4U8.2L V8 

Standard Metric 
Component (in.) O (mm) O 

Camshaft End Play 0.004-0.01 2 0.10-0.31 
Journal Diameter All Exc. 1998 7.4Gi 1.9482-1.9492 49.484-49.51 0 

1998 7.4Gi 1.9477-1.9497 49.471 -49.522 
Journal Out-of-Round 0.001 Max 0.025 Max 
Lobe Lii (+I- 0.002) lnta ke 7.4L 

1998 7.4Gi 0.282 7. 163 
All others 0.234 5 94 

- 

Exhaust 7.4L 
1998 7.4Gi 0.284 7.21 4 

All others 0.253 6.43 
8.2L 0.51 12.95 

Runout 0.002 Max 0.051 Max 
Connecting Rod Bearing Clearance Production 1988-91 0.0009-0.0025 0.0229-0.0635 

1992-98 0.001 1-0.0029 0.0279-0.0737 
Service Limit 1998 7.4Gi 0.001 1-0.0039 0.028-0.099 

All others 0.0035 Max 0.076 Max 
Slde Clearance 1988-91 0.01 5-0.021 0.033-0.584 

1 992-98 0.001 3-0.0230 0.033-0.584 
Crankpin Journal Diameter 7.4L 2.1 988-2.1 996 55.85-55.87 

8.2L 2.2 55.88 
Taper Production 0.0005 Max 0.01 27 Max 

Service Limit 0.001 Max 0.02 Max 
Out-of-round Production 0.0005 Max 0.0127 Max 

Service Limit 0.001 Max 0.0254 Max 
Crankshaft Crankshaft End Play 1998 7.4Gi 0.005-0.01 1 0.127-0.279 

All others 0.006-0.01 0 0.1 52-0.254 
Bearing Clearance - 

1988-91 Production #I, 2, 3,4 0.001 3-0.0025 0.033-0.064 
#5 0.0024-0.0040 0.061 -0.102 - 

Service Limit # I  0.002 Max 0.051 Max 
#2, 3, 4, 5 0.0035 Max 0.089 Max 

1992-98 Production #I, 2,3,4 0.0017-0.0030 0.043-0.076 
#5 0.0025-0.0040 0.064-0.097 

Service Limit #I, 2, 3, 4 0.001 0-0.0030 0.025-0.076 
#5 0.0025-0.0040 0.064-0.102 

1998 7.4Gi Production #I  0.001 7-0 0030 0.043-0.076 
#2, 3, 4 0.001 1-0.0024 0.028-0.061 
#5 0.0025-0.0038 0.063-0.096 

Service Limit #I, 2, 3, 4 0.001 0-0.0030 0.025-0.076 
#5 0.0025-0.0040 0.064-0.102 

Journal Diameter 2.7482-2.7489 69.804-69.822 
Taper Production 1998 7.4Gi 0.0004 Max 0.010 Max 

All others 0.0002 Max 0.005 Max 
Service Limit 0.001 Max 0.025 Max 

Out-of-round Production 1998 7.4Gi 0.0004 Max 0.010 Max 
All others 0.0002 Max 0.005 Max 

Service Limit 0.001 Max 0.025 Max 
Cylinder Bore Diameter 7.4L 4.2500-4.2507 107.95-1 07.97 

8.2L 4.4655-4.4661 11 3.42-1 13.44 
Out-of-round 0.002 Max 0.05 Max 
Taper 0.001 Max 0.025 Max 

O Unless otherwise noted 
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5-46 ENGINE MECHANICAL-GM V6 AND V8 ENGINES 

ENGINE SPEClFlCATlONS - 7.4U8.2L V8 

Component (in.) O (mm) O 
Cylinder Head Gasket surface flatness 0.003 Max 0.08 Max 
Piston Clearance Production 7.4L 

Piston Rings - 
Compression 

1988-91 0.0008-0.0028 0.020-0.071 
1992-98 0.003-0.004 0.076-0.102 
1998 Gi 0.001 8-0.0030 0.046-0.076 

8.2 0.004-0.005 0.102-0.127 
Service Limit 0.005 Max 0.127 

Groove Clearance Production 1988-91 0.001 7-0.0032 0.043-0.081 
1992-98 0.001 2-0.0029 0.030-0.074 

Service Limit I998 7.4Gi 0.001 2-0.0039 0.031 -0.099 
All others +0.001 +0.025 

Gap Production 1988-91 0.01 0-0.020 0.254-0.508 

Top 0.01 0-0.01 8 0.254-0.457 
2nd 0.01 6-0.024 0.406-0.609 

Service Limit 1998 Gi 

O Unless otherwise noted 
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6-2 ENGINE MECHANICAL-FORD V8 ENGINES 

NEVER, NEVER attempt to use standard automotive parts when 
replacing anything on your engine. Due to the uniqueness of the 
environment in which they are operated in, and the levels at which they are 
operated at, marine engines require different versions of the same part; even 
if they look the same. Stock and most aftermarket automotive parts will not 
hold up for prolonged periods of time under such conditions. Automotive 
parts may appear identical to marine parts, but be assured, OMC marine 
parts are specially manufactured to meet OMC marine specifications. Most 
marine items are super heavy-duty units or are made from special metal 
alloy to combat against a corrosive saltwater atmosphere. 

OMC marine electrical and ignition parts are extremely critical. In the 
United States, all electrical and ignition parts manufactured for marine 
application must conform to stringent US. Coast Guard requirements for 
spark or flame suppression. A spark from a non-marine cranking motor 
solenoid could ignite an explosive atmosphere of gasoline vapors in an 
enclosed engine compartment. 

V8 ENGINES 

The OMC 5.OL, 302 cubic inch and 5.8L, 351 cubic inch and 7.5L, 460 
cubic inch displacement V8 engines are manufactured by Ford Motor 
Company. These engines are used in the following configurations: 

5.0 (214 bbl) 
5.0 EFI (EFI) 
5.OFi (EFI) 
5.OFL (2 bbl) 
5.0 HO (2 bbl) 
5.8 (4 bbl) 
5.8 EFI (EFI) 
5.8Fi (EFI) 
5.8FL (4 bbl) 
5.8FSi (EFI) 
5.8 HO (EFI) 
5.8 LE (4 bbl) 
7.5 (4 bbl) 
351 (4 bbl) 

* 351 EFI (EFI) 
460 (4 bbl) 

Cylinder numbering and firing order is identified in the illustrations at the 
end of the Maintenance Section. 

ENGINE 
+ See Figures 1 and 2 

The engine serial numbers are the manufacturer's key to engine changes. 
These alpha-numeric codes identify the year of manufacture, the horsepower 
rating and various modeVoption differences. If any correspondence or parts 
are required, the engine serial number must be used for proper identification. 

Remember that the serial number establishes the year in which the 
engine was produced, which is often not the year of first installation. 

The engine specifications decal contains information such as the model 
number or code, the serial number (a unique sequential identifier given 
ONLY to that one engine) as well as other useful information. 

An engine specifications decal can generally be found on top of the flame 
arrestor (early models), or on the inner side of the rocker arm cover, usually 
near the breatherlPCV line (port side on most models); further, on fuel 
injected engine you can find it on the side of the TFI module bracket - all 
pertinent serial number information can be found here-engine and drive 
designations, serial numbers and model numbers. Unfortunately this decal is 
not always legible on older boats and it's also quite difficult to find, so please 
refer to the following procedures for each individuals unit's serial number 
location. 

Serial numbers tags are frequently difficult to see when the engine 
is installed in the boat; a mirror can be a handy way to read all the 
numbers. 

The engine seriallmodel number is usually stamped on the port rear side 
of the engine where it attaches to the bell housing; although on most later 
models it may instead be a metal plate attached in the same location. If your 
engine has a stamped number it will simply be the serial number; if you have 
a plate (and you should), it will always show a Product number, a 
TypelModel number and then the actual Serial number. 

The first two characters identify the engine size in liters (L); 50 
represents the 5.OL, 58 represents the 5.8L and so forth. - The third character identifies the fuel delivery system; 2 designates a 2 
bbl carburetor, 4 is a 4 bbl carburetor, and F is a fuel injected engine. 

The fourth character designates a major engine or horsepower 
change-it doesn't let you know what the change was, just that there 
was some sort of change. A means it is the first model released, B 
would be the second, and so forth 

The fifth character designates what type of steering system was used; 
M would be manual steering and P would be power steering. 

* Now here's where it gets interesting; on 1986-87 engines and 1994-98 
engines, the sixth, seventh and eighth characters designate the model 
year. The sixth and seventh actually show the model year, while the 
eighth is a random model year version code. KWB and WXS represent 
1986; and ARJ, ARF, FTC, SRC or SRY show 1987. MDA is 1994, 
HUB is 1995, NCA is 1996, LKD is 1997 and BYC is 1998. 

On 1988-93 engines, the sixth character designates the direction of 
propeller rotation. R is right hand, L is left hand and E is either. 

* Also on 1988-93 engines, the seventh, eighth and ninth characters 
designate the model year. The seventh and eighth actually show the 
model year, while the ninth is a random model year version code. GDE 
or GDP is 1988, MED or MEF is 1989, PWC, P%R or PWS is 1990, 
RGD or RGF is 1991, AMH or AMK is 1992 and JVB or JVN is 1993. 

Fig. 1 Engine serial number sticker 

I Fig. 2 On fuel injected engines, look on the TFI module bracket I 
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ENGINE MECHANICAL-FORD V8 ENGINES 6-3 
Any remaining characters are proprietary. So in example, a Model 

number on the ID plate that reads 754APFTC would designate a 1987 7.5L 
engine with a 4 bbl carburetor and power steering, first model released. A 
number reading 58FAPRJVBwould designate a 1993 5.8L engine with fuel 
injection, power steering and a right hand propeller, first release; get the 
picture? 

Engine Model Designations 

All engines covered here utilize unique identifiers assigned by OMC; 
surnames if you will-5.0FL, 5.8Fi, etc. Obviously the first two characters 
designate the engine size in litres (L). The second letter, a G or and F 
designate the engine manufacturer; General Motors (G) or Ford (F). The 
third through fifth letters can be found in different combinations, but the 
individual letter designates the same thing regardless of position. L 
designates limited output. S and X designate superior output-a 5.8Fi will 
always have a lesser horsepower rating than a 5.8FSi in a given model year. 
An i designates that the engine is fuel injected, if there is no i then you know 
the engine uses a carburetor. 

REMOVAL & INSTALLATION 

CULT 
+ See Figures 3,4,5,6,7, 

Prior to removing the engine from your 1994-96 vessel, it is 
imperative to measure the engine height as detailed in the Determining 
Minimum Engine Height section. DO NOT remove the engine until you 
have completed this procedure! 

1. Check the clearance between the front of the engine and the inside 
edge of the engine compartment bulkhead. If clearance is less than 6 in. 
(15.2mm), you will need to remove the stern drive unit because there won't 
be enough room to disengage the driveshaft from the engine coupler. More 
than 6 in. will provide enough working room to get the engine out without 
removing the drive, BUT, we recommend removing the drive anyway. If you 
intend on doing anything to the mounts or stringers, you will need to re-align 
the engine as detailed in the Engine Alignment section-which requires 
removing the drive, so remove the drive! 

1 

I Fig. 3 Disconnect the power steering lines at 
the cylinder 

Thottle 
Arm 

I 
Jam Anchor Bracket 

I 

Lock ~hr&tt le  
Nut Cable 

Block 

Fig. 6 Details of the throttle cable 
assembly-Fi and FSi engines 

2. Remove the stern drive unit as detailed in the Drive Systems section. 
3. Open or remove the engine hatch cover. 
4. Disconnect the battery cables (negative first) at the battery and then 

disconnect them from the engine block and starter. 

Make sure that all switches and systems are OFF before disconnecting 
the batterv cables. 

5. Disconnect the two power steering hydraulic lines at the steering 
cylinder (models wips). Carefully plug them and then tie them off somewhere 
on the engine, making sure that they are higher then the pump to minimize 
any leakage. 

6, Disconnect the fuel inlet line at the fuel pump or filter (whichever 
comes first on your particular engine) and quickly plug it and the inlet- a 
clean golf tee and some tape works well in this situation. Make sure you 
have rags handy, as there will be some spillage. 

7. Tag and disconnect the two-wire trimitilt connector. 
8. Pop the two-wire trimitilt sender connector out of the retainer and 

then disconnect it. You may have to cut the plastic tie securing the cable in 
order to move it out of the way. 

9. Locate the large rubber coated instrument cable connector (should 
be on the starboard side), loosen the hose clamp and then disconnect it 
from the bracket. Move it away from the engine and secure it. On early 
models, you will also need to unplug the three-wire trimitilt instrument cable 
connector just above it. 

li Take note of you throttle arm attachment stud- is it a "push-to- 
close" or a "pull-to-close"? What hole is it on?? 

10. Remove the cotter pin and washer from the throttle arm. Loosen the 
anchor block retaining nut and then spin the retainer away from the cable 
trunnion. Remove the throttle cable from the arm and anchor bracket. Be 
sure to mark the position of the holes that the anchor block was attached to. 

11. Loosen the hose clamps and disconnect the exhaust hose bellows 
from intermediate or exhaust pipe. You may want to spray some WD-40 
around the lip of the hose where it connects to the elbow, grasp it with both 
hands and wiggle it back and forth while pulling down on it. Slide it down 
over the lower pipe. 

12. Drain the cooling system as detailed in the Maintenance section. 

Fig. 4 Disconnect the instrument cable 
connector 

Fig. 7 Locate the engine lifting brackets and 
then connect and engine hoist 

Throttle 
Arm 

Anchor 
Block 

Fig. 5 Details of the throttle cable 
assembly-FL engines 

Boss 

Fig. 8 Details of the throttle cable and 
trunnion 
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6-4 ENGINE MECHANICAL-FORD V8 ENGINES 

Fig. 9 Attach the anchor block assembly to the bracket 

13. Loosen the hose clamp on the water supply hose at the transom 
bracket and carefully slide it off the water tube. Attach the hose to the 
engine. 

14. Disconnect the shift cables and position them out of the way. 
15. Tag and disconnect any remaining lines, wires or hoses at the 

engine. 
16. Attach a suitable engine hoist to the lifting eyes and take up any line 

slack until it is just taught. 

The engine hoist should have a capacity of at least 1500 Ibs. (680 
kg). 

17. Locate the rear engine mounts and remove both lock nuts and flat 
washers. 

18. Locate the front engine mounts and remove the two (per mount) lag 
bolts. 

19. If vou listened to us at the beainnina of the ~rocedure, the drive unit 
should beremoved. If so, slowly andcarefily, lift o h  the engine. Try not to 
hit the power steering control valve, or any other accessories, while 
removing it from the engine compartment. If you didn't listen to us, and you 
had sufficient clearance in the engine compartment, the drive unit is probably 
still installed. Raise the hoist slightly untB the weight is removed from the 
mounts and then carefully pull the engine forward until the driveshaft 
disengages from the coupler, now raise the engine out of the compartment. 

To Install: 
20. Apply Engine Coupler grease to the splines of the coupler. 
21. Slowly lower the engine into the compartment. If the drive unit was 

not removed, AND the crankshaft has not been rotated, insert the driveshaft 
into the coupler as you push the engine backwards until they engage 
completely and then lower the engine into position over the rear mounts until 
the front mounts just touch the stringers. If the shaft and coupler will not align 
completely, turn the crankshaft or driveshaft slightly until they mate correctly. 

If the drive was removed, or the mounts were disturbed in any way, lower 
the engine into position over the rear mounts until the front mount just 
touches the stringer. 

22. Install the two flat washers into the recess in the engine bracket side 
of the rear mounts and then install the two lock nuts. Tighten them to 28-30 
ft. Ibs. (38-40 Nm). 

Never use an im~act wrench or Dower driver to tiahten the locknuts. 

23. lnstall the lag bolts into their holes on the front mounts and tighten 
each bolt securely. 

24. If the drive was removed, the mounts were disturbed, or the 
driveshaftlcoupler didn't mate correctly, perform the engine alignment 
procedure detailed in this section. We think it's a good idea to do this 
regardless! 

25. Reconnect the exhaust bellows by sliding it up and over the pipe, 
position the clamps between the ribs in the hose and then tighten the clamps 

securely. Make sure you don't position the clamps into the expanding area. 
26. Reconnect the water inlet hose. Lubricate the inside of the hose and 

wiggle it onto the inlet tube. Slide the clamp over the ridge and tighten it 
securely. This sounds like an easy step, but it is very important-if the hose, 
particularly the underside, is not installed correctly the hose itself may 
collapse or come off. Either scenario will cause severe damage to your 
engine, so make sure you do this correctly! 

27. Carefully, and quickly, remove the tape and plugs so you can connect 
the power steering lines. Tighten the large fitting to 15-17 ft. Ibs. (20-23 Nm) 
and the small fitting to 10-12 A. Ibs. (14-16 Nm). Don't forget to check the 
fluid level and bleed the system when you are finished with the installation. 

28. Reconnect the trimltilt connector so the two halves lock together. 
29. Reconnect the trim position sender leads, the instrument cable, the 

engine ground wire, the battery cables and all other wires, lines of hoses that 
were disconnected during removal. Make sure you swab a light coat of 
grease around the fitting for the large enginelinstrument cable plug. 

Always make certain that all switches and systems are turned OFF 
before reconnecting the battery cables. 

Make sure all cables, wires and hoses are routed correctly before 
initially starting the engine. 

30. Unplug the fuel line and pumplfilter fitting and reconnect them. 
Remember to check for leaks as soon as you start the engine. 

31. Install and adjust the throttle cable. For complete details, please refer 
to the Fuel System section): 

a. Remember we asked you to determine if you had a "push-to-close" 
or "pull-to-open" throttle cable (the throttle arm stud)? Position the remote 
control handle in Neutral-the propeller should rotate freely. 

b. Turn the propeller shaft and the shifter into the forward gear detent 
position and then move the shifter back toward the Neutral position halfway. 

c. Position the trunnion over the groove in the throttle cable so the 
internal bosses align and then snap it into the groove until it is fully seated. 

d. lnstall the trunnionlcable into the anchor block so the open side of 
the trunnion is against the block. Position the assembly onto the bracket over 
the original holes (they should be the lower two of the four holes) and then 
install the retaining bolt and nut. When the nut is securely against the back of 
the bracket, tighten the bolt securely. 

e, lnstall the connector onto the throttle cable and then pull the 
connector until all end play is removed from the cable. Turn it sideways until 
the hole is in alignment with the correct stud on the throttle arm. Slide it over 
the stud and install the washer and a new cotter pin. Make sure the cable is 
on the same stud that it was removed from. Tighten the jam nut against the 
connector 

The throttle arm connector nut must be installed on the cable with a 
minimum of 9 turns-meaning that at least 114 in. of thread should be 
showing between the end of the cable and the edge of the nut. 

32. Install and adjust the shift cables. Please refer to the Drive Systems 
section for further details. 

33. Check and refill all fluids. Start the engine and check for any fuel or 
coolant leaks. Go have fun! 

DETERMINING MINIMUM ENGINE HEIGHT 

4 See Figure 10 

This procedure MUST be performed prior to removing the engine from the 
vessel. 

1. With the engine compartment open, position a long level across the 
transom running fore and aft. 

2. Have a friend or assistant steady the level while you measure from 
the bottom edge of the tool to the top of the exhaust elbow. Record the 
distance as "1". 

3. Now measure from the bottom of the level to the static water line on 
the drive unit. Record the distance as " 2 .  

4, Subtract the elbow measurement (1) from the static waterline 
measurement (2). If the result is less than 14 in. (356mm), an exhaust elbow 
high rise kit must be installed (available from your local parts supplier). 
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Fig. 10 Use a level to determine minimum engine height 

ENGINE ALIGNMENT 

5.OL15.8L And 1990 7.5L 

ULT 
+ See Figures 11 and 1 

Engine alignment is imperative for correct engine installation and also for 
continued engine and drive operation. It is a good idea to ensure proper 
alignment every time that the drive or engine has been removed. Engine 
alignment is checked by using OMC alignment tool (#912273) and handle 
(#311880). Engine alignment is adjusted by raising or lowering the front 
engine mount(s). 

1. With the drive unit off the vessel, slide the alignment tool through the 
gimbal bearing and into the engine coupler. It should slide easily, with no 
binding or force. If not, check the gimbal bearing alignment as detailed in the 
Drive Systems section. If bearing alignment is correct, move to the next step. 

2. If your engine utilizes a jam nut on the bottom of the mount bolt, 
loosen it and back it off at least 112 in. 

3. Loosen the lock nut and back it off. 
4. Now, determine if the engine requires raising or lowering to facilitate 

alignment-remember, the alignment tool should still be in position. Tighten 
or loosen the adjusting nut until the new engine height allows the alignment 
tool to slide freely. 

5. Hold the adjusting nut with a wrench and then tighten the lock nut to 
40-50 ft. Ibs. (54-60 Nm) on 1989-92 engines or 50-70 ft. Ibs. (68-95 Nm) on 
1993-96 engines. If your engine uses a jam nut, cinch it up against the lock 
nut. 

6. Remove the alignment tool and handle. 

1987-89 7.5L V8 Engines 

CULT 
See Figures 11 and 12 

v 

Engine alignment is imperative for correct engine installation and also for 
continued engine and drive operation. It is a good idea to ensure proper 
alignment every time that the drive or engine has been removed. Engine 
alignment is checked by using OMC alignment tool (#912273) and handle 
(#311880). Enqine alignment is adjusted by raising or lowering the front 
engine mount($ - 

1. With the drive unit off the vessel, slide the alianment tool throuah the 
gimbal bearing and into the engine coupler. It shouldslide easily, with ;lo 
binding or force. If not, check the gimbal bearing alignment as detailed in the 
Drive Systems section. If bearing alignment is correct, move to the next step. 

2. There will be a slot on the lower mount providing access to the head 
of the mount bolt. Slide a 15116 in. open end wrench into the slot and hold 
the bolt so that you can loosen the upper lock nut. It is not necessary to 
remove the nut. 

Fig. 11 Install the alignment tool through the gimbal bearing 

Fig. 12 A good view of the front engine mount and its components 

3. Now. determine if the enaine reauires raisina or lowerina to facilitate 
alignment-remember, the alignhent tool should s t i  be in posizon. 

4. There should be a total of 4 slotted shims situated above andlor 
below the rubber mount; rearrange the shims until the new engine height 
allows the alianment tool to slide freelv. The shims are slotted and will slide 
In and out of The mount easrly Never k e  more than 4 sh~ms on an rndlv~dual 
mount 

5 Install the nut and trghten rt to 100-120 ft. Ibs. (136-63 Nm). 

6. Remove the alignment tool and handle. 
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1 - Support Screw Height 

Fig. 13 Always preset the support screw height on 1993-96 engines 

12. Screw on the middle lock nut and washer onto the mount bolt and 
then position the mount bracket over the bolt. Install the washer and upper 
adjusting nut and check the measurement taken previously. Move the upper 
and middle lock nuts up or down until the correct specification is achieved. 

13. Position the mount over the lag screw holes and then slowly lower 
the engine until all weight is off the hoist. Install and tighten the lag screws 
securely. 

14. Hold the middle nut with a wrench and then tighten the upper nut to 
40-50 ft. Ibs. (54-60 Nm) on 1989-92 engines or 50-70 ft. Ibs. (68-95 Nm) on 
1993-96 engines. 

15. If you're confident that your measurements and subsequent 
adjustment place the engine exactly where it was prior to removal, then you 
are through. If you're like us though, you may want to check the engine 
alignment before you fire up the engine. 

7.5L V8 Engines A 

1. Position an engine h 
engine lifting eyes (usially front starboard s

i

de, rear port sidej. 
2. Remove the 2 lag bolts on each side of the mount where it rests on 

the stringer. 
3. Raise the engine just enough to allow working room for removing the 

mount. 
4. Remove the 3 mount bracket-to-engine mounting bolts with their lock 

washers and lift out the mountibracket. 
N Some engines may use bolts of different lengths; mark them so you 
can replace them in their original locations. 

REMOVAL & INSTALLATION 

5.OLl5.8L V8 Engines 

UL T 
+ See Figures 12 and 13 

1. Position an engine hoist over the engine and hook it up to the two 
engine lifting eyes (usually front starboard side, rear port side). 

2. Measure the distance between the top of the large washer on the 
mount and the flat on the lower side of the mounting bracket. Record it. 

3. Remove the two lag bolts on each side of the mount where it rests 
on the stringer. 

4. Raise the engine just enough to allow working room for removing the 
mount. 

5. Remove the two mount bracket-to-engine mounting bolts with their 
lock washers and lift out the mountibracket. 

5. Hold the mount bolt head and remove the upper lock nut. Note the 
positions of the adjusting shims and then remove them. 

6. Pry out the rubber mounts. 
To Install: 

7. Coat the smaller side of a new rubber mount with soapy water and 
then press it into the top of the mount bracket. Repeat the procedure with the 
lower rubber mount. 

8. Slide a small flat washer over the mount bolt and then insert the bolt 
into the lower mount foot and through the rubber mounts. Slide the larger 
washer over the end of the bolt and thread on the lock nut. 

9. Insert the slotted shims around the bolt so that they are in the same 
position as when removed and then tighten the lock nut to 100-120 ft. Ibs. 
(136-63 Nm). 

10. Position the mount against the cylinder block, install the 3 mounting 
bolts and tighten them to 32-40 ft. Ibs. (43-54 Nm). 

11. Install the lag bolts and tighten them securely. 
12. Remove the engine hoist. 

H Some engines may use bolts of different lengths; mark them so you 
can redace them in their oriainal locations. 

6. Carefully position the mount in a vise. Position a wrench over the 
head of the adjusting bolt, just underneath the mount to hold the shaft and 
then remove the upper nut and washer. Lift off the bracket. 

7. Remove the two lock nuts from the bolt and slide out the adjusting 
bolt. Remember which washer goes where. 

To Install: 
8. Drop the small washer over the shaft and then slide the adjusting bolt 

up through the mount. Position the large washer over the bolt so it rests on 
the mount and then spin on the first (lower) lock nut and tighten it to 60-75 ft. 
Ibs. (81-102 Nm). 

9. Check that the mount support screw height is set to 112 in. (12.7mm) 
on the 1993 5.OL engine or 114 in. (6.35mm) on the 1994-96 5.OL. On the 
1993 5.8L, set the screw to 7/16 in. (Il.lmm), while on the 1994-96 5.8L 
engines set the screw to 3116 in. (4.74mm). On all engines, make sure there 
is no paint on the head of the bolt, or on the mating surface at the block. 

N 1987-92 engines do not use a height support bolt, 

10. Spray the two mounting bolts with Loctite Primer N and allow them to 
air dry. Once dry, coat the bolts with Loctite or OMC Nut Lock and attach the 
mount bracket to the engine. Tighten the bolts to 32-40 ft. Ibs. (43-54 Nm). 

11. On engines with a height support bolt, tighten the correct support 
bolt for your engine until it just contacts the cylinder block. Now tighten it an 
additional 114 of a turn. 

REMOVAL & INSTALLATION 

+ See Figure 14 CULT 
1. Remove the engine as detailed previously. 
2. Loosen the two bolts and remove the mount from the transom plate. 

Remember, you will alreadv have removed the top lock nut and the washer 
during engine removal. ' 

3. Hold the square nut with a wrench and remove the shaft bolt. Be 
sure to take note of the style and positioning of the two mount washers as 
you are removing the bolt. Mark them, lay them out, or write it down, but 
don't forget their orientation!! 

To Install: 
4. Slide the lower of the two washers onto the mount bolt, exactly as it 

came off. 
5. Slide the bolt into the flat (bottom) side of the rubber mount, install 

the remaining washer (as it came off!) and then spin on the square nut. Do 
not tighten it yet. 

N Incorrect washer installation will cause excessive vibration during 
engine operation. 

6. Turn the assembly upside down and clamp the square nut in a vise. 
Spin the assembly until the holes in the mounting plate are directly opposite 
any two of the flat sides on the nut. This is important, otherwise the slot on 
the engine pad will not engage the mount correctly. Secure the mount in this 
position and tighten the bolt to 44-52 ft. Ibs. (60-71 Nm). 
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Fig. 14 A good look at the rear mount 

7 Remove the mount from the vise and position [ ton the transom plats 
Install the bolts and washers and t~ghten each to 20-25 ft Ibs. (27-34 Nm). 

8 Install the engine, making sure that the slot in the engine pad 
engages the square nut correctly. Install the two washers and locknut and 
tlghten ~t to 28-30 ft. Ibs (38-41 Nm) 

REMOVAL & INSTALLATION 

4 See Figures 15 and 16 

E In order to perform this procedure efficiently, we recommend 
removing the exhaust manifold in order to have sufficient working 
room to remove the cylinder head cover. Although not completely 
necessary, it's worth the extra effort to avoid the aggravation of 
working around the manifolds. Please refer to the manifold procedure 
later in this section. 

1. Open or remove the engine compartment hatch. Disconnect the 
negative battery cable. 

2. Loosen the clamp and remove the crankcase ventilation hose at the 
cover (if equipped). Carefully move it out of the way. 

3. Tag and disconnect any lines, leads or hoses that might be in the 
way of removal. In some instances you may be able to simply secure them 
out of the way without disconnecting them-you be the judge. 

4. If your engine has a spark plug wire retainer attached to the cover, 
unclip the wires or remove the retainer and then tag and disconnect the plug 
wires at the spark plugs. 

5. Loosen the cover mounting bolts and lift off the cylinder head cover. 
Take note of any harness or hose retainers and clips that might be attached 
to certain of the mounting bolts; you need to make sure they go back in the 
same place. 

To Install: 

6. Clean the cylinder head and cover mounting surfaces of any residual 
gasket material with a scraper or putty knife. 

7. Position a new gasket onto the cover making sure that the tabs in the 
gasket engage the notches in the cover. Position the cover (don't forget the 
J-clips!) on the cylinder head and then tighten the mounting bolts to 60-72 
inch Ibs. (6.8-8.1 Nm) on 1987-93 engines or 36-60 inch Ibs. (4-6 Nm) on 
1994-96 engines. Make sure any retainers or clips that were removed are 
back in their original positions. On 1987-93 engines, wait 2 minutes and then 
retighten all of the bolts to the same specification once again. 

8. Connect the crankcase ventilation hose and any other lines or hoses 
that may have been disconnected. Check that there were no other wires or 
hoses you may have repositioned in order to gain access to the cover. 

9. Install the exhaust manifold. 

Fig. 15 Lift off the cylinder head cover 

REMOVAL & INSTALLATION 

+ See figures 17,18,19 and 20 

1. Open or remove the engine hatch cover and disconnect the negative 
battery cable. Remove the cylinder head cover as detailed previously. 

2. Bring the piston in the No. 1 cylinder to TDC. If servicing only one 
arm, bring the piston in that cylinder to TDC. The No. 1 cylinder is the first 
cylinder at the starboard side of the engine. 

3. Loosen and remove the rocker arm bolt. Lift out the oil deflector on 
the 7.5L ad the fulcrum on all engines. 

4. Lift the arm itself off of the mounting stud (or boss) and pull out the 
pushrod. Lift off the pushrod guide before removing the pushrod if it didn't 
come off with the rocker. It is very important to keep each cylinder's 
component parts together as an assembly. We suggest drilling a set of holes 
in a 2x4 and positioning the pieces in the holes. 

10. Connect the battery cables. 
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To Install: 

5. Clean and inspect the rocker assemblies. If any scuffing, wear or 
obvious deterioration is found replace the entire assembly (rocker, fulcrum 
and pushrod, and guide). Roll each push rod across a flat, even surface 
(countertops work great for this); if it does not roll smoothly, replace it. 

6. Coat all bearing surfaces of the rocker assembly (valve stem tips, 
arm contact surfaces, fulcrum seat and push rod tip) with LubriPlate or Ford 
Multi-Purpose grease. 

7. Slide the push rods into their holes. Make sure that each rod seats in 
its socket on the tappet. 

8. lnstall a remote starter. 
9. Bump the engine over until the No. I cylinder is at TDC after the 

compression stroke. 

Valve arrangement running from front to back on the port side is: E- 
I-E-l-E-l-E-I, while on the starboard side it is: l-E-l-E-I-E-I-E. 

10, Install the guide, rocker arm, fulcrum and bolt on the following 
valves: 

5.OL and 7.5L engines 
No. I: intake and exhaust 
No. 4: exhaust 
No. 5: exhaust 
No. 7: intake 
No. 8: intake 

5.8L engines 
No. 1 : intake and exhaust 
No. 3: exhaust 
No. 4: intake 
No. 7: exhaust 
No. 8: intake 

Fig. 17 Exploded view of the rocker arm assembly-5.OLl5.8L 
engines 

11. Now bump the crankshaft around 180" from TDC and install the 
guide, rocker arm, fulcrum, deflector and bolt on the following valves: 

5.0L and 7.5L engines 
No. 2: exhaust 
No. 4: intake 
No. 5: intake 
No. 6: exhaust 

5.8L engines 
No. 2: exhaust 
No. 3: intake 
No. 6: exhaust 
No. 7: intake 

12. Now bump the crankshaft around a further 90" (for a total of 270" 
from TDC where you started) on the 5.OU5.8L engines. On the 7.5L engine, 
bump the crankshaft around a further 270" (that's a full 360" from TDC, plus 
an additional 90"). Install the guide, deflector, rocker arm, fulcrum and bolt 
on the following valves: 

5.OL and 7.5L engines 
No. 2: intake 
No. 3: intake and exhaust 
No. 6: intake 
No. 7: exhaust 
No. 8: exhaust 

5.8L engines 
No. 2: intake 
No. 4: exhaust 
No. 5: intake and exhaust 
No. 6: intake 
No. 8: exhaust 

Fulcrum 
Bolt 

Oil 
Deflector 

Fig. 18 Exploded view of the rocker arm assembly-7.51 engines 

©PDF Manual Master 2006



ENGINE MECHANICAL-FORD V8 ENGINES 6- 
13. Now tighten all the fulcrum bolts to 18-25 ft. Ibs (24-34 Nm). 

The fulcrum base MUST be inserted in the slot on the cylinder head 
BEFORE tightening any of the bolts. 

14. No additional adjustment of the valves is necessary as the lash is set 
automatically when the positive-stop rocker is tightened to specifications. To 
make sure that all components are operating properly though, it's a good 
idea to check the valve clearance as detailed following. 

15. Install the cylinder head cover, connect the battery cable and check 
the idle speed. 

VALVE CLEARANCE CHECK 

+ See Figures 19 and 20 

Positive-stop rocker arm bolts virtually eliminate the need for a regular 
valve clearance adjustment, but wear, tear or damage will sometimes only 
be revealed by virtue of a preliminary clearance check with the hydraulic 
lifter in the fully collapsed position. Clearance figures for each engine are 
detailed in the Engine Specification chart and should be checked between 
the rocker arm and the tip of the valve stem with a feeler gauge. 

Valve arrangement running from front to back on the port side is: E- 
I-E-I-E-I-E-I, while on the starboard side it is: I-E-I-E-I-E-I-E. 

1. Locate the purple wire coming off of the I terminal on the starter 
solenoid, tag it and disconnect it-this will prevent the engine from starting 
when you install a remote starter. Install a remote starter. 

2. Bump the engine over until the No. 1 cylinder is at TDC after the 
compression stroke. 

3. Install a Lifter Compressor tool (#T71 P-6513-8) onto the appropriate 
rocker arm and slowly apply enough pressure to bleed down the lifter until 
the rod is bottomed out. Check the clearance on the following valves: 

5.OL and 7.5L engines 
No. 1 : intake and exhaust 
No. 4: exhaust 
No. 5: exhaust 
No. 7: intake 
No. 8: intake 

5.8L engines 
No. 1: intake and exhaust 
No. 3: exhaust 
No. 4: intake 
No. 7: exhaust 
No. 8: intake 

4. Now bump the crankshaft around 180" from TDC, install the tool on 
the appropriate rocker arm, and check the clearance on the following valves: 

5.OL and 7.5L engines 
No. 2: exhaust 
No. 4: intake 
No. 5: intake 
No. 6: exhaust 

5.8L engines 
No. 2: exhaust 
No. 3: intake 
No. 6: exhaust 
No. 7: intake 

5. Now bump the crankshaft around a further 90" (for a total of 270" 
from TDC where you started) on the 5.OU5.8L engines. On the 7.5L engine, 
bump the crankshaft around a further 270" (that's a full 360" from TDC, plus 
an additional 90"). Install the tool and check the clearance on the following 
valves: 

5.OL and 7.5L engines 
No. 2: intake 
No. 3: intake and exhaust 
No. 6: intake 

* No. 7: exhaust 
No. 8: exhaust 

5.8L engines 
No. 2: intake 
No. 4: exhaust 
No. 5: intake and exhaust: 
No. 6: intake 
No. 8: exhaust 

6. Allowable clearance on all valves should be: 
5.OL-O.O7l-O.I 93 in. (1 3-4.9mm) 
5.8L-0.098-0.198 in. (2.5-5.0mm) 
7.5L-0.075-0.175 in. (1.9-4.4mm) 

7. If clearance is not within specifications on 1986-93 engines, OMC 
makes replacement pushrods that are available either 0.060 in. longer or 
shorter than stock. If clearance is lower than spec, install the shorter rod; if 
higher than spec, install the longer pushrod. Valve clearance that is out of 
specification on 1994-96 engines will require replace components in the 
valvetrain. 

Fig. 19 Crankshaft positioning while installing the rockers on 5.OL 
and 5.8L engines. The No. 1 piston is at TDC after the compression 
stroke in position 1. Round two will have the crank moved 180" to 
position 2. While round three will move the crank an additional 90" 
to position 3 

Fig. 20 Crankshaft positioning while installing the rockers on 7.5L 
engines. The No. 1 piston is at TDC after the compression stroke in 
position 1. Round two will have the crank moved 180" to position 
2. While round three will move the crank an additional 270" to 
position 3 
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REMOVAL & INSTALLATION 

ERATE 

W If you have installed a new camshaft, always use new lifters. 

1. Using compressed air, thoroughly clean all dirt and grit from the 
cylinder head and related components. 

If compressed air is not available, we highly recommend that you DO 
NOT proceed with this procedure. It is EXTREMELY important that no 
dirt gets into the lifter recesses before completing the installation. 

2. Remove the cylinder head cover. 
3. Remove the intake and exhaust manifolds. 
4. Loosen the rocker arms and pivot the rockers off of the pushrods. 
5. Remove the pushrods from the block, being very careful to keep 

track of where each one came from. As always, we recommend using a 2x4 
with holes drilled in it-mark the holes for each rod and insert into the 
appropriate hole. 

6. Remove the lifters. Although they should come right out, you may 
want to use a magnet; or more likely, you will need to use a lifter extractor 
tool (#T70L-6500-A for the 5.OU5.8L or #T52T-6500-DJD on the 7.5L)) to 
extract each lifter. 

W Once again, we suggest using a 2x4 with holes drilled in it to store 
the rods and lifters; you'd be amazed at how quickly this job will fall 
apart if someone walks in and kicks the components that you have laid 
out on the floor! 

To Install: 

7. Clean all components thoroughly and let dry completely, use 
compressed air if at all possible. 

8. Make sure that the push rod oil passages are clean and clear. 
Inspect the camshaft contact surface on the bottom of each lifter for 
excessive wear, galling or other damage. Discard the lifter if any of the 
above conditions are found. You'll probably want to check out the camshaft 
lobe for damage also. 

9. Coat each lifter, bore and camshaft lobe with clean engine oil or 
Multi-Purpose grease, and then carefully install each one into its respective 
recess. 

10. lnstall the pushrods into the sockets on the lifters and coat their tips 
with Ford Mullti-Purpose grease. Coat the valve stem ends as well. 

W When reusing existing components, i t  is imperative that the lifters 
and push rods are installed in their original bores. 

11. Lubricate the rockers and fulcrum seats with multi-purpose grease. 
Move the rockers into position and then tighten the bolt as detailed in the 
Rocker Arm procedure as detailed previously. 

12. Check the valve clearance as previously detailed. 
13. Install the intake and exhaust manifolds. 
14. lnstall the cylinder head cover. 

REMOVAL & INSTALLATION 

5.OL, 5.8L And 7.5L Engines WlCarburetor 

o See Figures 21,22,23 and 24 DERATE 

1. Open or remove the engine compartment hatch. Disconnect the 
negative battery cable. 

2. Loosen the clamp and remove the crankcase ventilation or PCV 
hoses at the cylinder head cover. Carefully move them out of the way. 

3. Drain all water from the cylinder block and manifolds. 
4. Tag and disconnect all water hoses at the manifold and thermostat 

housing. Have some rags handy, since there will still be some water in them. 
Carefully move them out of the way. 

5. Remove the thermostat housing. 
6. Remove the flame arrestor and then disconnect the throttle cable at 

the carburetor. Remove the throttle cable bracket from the manifold. 
7. Disconnect the fuel line and plug the line end and the carburetor 

fitting. If you have a non-flexible line, disconnect it at the fuel pump also. 
Move both the cable and fuel line out of the way. There should also be a fuel 
pump vent line connected to the carburetor-tag it, disconnect it and move it 
out of the way. 

8. Tag and disconnect the lead at the ignition coil. 
9. Remove the distributor cap with the leads still connected and set it 

aside temporarily. Mark the position of the distributor rotor to the distributor 
body. Scribe a match mark across the distributor and the manifold. Loosen 
the clamp bolt and remove the distributor. Please refer to the Electrical 
section for further details on distributor removal. DO NOT turn the engine 
over once the distributor has been removed. 

10. Tag and disconnect the electrical leads at the ignition coil. Remove 
the coil and its bracket. 

11. Tag and disconnect the lead at the temperature gauge sender unit. 
Tag and disconnect any other lines, leads or hoses that might be in the way 
of removal. In some instances you may be able to simply secure them out of 
the way without disconnecting them-you be the judge. 

12. If your engine has a spark plug wire retainer attached to the cylinder 
head cover, unclip the wires or remove the retainer and then tag and 
disconnect the plug wires at the spark plugs. Move the wires (and the cap) 
out of the way. 

13. Loosen and remove the 12 manifold mounting bolts (1 6 on the 7.5L) 
in the reverse order of the illustrated tightening sequence and then remove 
the manifold. Leave the carburetor and decel valve attached. There is a good 
likelihood you will need to pry the manifold off the block; be very careful that 
you don't scratch or mar the mating surfaces on the block, manifold or 
heads. 

To Install: 
14. Carefully remove all remaining gasket material from the manifold 

mating surfaces with a scraper or putty knife. Be careful that you don't 
accidentally drop any old gasket into the crankcase or intake ports on the 
cylinder head. 

15. Inspect the manifold and all mating surfaces for any cracks or nicks. 
16. Apply a 118 in. (3.2mm) bead of RTV sealant to the forward and aft 

edges (4 corners) of the cylinder block mating surface where it meets the 
cylinder head. Make sure that you run the bead at least as wide as width of 
each seal. 

17. lnstall the manifold gaskets onto the head. Position the cylinder block 
seals and run a 1116 in, (1.6mm) bead of RTV sealant along the edge of 
each seal where it mates with the gaskets on the cylinder head. 

W The sealer sets up fairly quickly, so don't dawdle here! 

18. Carefully install the manifold into place so that all the bolt holes line 
up. Run your finger along the edge of all seal areas to make certain that they 
are still positioned correctly; if not, remove the manifold and reposition it 
again. Insert the bolts, tighten them finger-tight and then tighten all bolts in 
sequence to 23-25 ft. Ibs. (31-34 Nm) on the 5.OL15.8L engines or 25-27 ft. 
Ibs. (34-40 Nm) on the 7.5L. When you're through, repeat the tightening 
sequence one more time and then make sure to recheck at the end of the 
season. 

Check the Torque Specifications chart for any further details on tightening 
needs. Tighten all bolts in the order shown in the illustration. 

19. lnstall the thermostat housing and adaptor. 
20. lnstall the distributor making sure that the match marks align. Do the 

same with the distrrbutor cap and reconnect the spark plug wires. 
21. lnstall the coil and bracket. Reconnect the electrical leads and the 

distributor lead. 
22. Unplug the fuel line(s) and reconnect them. Connect the vent hose 

and the PCV hose. 
23. lnstall all water hoses and tighten their clamps securely. 
24. lnstall the throttle cable bracket and then connect the cable itself. 

Adjust it as detailed in the Fuel System section. lnstall the flame arrestor. 
25. Connect all other lines, leads and hoses that may have been 

removed to facilitate manifold removal. 
26. Connect the battery cable and start the engine. Check the ignition 

timing and idle speed. Check all hoses and seals for leaks. 
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1/8" DIA, SEALER (4-JOINTS) 

CYLINDER HEAD 

SEAL M O U N ~ N G  SURFACE 
OF CYLINDER BLOCK 

INTAKE YANIFOLD GASKET 

INTAKE 
AN i FOLD 
SEAL 

SEALER 
(4-SEAL ENDS) 

=ig. 21 Always use RTV sealer at the four block-to-head joints 

=ig. 22 Intake manifold tightening sequence-5.01 and 5.8L engines 

5.0 EFI, 5.OFi And 5.8FiiFSi Engines - 

Upper Intake Manifold (Plenum) 
DERATE 

Please refer to the Exploded Views section for detailed illustrations 
of the upper manifold and related components. 

1. Open or remove the engine compartment hatch. Disconnect the 
negative battery cable. 

2. Relieve the fuel system pressure as detailed in the Maintenance or 
Fuel System sections. 

Tg. 23 Intake manifold tightening sequence-7.51 engines 

Coola 
Hos 

--.....,. 
Thermostat - -P - 

O-ring -C 

~ a s k e t  

Fig. 24 Exploded view of the intake manifold 

3. Loosen the 4 retaining screws and lift of the engine's plastic cover. 
4. Tag and disconnect the ISC solenoid and Throttle Position sensor 

leads at the throttle bodv. 
5. Remove the lock nut and disconnect the throttle cable at the lever on 

the throttle body. Remove the 2 manifold mounting bolts at the rear of the 
plenum that secure the throttle cable bracket. Position the cable and bracket 
out of the way. 

6. Tag and disconnect the pressure regulator hose and the fuel 
reservoir line at the rear of the plenum. 

7. Tag and disconnect the PCV hose at the valve. 
8. On the forward starboard side, tag and disconnect the vacuum line at 

the MAP sensor. Move it and the filter out of the way. 
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6-12 ENGINE MECHANICAL-FORD V8 ENGINES 
9. Right next to the filter, remove the 2 forward plenum mounting bolts 

and lift off the shift bracket support. 
10. At the module bracket next to the throttle body, tag and disconnect 

the high tension lead from the ignition coil, the primary lead also at the coil 
and the TFI-IV lead. 

11. Remove the 2 remaining plenum screws and lift off the upper 
manifold with the throttle body attached. 

Be extremely careful of how you handle the and where you set it down, 
particularly the mating surfaces. You need also to  safeguard against 
any foreign material entering the lower intake runners. 

To Install: 

12. Carefully remove any remaining gasket material from the plenum and 
manifold mating surfaces. Make sure that any vacuum lines running under 
the center of the plenum are plastic tied correctly and in a position so they 
don't get crimped on installation. 

Never soak the plenum in  commercial liquid cleaners or solvents. 

13. Lay a new gasket onto the lower manifold runners. There are studs 
available to aid in positioning, but if you're careful and patient there should 
be no need for them. 

14. Position the plenum onto the manifold in such a way that you do not 
dislodge the gasket. lnstall the 2 long mounting bolts and tighten them finger- 
tight. 

15. Coat the terminal with Electrical Terminal grease and reconnect the 3 
leads at the module bracket. 

16. lnstall the shift support bracket with the next two manifold screws and 
screw them down finger-tight. 

lnstall the throttle cable bracket with the 2 remaining manifold screws and 
then tighten all 6 mounting screws to 12-18 ft. Ibs. (16-24 Nm). 

17. Reconnect the remaining vacuum lines. 
18. Reconnect the throttle cable. Check for correct throttle operation and 

adjust if necessary. 
19. Connect the battery cables. 

Lower lntake Manifold 
* See Figures 21 and 25 

1. Open or remove the engine compartment hatch. Disconnect the 
negative battery cable. 

2. Drain all water from the cylinder block and manifolds. 
3. Remove the upper intake manlfold as detailed previously. 
4. Tag and disconnect all water hoses at the manifold and thermostat 

housing. Have some rags handy, since there will still be some water in them. 
Carefully move them out of the way. 

5. Remove the thermostat housing and adapter. 
6. Remove the distributor cap with the leads still connected and set it 

aside temporarily. Mark the position of the distributor rotor to the distributor 
body. Scribe a match mark across the distributor and the manifold. Loosen 
the clamp bolt and remove the distributor. Please refer to the Electrical 
section for further details on distributor removal. DO NOT turn the engine 
over once the distributor has been removed. 

7. Tag and disconnect the lead at the temperature gauge sender unit. 
8. Tag and disconnect any other lines, leads or hoses that might be in 

the way of removal. In some instances you may be able to simply secure 
them out of the way without disconnecting them-you be the judge. 

9. If your engine has a spark plug wire retainer attached to the cylinder 
head cover, unclip the wires or remove the retainer and then tag and 
disconnect the plug wires at the spark plugs. Move the wires (and the cap) 
out of the way. 

10. Loosen and remove the 12 manifold mounting bolts in the reverse 
order of the illustrated tightening sequence and then remove the manifold. 
There is a good likelihood you will need to pry the manifold off the block; be 
very careful that you don't scratch or mar the mating surfaces on the block, 
manifold or heads. 

To Install: 
11. Carefully remove all remaining gasket material from the manifold 

mating surfaces with a scraper or putty knife. Be careful that you don't 
accidentally drop any old gasket into the crankcase or intake ports on the 
cylinder head. 

12, Inspect the manifold and all mating surfaces for any cracks or nicks. 
13. Apply a 118 in. (3.2mm) bead of RTV sealant to the forward and aft 

edges (4 corners) of the cylinder block mating surface where it meets the 
cylinder head. Make sure that you run the bead at least as wide as width of 
each seal. 

14. lnstall the manifold gaskets onto the head. Position the cylinder block 
seals and run a 1116 in, (1.6mm) bead of RTV sealant along the edge of 
each seal where it mates with the gaskets on the cylinder head. 

The sealer sets up fairly quickly, so don't dawdle here! 

15. Carefully install the manifold into place so that all the bolt holes line 
up. Run your finger along the edge of all seal areas to make certain that they 
are still positioned correctly; if not, remove the manifold and reposition it 
again. Insert the bolts, tighten them finger-tight and then tighten all bolts in 
sequence to 23-25 ft. Ibs. (31-34 Nm). When you're through, repeat the 
tightening sequence one more time and then make sure to recheck at the 
end of the season. 

Check the Torque Specifications chart for any further details on tightening 
needs. Tighten all bolts in the order shown in the illustration. 

16. lnstall the thermostat housing and adaptor. 
17. lnstall the distributor making sure that the match marks align. Do the 

same with the distributor cap and reconnect the spark plug wires. 
18. lnstall the upper manifold. 
19, lnstall all water hoses and tighten their clamps securely. 
20. Connect all other lines, leads and hoses that may have been 

removed to facilitate manifold removal. 
21. Connect the battery cable and start the engine. Check the ignition 

timing and idle speed. Check all hoses and seals for leaks. 

REMOVAL & INSTALLATION 

+ See Figures 26,27 and 28 DERATE 

1. Open or remove the engine compartment hatch. Disconnect the 
negative battery cable. 

Fig. 25 Intake manifold (lower) tightening sequence-EFl engines 
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ENGINE MECHANICAL-FORD V8 ENGINES 6-13 
2. Drain all water andlor coolant from the engine, manifold and exhaust 

elbow as detailed in the Maintenance section. 
3. Disconnect all waterlcoolant lines at the manifold and move them out 

of the way. It's a good idea to tag these so that you can ensure proper 
reconnection. 

4. Loosen the hose clamps (two) and then squirt a little soapy water in 
between the hose and the elbow. Disconnect the exhaust pipe hose 
(bellows) at the elbow and move it out of the way. Grasp the hose with both 
hands and wiggle it back and forth while pulling it off the elbow. Take note of 
where all the hose clamps were situated. 

H If you are unable to gain enough clearance to slide the hose off the 
elbow, remove it completely (as detailed elsewhere). 

5. If you intend to remove the starboard manifold, unsnap the electrical 
cable from the retaining clip and move it out of the way on FL models. On Fi 
and FSi models, remove the two bolts and lift off the ECA. 

6. Carefully tag and disconnect the spark plug wires at the plugs and 
secure them above the manifold and out of the way. 

7. Remove, disconnect, or simply move out of the way, any hoses or 
wires which may be in the way of removal on your particular engine. 

8. Loosen the 8 manifold retaining nuts from the center outward and 
then pry off the manifoldielbow assembly. 

9. If necessary, loosen the four retaining bolts and remove the exhaust 
elbow from the manifold. 

To Install: 
10. Carefully clean all residual gasket material from the head, manifold 

and elbow mating surfaces with a scraper or putty knife. Inspect all gasket 
surfaces for scratches, cuts or other imperfections. 

11. Position a new gasket, without any sealant, on the cylinder head and 
install the manifold over the studs; making sure that everything is aligned 
properly. Tighten all nuts (with new lock washers) until they are just tight and 
then tighten them to 20-26 ft. Ibs. (27-35 Nm). Starting in the center, and 
working your way out to the ends of the manifold. 

12. If you removed the elbow, coat a new gasket with sealing compound 
and position it onto the manifold, making sure that everything lines up. Install 
the elbow. Tighten the mounting bolts to 12-14 ft. Ibs. (16-20 Nm) on 1987- 
90 engines, or 12-1 8 ft. lbs. (1 6-24 Nm) on 1991 -96 engines, refer to the 
Exhaust Elbow procedures found later for more detail on installing the elbow. 

13. Connect the exhaust pipelbellows to the elbow and tighten the clamps 
securely. 

14. If you removed the manifold or elbow plugs for some reason, make 
sure that the threads are coated with sealant before screwing them back in. 

15. Connect the waterlcoolant hoses and tighten the clamps securely. 
16. Make sure that any miscellaneous lines or hoses that you may have 

moved or disconnected during removal are reconnected and routed properly. 
17. Fill the system with water or coolant, connect the battery cable and 

start the engine. When the engine reaches normal operating temperature, 
turn it off and re-torque the manifold bolts. 

REMOVAL & INSTALLATION 

+ See Figures 26,27 and 28 

1. Drain the cooling system. 
2. Loosen the two hose clamps and slide off the exhaust hose 

(bellows). Grasp it with both hands and pull it off while wiggling it from side to 
side. If it sticks, drip a little bit of soapy water around the lip. 

3. If removing the starboard elbow on Fi and FSi models, remove the 
screws and disconnect the ECA-or ESA on carbureted engines 

4. Remove the four bolts, lock washers and washers from the elbow 
and lift it off the manifold. A little friendly persuasion with a soft rubber mallet 
may be necessary! Be careful though, no need to take out all your 
aggressions on the poor thing. 

5. Remove the gasket and discard it. 
To Install: 

6. Clean the mating surfaces of the manifold and elbow thoroughly, coat 
both sides of a new gasket with Gasket Sealing compound and position it 
onto the manifold flange. 

7. Position the elbow on the manifold so the bolt holes are in alignment. 
Position any anchor brackets or mounting hardware for other components 
and then install the four mounting bolts and their washers. Tighten all four to 
12-14 ft. Ibs. (16-20 Nm) on 1987-90 engines, or 12-18 ft. Ibs. (16-24 Nm) on 
1991-96 engines. 

8. Install the ECAIESA on the starboard elbow and tighten the screws 
securely. 

9. Slide the exhaust hose, while wiggling it, all the way onto the elbow. 
Position the two clamps in their channels and tighten the clamp screws 
securely. Coating the inside of the hose with a soapy water solution will help 
you slip it on. 

REMOVAL & INSTALLATION 

+ See Figures 26,29 and 30 

1. Starting with the upper hose, loosen all four hose clamTs, two on top 
of the hose and two on the bottom. 

2. Drizzle a soapy water solution over the top of the hose where it 
mates with the exhaust elbow and let it sit for a minute. 

3. Grasp the hose with both hands and wiggle it side-to-side while 
pulling down on it until it separates from the elbow. 

4. Now wiggle it while pulling upwards until it pops off the intermediate 
exhaust pipe. 

5. The lower hose should be removed in the same manner as the 
upper. 

6. Check the hose for wear, cracks and deterioration. 
7. Coat the inside of the lower end of the lower hose with soapy water 

and wiggle it into position on the Y-pipe (lower). Remember to install the two 
clamps before sliding it over the end of the pipe. 

There is a step about 1 112 in. into the inside of one end on each the 
upper and lower hoses. The stepped side of BOTH hoses should fit 
over the intermediate pipe. This means that the stepped side on the 
upper hose faces DOWN, and the stepped side on the lower hose faces 
UP! 

8. Slide the two clamps over the upper end of the lower hose and then 
coat the inside with the soapy water solution and insert the bottom of the 
intermediate pipe into it fully until it seats on the step. Tighten the clamp 
screws securely. 

9. Coat the inside of the lower end of the upper hose with soapy water 
and wiggle it into position on the intermediate pipe until it meets the step. 
Remember to install the two clamps before sliding it over the end of the pipe. 

10. Slide two clamps over the upper end, lubricate the inside with soapy 
water and wiggle the hose over the elbow. 

11. Tighten all four clamp screws securely. 

+ See Figure 26 

1. It is unlikely you will be able to get the pipe off without removing the 
engine, so remove the engine as previously detailed. 

2. Loosen the retaining bolts at the transom shield and then remove the 
exhaust pipe. Carefully scrape any remnants of the seal from the pipe and 
transom mounting surfaces. 

The pipe mounting holes in the transom shield utilize Heli-Coil@ 
locking inserts. Never clean the holes or threads with a tapping tool or 
you risk damaging the locking feature of the threads. 

3. Coat a new seal with 3M Rubber Adhesive and position it into the 
groove on the transom shield mating surface. 

4. Coat the mounting bolts with Gasket Sealing Adhesive. Position the 
exhaust pipe, insert the bolts and tighten them to 20-25 ft. Ibs. (27-34 Nm). 

5. Install the engine. 
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Tg. 27 Exploded view of the exhaust manifold and components- 
i.OL engine 

EXHAUST VALVE (FLAPPER) REPLACEMENT 

6. Remove the exhaust hoses afnd the intermediate exhaust pipe. The 
flapper is located in the upper end of the y-pipe. 

7. The valve is held in place by means of a pin running through two 
bushings in the sides of the pipe. Position a small punch over one end of the 
pin and carefully press the pin out of the pipe. 

Make sure you secure the valve while removing the retaining pin so 
it doesn't fall down into the exhaust pipe. 

8. Press out the two bushings and discard them. Coat two new 
bushings with Scotch Grip Rubber Adhesive and press them back into the 
sides of the pipe. 

9. Position the new valve into the pipe with the long side DOWN. When 
looking at the valve, the molded retaining rings are off-center-the side with 
the rings should face the top of the pipe. When the valve is in place, coat the 
pin lightly with engine oil and slowly slide it through one of the bushings, 
through the two retaining holes on the valve and then through the opposite 
bushing. Make sure the pin ends are flush with the sides of the pipe on both 
sides. 

10. Install the exhaust hose. 

Fig. 28 Exploded view of the exhaust manifold and components- 
7.5L engine 

Fig. 29 A good look at the upper hose ... 

Fig. 30 ... and the lower hose-not all engines will have the bulge in 
the lower hose like shown here 

©PDF Manual Master 2006



6-16 ENGINE MECHANICAL-FORD V8 ENGINES 

REMOVAL & INSTALLATION 

+ See Figure 31 CULT 

More times than not, this procedure will require the reioval  of the 
engine. Your boat and its unique engine installation will determine this, 
but the procedure is almost always easier with the engine removed 
from the boat. 

1. Remove the engine as previously detailed in this section. 
2. If you haven't already drained the engine oil, do it now. Make sure 

you have a container and lots of rags available. 
3. Remove the oil dipstick and then remove the dipstick tube(s). 
4. Remove the oil withdrawal tube from the oil drain plug fitting. 
5. Loosen and remove the oil pan retaining bolts, studs and nuts, 

starting with the center fasteners and working out toward the pan ends. Lift 
off the pan braces and then lightly tap the pan with a rubber mallet to break 
the seal and then lift it off the cylinder block. If your engine stand will allow 
for rotating the engine, you'll find that this will be easier with the pan facing 
UP. 

To Install: 
6. Clean the pan mating surfaces of any residual gasket material with a 

scraper or putty knife. Make sure that no old gasket material has been 
pressed into the retaining bolt holes in the pan, block or front cover. Clean 
the pan itself thoroughly with solvent. 

7. Coat the mating surfaces of the oil pan and cylinder block with an oil- 
resistant sealant and then position a new gasket onto the block-make sure 
all the holes line up. In place of a one piece gasket like the other engines, 
the 7.5L uses 2 side gaskets and 2 seals-make sure that the tabs in the 
front cover seal and the rear main bearing seal are over the edges of each 
side gasket. 

8. Move the pan onto the block; don't dawdle here because the RTV 
sealant aoolied in the orevious steo sets UD verv auicklv. It is verv imoortant , .  . , . 
that you ensure all the holes line up corredt~~. 

9. Position the pan braces on each side and then install a bolt at each 
corner to hold the pan in place. lnstall the rest of the bolts and tighten the 
1/4-20 bolts to 84-108 inch Ibs. (9.5-12.2 Nm) and the 5/16-18 bolts to 108- 
132 inch Ibs. (12.2-14.9 Nm) from the center outward. On the fuel injected 
engines, tighten all bolts to 9-11 A. Ibs. (13-14 Nm); from the center outward. 

10. lnstall the oil drain plug or the oil drain fitting and finger tighten the 
bolt. Rotate the fitting and then attach the withdrawal tube. Tighten the fitting 
bolt and flare nut to 15-18 ft. Ibs. (20-24 Nm). 

11. lnstall the engine (if removed). Refill with all fluids. Run the engine 
up to normal operating temperature, shut it off and check the pan for any 
leaks. 

The two-piece oil pump utilizes two pump rotors and a pressure regulator 
valve enclosed in a twooiece housina. A baffled ~ick-ur, tube is attached to 
the body of the pump. dl passes through the pickup screen, through the 
pump and then through the oil filter. 

REMOVAL & INSTALLATION 

+ See Figures 31,32 and 33 ULT 
1. Remove the oil pan as previously detailed. ~emembefthat you 

probably need to remove the engine for this procedure. 
2. Loosen the two inlet tube mounting bolts and the bracket bolt and 

then remove the pick-up tubelscreen. 
3. Loosen and remove the 2 pump mounting bolts and lift off the pump 

assembly along with the intermediate shaft. 
4. Pull out the driveshaft and retainer. 
5. Loosen the 4 cover mounting screws and lift off the pump cover. 
6. Match mark the two rotors where they mesh and then lift out the 

outer rotor and shaft. 
7. Pull out the cotter pin retaining the relief valve plug. To remove the 

plug itself, you will need to drill a small hole in the plug, insert a self-tapping 
screw and pull it out with a pair of pliers-don't lose the spring. Now you can 
remove the valve itself. Are you sure you want to do this? 

8. Clean all components in solvent and dry thoroughly. Inspect the 
pump body and rotors for cracks, excessive wear or other damage 

9. lnstall the relief valve into the housing cover with a new spring. Press 
in the plug until it seats itself and then install a new cotter pin. 

10. lnstall the outer rotor and shaft into the housing so the earlier marks 
line up. Fill the housing with fresh engine oil, install the pump cover and 
tighten the screws to 72-120 inch Ibs. (8-16 Nm). 

11. Now fill the pump with engine oil through the inlet to prime it-wiggle 
the pump shaft to aid the oil in coating all internal parts. 

12. Insert the intermediate shaft into the distributor socket until it seats 
itself fully. The stop on the shaft should just contact the crankcase, so 
position it until this is the case. 

13. When the stop is positioned correctly, insert into the pump and install 
them as an assembly. Do NOT force anything into position; if it will not seat 
properly, the drive is probably not aligned with the distributor shaft correctly. 
Rotate the intermediate shaft shghtly until they align. Tighten the oil pump 
bolts to 22-32 ft. Ibs. (30-43 Nm). 

14. lnstall the pick-up tube and screen. Tighten the tube-to-pump bolts to 
10-15 ft. Ibs. 114-20 Nml. Tiahten the su~oort bracket bolt to 22-32 ft. Ibs. , - 
(30-43 Nm). 

15. lnstall the oil pan and engine. Fill the engine with oil. 

Fig. 31 Exploded view of a typical oil pan and pump-5.01 and 5.8L 
engines 

~ i ~ s t i c k -  O-ring 4 
Tube 

\ Q  

Pick-up Screen 

REMOVAL & INSTALLATION 

Over the years, these engines were equipped in a variety of 
configurations-flywheel and torsional damper, flywheel, damper and 
coupler, flywheel and coupler, etc. And for a number of years, some 
models also had a timing ring attached. Early models are usually the 
ones equipped with a damper, while Cobra,SP and DP models usually 
were equipped with the coupler. King Cobra models are usually the 
ones that use the timing ring. Although we have attempted to narrow 
the applications in the following procedures, it was not always year or 
model specific. Please read the procedures FIRST in order to 
determine which one is appropriate for your particular engine's 
configuration. 

Models With A Torsional Damper 
CULT 

Over the years, these engines were equipped in a variety of 
configurations-flywheel and torsional damper, flywheel, damper and 
coupler, flywheel and coupler, etc. And for a number of years, some 
models also had a timing ring attached. Early models are usually the 
ones equipped with a damper, while Cobra, SP and DP models usually 
were equipped with the coupler. King Cobra models are usually the 
ones that use the timing ring. Although we have attempted to narrow 
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Fig. 32 Remove the pick-up tube ... 

the applications in the following procedures, it was not always year or 
model specific. Please read the procedures FIRST in order to 
determine which one is appropriate for your particular engine's 
configuration. 

1. Remove the engine as detailed previously. 
2. Loosen the bolts and remove the flywheel housing and cover plate. 
3. Remove the three mounting bolts and pull off the rear torsional 

damper. 
4. Remove four of the six flywheel retaining bolts. Loosen the other 

two, anv two is fine, and back them out about half wav. Using the two bolts 
as a stop, carefully pull the flywheel off of the crankshaft f lake.  Remove the 
two bolts and flywheel. 

To Install: 
5. Position the flywheel over the dowel pin on the flange and make sure 

that the holes line up correctly. Coat the bolt threads with engine oil, install 
them and tighten to 59 R. Ibs. (82 Nm). Tighten the six bolts In a diagonal 
star pattern. 

6. lnstall the torsional damper and tighten the bolts securely. 
7. lnstall the housing and plate. Coat all mounting bolts with engine oil 

and t~ghten the 9116 In. housing bolts to 30 ft. Ibs. (41 Nm), tighten the 5116 
in. plate bolts securely. 

8. lnstall the engine. 

Models With A Timing Ring 

+ See Figures 34 and 35 

Over the years, these engines were equipped in a variety of 
configurations-flywheel and torsional damper, flywheel, damper and 
coupler, flywheel and coupler, etc. And for a number of years, some 
models also had a timing ring attached. Early models are usually the 
ones equipped with a damper, while Cobra, SP and DP models usually 
were equipped with the coupler. King Cobra models are usually the 
ones that use the timing ring. Although we have attempted to narrow 
the applications in the following procedures, it was not always year or 
model specific. Please read the procedures FIRST in order to 
determine which one is appropriate for your particular engine's 
configuration. 

1. Remove the engine from the boat as detailed previously in this 
section. 

2. Loosen and remove any connections attached to either of the ground 
studs on each side of the flywheel. Move the electrical leads out of the way. 

3. Loosen the 5 retaining bolts and slide out the lower housing cover. 
4. Although not strictly necessary, we recommend removing the starter. 
5. Locate the timing sensor cover on the housing, loosen the two nuts 

and lift off the cover. Remove the two nuts and washers and then pull out 
the sensor and position it out of the way. 

6. Cut the plastic tie that secures the housing drain hose and the pull 
the hose out of the fitting. 

7. Remove the flywheel housing retaining nutslbolts and pull off the 
housing. Take note of the positioning of the oil cooler and its bracket. 

8. Slide an offset wrench behind the coupler and loosen the six 
flywheel mounting nuts gradually and as you would the lug nuts on your car 
or truck-that is, in a diagonal star pattern. Remove the coupler. 

9. Mark the dowel hole on the timing ring and pry it off the flywheel. 
Remove the flywheel. 

Fig. 33 ... and then remove the pump itself 

To Install: 
10. Thoroughly clean the flywheel mating surface and check it for any 

nicks, cracks or gouges, Check for any broken teeth. 
11. lnstall the flywheel over the dowel on the crankshaft 
12. Position thetiming ring over the locating pin making sure the pin is in 

the correct hole--you did mark it, right? Press the ring into position. 
13. Slide the coupler over the studs so that it sits in the recess on the 

flywheel. lnstall new lock washers and tighten the mounting nuts to 40-45 ft. 
Ibs. (54-61 Nm). Once again use the star pattern while tightening the bolts. 

14. lnstall the flywheel housing and attach the oil cooler. Tighten the 
nutslbolts to 32-40 ft. Ibs. (43-54 Nm). 

15. lnstall the washer, lock washer and inner nut on the ground stud and 
tighten it to 15-20 ft. Ibs. (20-27 Nm). Attach the electrical leads, install 
another lock washer and then tighten the outer nut securely. 

16. Slide the drain hose in and attach it with a new plastic tie. 
17. Position the timing sensor onto the mounting studs and press in on 

the spring tab so that the sensor seats itself correctly over the timing ring. 
lnstall the washers and nuts, with the tab still depressed, and tighten them to 
48-64 inch Ibs. (5-7 Nm). Once the nuts are tightened, press in on the spring 
tab again and confirm that the tab DOES NOT touch the timing ring. If it 
does, loosen the nuts and try it again. 

If the sensor tab comes in contact with the teeth of the timing ring, it 
will be damaged on engine start-up. 

18. lnstall the sensor and tighten the nuts to 48-64 inch Ibs. (5-7 Nm). 
19. Coat both sides of a new gasket with Gasket Sealing Compound and 

position it onto the cover. Slide the cover into position and tighten the bolts 
to 60-84 inch Ibs. (7-9 Nm). 

20. Install the engine. 

Models With A Coupler 

+ See Figures 34,35 and 36 C U T  

Over the years, these engines were equipped in a variety of 
configurations-flywheel and torsional damper, flywheel, damper and 
coupler, flywheel and coupler, etc. And for a number of years, some 
models also had a timing ring attached. Early models are usually the 
ones equipped with a damper, while Cobra, SP and DP models usually 
were equipped with the coupler. King Cobra models are usually the 
ones that use the timing ring. Although we have attempted to narrow 
the applications in the following procedures, it was not always year or 
model specific. Please read the procedures FlRST in order to 
determine which one is appropriate for your particular engine's 
configuration. 

1. Remove the engine from the boat as detailed previously in this 
section. 

2. Loosen and remove any connections attached to either of the ground 
studs on each side of the flywheel. Move the electrical leads out of the way. 

3. Although not strictly necessary, we recommend removing the starter. 
4. Loosen the 4 or 5 retaining bolts and slide out the lower housing 

cover. 
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Fig. 34 Remove the cover ... I Fig. 35 ... and then pull off the coupler after 
removina the bolts I 

5. Cut the plastic tie that secures the housing drain hose and the pull 
the hose out of the fitting. 

6. Remove the oil cooler and bracket, take note of the positioning of 
both and secure them out of the way. 

7. Remove the flywheel housing. 
8. Slide an offset wrench behind the coupler and loosen the six 

flywheel mounting nuts gradually and as you would the lug nuts on your car 
or truck-that is, in a diagonal star pattern. 

9. Remove the coupler and then the flywheel. 
To Install: 
10. Thoroughly clean the flywheel mating surface and check it for any 

nicks, cracks or gouges. Check for any broken teeth. 
11. lnstall the flywheel over the dowel on the crankshaft. 
12. Slide the coupler over the studs so that it sits in the recess on the 

flywheel. lnstall new lock washers and tighten the mounting nuts to 40-45 ft. 
Ibs. (54-61 Nm) except on 1992 engines where the spec is 35-40 ft. Ibs. (47- 
54 Nm). Once again use the star pattern while trghtening the bolts. 

4. lnstall the flywheel housing and attach the oil cooler. Tighten the bolts 
to 28-36 ft. Ibs. (38-49 Nm) on 1987-91 engines or 32-40 ft. Ibs. (43-54 Nm) 
on 1992-96 engines. 

13. lnstall the washer, lock washer and inner nut on the ground stud and 
tighten it to 20-25 ft. Ibs. (27-34 Nm) on 1987-91 engines or 15-20 ft. Ibs. 
(20-27 Nm) on 1992-96 engines. Attach the electrical leads, install another 
lock washer and then tighten the outer nut securely. 

14. Coat both sides of a new gasket with Gasket Sealing Compound and 
position it onto the cover. Slide the cover into position and tighten the bolts 
to 60-84 inch Ibs. (7-9 Nm). 

15. Slide the drain hose in and attach it with a new plastic tie. 
16. lnstall the engine. 

REMOVAL & INSTALLATION 

5.OL And 5.8L Engines 

+ See Figures 37 and 38 

CULT 
It is not necessary to remove the oil pan or rear main bearing cap when 

removing the one-piece oil seal on these engines although you may find it 
easier to do just that. 

1. Remove the engine. 
2. Remove the flywheel housing and cover as detailed in this section. 
3. Remove the engine coupler and flywheel from the engine as detailed in 

this section. 
4. Using a sharp awl or punch, carefully punch a hole into metal surface 

of the seal between the cylinder block and the lip. 
5, lnstall a slide hammer (#T77L-9533-B), screw in the threaded end and 

remove the seal. Be very careful not to scratch or mar the seal or groove 
surfaces. 

To Install: 

Fig. 36 Tighten the mounting bolts in a 
criss-cross pattern 

6. Thoroughly clean the groove surface. 
7. Coat the new seal with clean engine oil. 
8. On 5.OL engines, position it into a Seal Driver (#T82L-6701-A) so that 

the seal's lip faces the cylinder block. Position the driver and seal over the 
crankshaft and then thread the attaching screws into the holes in the 
crankshaft. Tighten them securely, and alternately, until the seal is fully 
seated in the groove. The rear edge of the seal must be within 0.005 in. 
(0.127mm) of the outer edge of the cylinder block. 

9. On 5.8L engines, insert the seal, lip facing forward, into a Seal Driver 
(#T65P-6701-A) and then position the tool over the centerline of the 
crankshaft. Keeping the tool perfectly straight, hit the drive end with a mallet 
until the leading edge of the tool comes into contact with the cylinder block. 

10. On either engine, inspect the seal and groove surface after removing 
the tool to make sure nothing was damaged during installation. 

11. lnstall the flywheel and engine coupler. lnstall the cover and flywheel 
housing. 

12. lnstall the starter. lnstall the engine. 

Fig. 37 Use this driver on the 5.OL engine ... 

Fig. 38 ... or this one on the 5.8L engine 
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7.5L Engines 

CULT 

+ See Figures 39,40 and 41 

These engines utilize a split-lip style rear main seal. The seal can be 
removed without removing the crankshaft. You will need to remove the 
engine for this procedure though. 

1. Remove the engine as detailed previously in this section (although 
not strictly necessary, its highly recommended). 

2. Remove the oil pan and pump as detailed previously in this section. 
3. Loosen all of the main bearing cap bolts just enough so that the 

crankshaft drops down 1132 in. at the rear. 
4. Loosen the retaining bolts and remove the rear main bearing cap. 

Carefully insert a small prybar or awl and remove the lower half of the seal 
from the cap. Do not damage the seal seating surface. 

5. Using a hammer and a small drift or punch, tap on the end of the 
upper seal until it starts to protrude form the other side of the race. Grab the 
protruding end with pliers and pull out the remaining seal half. OMC makes a 
seal removal tool for this purpose also, or many people will thread a small 
screw into one end of the seal and then ~ u l l  it out that wav-choose which 
way works best for you. 

Upper and lower seals must replaced as a pair. Never replace only 
one seal. 

6. Clean the seal grooves thoroughly with a small bottle brush. 
7. Check that you have the correct new seals. Coat the entire seal half 

in clean engine oil. 
8. Install the upper half of the seal (undercut side facing front of the 

engine) by rotating it on the journal until about 118 in. (3.2mm) is protruding 
from the parting surface. Be very careful here, as you need to make sure 
that no seal rubber has been shaved off by the bottom edge of the seal 
groove. 

9. Tighten up all bearing cap bolts (except the rear) to 95-105 ft. lbs. 
(129-142 Nm) to bring the crankshaft back up into position. 

10. Insert the lower seal half into the main bearing cap in the same 
manner as you did with the upper seal. 

11. Make sure that the caplblock mating surfaces and the seal ends are 
free of any oil and then apply a small amount of Perfect Seal to the cap at 
the rear of the top mating surface. Do not apply sealer forward of the side 
seal groove. 

12. Install the bearing cap and tighten the bolts on all caps to 95-105 ft. 
Ibs. (129-142 Nm), 

13. Install the oil pump and pan. 
14. Install the engine. 

=ig. 39 These engines use a split-lip oil seal 

Cylinder 
Block 

118 in. bpper Seal 

(32 mm) 
Fig. 40 Position the new upper seal as shown ... 

I Fig. 41 ... and then position the lower seal 

REMOVAL & INSTALLATION 

+ See Figure 42 ~ T E  

1. Disconnect the battery cables. 
2. Remove the bracket mounting bolts for the alternator, raw water and 

power steering pump. Swivel them in to relieve belt tension. 
3. Remove the drive belt@) as detailed in the Maintenance section. 
4. Drain the engine and manifolds. 
5. Remove the three bolts and pull off the drive pulley attached to the 

balancer. 
6. Remove the balancer retaining bolt and install special tool #T58P- 

6316-D onto the damper. Tighten the tool press bolt and remove the 
damper; don't lose the crankshaft key. OMC suaaests that you DO NOT use -- 
a conventional gear puller for this procedure. 

To Install: 
7. Inspect the crank key and then install it into the shaft. Using a little 

adhesive will make this easier. 
8. Coat the front cover oil seal lip with Ford Multi-Purpose grease and 

then install the damper so that the key and keyway align. Use a proper 
installation tool (#T79T-6316-A) to press the assembly into place on the 
crankshaft. Be sure that you thread the tool into the crankshaft at least 112 
in. to protect the threads. In a pinch you can use a block of wood and a 
plastic mallet, but be careful that the pulley does not shift on its mountings 
while you're hammering. Or, you can use a large washer and a 7116-20 x 4 
in. bolt, but we suggest the tool. 

Fig. 42 Use a special tool to remove the damper 
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9. lnstall the retaining bolt and tighten it to 70-90 ft. Ibs. (95-122 Nm). 

Squirt a little RTV sealant into the crankshaft keyway to guard against oil 
seepage. 

10. lnstall the drive pulley and tighten the bolts to 22-32 ft. Ibs (30-43 
Nm). 

11. lnstall the drive belts and make sure that they are adjusted properly. 
12. Connect the battery cables. 

REMOVAL & INSTALLATION 

TE 
+ See Figures 43 and 

W This procedure may require engine removal, depending upon your 
particular boat. If necessary, remove the engine as detailed previously 
in this section. 

W It is not necessary to remove the front cover in order to remove the 
oil seal. 

1. Open the drain valves and drain the coolant from the block and 
exhaust manifold. Loosen the alternator and power steering brackets (or the 
idler pulley) to provide slack, and then remove the drive belts. 

2. Drain the oil if you haven't already done so. 
3. Remove the alternator and power steering pump bracket bolts. 
4. Remove the water circulation pump. The factory actually suggests 

that you can leave the pump on the cover, but we think removing it facilitates 
the process--either way will work, so you decide for yourself. 

5. Remove the vibration damper and pulley as detailed previously in 
this section. 

6. Remove the few oil pan-to-front cover bolts. Loosen the cover 
mounting bolts and pry the front cover outward slightly. Insert a razor knife 
between the cover and block so that it is flush with the inside of the cover 
and then carefully cut the oil pan gasket at each side of the cover. 

7. Remove the cover. 
8. If the oil seal needs replacement, position a seal remover tool 

(#TOP-6B070-B) over the seal and cover. Tighten the thru-bolts to force the 
puller under the flange and then tighten the puller bolts alternately until the 
seal is removed. 

9. Remove the front cover gasket. 
To Install: 
10. Clean all gasket material from the cover and block mating surfaces 

with a scraper of putty knife. Be careful not to knock any pieces of gasket 
into the timing assembly. 

11. If you removed the oil seal, coat a new one with Ford Multi-Purpose 
grease and insert it into the installation tool (#T70P-6B070-A). Position the 
seal and tool over the end of the crankshaft and push it forward until the 
seal starts seating itself into the cover. Screw the installation screw with its 

Fig. 43 Use a sharp knife to cut the oil pan seal 

washer and nut into the end of the crank and then tighten the nut against the 
washer and sleeve while forcing the seal into the cover. Remove the tool 
and inspect the front edge of the seal for damage. 

12. Take a new oil pan gasket and cut out a portion of it equal to that 
which you cut previously when removing the cover. Coat the oil pan mating 
surface with RTV sealer and carefully position the cut gasket into the flange. 
While you have the sealer out, run a small bead along the joints where the 
three (pan, cover and block) surfaces come in contact with one another. 

13, Coat the Ilp of the oil seal with engine oil. Coat both sides of a new 
gasket with sealant and then position the gasket onto the engine. lnstall the 
cover so that all the bolt holes line up and then use an alignment tool 
(#T61 P-6019-B) to ensure proper cover-to-block alignment. Coat the 
mounting bolt threads with Ford Perfect Seal and screw them in finger-tight. 
Push in on the al~gnment tool and tighten the cover-to-pan bolts to 9-11 ft. 
Ibs. (13-14 Nm). Tighten the cover-to-block bolts to 12-18 ft. Ibs. (17-24 Nm). 
Remove the tool. 

14. lnstall the vibration damper and its pulley. 
15. lnstall the circulation pump and its pulley (or just the pulley if you 

chose earlier to leave the pump attached to the cover). Pull the belts back 
on. Check their tension adjustment. 

16, lnstall the engine if removed. Add oil and waterlcoolant, start the 
engine and check for any leaks. 

Fig. 44 Removing the front cover 

REMOVAL & INSTALLATION 

CULT 

+ See Figures 45,46 and 47 

1. Disconnect the battery cables. 
2. Remove the mounting bolts for the alternator and power steering 

pump brackets. 
3. Remove the crankshaft pulley and harmonic balancer as previously 

detailed in this section. 
4. Remove the front cover as previously detailed in this section. 
5. Rotate the camshaft slightly so that it creates tension on one side of 

the timing chain (either side is OK). Find a reference point on the same side 
of the cylinder block as the side that the timing chain is tight on and then 
measure from this point to the outer edge of the chain. 

6. Rotate the camshaft in the opposite direction until the other side of 
the chain is tight. Press the inner side of the chain outward until it stops and 
then measure from your reference point on the cylinder block (obviously, do 
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this from the same side of the chain as you did in the orevious sted to the 
outer edge of the chain. This is timing chain deflection and it shouid be no 
more than 0.500 in. (12.7mm). If it is more than specification, the chain will 
require replacement. 

7. Look carefully at the camshaft and crankshaft sprockets-you should 
notice a small indent on the front edge of one of the teeth on each sprocket 
(it may actually be at the base of the tooth on some sprockets). Bump the 
engine over until these two marks are in alignment as shown in the 
illustration--crank mark at 12:00 and cam mark at 6:00, a remote starter will 
work or you can screw the damper bolt back into the crankshaft and turn it 
with a wrench. 

8. Dab a little paint across one of the chain links and the camshaft 
sprocket. Loosen the camshaft sprocket retaining bolt and remove it along 
with the fuel pump eccentrics. Grasp the two sprockets at top and bottom, 
with the chain still attached, and wiggle them off the shafts as an assembly. 
They should come off readily, but if not, tap the bottom edge lightly with a 
rubber mallet. 

Never rotate the crankshaft once the timing chain has been removed. If 
moved, you'll risk damage to the pistons andlor valve train. 

-'--+-' 

I- Reference Point 

=ig. 45 When checking timing chain deflection, find a reference 
3oint on the cylinder block and use it for each measurement 

1- ~imin-ed 
2 - Locating pins 
3- match marks aligned 

Fig. 46 The two marks on each of the timing sprockets must be in 
3lignment before removing or installing the timing chain 

To Install: 
9. Clean the chain and sprockets in solvent and let them air dry. Check 

the chain for wear and damage, making sure there are no loose or cracked 
links. Check the sprockets for cracked or worn teeth. 

10. lnstall the timing chain onto the camshaft sprocket so that the paint 
marks made during removal match up. If they do, and you haven't moved the 
engine, the timing marks on the two sprockets should also. Hold the 
sprocketkhain in both hands so the chain is hanging down, engage the 
chain around the crankshaft sprocket making sure that the trming mark is 
pointing up, and then slide the assembly onto the two shafts making sure the 
dowel pin aligns with the hole in the camshaft sprocket. Do not force them! 

11. lnstall the two-piece fuel pump eccentric and washer. Install the 
camshaft bolt and tighten it to 40-45 ft. Ibs. (55-61 Nm). 

Never force either of the sprockets onto their shafts or use a hammer. 

12. lnstall the front cover, vibration damper and water pump pulley. 
13. Install and adjust the drive belts. 
14. Reconnect the alternator and power steering brackets. 

OIL SLINGER 

:ig. 47 A good look at the timing chain on the 7.5L engine 

CHECKING LIFT 

- + See Figures 48,49 and 50 

If the shaft is out of the engine, you can use a micrometer to take 
the heel-to-lobe measurement and the side-to-side measurement. 
Subtract the second measurement from the first to get lobe lift. Most 
times though, the shaft will still be in the cylinder block so perform the 
following procedure. 
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0 Check each lobe consecutively, from front to back. 

1. Tag and disconnect the electrical connectors at the ignition coil. 
2. Remove the cylinder head cover and rocker arms as detailed 

previously. 
3. lnstall a solid push rod into the bore, or use an adapter for ball end 

rods. Make sure that the rod is seated against the lifter, which is seated on 
the camshaft lobe. 

4. Using a special adaptor, connect a dial indicator so that its tip is 
positioned on the end of the pushrod-the adaptor should screw onto the 
end of the rocker stud. 

5. Slowly rotate the crankshaft in the direction of engine rotation until 
the valve lifter is riding on the heel (back side of lobe) of the camshaft lobe. 
The pushrod should be at its lowest point when the lifter is on the heel. 

A remote starter works well for turning the engine over in this 
situation. 

6. Set the indicator to 0 and then rotate the engine until the pushrod is 
at the highest point of its travel. Camshaft lift should be as detailed in the 
Engine Specifications chart. 

7. Continue rotating the engine until the pushrod is back at its lowest 
position-make sure that the indicator still reads 0. 

8. Repeat this procedure for the remaining pushrods. 
9. lnstall the rocker arms and adjust the valve clearance. 

10. lnstall the cylinder head cover and reconnect the coil leads. 

REMOVAL & INSTALLATION 

1. Remove the cylinder head covers and rocker assemblies as 
previously detailed in this section. Remove the pushrods. 

2. Remove the intake manifold. 
3. Remove the lifters. Match mark the lifters to their bores and then lift 

them out and store them in a rack with labels so they can be reinstalled in 
their original locations. 

4. Remove the front cover and timing chainlsprockets as previously 
detailed in this section. 

5. Remove the fuel pump and push rod. 
6. Remove the thrust platelretainer. 
7. Thread the cap bolt back into the camshaft bolt hole and carefully 

pull the camshaft out of the cylinder block. You may have to wiggle it back 
and forth a bit, so be sure you don't lean it up or down or else you could 
damage the bearings. Do not cant the shaft while removing it. 

To Install: 
8. Inspect the camshaft as detailed previously. 
9. Coat the camshaft journals with engine oil. Coat the camshaft lobes 

with engine oil). 
10. Carefully insert the shaft into the cylinder block and slide it all the 

way in. Be very careful not to damage the bearings. 

Fig. 48 Use a micrometer when checking the 
camshaft lift with the shaft out of the engine 

11. Remove the installation bolt and install the thrust platelretainer. 
12. lnstall the sprockets, fuel pump eccentrics, timing chain and front 

cover. 
13. Drop the lifters back into their original bores so that they are aligned 

with the match marks and then install the push rods. 
14. lnstall the intake manifold. 
15. lnstall the rocker assemblies and the cylinder head covers. 

REMOVAL & INSTALLATION 

+ See Figure 51 and 52 

1. Drain the water from the cylinder block and manifold. 
2. Remove the fuel line support brackets. Disconnect the fuel line at the 

carburetorlthrottle body and fuel pump, plug the fitting holes and remove the 
line. 

3. Remove the cylinder head cover and rocker assembliesipush rods 
as detailed previously in this section. 

4. Remove the intake and exhaust manifolds as previously detailed; 
you can leave the carburetorlthrottle body attached to the intake manifold if 
you like. 

5. If you intend to remove the valve lifters, now is the time to do it. 
Either way, make sure that you cover the valley of the cylinder block 
carefully with plenty of rags to prevent dirt from entering any of the passages 
or settling on any components. 

6. Tag and disconnect the spark plug wires at the plugs; move them out 
of the way. Although not necessary, it's a good idea to remove the plugs 
themselves also; plug the holes if you do. 

7. Remove or relocate any components or connections that may 
interfere with the removal of an individual cylinder head. 

8. Loosen the cylinder head bolts in the reverse order of the illustrated 
tightening sequence and then carefully lift the head off the block. You may 
need to persuade it with a rubber mallet-be careful! Set the head down 
carefully on two support blocks; do not sit it on cement. 

W Its always a good idea to keep a record of which bolts came from 
which holes. It may sound silly, but on many engines they are different 
sizes and you wouldn't be the first person to break off a long bolt while 
tightening it in a short hole. Spend the extra few seconds and do this! 

To Install: 
9. Carefully, and thoroughly, remove all residual head gasket material 

from the cylinder head and block mating surfaces with a scraper or putty 
knife. Check that the mating surfaces are free of any nicks or cracks. Make 
sure there is no dirt or old gasket material in any of the bolt holes. Refer to 
the Engine Rebuilding section found for complete details on inspection and 
refurbishing procedures. 

Dimension A Minus 
Dimension B Equals 
The Cam Lobe Lift 

A 

Fig. 49 Measure the camshaft lobe at these 
two points with the micrometer 

Fig. 50 Use a dial indicator when checking 
the camshaft lift with the shaft in the 
engine--typical 

©PDF Manual Master 2006



ENGINE MECHANICAL-FORD V8 ENGINES 6-23 
10. Inspect the head bolts on 5.OL engines. Engines may be equipped 

with one of two types of bolts. You may reuse all standard head bolts if this 
is what your engine has, but must replace any "torque-to-yield" bolts as 
shown in the accompanying illustration. 

11. Position a new gasket over the cylinder block dowel pins. Do not use 
any sealer as the gasket is coated with a lacquer which will provide the 
proper sealing effect once the engine gets to normal operating temperature 
the first time. DO NOT use automotive-type steel gaskets. Many times the 
gasket will be marked, make sure the word UP is facing, you guessed it, 
'up', if noted on your gasket. 

12. Position the cylinder head over the dowels in the block. lnstall the 
head bolts finger tight. It never hurts to use new bolts, although it's not 
necessary (except as noted earlier). 

13. Tighten the bolts, a little at a time, in the sequence illustrated, until 
the proper tightening torque is achieved. 

1989-93 5.OL engines: the first step should be 50 ft. Ibs. (68 Nm), the 
second step should be 60 ft. lbs. (81 Nm), the third step should be 65- 
70 ft. Ibs. (88-95 Nm). In sequence. 
1994-96 5.OL engines with standard bolts: the first step should be 55- 
65 ft. Ibs. (75-88 Nm), the second step should be 65-72 ft. Ibs. (88-98 
Nm). In sequence. 
1994-96 5.OL engines with "torque-to-yield bolts: tighten all the bolts, 
in sequence, to 25-35 ft. Ibs. (34-47 Nmj. Next, tighten them to 45-55 
ft. Ibs. (61-75 Nm). Finally, tighten all bolts an additional 85"-95" (114 
turn). Obviously you will need a torquelangle meter for these last 
passes. 

* 1989-93 5.8L engines: the first step should be 90 ft. Ibs. (122 Nm), the 
second step should be 100 ft. Ibs. (136 Nm), the third step should be 
11 2 ft. Ibs. (1 52 Nm). In sequence. 
1994-96 5.8L engines: the first step, in sequence, should be 95-105 ft. 
Ibs. (129-143 Nm), the second step should be 105-112 R. Ibs. (143-151 
Nm). 
engines: the first step should be 80 ft. Ibs. (108 Nm), the second step 

should be 110 ft. Ibs. (149 Nm), the third step should be 135 it. Ibs. 
(184 Nm). In sequence, 

14. lnstall the rocker assemblies and the cylinder head cover. 
15. Install the manifolds and connect the fuel line. Don't forget to remove 

the fitting plugs. 

Reuse I - 

I Fig. 51 Make sure to check the head bolts on 5.OL engines I 

Fig. 52 Cylinder head tightening sequence 

16. Install the spark plugs if they were removed and then connect the 
plug wires. 

17. lnstall or connect any other components removed to facilitate getting 
the head off. 

18. Add coolantiwater, connect the battery and check the oil. Start the 
engine and run it for a while to ensure that everything is operating properly. 
Keep an eye on the temperature gauge. 

19. It never hurts to re-tighten the cylinder head bolts again after 20 
hours of operation. 

REMOVAL & INSTALLATION 

+ See Figure 53 DERATE 

1. Disconnect the battery cables and then drain all water from the block 
and manifolds. 

2. Drain all waterlcoolant from the cylinder block. 
3. Loosen, but do not remove, the pump pulley mounting bolts. 
4. Loosen the power steering pump and alternator bracket bolts and 

swivel them in until you are able to remove the beltjs). Different engines may 
have different systems, follow the belt back and loosen the appropriate 
components. 

5. Now you can remove the pump pulley bolts along with the lock 
washers and clamping ring. Pull off the pulley. 

6. Remove the two power steering pump bracket bolts, the brace from 
the alternator bracket, the Torx@ retaining bolt and the pump. 

7. Disconnect the large water hose at the pump. 
8. Tag and disconnect the electrical leads at the alternator and move 

them out of the way. Remove the bracket bolts and lift off the alternator. 
9. Remove the mounting bolts and lift the pump off of the block. There's 

a good chance you will need to persuade the pump-tap it lightly with a 
rubber mallet. 

To Install: 
10. Carefully scrape any old gasket material off both mounting surfaces. 

Inspect the pump for blockage, cracks or any other damage, lnspect the 
impeller for cracks. Replace either if necessary. 

11. Coat both sides of a new gasket with sealant and position on the 
cylinder block. Make sure that all of the holes are lined up. 

12. Position the pump and screw in all bolts except those that attach the 
alternator and power steering pump brackets. Tighten the bolts to 12-18 ft. 
Ibs. (17-24 Nm). 

13. Reconnect the water hoses and tighten the hose clamps securely. 
14. Position the spacer and the Torx@ bolt behind the rear power 

steering pump bracket and tighten it securely. Attach the other bracket to the 
pump and tighten the 2 bolts. 

15. lnstall the alternator and tighten the bracket-to-pump bolts to 18-20 
ft. Ibs. (24-27 Nm). 

16. Attach the steering pump brace to the alternator and tighten the bolt 
securely. 

17. Position the pump pulley and clamping ring on the boss. Screw the 
mounting bolts and lock washers in and tighten them to 14-20 ft. Ibs. (19-27 
Nm). 

18. lnstall the drive belt@) and adjust them as detailed previously. Start 
the engine and check the system for leaks 

I Fig. 53 Removing the water circulating pump 
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Insert 

Fig. 55 Exploded view of the cylinder head-5.OL15.8L engines, all years similar 
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TORQUE SPECIFICATIONS 

Alternator Bracket 18-20 - 24-27 
Camshaft Sprocket 40-45 - 55-61 
Connecting Rod Cap 5.OL 19-24 - 26-33 

5.8U7.5L 40-45 - 54-61 
Coolant Temp Sender 18-22 - 24-30 
Crankshaft Main Bearing Cap 

5.0L 60-70 - 81-95 
5.8W.5L 95-105 - 129-142 

Pulley Bolt 22-32 - 30-43 
Cylinder Head 5.0L 1989-93 Step 1 50 68 

Step 2 60 81 
Step 3 65-70 - 8-95 

1994-96 Stretch Bolts 
Step I 25-35 - 34-47 
Step 2 45-55 - 61-75 
Step 3 114 turn - 114 turn 

1994-96 Standard Bolts 

To engine 32-40 - 43-54 
Top nut 1989-92 40-50 - 54-60 

1993-96 50-70 - 68-95 
BoltILower Nut 60-75 - 81-102 

- To engine 32-40 - 43-54 
rnn ,.ad lnn.l?n . ia f i .1~7  , "" "". ,"" .-" ,.+- 

Rear Locknut 28-30 - 38-40 
Mount 20-25 - 27-34 

Exhaust Elbow To Manifold 1987-90 12-14 - 16-20 
1991-96 12-18 - 16-24 

Exhaust Manifold 20-26 - 27-35 
Exhaust Pipe 20-25 - 27-34 
Flywheel Bellhousing 1987-91 28-36 - 38-49 

1992-96 32-40 - 43-54 
Coupler Nut 40-45 0 - 54-61 0 
Coupler Stud 1987-91 20-25 - 27-34 

1992-96 10-15 - 14-20 
- .  

cover - 60-84 1-9 
O 1992: 35-40 ft. Ibs. (47-50) 

TORQUE SPECIFICATIONS 

. .- 
Starter Motor Bolts 24-30 - 33-41 

Bracket 16-19 - 22-26 
Timing Chain Cover To Block 12-18 - 17-24 

To Oil Pan 9-1 1 - 13-14 
Torsional Damper 59 82 
Valve Cover 1987-93 - 60-72 7-8 

1994-96 - 36-60 4-6 
Vibration Damper 70-90 - 95-122 
Water (Circulating) Pump Mounting Bolts 12-18 - 17-24 

Pulley 14-20 - 19-27 
Water Temperature Sender 18-22 - 24-30 

O FI and FSI models: figure is for lower manifold; upper manifold - 12-18 ft. Ibs. (16-24 Nm) 
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6-28 ENGINE MECHANICAL-FORD V8 ENGINES 

ENGINE SPECIFICATIONS - 5.OU5.8L 

Standard Metric 
Component (in.) O (mm) O 

Valve System Spring Free Length Exhaust 5.OL (1989-91) 1.87 47.5 
(Cont'd) 5. OL (1 992-96) 1.86 47.24 

5.0L 1.877 47.68 

Spring Assembled 
- 
Ht. lntake 

(1995-96 EFI) 
5.8L (1989-91) 1.87 47.5 
5.8L (1992-96) 1.877 47.68 
5.0L (1989-91) 1.66-1.72 42.16-43.69 
5.0L (1 992-93) 1.77-1.80 44.96-45.72 
5.0L (1 994-96) 1.18 27.43 
5.0L 1.78 45.21 
(1995-96 EFI) 
5.8L (1989-91) 1.77-1.81 44.96-45.97 
5.8L (1992-93) 1.77-1.80 44.96-45.72 
5.8L (1994-96) 1.18 27.43 
5.8L 1.78 45.21 
(1 995-96 EFI) 

Exhaust 5.0L (1989-91) 1.59-1.63 40.39-41.40 
5.OL (1992-93) 1.58-1.61 40.13-40.89 

Intake 5.0L (1989-91) 190-210 Ibs. @ 1.31 841-941 N @ 33.27 

(1 995-96 EFI) 
5.8L (1989-91) 190-210 Ibs. @ 1.31 841-941 N @ 33.27 
5.8L (1992-93) 195-215 Ibs. @ 1.15 867-956 N @ 29.21 
5.8L (1994-96) 208-228 Ibs. @ 1.33 925-1014 N @ 33.78 
5.8L 194-214 Ibs. @ 1.33 863-952 N @ 33.78 
(1 995-96 EFI) 

Exhaust 5.OL(1989-91)190-210Ibs.@1.31841-941N@33.27 
5.OL (1992-96) 195-215 Ibs. @ 1.15 867-956 N @ 29.21 
5.8L (1989-91) 190-210 Ibs. @ 1.31 841-941 N @ 33.27 
5.8L (1992-96) 195-215 Ibs. @ 1 . I 5  867-956 N @ 29.21 

Closed Intake 5.0L (1989-91) 76-84 Ibs. @ 1.69 340-376 N @, 42.92 
5.0L (1992-96) 74-82 Ibs. @ 1.78 329-365 N @ 45.21 
5.8L (1992-96) 74-82 Ibs. @ 1.78 329-365 N @ 45.21 

Exhaust 5.0L (1 989-91) 76-84 Ibs. @ 1.69 340-376 N @ 42.92 
5.0L (1992-96) 71-79 Ibs. @ 1.60 318-353 N @ 40.64 
5.8L (1989-91) 71-79 Ibs. @ 1.79 318-353 N @ 45.47 
5.8L (1992-96) 71-79 Ibs. @ 1.60 318-353 N @ 40.64 

Service Limit -10% @ Length -10% @ Length 
Stem Diameter Intake 0.341 6-0.3423 8.677-8.694 

Exhaust 0.341 1-0.3418 8.664-8.682 
Stem-to-Guide Clear. Production Intake 0.001 0-0.0027 0.0254-0.0686 

Exhaust 0.001 5-0.0032 0.038-0.081 
Wear Limit 0.0055 0.1397 
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ENGINE SPECIFICATIONS - 7.5L 

Standard Metric 
Component (in.) O (mm) O 

Camshaft Bearing Clearance Production 0.001-0.003 0.025-0.076 
Service Limit 0.006 0.1 52 

End Play Production 0.001-0.006 0.025-0.152 
Service Limit 0.009 0.229 

Journal Diameter 2.1238-2.1248 53.95-53.97 
Journal Out-of-Round 0.0005 Max 0.0127 Max 
Lobe Lift Intake 0.285 6.604 

Exhaust 0.29 7.061 
Loss 0.005 Max 0.127 Max 

Runout 0.005 Max 0.127 Max 
Timing Chain Deflection 0.5 12.7 

Connecting Rod 
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ENGINE SPECIFICATIONS - 7.5L 

Standard Metric 
Component (in.) O (mm) O 

Valve system Face Angle 44 deg. 44 deg. 
Lifter Hydraulic Hydraulic 

Clearance Production 0.0007-0.0027 0 01 8-0.069 
Service Limit 0.005 Max 0 127 

Collapsed Gap 
Production 0.075-0.175 1.905-4.445 
Service Limit 0.1 00-0.150 2.54-3.81 

Diameter 0.8740-0.8745 22.199-22.213 
Push Rod Run Out 0.015 Max 0.381 Max 
Rocker Arm Lift Ratio 1.73:l 1.73:l 
Seat Angle 45 deg. 45 deg. 
Seat Width 0.060-0.080 1.52-2.03 
Spring Free Length 2.06 52.32 
Spring Assembled Ht. 1.80-1.83 45.72-46.48 
Spring Pressure Open 300-330 Ibs. @ 1.32 1334-1468 @ 33.74 

Closed 87-97 @ 1.82 387-432 @ 46.23 
Service Limit -1 0% @ Length -1 0% @ Length 

Stem Diameter Intake 0.3416-0.3423 8.677-8.694 
Exhaust 0.341 6-0.3423 8.677-8.694 

Stem-to-Guide Clear. Production Intake 0.001 0-0.0027 0.0254-0.0686 
Exhaust 0.001 0-0.0027 0.0254-0.0686 

Wear Limit 0.0055 0.1397 
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7-2 ENGINE OVERHAUL 

Anything that generates heat and/or friction will eventually burn or wear 
out (for example, a light bulb generates heat, therefore its life span is 
limited). With this in mind, a running engine generates tremendous amounts 
of both; friction is encountered by the moving and rotating parts inside the 
engine and heat is created by friction and combustion of the fuel. However, 
the engine has systems designed to help reduce the effects of heat and 
friction and provide added longevity. The oiling system reduces the amount 
of friction encountered by the moving parts inside the engine, while the 
cooling system reduces heat created by friction and combustion. If either 
system is not maintained, a break-down will be inevitable. Therefore, you 
can see how regular maintenance can affect the service life of your engine. If 
you do not drain, flush and refill your cooling system at the proper intervals, 
deposits will begin to accumulate, thereby reducing the amount of heat it can 
extract from the coolant. The same applies to your oil and filter; if it is not 
changed often enough it becomes laden with contaminates and is unable to 
properly lubricate the engine. This increases friction and wear. 

There are a number of methods for evaluating the condition of your 
engine. A compression test can reveal the condition of your pistons, piston 
rings, cylinder bores, head gasket(+ valves and valve seats. An oil pressure 
test can warn you of possible engine bearing, or oil pump failures. Excessive 
oil consumption, evidence of oil in the engine air intake area and/or bluish 
smoke from the exhaust may indicate worn piston rings, worn valve guides 
andlor valve seals. 

COMPRESSION TEST 

+ See Figure 1 

Please refer also to the Maintenance section for details specific to 
your engine. 

A noticeable lack of engine power, excessive oil consumption and/or poor 
fuel mileage measured over an extended period are all indicators of internal 
engine wear. Worn piston rings, scored or worn cylinder bores, blown head 
gaskets, sticking or burnt valves, and worn valve seats are all possible 
culprits. A check of each cylinder's compression will help locate the problem. 

A screw-in type compression gauge i s  more accurate than the type 
you simply hold against the spark plug hole. Although it takes slightly 
longer to use, it's worth the effort to  obtain a more accurate reading. 

1. Make sure that the proper amount and viscosity of engine oil is in the 
crankcase, then ensure the battery is fully charged. 

2. Warm-up the engine to normal operating temperature, then shut the 
engine OFF. 

3. Disable the ignition system. 
4. Label and disconnect all of the spark plug wires from the plugs. 
5. Thoroughly clean the cylinder head area around the spark plug ports, 

then remove the spark plugs. 
6. Set the throttle plate to the fully open (wide-open throttle) position. 

You can block the throttle linkage open for this, or you can have an assistant 
operate the throttle lever in the boat. 

7. Install a screw-in type compression gauge into the No. 1 spark plug 
hole until the fitting is snug. 

Be careful not to cross-thread the spark plug hole. 

8. According to the tool manufacturer's instructions, connect a remote 
starting switch to the starting circuit. 

9. With the ignition switch in the OFF position, use the remote starting 
switch to crank the engine through at least five compression strokes 
(approximately 5 seconds of cranking) and record the highest reading on the 
gauge. 

10. Repeat the test on each cylinder, cranking the engine approximately 
the same number of compression strokes andlor time as the first. 

11. Compare the highest readings from each cylinder to that of the 
others. The indicated compression pressures are considered within 
specifications if the lowest reading cylinder is within 75 percent of the 

pressure recorded for the highest reading cylinder. For example, if your 
highest reading cylinder pressure was 150 psi (1034 kPa), then 75 percent of 
that would be 113 psi (779 kPa). So the lowest reading cylinder should be no 
less than 11 3 psi (779 kPa). 

11. If a cylinder exhibits an unusually low compression reading, pour a 
tablespoon of clean engine oil into the cylinder through the spark plug hole 
and repeat the compression test. If the compression rises after adding oil, it 
means that the cylinder's piston rings andlor cylinder bore are damaged or 
worn. If the pressure remains low, the valves may not be seating properly (a 
valve job is needed), or the head gasket may be blown near that cylinder. If 
compression in any two adjacent cylinders is low, and if the addition of oil 
doesn't help raise compression, there is leaka~e past the head gasket. Oil 
and coolant in the combustion chamber, combined with blue or constant 
white smoke from the exhaust, are svmDtoms of this oroblem. However, don't 
be alarmed by the normal white smo'ke emitted from {he exhaust during 
engine warm-up or from cold weather operation. There may be evidence of 
water droplets on the engine dipstick andlor oil droplets in the cooling system 
if a head gasket is blown. 

Fig. 1 A screw-in type compression gauge is more accurate and 
easier to use without an assistant 

OIL PRESSURE TEST 

Check for proper oil pressure at thesending unit passage with an" 
externally mounted mechanical oil pressure gauge (as opposed to relying on 
a factory installed dash-mounted gauge). A tachometer may also be needed, 
as some specifications may require running the engine at a specific rpm. 

1. With the engine cold, locate and remove the oil pressure sending 
unit. 

2. Following the manufacturer's instructions, connect a mechanical oil 
pressure gauge and, if necessary, a tachometer to the engine. 

3. Start the engine and allow it to idle. 
4. Check the oil pressure reading when cold and record the number. 

You may need to run the engine at a specified rpm, so check the 
specifications. 

5. Run the engine until normal operating temperature is reached. 
6. Check the oil pressure reading again with the engine hot and record 

the number. Turn the engine OFF. 
7. Compare your hot oil pressure reading to that given in the chart. If 

the reading is low, check the cold pressure reading against the chart. If the 
cold pressure is well above the specification, and the hot reading was lower 
than the specification, you may have the wrong viscosity oil in the engine. 
Change the oil, making sure to use the proper grade and quantity, then 
repeat the test. 

Low oil pressure readings could be attributed to internal component wear, 
pump related problems, a low oil level, or oil viscosity that is too low. High oil 
pressure readings could be caused by an overfilled crankcase, too high of an 
oil viscosity or a faulty pressure relief valve. 
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ENGINE OVERHAUL 7-3 

Now that you have determined that your engine is worn out, you must 
make some decisions. The question of whether or not an engine is worth 
rebuilding is largely a subjective matter and one of personal worth. Is the 
engine a popular one, or is it an obsolete model? Are parts available? Will it 
get acceptable gas mileage once it is rebuilt? Is the vessel iYs being put into 
worth keeping? Would it be less expensive to buy a new engine, have your 
engine rebuilt by a pro, rebuild it yourself or buy a used engine? Or would it 
be simpler and less expensive to buy another boat? If you have considered 
all these matters and more, and have still decided to rebuild the engine, then 
it is time to decide how you will rebuild it. 

The editors feel that most engine machining should be 
performed by a professional machine shop. Don't think of it as wasting 
money, rather, as an assurance that the job has been done right the 
first time. There are many expensive and specialized tools required to 
perform such tasks as boring and honing an engine block or having a 
valve job done on a cylinder head. Even inspecting the parts requires 
expensive micrometers and gauges to properly measure wear and 
clearances. Also, a machine shop can deliver to you clean, and ready 
to assemble parts, saving you time and aggravation. Your maximum 
savings will come from performing the removal, disassembly, assembly 
and installation of the engine and purchasing or renting only the tools 
required to perform the above tasks. Depending on the particular 
circumstances, you may save 40 to 60 percent of the cost doing these 
yourself. 

A complete rebuild or overhaul of an engine involves replacing all of the 
moving parts (pistons, rods, crankshaft, camshaft, etc.) with new ones and 
machining the non-moving wearing surfaces of the block and heads. 
Unfortunately, this may not be cost effective. For instance, your crankshaft 
may have been damaged or worn, but it can be machined undersize for a 
minimal fee. 

So, as you can see, you can replace everything inside the engine, but, it 
is wiser to replace only those parts which are really needed, and, if possible, 
repair the more expensive ones. Later we will break the engine down into its 
two main components: the cylinder head and the engine block. We will 
discuss each component, and the recommended parts to replace during a 
rebuild on each. 

Most engine overhaul procedures are fairly standard. In addition to 
specific parts replacement procedures and specifications for your individual 
engine, this is also a guide to acceptable rebuilding procedures. Examples of 
standard rebuilding practice are given and should be used along with specific 
details concerning your particular engine; which are found in the Engine 
Mechanical section. 

Competent and accurate machine shop services will ensure maximum 
performance, reliability and engine life. In most instances it is more profitable 
for the do-it-yourself mechanic to remove, clean and inspect the component, 
buy the necessary parts and deliver these to a shop for actual machine work. 

Much of the assembly work (crankshaft, bearings, piston rods, and other 
components) is well within the scope of the do-it-yourself mechanic's tools 
and abilities. You will have to decide for yourself the depth of involvement 
you desire in an engine repair or rebuild. 

TOOLS 

The tools required for an engine overhaul or parts replacement will 
depend on the depth of your involvement. With a few exceptions, they will be 
the tools found in a mechanic's tool kit. More in-depth work will require some 
or all of the following: 

A dial indicator (reading in thousandths) mounted on a universal base 
Micrometers and telescope gauges 

* Jaw and screw-type pullers 
Scraper 
Valve spring compressor 
Ring groove cleaner 

* Piston ring expander and compressor 
Ridge reamer 
Cylinder hone or glaze breaker 
PlastigageB 
Engine stand 

The use of most of these tools is illustrated in the procedures. Many can 
be rented for a one-time use from a local parts jobber or tool supply house 
specializing in marine or automotive work. 

Occasionally, the use of special tools is called for. See the information on 
Special Tools and the Safety Notice in the front of this manual before 
substituting another tool. 

OVERHAUL TIPS 

Aluminum has become extremely popular for use in engines, due to its 
low weight. Observe the following precautions when handling aluminum 
parts: 

Never hot tank aluminum parts (the caustic hot tank solution will eat the 
aluminum. 

Remove all aluminum parts (identification tag, etc.) from engine parts 
prior to the tanking. 

Always coat threads lightly with engine oil or anti-seize compounds 
before installation, to prevent seizure. 

Never over-tighten bolts or spark plugs especially in aluminum threads. 
When assembling the engine, any parts that will be exposed to frictional 

contact must be pre-lubed to provide lubrication at initial start-up. Any 
product specifically formulated for this purpose can be used, but engine oil is 
not recommended as a pre-lube in most cases. 

When semi-permanent (locked, but removable) installa!ion of bolts or nuts 
is desired, threads should be cleaned and coated with LoctiteB or another 
similar, commercial non-hardening marine sealant. 

CLEANING 

+ See Figures 2 , 3 , 4  and 5 

Before the engine and its components are inspected, they must be 
thoroughly cleaned. You will need to remove any engine varnish, oil sludge 
andlor carbon deposits from all of the components to insure an accurate 
inspection. A crack in the engine block or cylinder head can easily become 
overlooked if hidden by a layer of sludge or carbon. 

Most of the cleaning process can be carried out with common hand tools 
and readily available solvents or solutions. Carbon deposits can be chipped 
away using a hammer and a hard wooden chisel. Old gasket material and 
varnish or sludge can usually be removed using a scraper andlor cleaning 
solvent. Extremely stubborn deposits may require the use of a power drill 
with a wire brush. If using a wire brush, use extreme care around any critical 
machined surfaces (such as the gasket surfaces, bearing saddles, cylinder 
bores, etc.). Use of a wire brush is NOT RECOMMENDED on any aluminum 
components. Always follow any safety recommendations given by the 
manufacturer of the tool andlor solvent. You should always wear eye 
protection during any cleaning process involving scraping, chipping or 
spraying of solvents. 

An alternative to the mess and hassle of cleaning the parts yourself is to 
drop them off at a local marina or machine shop (or even an automotive 
garage). They will, more than likely, have the necessary equipment to 
properly clean all of the parts for a nominal fee. 

Flg. 2 Use a gasket scraper to remove the old gasket material from 
the mating surfaces I 
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Always wear eye protection during any cleaning process involving 
scraping, chipping or spraying of solvents. 

Fig. 3 Use a ring expander tool to remove the piston rings 

Fig. 4 Clean the piston ring grooves using a ring groove cleaner 
tool, o r .  . . I 

Fig. 5 . . . use a piece of an old ring to clean the grooves. Be 
careful, the ring can be quite sharp 

Remove any oil galley plugs, freeze plugs andlor pressed-in bearings and 
carefully wash and degrease all of the engine components including the 
fasteners and bolts. Small parts such as the valves, springs, etc., should be 
placed in a metal basket and allowed to soak. Use pipe cleaner type 
brushes, and clean all passageways in the components. Use a ring expander 
and remove the rings from the pistons. Clean the piston ring grooves with a 
special tool or a piece of broken ring. Scrape the carbon off of the top of the 
piston. You should never use a wire brush on the pistons. After preparing all 
of the piston assemblies in this manner, wash and degrease them again. 

Use extreme care when cleaning around the cylinder head valve seats. 
A mistake or slip may cost you a new seat. 

When cleaning the cylinder head, remove carbon from the combustion 
chamber with the valves installed. This will avoid damaging the valve seats. 

REPAIRING DAMAGED THREADS 

+ See Figures 6, 7 , & 9  and 10 

Several methods of repairing damaged threads are available. Heli-Coil@ 
(shown here), KeensertsB and Microdot@ are among the most widely used. 
All involve basically the same principle-drilling out stripped threads, tapping 
the hole and installing a pre-wound insert-making welding, plugging and 
oversize fasteners unnecessary. 

Two types of thread repair inserts are usually supplied: a standard type 
for most inch coarse, inch fine, metric course and metric fine thread sizes 
and a spark lug type to fit most spark plug port sizes. Consult the individual 
tool manufacturer's catalog to determine exact applications. Typical thread 
repair kits will contain a selection of pre-wound threaded inserts, a tap 
(corresponding to the outside diameter threads of the insert) and an 
installation tool. Spark plug inserts usually differ because they require a tap 
equipped with pilot threads and a combined reamerltap section. Most 
manufacturers also supply blister-packed thread repair inserts separately in 
addition to a master kit containing a variety of taps and inserts plus 
installation tools. 

Before attempting to repair a threaded hole, remove any snapped, broken 
or damaged bolts or studs. Penetrating oil can be used to free frozen 
threads. The offending item can usually be removed with locking pliers or 
using a screwlstud extractor. After the hole is clear, the thread can be 
reoaired, as shown in the series of accompanying illustrations and in the kit 
manufacturer's instructions. 

BOLT OR --> 
SCREW 

THREADED 
INSERT 

+ 

I 
DAMAGED 
THREADS 

Fig. 6 Damaged bolt hole threads can be replaced with thread repair 
inserts 

©PDF Manual Master 2006



ENGINE OVERHAUL 7-5 

TANG 
/NOTCH\ 

Fig. 7 Drill out the damaged threads with the 
specified size bit. Be sure to drill completely 
through the hole or to the bottom of a blind 
hole 

Fig. 10 Standard thread repair insert (left), and spark plug thread 
insert 

Flg. 8 Using the kit, tap the hole in order to  
receive the thread insert. Keep the tap well 
oiled and back i t  out frequently to clean out 
the chips 

To properly rebuild an engine, you must first remove it from the vessel, 
then disassemble and diagnose it. Ideally you should place your engine on 
an engine stand. This affords you the best access to the engine 
components. Follow the manufacturer's directions for using the stand with 
your particular engine. Remove the flywheel or coupler before installing the 
engine to the stand. 

Now that you have the engine on a stand, and assuming that you have 
drained the oil and waterlcoolant from the engine, it's time to strip it of all but 
the necessary components. Before you start disassembling the engine, you 
may want to take a moment to draw some pictures, or fabiicate some labels 
or containers to mark the locations of various comDonents and the bolts 
andlor studs which fasten them. Modern day engines use a lot of little 
brackets and clips which hold wiring harnesses and such, and these holders 
are often mounted on studs andlor bolts that can be easily mixed up. The 
manufacturer spent a lot of time and money designing your enginelboat, and 
they wouldn't have wasted any of it by haphazardly placing brackets, clips or 
fasteners on the boat. If it's present when you disassemble it, put it back 
when you assemble, you will regret not remembering that little bracket which 
holds a wire harness out of the path of a rotating part. 

You should begin by unbolting any accessories still attached to the 
engine, such as the water pump, power steering pump, alternator, etc. Then, 
unfasten any manifolds (intake or exhaust) which were not removed during 
the engine removal procedure. Finally, remove any covers remaining on the 
engine such as the rocker arm, front or timing cover and oil pan. Some front 
covers may require the balancer andlor crank pulley to be removed 
beforehand. The idea is to reduce the engine to the bare necessities 
(cylinder head(s), valve train, engine block, crankshaft, pistons and 
connecting rods), plus any other 'in block' components such as oil pumps, 
balance shafts and auxiliary shafts. 

Finally, remove the cylinder head@) from the engine block and carefully 
place on a bench. Disassembly instructions for each component follow later. 

Fig. 9 Screw the insert onto the installer tool 
until the tang engages the slot. Thread the 
insert into the hole until it i s  114-112 turn 
below the top surface, then remove the tool 
and break off the tang using a punch 

There are two basic types of cylinder heads used on today's engines: 
Overhead Valve (OHV) and the Overhead Camshaft (OHC). The latter can 
also be broken down into two subgroups: the Single Overhead Camshaft 
(SOHC) and the Dual Overhead Camshaft (DOHC). Generally, if there is 
only a single camshaft on a head, it is just referred to as an OHC head. An 
engine with an OHV cylinder head is also known as a pushrod engine. 

Most cylinder heads these days are made of an aluminum alloy due to its 
light weight, durability and heat transfer qualities. However, cast iron was the 
material of choice in the past, and is still used on many engines today. 
Whether made from aluminum or iron, all cylinder heads have valves and 
seats. Most use two valves per cylinder, while the more hi-tech engines will 
utilize a multi-valve configuration using 3, 4 and even 5 valves per cylinder. 
When the valve contacts the seat, it does so on precision machined 
surfaces, which seals the combustion chamber. All cylinder heads have a 
valve guide for each valve. The guide centers the valve to the seat and 
allows it to move up and down within it. The clearance between the valve 
and guide can be critical. Too much clearance and the engine may consume 
oil, lose vacuum andlor damage the seat. Too little, and the valve can stick 
in the guide causing the engine to run poorly if at all, and possibly causing 
severe damage. The last component all cylinder heads have in common are 
valve springs. The spring holds the valve against its seat. It also returns the 
valve to this position when the valve has been opened by the valve train or 
camshaft. The spring is fastened to the valve by a retainer and valve locks 
(sometimes called keepers). Aluminum heads will also have a valve spring 
shim to keep the spring from wearing away the aluminum. 

An ideal method of rebuilding the cylinder head would involve replacing 
all of the valves, guides, seats, springs, etc. with new ones. However, 
depending on how the engine was maintained, often this is not necessary. A 
major cause of valve, guide and seat wear is an improperly tuned engine. An 
engine that is running too rich, will often wash the lubricating oil out of the 
guide with gasoline, causing it to wear rapidly. Conversely, an engine which 
is running too lean will place higher combustion temperatures on the valves 
and seats allowing them to wear or even burn. Springs fall victim to the 
operating habits of the individual. A driver who often runs the engine rpm to 
the redline will wear out or break the springs faster then one that stays well 
below it. Unfortunately, 'hours of operation' takes it toll on all of the parts. 
Generally, thevalves, guides, springs and seats in a cylinder head can be 
machined and re-used, saving you money. However, if a valve is burnt, it 
may be wise to replace all of the valves, since they were all operating in the 
same environment. The same goes for any other component on the cylinder 
head. Think of it as an insurance policy against future problems related to 
that component. 

Unfortunately, the only way to find out which components need replacing, 
is to disassemble and carefully check each piece. After the cylinder head@) 
are disassembled, thoroughly clean all of the components. 
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DISASSEMBLY 4. Remove the valve locks from the valve tip andlor retainer. A small 

magnet may help in removing the locks. 
OHV Heads 5. Lift the valve spring(s), tool and all, off of the valve stem. 

6, Remove the valve seal from the stem and guide. If the seal is difficult 
Dt%ATE to remove with the valve in place, try removing the valve first, then the seal. 

Follow the steps below for valve removal. + See Figures 11 through 22 7. Position the head to allow access for withdrawing the valve. 

Before disassembling the cylinder head, you may want to fabricate some . cylinder heads that have seen a lot of hours abuse may 
containers to hold the various parts, as some of them can be quite small have mushroomed the valve lock grove andlor tip, causing 
(such as and lost. yourself and the difficulty in removal of the valve. If this has happened, use a metal 
organized will aid in assembly and reduce confusion. Where possible, try to file to carefully remove the high spots around the lock grooves 
maintain a components' original location; this is especially important if there and/or tip. Only file it enough to allow removal, 
is not aoina to be anv machine work performed on the comoonents. 

1 .- If $u haventi already removed the rocker arms and/or shafts, do so 
now. 8. Remove the valve from the cylinder head. 

2. Position the head so that the springs are easily accessed. 9. If equipped, remove the valve spring shim. A small magnetic tool or 
3. Use a valve spring compressor tool, and relieve spring tension from screwdriver will aid in removal. 

the retainer. 10. Repeat Steps 3 though 9 until all of the valves have been removed 

Due to engine varnish, the retainer may stick to the valve locks. A 
gentle tap with a hammer may help to break it loose. 

Fig. 11 When removing a valve spring, use a 
compressor tool to relieve the tension from 
the retainer ... I I 

1- Valve spring compressor 
2- Rocker arm nu t  
3- Valve locks 

Fig. 12 ...y ou may also find a compressor 
that looks like this 

Fig. 14 Be careful not to lose the small valve locks (keepers) 

Fig. 16 Removing an umbrellalpositive type seal I 

I Fig. 13 A small magnet will help in removal 
of the valve locks I 

Fig. 15 Remove the valve seal from the valve stem-O-ring type I 
seal shown I 

Fig. 17 Invert the cylinder head and withdraw the valve from the 
valve guide bore 
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INSPECTION A 0-1 in. micrometer for the valves - A dial indicator or inside diameter gauge for the valve guides 

Now that all of the cylinder head components are clean, it's time to A spring pressure test gauge 
inspect them for wear andlor damage. To accurately inspect them, you will If you do not have access to the proper tools, you may want to bring the 
need some specialized tools: components to a shop that does. 

Elbow Screws PCV valv 

Grommet \ / '+. 

Clam 

\ Q v mi, 

Clamp 

Pushrod 

Valve Stem 

11- key 
*-.Valve spring 

key 

Gasket - 
_1 

Rocker arm stud 

Head gasket 

:ig. 18 Exploded view of the cylinder head-3.01 4 cylinder engines 

Exhaust 
Valve 
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Rocker Rocker Arm 
Nut --e--, 

Fig. 19 Exploded view of the cylinder head--4.3L V6 engines 

Rocker Arm 

Fig. 20 Exploded view of the cylinder head-5.01 and 5.8L Ford V8 engines 
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Fig. 21 Exploded view of the cylinder head-5.01 and 5.7L GM V8 engines 
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Fig. 22 Exploded view of the cylinder head-7.4L and 8.2L V8 engines 

OHC Heads 

+ See Figures 23 and 24 

Whether it is a single or dual overhead camshaft cylinder head, the 
disassembly procedure is relatively unchanged. One aspect to pay attention 
to is careful labeling of the parts on the dual camshaft cylinder head. There 
will be an intake camshaft and followers as well as an exhaust camshaft and 
followers and they must be labeled as such. In some cases, the components 
are identical and could easily be installed incorrectly. DO NOT MIX THEM 
UP! Determining which is which is very simple; the intake camshaft and 
components are on the same side of the head as was the intake manifold. 
Conversely, the exhaust camshaft and components are on the same side of 
the head as was the exhaust manifold. 

Fig. 23 Example of a multi-valve cylinder head. Note how it has 2 
intake and 2 exhaust valve ports I Fig. 24 Exploded view of a valve, seal, spring, retainer and locks 

from an OHC cvlinder head 
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Cup Type Camshaft Followers 

+ See Figures 25,26 and 27 

Most cylinder heads with cup type camshaft followers will have the valve 
spring, retainer and locks recessed within the follower's bore. You will need a 
C-clamp style valve spring compressor tool, an OHC spring removal tool (or 
equivalent) and a small magnet to disassemble the head. 

1. If not already removed, remove the camshaft(s) and/or followers. 
Mark their positions for assembly. 

2. Position the cylinder head to allow use of a C-clamp style valve 
spring compressor tool. 

5 It is preferred to position the cylinder head gasket surface facing 
you with the valve springs facing the opposite direction and the head 
laying horizontal. 

3. With the OHC spring removal adapter tool positioned inside of the 
follower bore, compress the valve spring using the C-clamp style valve 
spring compressor. 

4. Remove the valve locks. A small magnetic tool or screwdriver will aid 
in removal. 

5. Release the compressor tool and remove the spring assembly. 
6. Withdraw the valve from the cylinder head. 
7. If equipped, remove the valve seal. 

5 Special valve seal removal tools are available. Regular or 
needlenose type pliers, if used with care, will work just as well. If using 
ordinary pliers, be sure not to damage the follower bore. The follower 
and its bore are machined to close tolerances and any damage to the 
bore will effect this relationship. 

8. If equipped, remove the valve spring shim. A small magnetic tool or 
screwdriver will aid in removal. 

9. Repeat Steps 3 through 8 until all of the valves have been removed. 

ROCKER ARM TYPE CAMSHAFT FOLLOWERS 

+ See Figures 28 through 36 

Most cylinder heads with rocker arm-type camshaft followers are easily 
disassembled using a standard valve spring compressor. However, certain 
models may not have enough open space around the spring for the standard 
tool and may require you to use a C-clamp style compressor tool instead. 

1. If not already removed, remove the rocker arms andlor shafts and the 
camshaft. If applicable, also remove the hydraulic lash adjusters. Mark their 
positions for assembly. 

2. Position the cylinder head to allow access to the valve spring. 
3. Use a valve spring compressor tool to relieve the spring tension from 

the retainer. 

5 Due to engine varnish, the retainer may stick to the valve locks. A 
gentle tap with a hammer may help to break it loose. 

4. Remove the valve locks from the valve tip and/or retainer. A small 
magnet may help in removing the small locks. 

5. Lift the valve spring, tool and all, off of the valve stem. 
6. If equipped, remove the valve seal. If the seal is difficult to remove 

with the valve in place, try removing the valve first, then the seal. Follow the 
steps below for valve removal. 

7. Position the head to allow access for withdrawing the valve. 
Cylinder heads that have seen a lot of miles andlor abuse may have 

mushroomed the valve lock grove and/or tip, causing difficulty in removal of 
the valve. If this has happened, use a metal file to carefully remove the high 
spots around the lock grooves and/or tip. Only file it enough to allow 
removal. 

8. Remove the valve from the cylinder head. 
9. If equipped, remove the valve spring shim. A small magnetic tool or 

screwdriver will aid in removal. 
10. Repeat Steps 3 though 9 until all of the valves have been removed. 

INSPECTION 

Now that all of the cylinder head components are clean, it's time to 
inspect them for wear andlor damage. To accurately inspect them, you will 
need some specialized tools: 

A 0-1 in. micrometer for the valves 
A dial indicator or inside diameter gauge for the valve guides 
A spring pressure test gauge 

If you do not have access to the proper tools, you may want to bring the 
components to a shop that does. 

Valves 

+ See Figures 37 and 38 
DERA 1E 

The first thing to inspect are the valve he 
margin and face for any cracks, excessive wear or burnlng. I he margrn IS 
the best place to look for burning. It should have a squared edge with an 
even width all around the diameter. When a valve burns, the margin will look 
melted and the edges rounded. Also inspect the valve head for any signs of 
tulipping. This will show as a lifting of the edges or dishing in the center of 
the head and will usually not occur to all of the valves. All of the heads 
should look the same, any that seem dished more than others are probably 
bad. Next, inspect the valve lock grooves and valve tips. Check for any burrs 
around the lock grooves, especially if you had to file them to remove the 
valve. Valve tips should appear flat, although slight rounding with high 
mileage engines is normal. Slightly worn valve tips will need to be machined 
flat. Last, measure the valve stem diameter with the micrometer. Measure 
the area that rides within the guide, especially towards the tip where most of 
the wear occurs. Take sever2 measurements along its length and compare 
them to each other. Wear should be even along the length with little to no 
taper. If no minimum diameter is given in the specifications, then the stem 
should not read more than 0.001 in. (0.025mm) below the unworn area of 
the valve stem. Any valves that fail these inspections should be replaced. 

I Fig. 25 C-clamp type spring compressor and Fig. 26 Most cup type follower cylinder 
an OHC spring removal tool (center) for cup heads retain the camshaft using bolt-on 
type followers I I bearing caps 

Fig. 27 Position the OHC spring tool in the 
follower bore, then compress the spring with 
a C-clamp type tool 
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Fig. 28 Example of the shaft mounted rocker 
arms on some OHC heads 

Fig. 29 Another example of the rocker arm 
type OHC head. This model uses a follower 
under the camshaft 

Fig. 31 . . . then the camshaft can be 
removed by sliding it out (shown), or 
unbolting a bearing cap (not shown) 

Fig. 34 Remove the valve spring and retainer 
from the cylinder head 

Fig. 32 Compress the valve spring . . . 

Fig. 35 Remove the valve seal from the 
guide. Some gentle prying or pliers may help 
to remove stubborn ones 

Fig. 37 Valve stems may be rolled on a flat surface to check for 
bends 

Fig. 30 Before the camshaft can be removed, 
all of the followers must first be removed . . . 

Fig. 33 . . . then remove the valve locks from 
the valve stem and spring retainer 

Fig. 36 All aluminum and some cast iron 
heads will have these valve spring shims. 
Remove all of them as well 

Fig. 38 Use a micrometer to check the valve stem diameter 
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Springs, Retainers and Valve Locks 

+ See Figures 39 and 40 E/?ATE 

The first thing to check is the most obvious, broken springs. Next check 
the free length and squareness of each spring. If applicable, insure to 
distinguish between intake and exhaust springs. Use a ruler and/or 
carpenter's square to measure the length. A carpenter's square should be 
used to check the springs for squareness. If a spring pressure test gauge is 
available, check each springs rating and compare to the specifications chart. 
Check the readings against the specifications given. Any springs that fail 
these inspections should be replaced. 

The spring retainers rarely need replacing, however they should still be 
checked as a precaution. Inspect the spring mating surface and the valve 
lock retention area for any signs of excessive wear. Also check for any signs 
of cracking. Replace any retainers that are questionable. 

Valve locks should be ins~ected for excessive wear on the outside 
contact area as well as on the inner notched surface. Anv locks which 
appear worn or broken and its respective valve should be replaced. 

Fig. 39 Use a caliper to check the valve spring free-length 

Fig. 40 Check the valve spring for squareness on a flat surface; a 
carpenter's square can be used 

Cylinder Head 

DERATE 
There are several things to check on the cylinder head: valve guides, 

seats, cylinder head surface flatness, cracks and physical damage. 

Valve Guides 

+ See Figure 41 

Now that you know the valves are good, you can use them to check the 
guides, although a new valve, if available, is preferred. Before you measure 
anything, look at the guides carefully and inspect them for any cracks, chips 
or breakage. Also if the auide is a removable stvle (as in most aluminum 
heads), c6eck them for any looseness or evidence of movement. All of the 
guides should appear to be at the same height from the spring seat. If any 
seem lower (or higher) from another, the guide has moved. Mount a dial 
indicator onto the spring side of the cylinder head. Lightly oil the valve stem 
and insert it into the cylinder head. Position the dial indicator against the 
valve stem near the tip and zero the gauge. Grasp the valve stem and 
wiggle towards and away from the dial indicator and observe the readings. 
Mount the dial indicator 90 degrees from the initial point and zero the gauge 
and again take a reading. Compare the two readings for a out of round 
condition. Check the readings against the specifications given. An Inside 
Diameter (I.D.) gauge designed for valve guides will give you an accurate 
valve guide bore measurement. If the I.D. gauge is used, compare the 
readings with the specifications given. Any guides that fail these inspections 
should be replaced or machined. 

Fig. 41 A dial gauge may be used to check valve stem-to-guide 
clearance; read the gauge while moving the valve stem 

Valve Seats 
A visual inspection of the valve seats should show a slightly worn and 

pitted surface where the valve face contacts the seat. Inspect the seat 
carefully for severe pitting or cracks. Also, a seat that is badly worn will be 
recessed into the cylinder head. A severely worn or recessed seat may need 
to be replaced. All cracked seats must be replaced. A seat concentricity 
gauge, if available, should be used to check the seat run-out. If run-out 
exceeds specifications the seat must be machined (if no specification is 
given use 0.002 in. or 0.051mm). 

Cylinder Head Surface Flatness 

+ See Figures 42 and 43 

After you have cleaned the gasket surface of the cylinder head of any old 
gasket material, check the head for flatness. 

Place a straightedge across the gasket surface. Using feeler gauges, 
determine the clearance at the center of the straightedge and across the 
cylinder head at several points. Check along the centerline and diagonally 
on the head surface. If the warpage exceeds 0.003 in. (0.076mm) within a 
6.0 in. (15.2cm) span, or 0.006 in. (0.152mm) over the total length of the 
head, the cylinder head must be resurfaced. After resurfacing the heads of a 
V-type engine, the intake manifold flange surface should be checked, and if 
necessary, milled proportionally to allow for the change in its mounting 
~osition. 
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Fig 42 Check the head for flatness across the center of the head 
surface using a straightedge and feeler gauge 

'racks And Physical Damage 

Generally, cracks are limited to the combustion chamber, however, it is 
not uncommon for the head to crack in a spark plug hole, port, outside of the 
head or in the valve springlrocker arm area. The first area to inspect is 
always the hottest: the exhaust seatlport area. 

A visual inspection should be performed, but just because you don't see a 
crack does not mean it is not there. Some more reliable methods for 
inspecting for cracks include MagnafluxB, a magnetic process or ZygloB, a 
dye penetrant. MagnafluxB is used only on ferrous metal (cast iron) heads. 
Zyglo@ uses a spray on fluorescent mixture along with a black light to reveal 
the cracks. It is strongly recommended to have your cylinder head checked 
professionally for cracks, especially if the engine was known to have 
overheated andlor leaked or consumed coolant. Contact a local shop for 
availability and pricing of these services. 

Physical damage is usually very evident. For example, a broken mounting 
ear from dropping the head or a bent or broken stud andlor bolt. All of these 
defects should be fixed or, if not repairable, the head should be replaced. 

Camshaft and Followers 

Inspect the camshaft(s) and followers as described earlier. 

REFINISHING & REPAIRING 

LED 
Many of the procedures glven for refin~sh~ng and repairing theYyllnder 

head comDonents must be ~erformed bv a mach~ne shop Certaln steps, lf 
the inspected part is not worn, can be performed yomeif inexpensively. 
However, you spent a lot of time and effort so far; why risk trying to save a 
couple bucks if you might have to do it all over again? 

Valves 
L LED 

Any valves that were not replaced should be refaced and the tGs ground 
flat. Unless you have access to a valve grinding machine, this should be 
done by a machine shop. If the valves are in extremely good condition, as 
well as the valve seats and guides, they may be lapped in without performing 
machine work. 

It is a recommended practice to lap the valves even after machine work 
has been performed andlor new valves have been purchased. This insures a 
positive seal between the valve and seat. 

Lapping The Valves 

Before lapping the valves to the seats, read the rest of the cylinder 
head procedure to insure that any related parts are in acceptable 
enough condition to continue. 

Fig. 43 Checks should also be made along both diagonals of the 
head surface 

Before any valve seat machining andlor lapping can be performed, 
the guides must be within factory recommended specifications. 

I. Invert the cylinder head. 
2. Lightly lubricate the valve stems and insert them into the cylinder 

head in their numbered order. 
3. Raise the valve from the seat and apply a small amount of fine 

lapping compound to the seat. 
4. Moisten the suction head of a hand-lapping tool and attach it to the 

head of the valve. 
5. Rotate the tool between the palms of both hands, changing the 

position of the valve on the valve seat and lifting the tool often to prevent 
grooving. 

6. Lap the valve until a smooth, polished circle is evident on the valve 
and seat. 

7. Remove the tool and the valve. Wipe away all traces of the grinding 
compound and store the valve to maintain its lapped location. 

Do not get the valves out of order after they have been lapped. They 
must be put back with the same valve seat with which they were 
lapped. 

Springs, Retainers and Valve Locks 

There is no repair or refinishing possible with the springs, retainers and 
valve locks. If they are found to be worn or defective, they must be replaced 
with new (or known good) parts. 

Cylinder Head 

Most refinishing procedures dealing with the cylinder head Gust be 
performed by a machine shop. Read the procedures below and review your 
inspection data to determine whether or not machining is necessary. 

Valve Guide 

If any machining or replacements are made to the valve guides, the 
seats must be machined. 

Unless the valve guides need machining or replacing, the only service to 
perform is to thoroughly clean them of any dirt or oil residue. 

There are only two types of valve guides used on automobile engines: the 
replaceable-type (all aluminum heads) and the cast-in integral-type (most 
cast iron heads). There are four recommended methods for repairing worn 
guides. 
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Knurl~ng 
Inserts 
Reamlng oversrze 
Replac~ng 

Knurlrng IS a process ~n whlch metal e dsplaced and rarsed, thereby 
reducrng clearance, glvrng a true center, and provrding 011 control It IS the 
least expensrve way of reparrrng the valve gudes However, rt IS not 
necessarily the best, and In some cases, a knurled valve guide will not stand 
up for more than a short trme It requlres a spec~al knurl~zer and precrsron 
reamlng tools to obtaln proper clearances It would not be cost effectlve to 
purchase these tools, unless you plan on rebu~ldrng several of the same 
cyl~nder head 

lnstallrng a guide Insert rnvolves machlnmg the gulde to accept a bronze 
Insert One style e the corl-type whrch IS Installed rnto a threaded guide 
Another IS the thrn-walled Insert where the gu~de IS reamed overslze to 
accept a spllt-sleeve insert After the Insert IS rnstalled, a speclal tool IS then 
run through the gu~de to expand the Insert, locklng rt to the gurde The Insert 
IS then reamed to the standard srze for proper valve clearance 

Ream~ng for overslze valves restores normal clearances and provrdes a 
true valve seat Most cast-ln type gu~des can be reamed to accept an valve 
wrth an overslze stem The cost factor for thls can become qurte hlgh as you 
will need to purchase the reamer and new, overslze stem valves for all 
gurdes whrch were reamed Overs~zes are generally 0 003 to 0 030 ~ n .  (0 076 
to 0 762mm), wlth 0 015 ~n (0 381mm) bemg the most common 

To replace cast-ln type valve guldes, they must be drdled out, then 
reamed to accept replacement gu~des Th~s  must be done on a f~xture whlch 
will allow centerrng and level~ng off of the or~grnal valve seat or gurde, 
otherw~se a serious gu~de-to seat misal~gnment may occur makrng rt 
~mposs~ble to properly machme the seat 

Replaceable-type gurdes are pressed lnto the cyl~nder head A hammer 
and a stepped dr~ft or punch may be used to install and remove the gu~des 
Before removlng the guldes, measure the protruslon on the spring s~de of the 
head and record rt for rnstallatron Use the stepped dr~ft to hammer out the 
old gu~de from the combustion chamber s~de of the head When installing, 
determine whether or not the gulde also seals a water jacket in the head, 
and d ~t does, use the recommended sealing agent If there IS no water 
jacket, grease the valve gu~de and ~ t s  bore Use the stepped dr~ft, and 
hammer the new gulde ~nto the cylrnder head from the spring srde of the 
cyhder head A stack of washers the same thckness as the measured 
protruslon may help the rnstallatron process 

Valve Seats 

H Before any valve seat machining can be performed, the guides must 
be within factory recommended specifications. 

If any machining or replacements were made to the valve guides, 
the seats must be machined. 

If the seats are in good condition, the valves can be lapped to the seats, 
and the cylinder head assembled. See the valves procedures for instructions 
on lapping. 

If the valve seats are worn, cracked or damaged, they must be serviced 
by a machine shop. The valve seat must be perfectly centered to the valve 
guide, which requires very accurate machining. 

Cylinder Head Surface 

If the cylinder head is warped, it must be machined flat. If the warpage is 
extremely severe, the head may need to be replaced. In some instances, it 
may be possible to straighten a warped head enough to allow machining. In 
either case, contact a professional machme shop for service. 

Cracks And Physical Damage 

Certain cracks can be repaired in both cast iron and aluminum heads. For 
cast iron, a tapered threaded insert is installed along the length of the crack. 
Aluminum can also use the tapered inserts; however welding is the preferred 
method. Some physical damage can be repaired through brazing or welding. 
Contact a machine shop to get expert advice for your particular dilemma. 

Any OHC cylinder head that shows excessive warpage should have 
the camshaft bearing journals align bored after the cylinder head has 
been resurfaced. 

Failure to align bore the camshaft bearing journals could result in 
severe engine damage including but not limited to: valve and 
piston damage, connecting rod damage, camshaft andlor 
crankshaft breakaae. 

ASSEMBLY 

DERATE 

The first step for any assembly job is to have a clean area in which to 
work. Next, thoroughly clean all of the parts and components that are to be 
assembled. Finally, place all of the components onto a suitable work space 
and, if necessary, arrange the parts to their respective positions. 

OHV Engines 

1. Lightly lubricate the valve stems and insert all of the valves into the 
cylinder head. If possible, maintain their original locations. 

2. If equipped, install any valve spring shims which were removed. 
3. If equipped, install the new valve seals, keeping the following in 

mind: 
If the valve seal presses over the guide, lightly lubricate the outer 

guide surfaces. 
If the seal is an O-ring type, it is installed just after compressing the 

spring but before the valve locks. 
4. Place the valve spring and retainer oiler the stem. 
5. Position the spring compressor tool and compress the spring. 
6. Assemble the valve locks to the stem. 
7. Relieve the spring pressure slowly and insure that neither valve lock 

becomes dislodged by the retainer. 
8. Remove the spring compressor tool. 
9. Repeat Steps 2 through 8 until all of the springs have been installed. 

OHC Engines 

+ See Figure 44 

CUP TYPE CAMSHAFT FOLLOWERS 

To install the springs, retainers and valve locks on heads which have 
these components recessed into the camshaft follower's bore, you will need 
a small screwdriver-type tool, some clean white grease and a lot of patience. 
You will also need the C-clamp style spring compressor and the OHC tool 
used to disassemble the head. 

1. Lightly lubricate the valve stems and insert all of the valves into the 
cylinder head. If possible, maintain their original locations. 

2. If equipped, install any valve spring shims which were removed. 
3. If equipped, install the new valve seals, keeping the following in 

mind: 
If the valve seal presses over the guide, lightly lubricate the outer 

guide surfaces. 
If the seal is an O-ring type, it is installed just after compressing the 

spring but before the valve locks. 
4. Place the valve spring and retainer over the stem. 
5. Position the spring compressor and the OHC tool, then compress the 

spring. 
6. Using a small screwdriver as a spatula, fill the valve stem side of the 

lock with white grease. Use the excess grease on the screwdriver to fasten 
the lock to the driver. 

7. Carefully install the valve lock, which is stuck to the end of the 
screwdriver, to the valve stem then press on it with the screwdriver until the 
grease squeezes out. The valve lock should now be stuck to the stem. 

8. Repeat Steps 6 and 7 for the remaining valve lock. 
9. Relieve the spring pressure slowly and insure that neither valve lock 
becomes dislodged by the retainer. 

10. Remove the spring compressor tool. 
11. Repeat Steps 2 through 10 until all of the springs have been 

installed. 
12. Install the followers, camshaft(s) and any other components 

that were removed for disassembly. 
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ROCKER ARM TYPE CAMSHAFT FOLLOWERS 

1. Lightly lubricate the valve sterns and insert all of the valves into the 
cylinder head. If possible, maintain their original locations. 

2. If equipped, install any valve spring shims which were removed. 
3. If equipped, install the new valve seals, keeping the following in 

mind: 
If the valve seal presses over the guide, lightly lubricate the outer guide 

surfaces. 
If the seal is an O-ring type, it is installed just after compressing the 

spring but before the valve locks. 
4. Place the valve spring and retainer over the stem. 
5. Position the spring compressor tool and compress the spring. 
6. Assemble the valve locks to the stem. 
7. Relieve the spring pressure slowly and insure that neither valve lock 

becomes dislodged by the retainer. 
8. Remove the spring compressor tool. 
9, Repeat Steps 2 through 8 until all of the springs have been installed. 

10. Install the camshaft(s), rockers, shafts and any other components 
that were removed for disassembly. 

GENERAL INFORMATION 

A thorough overhaul or rebuild of an engine block would include replacing 
the pistons, rings, bearings, timing beltichain assembly and oil pump. For 
OHV engines also include a new camshaft and lifters. The block would then 
have the cylinders bored and honed oversize (or if using removable cylinder 
sleeves, new sleeves installed) and the crankshaft would be cut undersize to 
provide new wearing surfaces and perfect clearances. However, your 
particular engine may not have everything worn out. What if only the piston 
rings have worn out and the clearances on everything else are still within 
factory specifications? Well, you could just replace the rings and put it back 
together, but this would be a very rare example. Chances are, if one 
component in your engine is worn, other components are sure to follow, and 
soon. At the very least, you should always replace the rings, bearings and oil 
pump. This is what is commonly called a "freshen up". 

CUL 1 

Because the top piston ring does not travel to the very top of the cylinder, 
a ridge is built up between the end of the travel and the top of the cylinder 
bore. 

Pushing the piston and connecting rod assembly past the ridge can be 
difficult, and damage to the piston ring lands could occur. If the ridge is not 
removed before installing a new piston or not removed at all, piston ring 
breakage and piston damage may occur. 

It is alwavs recommended that vou remove anv cvlinder ridges 
before rem&ing the piston and connecting rod assemblies. If you 
know that new pistons are going to be installed and the engine block 

Once assembled, check the valve clearance and correct as 

will be bored oversize, you may be able to forego this step. However, 
some ridges may actually prevent the assemblies from being removed, 
necessitating its removal. 

There are several different types of ridge reamers on the market, none of 
which are inexpensive. Unless a great deal of engine rebuilding is 
anticipated, borrow or rent a reamer. 

1. Turn the crankshaft until the piston is at the bottom of its travel. 
2. Cover the head of the piston with a rag. 
3. Follow the tool manufacturers instructions and cut away the ridge, 

exercising extreme care to avoid cutting too deeply. 
4. Remove the ridge reamer, the rag and as many of the cuttings as 

possible. Continue until all of the cylinder ridges have been removed. 

DISASSEMBLY 

CULT 
+ See Figures 45,46 47 48 49 and 50 V 

The engine disassembly instructions following assume that you have the 
engine mounted on an engine stand. If not, it is easiest to disassemble the 
engine on a bench or the floor with it resting on the bell housing or 
transmission mounting surface. You must be able to access the connecting 
rod fasteners and turn the crankshaft during disassembly. Also, all engine 
covers (timing, front, side, oil pan, whatever) should have already been 
removed. Engines which are seized or locked up may not be able to be 
completely disassembled, and a core (salvage yard) engine should be 
purchased. 

On OHV engines, if not done during the cylinder head removal, remove 
the pushrods and lifters, keeping them in order for assembly. Remove the 
timing gears andlor timing chain assembly, then remove the oil pump drive 
assembly and withdraw the camshaft from the engine block. Remove the oil 
pick-up and pump assembly. If equipped, remove any balance or auxiliary 
shafts. If necessary, remove the cylinder ridge from the top of the bore. See 
the cylinder ridge removal procedure. 

On OHC engines, if not done during the cylinder head removal, remove 
the timing chainibelt and/or gearisprocket assembly. Remove the oil pick-up 
and pump assembly and, if necessary, the pump drive. If equipped, remove 
any balance or auxiliary shafts. If necessary, remove the cylinder ridge from 
the top of the bore. See the cylinder ridge removal procedure. 

Rotate the engine over so that the crankshaft is exposed. Use a number 
punch or scribe and mark each connecting rod with its respective cylinder 
number. The cylinder closest to the front of the engine is always number 1. 
However, depending on the engine placement, the front of the engine could 
either be the flywheel or damperipulley end. Generally the front of the engine 
faces the bow. Use a number punch or scribe and also mark the main 
bearing caps from front to rear with the front most cap being number 1 (if 
there are five caps, mark them 1 through 5, front to rear). 

Take special care when pushing the connecting rod up from the 
crankshaft because the sharp threads of the rod boltslstuds will score 
the crankshaft journal. Insure that special plastic caps are installed 
over them, or cut two pieces of rubber hose to do the same. 

Fig. 45 Place rubber hose over the connecting rod studs to protect 
the crankshaft and cvlinder bores from damacre 
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ENGINE OVERHAUL 7-17 

Fig. 46 Carefully tap the piston out of the bore using a wooden 
dowel 

Aaain, rotate the enaine, this time to ~osition the number one cvlinder 
boreV(head surface) u t ~ u r n  the crankshaft until the number one ;iston is at 
the bottom of its travel, this should allow the maximum access to its 
connecting rod. Remove the number one connecting rods fasteners and cap 
and place two lenoths of rubber hose over the rod boltslstuds to protect the 
crankshaft from damage. Using a sturdy wooden dowel and a hammer, push 
the connecting rod up about 1 in. (25mm) from the crankshaft and remove 
the upper bearing insert. Continue pushing or tapping the connecting rod up 
until the piston rings are out of the cylinder bore. Remove the piston and rod 
by hand, put the upper half of the bearing insert back into the rod, install the 
cap with its bearing insert installed, and hand-tighten the cap fasteners. If the 
parts are kept in order in this manner, they will not get lost and you will be 
able to tell which bearings came form what cylinder if any problems are 
discovered and diagnosis is necessary. Remove all the other piston 
assemblies in the same manner. On V-style engines, remove all of the 
pistons from one bank, then reposition the engine with the other cylinder 
bank head surface up, and remove that banks piston assemblies. 

The only remaining component in the engine block should now be the 
crankshaft. Loosen the main bearing caps evenly until the fasteners can be 
turned by hand, then remove them and the caps. Remove the crankshaft 
from the engine block. Thoroughly clean all of the components. 

INSPECTION 

Now that the engine block and all of its components are clean; it's time to 
inspect them for wear andlor damage. To accurately inspect them, you will 
need some specialized tools: 

Two or three separate micrometers to measure the pistons and 
crankshaft journals 
A dial indicator 

Telescoping gauges for the cylinder bores 
A rod alignment fixture to check for bent connecting rods 

If you do not have access to the proper tools, you may want to bring the 
components to a shop that does. 

Generally, you shouldn't expect cracks in the engine block or its 
components unless it was known to leak, consume or mix englne fluids, it 
was severely overheated, or there was evidence of bad bearings andlor 
crankshaft damage. A visual inspection should be performed on all of the 
components, but just because you don't see a crack does not mean it is not 
there. Some more reliable methods for inspecting for cracks include 
MagnafluxB, a magnetic process or ZygloQ a dye penetrant. MagnafluxB is 
used only on ferrous metal (cast iron). ZygloB uses a spray on fluorescent 
mixture along with a black light to reveal the cracks. It is strongly 
recommended to have your engine block checked professionally for cracks, 
especially if the engine was known to have overheated andlor leaked or 
consumed coolant. Contact a local shop for availability and pricing of these 
services. 

Engine Block 

LED 

Engine Block Bearing Alignment 

Remove the main bearing caps and, if still installed, the main bearing 
inserts. Inspect all of the main bearing saddles and caps for damage, burrs 
or high spots. If damage is found, and it is caused from a spun main bearing, 
the block will need to be align-bored or, if severe enough, replacement. Any 
burrs or high spots should be carefully removed with a metal file. 

Place a straightedge on the bearing saddles, in the engine block, along 
the centerline of the crankshaft. If any clearance exists between the 
straightedge and the saddles, the block must be align-bored. 

Align-boring consists of machining the main bearing saddles and caps by 
means of a flycutter that runs through the bearing saddles. 

Deck Flatness 

The top of the engine block where the cylinder head mounts is called the 
deck. Insure that the deck surface is clean of dirt, carbon deposits and old 
gasket material. Place a straightedge across the surface of the deck along its 
centerline and, using feeler gauges, check the clearance along several 
points. Repeat the checking procedure with the straightedge placed along 
both diagonals of the deck surface. If the reading exceeds 0.003 in. 
(0.076mm) within a 6.0 in. (15.2cm) span, or 0.006 in, (0.152mm) over the 
total length of the deck, it must be machined. Always check the Specification 
chart for your specific engine. 

Cylinder Bores 

+ See Figure 51 

The cylinder bores house the pistons and are slightly larger than the 
pistons themselves. A common piston-to-bore clearance is 0.0015-0.0025 in. 
(0.0381 mm-0.0635mm). Refer to the Specification chart for your specific 
engine. Inspect and measure the cylinder bores. The bore should be 
checked for out-of-roundness, taper and size, The results of this inspection 
will determine whether the cylinder can be used in its existing size and 
condition, or a rebore to the next oversize is required (or in the case of 
removable sleeves, have replacements installed). 

The amount of cylinder wall wear is always greater at the top of the 
cylinder than at the bottom. This wear is known as taper. Any cylinder that 
has a taper of 0.0012 in. (0.305mm) or more, must be re-bored. 
Measurements are taken at a number of positions in each cylinder: at the 
top, middle and bottom and at two points at each position; that is, at a point 
90 degrees from the crankshaft centerline, as well as a point parallel to the 
crankshaft centerline. The measurements are made with either a special dial 
indicator or a telescopic gauge and micrometer. If the necessary precision 
tools to check the bore are not available, take the block to a machine shop 
and have them mike it. Also if you don't have the tools to check the cylinder 
bores, chances are you will not have the necessary devices to check the 
pistons, connecting rods and crankshaft. Take these components with you 
and save yourself an extra trip. 

For our procedures, we will use a telescopic gauge and a micrometer. You 
will need one of each, with a measuring range which covers your cylinder 
bore size. 
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Fig. 48 Exploded view of the cylinder block-4.3L V6 engines 
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Fig. 47 Exploded view of the cylinder block-3-01 4 cylinder engines 
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Fig. 50 Exploded view of the cylinder block-Ford V8 engines 

Pistons 8 
Rings 

Fig. 49 Exploded view of the cylinder block-GM V8 engines 
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7-20 ENGINE OVERHAUL 

Fig. 51 Use a telescoping gauge to measure the cylinder bore 
diameter-take several readings within the same bore I 

1. Position the telescopic gauge in the cylinder bore, loosen the gauges 
lock and allow it to expand. 

6 Your first two readings will be at the top of the cylinder bore, then 
proceed to the middle and finally the bottom, making a total of six 
measurements. 

2. Hold the gauge square in the bore, 90 degrees from the crankshaft 
centerline, and gently tighten the lock. Tilt the gauge back to remove it from 
the bore. 

3. Measure the gauge with the micrometer and record the reading. 
4. Again, hold the gauge square in the bore, this time parallel to the 

crankshaft centerline, and gently tighten the lock. Again, you will tilt the 
gauge back to remove it from the bore. 

5. Measure the gauge with the micrometer and record this reading. The 
difference between these two readings is the out-of-round measurement of 
the cylinder. 

6. Repeat Steps 1 through 5, each time going to the next lower position, 
until you reach the bottom of the cylinder. Then go to the next cylinder, and 
continue until all of the cylinders have been measured. 

The difference between these measurements will tell you all about the 
wear in your cylinders. The measurements which were taken 90 degrees 
from the crankshaft centerline will always reflect the most wear. That is 
because at this position is where the engine power presses the piston 
against the cylinder bore the hardest. This is known as thrust wear. Take 
your top, 90 degree measurement and compare it to your bottom, 90 degree 
measurement. The difference between them is the taper. When you measure 
your pistons, you will compare these readings to your piston sizes and 
determine piston-to-wall clearance. 

Crankshaft 

LED 

Inspect the crankshaft for visible signs of wear or damage. All of the 
journals should be perfectly round and smooth. Slight scores are normal for 
a used crankshaft, but you should hardly feel them with your fingernail. 
When measuring the crankshaft with a micrometer, you will take readings at 
the front and rear of each journal, then turn the micrometer 90 degrees and 
take two more readings, front and rear. The difference between the front-to- 
rear readings is the journal taper and the first-to-90 degree reading is the 
out-of-round measurement. Generally, there should be no taper or out-of- 
roundness found, however, up to 0.0005 in. (0.0127mm) for either can be 
overlooked. Also, the readings should fall within the factory specifications for 

If the crankshaft journals fall within specifications, it is recommended that 
it be polished before being returned to service. Polishing the crankshaft 
insures that any minor burrs or high spots are smoothed, thereby reducing 
the chance of scoring the new bearings. 

Pistons and Connecting Rods 

Pistons LED 
* See Figure 52 

The piston should be visually inspected for any signs of cracking or burning 
(caused by hot spots or detonation), and scuffing or excessive wear on the 
skirts. The wrist pin attaches the piston to the connecting rod. The piston 
should move freely on the wrist pin, both sliding and pivoting. Grasp the 
connecting rod securely, or mount it in a vise, and try to rock the piston back 
and forth along the centerline of the wrist pin. There should not be any 
excessive play evident between the piston and the pin. If there are C-clips 
retaining the pin in the piston then you have wrist pin bushings in the rods. 
There should not be any excessive play between the wrist pin and the rod 
bushing. Normal clearance for the wrist pin is approx. 0.001-0.002 in. 
(0.025mm-0.051 mm). Please refer to the Specification chart for your specific 
engine. 

Use a micrometer and measure tne diameter of the p ston, perpendicular 
to rne wrist D n. on the skirt. Com~are the reading to its oriqinal cylinder 
measurement obtained earlier.   he difference beiween the'iwo readings is 
the piston-to-wall clearance. If the clearance is within specifications, the 
piston may be used as is. If the piston is out of specification, but the bore is 
not, you will need a new piston, If both are out of specification, you will need 
the cylinder rebored and oversize pistons installed. Generally if two or more 
~istonslbores are out of s~ecification, it is best to rebore the entire block and 
purchase a complete set of oversize pistons. 

I Fig. 52 Measure the piston's outer diameter, perpendicular to the 
wrist pin, with a micrometer 

I 

Connecting Rod 

You should have the connecting rod checked for straightness at a 
machine shoa. If the connecting rod is bent, it will unevenly wear the bearing 
and piston, as well as place greater stress on these components. Any bent 
or twisted connecting rods must be replaced. If the rods are straight and the 
wrist pin clearance is within specifications, then only the bearing end of the 
rod need be checked. Place the connecting rod into a vice, with the bearing 
inserts in place, install the cap to the rod and torque the fasteners to 
specifications. Use a telescoping gauge and carefully measure the inside 
diameter of the bearings. Compare this reading to the rods original 
crankshaft journal diameter measurement. The difference is the oil 
clearance. If the oil clearance is not within specifications, install new 
bearings in the rod and take another measurement. If the clearance is still 
out of specifications, and the crankshaft is not, the rod will need to be 
reconditioned by a machine shop. 

6 You can also use Piastigage@ to check the bearing clearances. The 
assembling procedure has complete instructions on its use. journal diameters. 
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ENGINE OVERHAUL 7- 
Camshaft 

lnspect the camshaft and lifterslfollowers as described earlier. 

Bearings 

All of the engine bearings should be visually inspected for wear andlor 
damage. The bearing should look evenly worn all around with no deep 
scores or pits. If the bearing is severely worn, scored, pitted or heat blued, 
then the bearing, and the components that use it, should be brought to a 
machine shop for inspection. Full-circle bearings (used on most camshafts, 
auxiliary shafts, balance shafts, etc.) require specialized tools for removal 
and installation, and should be brought to a machine shop for service. 

Oil Pump 

The oil pump is responsible for providing constant lubrication to the 
whole engine and so it is recommended that a new oil pump be 
installed when rebuilding the engine. 

Completely disassemble the oil pump and thoroughly clean all of the 
components. lnspect the oil pump gears and housing for wear andlor 
damage. lnsure that the pressure relief valve operates properly and there is 
no binding or sticking due to varnish or debris. If all of the parts are in proper 
working condition, lubricate the gears and relief valve, and assemble the 
Pump. 

REFINISHING 

+ See Figure 53 LED 

Almost all engine block refinishing must be performed by a machine shop. 
If the cylinders are not to be re-bored, then the cylinder glaze can be 
removed with a ball hone. When removing cylinder glaze with a ball hone, 
use a light or penetrating type oil to lubricate the hone. Do not allow the 
hone to run dry as this may cause excessive scoring of the cylinder bores 
and wear on the hone. If new pistons are required, they will need to be 
installed to the connecting rods. This should be performed by a machine 
shop as the pistons must be installed in the correct relationship to the rod or 
engine damage can occur. 

Pistons and Connecting Rods 

+ See Figure 54 
Because of the tools necessary, only pistons with the wrist pin;etained by 

C-clips are serviceable by the DlYer or technician. Press fit pistons require 
s~ecial Dresses andlor heaters to removelinstall the connectina rod and 
should only be performed by a machine shop. 

Flg. 53 Use a ball type cylinder hone to remove any glaze and 
provide a new surface for seating the piston rings 

All pistons will have a mark indicating the direction to the front of the 
engine and the must be installed into the engine in that manner. Usually it is 
a notch or arrow on the top of the piston, or it may be the letter F cast or 
stamped into the piston. 

C-Clip Type Pistons 

1. Note the location of the forward mark on the piston and mark the 
connecting rod in relation. 

2. Remove the C-clips from the piston and withdraw the wrist pin. 

Varnish build-up or C-clip groove burrs may increase the difficulty 
of removing the wrist pin. If necessary, use a punch or drift to carefully 
tap the wrist pin out. 

3, lnsure that the wrist pin bushing in the connecting rod is usable and 
lubricate it with assembly lube. 

4. Remove the wrist pin from the new piston and lubricate the pin bores 
on the piston. 

5. Align the forward marks on the piston and the connecting rod and 
install the wrist pin. 

6. The new C-clips will have a flat and a rounded side to them. Install 
both C-clips with the flat side facing out. 

7. Repeat all of the steps for each piston being replaced. 

ASSEMBLY 

Before you begin assembling the engine, first give yourself a clean, dirt 
free work area. Next, clean every engine component again. The key to a 
good assembly is cleanliness. 

Mount the engine block into the engine stand and wash it one last time 
using water and detergent (dishwashing detergent works well). While 
washing it, scrub the cylinder bores with a soft bristle brush and thoroughly 
clean all of the oil passages. Completely dry the engine and spray the entire 
assemblv down with an anti-rust solution such as WD-40@ or similar ~roduct. 
Take a dean lint-free rag and wipe up any excess anti-rust solution from the 
bores, bearing saddles, etc. Repeat the final cleaning process on the 
crankshaft. Replace any freeze or oil galley plugs which were removed 
during disassembly. 

Fig. 54 Most pistons are marked to indicate positioning in the 
engine (usually a mark means the side facing the front) 
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Crankshaft 

O See Figures 55,56,57,58 and 59 
CULT 

1, Remove the main bearing inserts from the block and bearing caps. 
2. If the crankshaft main bearing journals have been refinished to a 

definite undersize, install the correct undersize bearing. Be sure that the 
bearing inserts and bearing bores are clean. Foreign material under inserts 
will distort bearing and cause failure. 

3. Place the upper main bearing inserts in bores with tang in slot. 

The oil holes in the bearing inserts must be aligned with the oil 
holes in the cylinder block. 

4. lnstall the lower main bearing inserts in bearing caps. 
5. Clean the mating surfaces of block and rear main bearing cap. 
6. Carefully lower the crankshaft into place. Be careful not to damage 

bearing surfaces. 
7. Check the clearance of each main bearing by using the following 

procedure: 
a. Place a piece of Piastigage@ or its equivalent, on bearing surface 

across full width of bearing cap and about 114 in. off center. 
b. lnstall cap and tighten bolts to specifications, Do not turn crankshaft 

while PlastigageB is in place. 
c. Remove the cap. Using the supplied PlastigageC3 scale, check width 

of Plastigagem at widest point to get maximum clearance. Difference 
between readings is taper of journal. 

d. If clearance exceeds specified limits, try a 0.001 in. or 0.002 in. 
undersize bearing in combination with the standard bearing. Bearing 
clearance must be within specified limits. If standard and 0.002 in. undersize 
bearing does not bring clearance within desired limits, refinish crankshaft 
journal, then install undersize bearings. 

Fig. 55 Apply a strip of gauging material to the bearing journal, then 
install and torque the cap 

8. Install the rear main seal. 
9. After the bearings have been fitted, apply a light coat of engine oil to 

the journals and bearings, Install the rear main bearing cap. Install all 
bearing caps except the thrust bearing cap. Be sure that main bearing caps 
are installed in original locations. Tighten the bearing cap bolts to 
specifications. 

10. lnstall the thrust bearing cap with bolts finger-tight. 
11. Pry the crankshaft forward against the thrust surface of upper half of 

bearing. 
12. Hold the crankshaft forward and pry the thrust bearing cap to the 

rear. This aligns the thrust surfaces of both halves of the bearing. 
13. Retain the forward pressure on the crankshaft. Tighten the cap bolts 

to specifications. 
15. Measure the crankshaft end-play as follows: 

a. Mount a dial gauge to the engine block and position the tip of the 
gauge to read from the crankshaft end. 

b, Carefullv Drv the crankshaft toward the rear of the engine and hold it 
there while you i e r d  the gauge. 

c. Carefully pry the crankshaft toward the front of the engine and read 
the gauge. 

d. Confirm that the reading is within specifications. If not, install a new 
thrust bearing and repeat the procedure. If the reading is still out of 
specifications with a new bearing, have a machine shop inspect the thrust 
surfaces of the crankshaft, and if possible, repair it. 

16. Rotate the crankshaft so as to position the first rod journal to the 
bottom of its stroke. 

Fig. 56 After the cap is removed again, use the scale supplied with 
the gauging material to check the clearance 

Fig. 57 A dial gauge may be used to check crankshaft end-play ... 
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1- Force crankshaft to forward position 

Fig. 58 ... or you can use a feeler gauge 

I Fig. 59 Carefully pry the crankshaft back and forth while reading the 
dial gauge for end-play I 

Pistons and Connecting Rods 

ULT 

+ See Figures 60,61, 62,63,64,65,66 and 67 

1. Before installing the pistonlconnecting rod assembly, oil the pistons, 
piston rings and the cylinder walls with light engine oil. Install connecting rod 
bolt protectors or rubber hose onto the connecting rod boltslstuds. Also 
perform the following: 

a. Select the proper ring set for the size cylinder bore. 
b. Position the ring in the bore in which it is going to be used. 
c. Push the ring down into the bore area where normal ring wear is not 

encountered. 
d. Use the head of the piston to position the ring in the bore so that the 

ring is square with the cylinder wall. Use caution to avoid damage to the ring 
or cylinder bore. 

e. Measure the gap between the ends of the ring with a feeler gauge. 
Ring gap in a worn cylinder is normally greater than specification. If the ring 
gap is greater than the specified limits, try an oversize ring set. 

f. Check the ring side clearance of the compression rings with a feeler 
gauge inserted between the ring and its lower land according to 
specification. The gauge should slide freely around the entire ring 
circumference without binding. Any wear that occurs will form a step at the 
inner portion of the lower land. If the lower lands have high steps, the piston 
should be replaced. 

2. Unless new pistons are installed, be sure to install the pistons in the 
cylinders from which they were removed. The numbers on the connecting 
rod and bearing cap must be on the same side when installed in the cylinder 
bore. If a connecting rod is ever transposed from one engine or cylinder to 
another, new bearings should be fitted and the connecting rod should be 
numbered to correspond with the new cylinder number. The notch on the 
piston head goes toward the front of the engine. 

3. Install all of the rod bearing inserts into the rods and caps. 
4. lnstall the rings to the pistons. Install the oil control ring first, then the 

second compression-ring and'finally the top compression ring-Use a piston 
ring expander tool to aid in installation and to help reduce the chance of 
breakage. 

5. Make sure the ring gaps are properly spaced around the 
circumference of the piston. Fit a piston ring compressor around the piston 
and slide the piston and connecting rod assembly down into the cylinder 
bore, pushing it in with the wooden hammer handle. Push the piston down 
until it is only slightly below the top of the cylinder bore. Guide the 
connecting rod onto the crankshaft bearing journal carefully, to avoid 
damaging the crankshaft. 

6. Check the bearing clearance of all the rod bearings, fitting them to 
the crankshaft bearing journals. Follow the procedure in the crankshaft 
installation above. 

7. After the bearings have been fitted, apply a light coating of assembly 
oil to the journals and bearings. 

8. Turn the crankshaft until the appropriate bearing journal is at the 
bottom of its stroke. then ~ u s h  the   is ton assemblv all the wav down until the 
connecting rod bearing seats on the crankshaft jotknal. Be careful not to 
allow the bearing cap screws to strike the crankshaft bearing journals and 
damage them. 

9. After the piston and connecting rod assemblies have been installed, 
check the connecting rod side clearance on each crankshaft journal. 

10. Prime and install the oil pump and the oil pump intake tube. 
11. Install the auxiliarylbalance shaftlassembly if equipped. 

Fig. 60 Checking the piston ring-to-ring groove side clearance 
using the ring and a feeler gauge 
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Fig. 61 The notch on the side of the bearing cap matches the tang 
on the bearing insert I I Fig. 62 Most rings are marked to show which side of the ring 

should face up when installed to the piston 

GROOVED 

COMPRESSION RINGS 

I OIL RING--,. 

EXPANDER 

RAIL 

SPACER 

I Fig. 64 Piston ring arrangement 

Fig. 63 Install the piston and rod assembly into the block using a 
ring compressor and the handle of a hammer 

RIGHT BANK LEFT BANK 

Flg. 65 Checking the connecting rod side clearance 

ARROW TOWARD 

NUMBERED SIDE OF ROD 

Fig. 67 Piston and rod positioning on a Ford V8, looking aft 
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Camshaft, Lifters And Timing Assembly 

1. lnstall the camshaft. 
2. Install the lifters/followers into their bores. 
3. Install the timing gearsichain assembly. 

Cylinder Head(S) 

1. lnstall the cylinder head@) using new gaskets. 
2. Assemble the rest of the valve train (pushrods and rocker arms 

andlor shafts). 

STARTING THE ENGINE 

Now that the engine is installed and every wire and hose is properly 
connected, go back and double check that all coolant and vacuum hoses are 
connected. Check that your oil drain plug is installed and properly tightened. 
If not already done, install a new oil filter onto the engine. Fill the crankcase 
with the proper amount and grade of engine oil. Fill the cooling system with a 
50150 mixture of coolantiwater on models with a closed system. 

1. Connect the battery. 
2. Start the engine. Keep your eye on your oil pressure indicator; if it 

does not indicate oil pressure within 10 seconds of starting, turn the engine 
off. 

Damage to the engine can result if it is allowed to run with no oil 
pressure. Check the engine oil level to make sure that it is full. Check 
for any leaks and if found, repair the leaks before continuing. If there is 
still no indication of oil pressure, you may need to prime the system. 

3. Confirm that there are no fluid leaks (oil or other). 

4. Allow the engine to reach normal operating temperature. 

5. At this point you can perform any necessary checks or adjustments, 
such as checking the ignition timing. 

6. lnstall any remaining components that were removed. 

BREAKING IT IN 

Make the first hours on the new engine, easy ones. Vary the speed but do 
not accelerate hard. Most importantly, do not lug the engine, and avoid 
sustained high speeds until at least 20 hours. Check the engine oil and 
coolant levels frequently. Expect the engine to use a little oil until the rings 
seat. Change the oil and filter at 20 hours and then follow the normal 
maintenance intervals from there out. 

KEEP IT MAINTAINED 

Now that you have just gone through all of that hard work, keep yourself 
from doing it all over again by thoroughly maintaining it. Not that you may not 
have maintained it before, heck you could have had a couple of thousand 
hours on it before doing this. However, you may have bought the vehicle 
used, and the previous owner did not keep up on maintenance. Which is why 
you just went through all of that hard work. See? 
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OIL RlNG SPACER 

COMPRESSION RlNG COMPRESSION RlNG t 
Front 

Fig. 66 Piston ring spacing 
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Fuel recommendations have become more complex as the chemistry of 
modern gasoline changes. The major driving force behind the changes in 
gasoline chemistry is the search for additives to replace lead as an octane 
booster and lubricant. These new additives are governed by the types of 
emissions they produce in the combustion process. Also, the replacement 
additives do not always provide the same level of combustion stability, 
making a fuel's octane rating less meaningful. 

In the 1960's and 1970's, leaded fuel was common. The lead served two 
functions. First, it served as an octane booster (combustion stabilizer) and 
second, in Cstroke engines, it served as a valve seat lubricant. For 2-stroke 
engines, the primary benefit of lead was to serve as a combustion stabilizer. 
Lead served very well for this purpose, even in high heat applications. 

Todav, all lead has been removed from the refininq Drocess. This means 
that thebenefit of lead as an octane booster has begn'eliminated. Several 
substitute octane boosters have been introduced in the dace of lead. While 
many are adequate in an engine, most do not perform ;early as well as lead 
did, even though the octane rating of the fuel is the same. 

OCTANE RATING 

Afuel's octane rating is a measurement of how stable the fuel is when 
heat is introduced. Octane rating is a major considerat~on when deciding 
whether a fuel is suitable for a particular application. For example, in an 
engine, we want the fuel to ignite when the spark plug fires and not before, 
even under high pressure and temperatures. Once the fuel is ignited, it must 
burn slowly and smoothly, even though heat and pressure are building up 
while the burn occurs. The unburned fuel should be ignited by the traveling 
flame front, not by some other source of ignition, such as carbon deposits or 
the heat from the expanding gasses. A fuel's octane rating is known as a 
measurement of the fuel's anti-knock properties (ability to burn without 
exploding). 

Usually a fuel with a higher octane ratinq can be subiected to a more 
severe combustion environment before sphaneous or-abnormal 
combustion occurs. To understand how two aasoline samdes can be 
different, even though they have the same octane rating, we need to know 
how octane rating is determined. 

The American Society of Testing and Materials (ASTM) has developed a 
universal method of determining the octane rating of a fuel sample. The 
octane rating you see on the pump at a fuel dock is known as the pump 
octane number. Look at the small print on the pump. The rating has a 
formula. The rating is determined by the RtMI2 method. This number is the 
average of the research octane reading and the motor octane rating. 

The Research Octane Rating is a measure of a fuel's anti-knock 
properties under a light load or part throttle conditions. During this test, 
combustion heat is easily dissipated. 

* The Motor Octane Rating is a measure of a fuel's anti-knock properties 
under a heavy load or full throttle conditions, when heat buildup is at 
maximum. 

VAPOR PRESSURE 

Fuel vapor pressure is a measure of how easily a fuel sample evaporates. 
Many additives used in gasoline contain aromatics. Aromatics are light 
hydrocarbons distilled off the top of a crude oil sample. They are effective at 
increasing the research octane of a fuel sample but can cause vapor lock 
(bubbles in the fuel line) on a very hot day. If you have an inconsistent 
running engine and you suspect vapor lock, use a piece of clear fuel line to 
look for bubbles, indicating that the fuel is vaporizing. 

One negative side effect of aromatics is that they create additional 
combustion products such as carbon and varnish. If your engine requires 
high octane fuel to prevent detonation, de-carbon the engine more frequently 
with an internal engine cleaner to prevent ring sticking due to excessive 
varnish buildup. 

ALCOHOL-BLENDED FUELS 

When the Environmental Protection Agency mandated a phase-out of the 
leaded fuels in January of 1986, fuel suppliers needed an additive to improve 
the octane rating of their fuels. Although there are multiple methods currently 
employed, the addition of alcohol to gasoline seems to be favored because 

of its favorable results and low cost. Two types of alcohol are used in fuel 
today as octane boosters, methanol (wood alcohol) or ethanol (grain 
alcohol). 

When used as a fuel additive, alcohol tends to raise the research octane 
of the fuel. There are, however, some special considerations due to the 
effects of alcohol in fuel. 

Since alcohol contains oxygen, it replaces gasoline without oxygen 
content and tends to cause the airifuel mixture to become leaner. - On older engines, the leaching affect of alcohol may, in time, cause fuel 
lines and plastic components to become brittle to the point of cracking. 
Unless replaced, these cracked lines could leak fuel, increasing the potential 
for hazardous situations. 

When alcohol blended fuels become contaminated with water, the 
water combines with the alcohol then settles to the bottom of the tank. This 
leaves the gasoline on a top layer. 

Modern fuel lines and plastic fuel system components have been 
specially formulated to  resist alcohol leaching effects. 

HIGH ALTITUDE OPERATION 

At elevated altitudes there is less oxygen in the atmosphere than at sea 
level. Less oxygen means lower combustion efficiency and less power 
output. As a general rule, power output is reduced three percent for every 
thousand feet above sea level. 

On carbureted engines, re-jetting for high altitude does not restore lost 
power, it simply corrects the air-fuel ratio for the reduced air density and 
makes the most of the remaining available power. The most important thing 
to remember when re-jetting for high altitude is to reverse the jetting when 
returning to sea level. If the jetting is left lean when you return to sea level 
conditions, the correct airlfuel ratio will not be achieved and possible engine 
damage may occur. 

RECOMMENDATIONS 

All engine covered here are designed to run on unleaded fuel. Never use 
leaded fuel in your boat's engine. The minimum octane rating of fuel being 
used for your engine must be at least 87 AKI (outside the US: 90 RON), 
which means regular unleaded, but some engines may require higher octane 
ratings. OMC actually recommends the use of 89 AKI (93 RON) fuel as the 
ideal-in fact, anything less than this on many 4.3U5.7L engines will require 
a change to the ignition timing. Fuel should be selected for the brand and 
octane that performs best with your engine. Check your owner's manual if in 
doubt. Premium unleaded is more stable under severe conditions but also 
produces more combustion products. Therefore, when using premium 
unleaded, more frequent de-carboning is necessary. 

The use of a fuel too low in octane (a measure of anti-knock quality) will 
result in spark knock. Newer systems have the capability to adjust the 
engine's ignition timing to compensate to some extent, but if persistent 
knocking occurs, it may be necessary to switch to a higher grade of fuel. 
Continuous or heavy knocking may result in engine damage. 

In a high heat environment like an modern engine, the fuel must be very 
stable to avoid detonation. If any parameters affecting combustion change 
suddenly (the engine runs lean for example), uncontrolled heat buildup will 
occurs very rapidly. 

The combustion process is affected by several interrelated factors. This 
means that when one factor is changed, the other factors also must be 
changed to maintain the same controlled burn and level of combustion 
stability. 

Compression-determines the level of heat buildup in the cylinder 
when the air-fuel mixture is compressed. As compression increases, so does 
the potential for heat buildup 

* Ignition Timing--determines when the gasses will start to expand in 
relation to the motion of the piston. If the ignition timing is too advanced, 
gasses will be ignited and begin to expand too soon, such as they would 
during pre-ignition. The motion of the piston opposes the expansion of the 
gasses, resulting in extremely high combustion chamber pressures and heat. 
If the ignition timing is retarded, the gases are ignited later in relation to 
piston position. This means that the piston has already traveled back down 
the bore toward the bottom of the cylinder, resulting in less usable power. 
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Fuel Mixture-determines how efficient the burn will be. A rich mixture 

burns slower than a lean one. If the mixture is too lean, it can't become 
explosive. The slower the burn, the cooler the combustion chamber, because 
pressure buildup is gradual. 

Fuel Quality (Octane Rating)-determines how much heat is necessary 
to ignite the mixture. Once the burn is in progress, heat is on the rise. The 
unburned poor quality fuel is ignited all at once by the rising heat instead of 
burning gradually as a flame front of the burn passing by. This action results 
in detonation (pinging). 

There are two types of abnormal combustion-pre-ignition and 
detonation. 

Pre-ignition-occurs when the air-fuel mixture is ignited by some 
incandescent source other than the correctly timed spark from the spark 
plug. 

Detonation-occurs when excessive heat and or pressure ignites the 
airlfuel mixture rather than the spark plug. The burn becomes explosive. 

In general, anything that can cause abnormal heat buildup can be enough 
to push an engine over the edge to abnormal combustion, if any of the four 
basic factors previously discussed are already near the danger point, for 
example, excessive carbon buildup raises the compression and retains heat 
as glowing embers. 

Troubleshooting fuel systems requires the same techniques used in other 
areas. A thorough, systematic approach to troubleshooting will pay big 
rewards. Build your troubleshooting checklist, with the most likely offenders 
at the top. Use your experience to adjust your list for local conditions. 
Everyone has been tempted to jump into the carburetor on a vague hunch. 
Pause a moment and review the facts when this urge occurs. 

In order to accurately troubleshoot a carburetor or fuel system problem, 
you must first verify that the problem is fuel related. Many symptoms can 
have several different possible causes. Be sure to eliminate mechanical and 
electrical systems as the potential fault. Carburetion is the number one 
cause of most engine problems but there are other possibilities. 

One of the toughest tasks with a fuel system is the actual troubleshooting. 
Several tools are at your disposal for making this process very simple. A 
timing light works well for observing carburetor spray patterns. Look for the 
proper amount of fuel and for proper atomization in the two fuel outlet areas 
(main nozzle and bypass holes). The strobe effect of the lights helps you see 
in detail the fuel being drawn through the throat of the carburetor. On 
multiple carburetor engines, always attach the timing light to the cylinder you 
are observing so the strobe doesn't change the appearance of the patterns. 
If you need to compare two cylinders, change the timing light hookup each 
time you observe a different cylinder. 

Pressure testing fuel pump output can determine whether the fuel spray is 
adequate and if the fuel pump diaphragms are functioning correctly. A 
pressure gauge placed between the fuel pump(s) and the carburetor@) will 
test the entire fuel delivery system. Normally a fuel system problem will show 
up at high speed where the fuel demand is the greatest. A common symptom 
of a fuel pump output problem IS surging at wide open throttle but normal 
operation at slower speeds. To check the fuel pump output, install the 
pressure gauge and accelerate the engine to wide-open throttle. Observe the 
pressure gauge needle. It should always swing up the value indicated in the 
specification charts and remain steady. This reading would indicate a system 
that is functioning properly. 

If the needle gradually swings down toward zero, fuel demand is greater 
than the fuel system can supply. This reading isolates the problem to the fuel 
delivery system (fuel tank or line). To confirm this, an auxiliary tank should be 
installed and the engine re-tested. Be aware that a bad anti-siphon valve on 
a built-in tank can create enough restriction to cause a lean condition and 
serious engine damage. 

If the needle movement becomes erratic, suspect a ruptured diaphragm in 
the fuel pump. 

To check for air entering the fuel system, install a clear fuel hose between 
the fuel screen and fuel pump. If air is in the line, check all fittings back to 
the boat's fuel tank. 

Spark plug tip appearance is a good indication of combustion efficiency. 
The tip should be a light tan. A White insulator or small beads on the 
insulator indicate too much heat. A dark or oil fouled insulator indicates 
incomplete combustion. To properly read spark plug tip appearance, run the 
engine at the RPM you are testing for about 15 seconds and then 
immediately turn the engine OFF without changing the throttle position. 

Reading spark plug tip appearance is also the proper way to test jet 
verifications in high altitude. 

COMMON PROBLEMS 

Fuel Delivery 
Many times fuel system troubles are caused by a plugged fuel filter, a 

defective fuel pump or by a leak in the line from the fuel tank to the fuel 
pump. A defective choke may also cause problems. Would you believe, a 
majority of starting troubles which are traced to the fuel system are the result 
of an empty fuel tank or aged sour fuel. 

Sour Fuel 

Under average conditions (temperate climates), fuel will begin to break 
down in about four months. A gummy substance forms in the bottom of the 
fuel tank and in other areas. The filter screen between the tank and the 
carburetor and small passages in the carburetor will become clogged. The 
gasoline will begin to give off an odor similar to rotten eggs. Such a condition 
can cause the owner much frustration, time in cleaning components and the 
expense of replacement or overhaul parts for the carburetor. 

Even with the high price of fuel, removing gasoline that has been standing 
unused over a long period of time is still the easiest and least expensive 
preventative maintenance possible. In most cases, this old gas can be used 
without harmful effects in an automobile using regular gasoline. 

A gasoline presentative will keep the fuel fresh for up to twelve months. 
These products are available in most areas under various trade names. 

Choke Problems 

When the engine is hot, the fuel system can cause starting problems. 
After a hot engine is shut down, the temperature inside the fuel bowl may 
rise to 200°F and cause the fuel to actually boil. All carburetors are vented to 
allow this pressure to escape to the atmosphere. However, some of the fuel 
may percolate over the high-speed nozzle. 

If the choke should stick in the open position, the engine will be hard to 
start. If the choke should stick in the closed position, the engine will flood, 
making it very difficult to start. 

In order for this raw fuel to vaporize enough to burn, considerable air must 
be added to lean out the mixture. Therefore, the only remedy is to remove 
the spark plugs, ground the leads, crank the engine through about ten 
revolutions, clean the plugs, reinstall the plugs and start the engine. 

If the needle valve and seat assembly is leaking, an excessive amount of 
fuel may enter the reed housing in the following manner. After the engine is 
shut down, the pressure left in the fuel line will force fuel past the leaking 
needle valve. This extra fuel will raise the level in the fuel bowl and cause 
fuel to overflow into the reed housing. 

A continuous overflow of fuel into the reed housing may be due to a 
sticking inlet needle or to a defective float, which would cause an extra high 
level of fuel in the bowl and overflow into the reed housing. 

Rough Engine Idle 

If an engine does not idle smoothly, the most reasonable approach to the 
problem is to perform a tune-up to eliminate such areas as: 

Defective points - Faulty spark plugs 
Timing out of adjustment 

Other problems that can prevent an engine from running smoothly 
include: - An air leak in the intake manifold 

Uneven compression between the cylinders 
Of course any problem in the carburetor affecting the airifuel mixture will 

also prevent the engine from operating smoothly at idle speed. These 
problems usually include: 

Too high a fuel level in the bowl 
A heavy float 
Leaking needle valve and seat 
Defective automatic choke 
Improper adjustments for idle mixture or idle speed 

Excessive Fuel Consumption 

Excessive fuel consumption can be the result of any one of four 
conditions or a combination of all. 

Inefficient engine operation. 
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Faulty condition of the hull, including excessive marine growth. 
Poor boating habits of the operator. 
Leaking or out-of-tune carburetor. 

If the fuel consumption suddenly increases over what could be considered 
normal, then the cause can probably be attributed to the engine or boat and 
not the operator. 

Marine growth on the hull can have a very marked effect on boat 
performance. This is why sailboats always try to have a haul-out as close to 
race time as possible. 

While you are checking the bottom, take note of the propeller condition. A 
bent blade or other damage will definitely cause poor boat performance. 

If the hull and propeller are in good shape, then check the fuel system for 
possible leaks. Check the line between the fuel pump and the carburetor 
while the engine is running and the line between the fuel tank and the pump 
when the engine is not running. A leak between the tank and the pump many 
times will not appear when the engine is operating, because the suction 
created by the pump drawing fuel will not allow the fuel to leak. Once the 
engine is turned off and the suction no longer exists, fuel may begin to leak. 

If a minor tune-up has been performed and the spark plugs, points (if 
equipped) and timing are properly adjusted, then the problem most likely is in 
the carburetor and an overhaul is in order. 

Check the needle valve and seat for leaking. Use extra care when making 
any adjustments affecting the fuel consumption, such as the float level or 
automatic choke. 

Engine Surge 

If the engine operates as if the load on the boat is being constantly 
increased and decreased, even though an attempt is being made to hold a 
constant engine speed, the problem can most likely be attributed to the fuel 
pump or a restriction in the fuel line between the tank and the carburetor. 

COMBUSTION RELATED PISTON FAILURES 

When an engine has a piston failure due to abnormal combustion, fixing 
the mechanical portion of the engine is the easiest part of the equation. The 
hard part is determining what caused the problem in order to prevent a 
repeat failure. Think back to the four basic areas that affect combustion to 
find the cause of the failure. 

Since you probably removed the cylinder head, inspect the failed piston 
and look for excessive deposit buildup that could raise compression or retain 
heat in the combustion chamber. Statically check the wide open throttle 
timing. Be sure that the timing is not over advanced. It is a good idea to seal 
these adjustments with paint to detect tampering. 

Look for a fuel restriction that could cause the engine to run lean. Don't 
forget to check the fuel pump, fuel tank and lines, especially if a built in tank 
is used. Be sure to check the anti-siphon valve on built in tanks. If everything 
else looks good, the final possibility is poor quality fuel. 

BASIC FUNCTIONS 

+ See Figure 1 

Traditional carburetor theory often involves a number of laws and 
principles. The diagram illustrates several carburetor basics. If you blow air 
across a straw inserted into a container of liquid, a pressure drop is created 
in the straw column. As the liquid in the column is expelled, an atomized 
mixture (air and fuel droplets) is created. In a carburetor this is mostly air and 
a little fuel. 

The actual ratio of air to fuel differs with engine conditions but is usually 
from 15 parts air to one part fuel at optimum cruise to as little as 7 parts air 
to one part fuel at full choke. 

Using our example, what if the top of the container is covered and sealed 
around the straw, what will happen? No flow. This is typical of a clogged 
carburetor bowl vent. If the base of the straw is clogged or restricted what 
will happen? No flow or low flow. This represents a clogged main jet. If the 
liquid in the glass is lowered and you blow through the straw with the same 
force what will happen? Not as much fuel will flow. A lean condition occurs. If 
the fuel level is raised and you blow again at the same velocity what 
happens? The result is a richer mixture. 

Atomized fuel 

Air --w- 

c ! I Y  
Carburetor operating principles 

Fig. 1 If you blow air across a straw inserted into a container of 
liquid, a pressure drop is created in the straw column. As the liquid 
in the column is expelled, an atomized mixture (air and fuel 
dro~lets) is created 

FUEL & AIR METERING 

The carburetor is merely a metering device for mixing fuel and air in the 
proper proportions for efficient engine operation. 

Float Systems 
+ See Figure 2 

A small chamber in the carburetor serves as a fuel reservoir. A float valve 
admits fuel into the reservoir to replace the fuel consumed by the engine. If 
the carburetor has more than one reservoir, the fuel level in each reservoir 
(chamber) is controlled by identical float systems. 

Fuel level in each chamber is extremely critical and must be maintained 
accurately. Accuracy is obtained through proper adjustment of the floats. This 
adjustment will provide a balanced metering of fuel to each cylinder at all 
speeds. 

Following the fuel through its course, from the fuel tank to the combustion 
chamber of the cylinder, will provide an appreciation of exactly what is taking 
place. In order to start the engine, the fuel must be moved from the tank to 
the carburetor by a fuel pump installed in the fuel line. 

After the engine starts, the fuel passes through the pump to the 
carburetor. All systems have some type of filter installed somewhere in the 
line between the tank and the carburetor. Most engines also have a filter as 
an integral part of the carburetor. 

Idle and 
Throttle slow speed 

valve orpces Air / intake 

Venturi ring ' 1  High speed \ needle 
High speed orifice 

Fig. 2 Fuel flow through a venturi, showing principal and related 
parts controlling intake and outflow 
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At the carburetor, the fuel passes through the inlet passage to the needle 

and seat and then into the float chamber (reservoir). A float in the chamber 
rides up and down on the surface of the fuel. After fuel enters the chamber 
and the level rises to a predetermined point, a tang on the float closes the 
inlet needle and the flow entering the chamber is cut off. When fuel leaves 
the chamber as the engine operates, the fuel level drops and the float tang 
allows the inlet needle to move off its seat and fuel once again enters the 
chamber. In this manner, a constant reservoir of fuel is maintained in the 
chamber to satisfy the demands of the engine at all speeds. 

A fuel chamber vent hole is located near the top of the carburetor body to 
permit atmospheric pressure to act against the fuel in each chamber. This 
pressure assures an adequate fuel supply to the various operating systems. 

AirIFuel Mixture 
+ See Figure 3 

A suction effect is created each time the piston moves upward in the 
cylinder. This suction draws air through the throat of the carburetor. A 
restriction in the throat, called a venturi, controls air velocity and has the 
effect of reducing air pressure at this point. 

The difference in air pressures at the throat and in the fuel chamber 
causes the fuel to be pushed out of metering jets extending down into the 
fuel chamber. When the fuel leaves the jets, it mixes with the air passing 
through the venturi. This fuellair mixture should then be in the proper 
proportion for burning in the cylinders for maximum engine performance. 

In order to obtain the proper airlfuel mixture for all engine speeds, some 
models have high and low speed jets. These jets have adjustable needle 
valves that are used to compensate for changing atmospheric conditions. In 
almost all cases, the high-speed circuit has fixed high-speed jets and is not 
adjustable. 

A throttle valve controls the flow of airlfuel mixture drawn into the 
combustion chambers. A cold engine requires a richer fuel mixture to start 
and during the brief period it is warming to normal operating temperature. A 
choke valve is placed ahead of the metering jets and venturi. As this valve 
begins to close, the volume of air intake is reduced, thus enriching the 
mixture entering the cylinders. When this choke valve is fully closed, a very 
r~ch fuel mixture is drawn into the cylinders. 

The throat of the carburetor is usually referred to as the barrel. 
Carburetors with single, double or four barrels have individual metering jets, 
needle valves, throttle and choke plates for each barrel. Single and two 
barrel carburetors are fed by a single float and chamber. 

Induced 
low air Venturi 

pressure 1 

Atmospheric air pressure 

Fig. 3 Air flow principle of a modern carburetor 

CARBURETOR CIRCUITS 

The following section illustrates the circuit functions and locations of a 
typical marine carburetor. 

Starting Circuit 
+ See Figure 4 

The choke plate is closed, creating a partial vacuum in the venturi. As the 
piston rises, negative pressure in the crankcase draws the rich air-fuel 
mixture from the float bowl into the venturi and then on into the engine. 

Fig. 4 Carburetor starting circuit 

Low Speed Circuit 
+ See Figure 5 

Zero-one-eighth throttle, when the pressure in the crankcase is lowered, 
the air-fuel mixture is discharged into the venturi through the pilot outlet 
because the throttle plate is closed. No other outlets are exposed to low 
venturi pressure. The fuel is metered by the pilot jet. The air is metered by 
the pilot air jet. The combined air-fuel mixture is regulated by the pilot air 
screw. 

Mid-Range Circuit 
+ See Figure 6 

One-eighth-three-eighths throttle, as the throttle plate continues to open, 
the air-fuel mixture is discharged into the venturi through the bypass holes. 
As the throttle plate uncovers more bypass holes, increased fuel flow results 
because of the low pressure in the venturi. Degendina on the model, there 
could be two, three or four bypass holes. 

' 

C l  Air 
F u e l  

Fig. 5 Carburetor low speed circuit 
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G Air 
Fue l  

Good 
:ondition Unsuitable 

( Fig. 6 Carburetor mid-range circuit I 
High Speed Circuit 
+ See Figure 7 

Three-eighths-wide-open throttle, as the throttle plate moves toward wide 
open, we have maximum air flow and very low pressure. The fuel is metered 
through the main jet and is drawn into the main discharge nozzle. Air is 
metered by the main air jet and enters the discharge nozzle, where it 
combines with fuel. The mixture atomizes, enters the venturi and is drawn 
into the engine. 

C; Fuel 

I Fig. 7 Carburetor high speed circuit I 

REMOVAL & INSTALLATION 

TE 

Always disconnect the battery cables before attempting to work on the 
fuel system. Never smoke or allow open flame near the engine--this 
sounds like an obvious precaution, but you'd be surprised at how 
many people forget! 

No matter how much they look alike, marine carburetors are 
completely different from automotive carburetors. Never substitute an 
automotive carburetor for the one on your engine! Venting procedures 
are not the same and an automotive carburetor could allow dangerous 
vapors to escape into the bilge. Don't even think about it. 

1. Open the engine hatch or remove the covers and then disconnect the 
battery cables. Turn the fuel petcock OFF andlor shut down the fuel supply 
at the tank. 

2. Remove the flame arrestor after disconnecting the vent hose. It's 
always a good idea to plug the throttle bores with a clean, lint-free cloth. 

3. Disconnect the throttle cable at the carburetor and carefully move it 
out of the way. 

4. Using two open-end wrenches, hold the fuel inlet nut at the 
carburetor securely and loosen the fuel line nut. Disconnect the two and 
carefully move the line out of the way. Plug both the inlet and line open ends 
to prevent fuel seepage. 

5. Tag and disconnect the electric choke lead (2.3L only). 
6. Tag and disconnect any other lines, leads or hoses that may be in 

the way of removal. 
7. Loosen and remove the carburetor mounting nuts (early models) or 

bolts and washers and lift the unit off the manifold. Plug the opening with a 
clean lint-free cloth. 

To Install: 
8. Clean the mating surfaces thoroughly of all residual gasket material. 
9. Position a new gasket and then install the carburetor. On early 

models, tighten the nuts to 10-14 ft. Ibs. (13-19 Nm). On all others, tighten 
the bolts to 12-15 ft. Ibs. (16-20 Nm). Hopefully you remembered to remove 
the rag! 

10. Reconnect the fuel line to the inlet line after removing the plugs and 
tighten it to 18 ft. Ibs. (24 Nm). Don't forget to use two wrenches. 

11. Connect the choke lead on the 2.3L engine. 
12. Install and adjust the throttle cable as detailed in the Maintenance 

section. On the 2.5L and 3.OL engines, make sure that the distance between 
the centers of the two ball studs is 2 114 in. (57.2mm); on the 2.3L engines, 
the distance should be 2 3/32 in. 53.lmm). 

13. Install the flame arrestor and reconnect the vent line. 
14. Connect the battery cables. Start the engine and ensure there are no 

fuel leaks; shut down the engine immediately if there are. Check and adjust 
the idle speed and mixture. 

DISASSEMBLY 

+ See Figures 8 thru 13 DERATE 

Always be certain that your carburetor rebuild kit is for marine 
applications. 

1. Remove the carburetor. 
2. Remove the idle vent valve and the pump link. 
3. Remove the small screw at the end of the choke shaft. Remove the 

fast idle cam screw and then lift off the fast idle linkage as an assembly. 
4. Remove the air horn attaching screws and lift the horn straight up 

and off the carburetor body. 
5. Remove the two choke valve retaining screws-the ends of the 

screws are staked, so you may have to file the ends first. Lift out the valve. 
6. Remove the choke cover with the coil attached. Pull up the gasket 

and lift out the baffle plate. Carefully (and slowly) rotate the choke shaft 
counterclockwise until the piston comes out of its bore and then lift out the 
entire assembly. 

7. Turn the air horn upside down and pull out the float's hinge pin. Lift 
out the float and remove the needle. 

8. Press down on the power piston shaft until the spring snaps, forcing 
the piston out of the casting. Remove the piston. 

9. Remove the accelerator pump plunger and the pump leverlshaft 
assembly. 

10. Remove the 2 choke housing screws and separate it from the horn. 
Discard the gasket. 

11. Remove the pump plunger, return spring and main metering jets. 
12. Remove the power valve from the body. Certain models will have an 

aluminum inlet ball in the bottom of the well-it will fall out when you turn the 
carb over, so don't lose it. 

13. Loosen the mounting screws and pull out the venture cluster. 
14. The discharge ball spring is held in place by a retainer; pull it out with 

needle-nose pliers and remove the spring and ball. 
15. Turn the carburetor back over an remove the 3 throttle body screws. 

Separate the throttle body from the bowl. 
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THERMOSTAT 

HINGE PIN-/ 

R G A S K E T  
VENTURI I I 
CLUSTER I 

I 

VENTORI j PUMP SPRING 
GASKET GUIDE 

UMP DISCHARGE 

POWER VALVE GASKET 

T H R O m E  BODY 

LEVER SCREW 

SPRING 

THROTnE BODY 

-- ig. 8 Exploded view of a typical Rochester 2bbl carburetor 
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ASSEMBLY 

Do not disassemble the throttle body-replacement parts are NOT 
available. 

CLEANING & INSPECTION 

Never use a wire brush or drill to clean jet passages or tubes in the 
carburetor. 

Never allow the carburetor to soak in a cleaner bath for more than two 
hours. In fact, we recommend using spray cleaner. 

Never immerse the float assembly, needle, accelerator pump plunger or 
fuel filter in cleaner. Wipe them carefully with a clean cloth. 

Otherwise clean all allowable parts with carb cleaner and then dry with 
compressed air if at all possible. 

Blow out and through all passages to ensure there is no foreign material 
clogging them. 

Check the float needle and seat, if either is worn or damaged, replace 
them as a matched set. 

Check the float assembly and hinge pin for wear or damage, replace as 
necessary. 

Check the pump plunger, return spring, piston spring, idle mixture needle 
and all levers and linkages for wear or damage. Replace as necessary. 

Check the throttle valve shaft for excessive looseness in the throttle body. 
Check that the valve and shaft do not bind through their range of operation 
and that the valve opens and closes fully. Replace the assembly if it fails any 
of these tests. 

Check the choke valve lever and shaft for excessive looseness in the air 
horn, Check that the valve, lever and shaft do not bind through their range of 
operation and that the valve opens and closes fully. Replace the air horn 
assembly if it fails any of these tests. 

+ See Figures 8 and 14 

1. lnstall the idle mixture adjusting needle into the throttle body and 
screw it down until it contacts the seat. Now back it out 1 112 turns. 

2. Position a new gasket and install the throttle body. Tighten the 
screws to 50 inch Ibs. (5.6 Nm). 

Always use a non-vent gasket. Never use a vented automotive 
gasket. 

3. Insert the steel discharge check ball and spring into the body and 
then insert the retainer. 

4. lnstall the venture cluster with a new gasket. Make sure that the 
undercut screw is installed in the center hole with a new gasket. 

5. lnstall the main metering jets and the power valve using new - .  
gaskets. 

6. Slide the pump return spring into the pump and then install the inlet 
screen on the bottom of the bowl. 

7. lnstall the choke housing with a new gasket. Attach the choke piston 
to the shaftllink-the piston pin and the flat section on the side of the choke 
piston must face out toward the air horn. Push the shaft into the air horn and 
rotate it until the piston enters the bore. 

8. Position the choke valve onto the shaft so the letters RP are facing 
up and screw in the retaining screws finger-tight, lnstall the choke rod lever 
and the trip lever to the end of the shaft. Center the valve so that the 
clearance between the lever and the air horn is 0.020 in. (0.51 mm), tighten 
the retainincl screws securely and then rouqh up their ends to prevent them - .  
from backing out. 

9. lnstall the baffle date. aasket hew) and thermostatic cover. Rotate 
the cover until the index'marksa~i~n ahd then tighten the retainers and 
screws securely. 

10. lnstall the outer pump lever into the air horn and then install the inner 
arm; tighten the screw securely. 

11. lnstall the pump plunger to the inner arm so that the shaft is pointing 
inward. lnstall the retainer. 

Vent 
a . .... Gasket 

C a p 1  , .  , 

s t o j  1. .3 t5' Choke 
4' -̂ -"- Shaft 

< f i  

. . 
, c "  . , 

Fig. 12 Now you can remove the metering Fig. 13 You'll need pliers to remove the 
rods and the venture cluster Fig. 14 Installing the venturi cluster 

discharge ball retainer 

Fig. 9 Disconnect the pump link and the 
choke shaft 

Fig. 10 Take apart the choke housing Fig. 11 After inverting the air horn, remove 
the float and power piston 
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Hollow Floats 12. Position the screen on the float needle seat and then install the 

assembly onto the air horn. 
13. lnstall the power piston into the vacuum cavity making sure that it 

can move without obstruction. Carefully stake the retainer to hold it in place. 
14. lnstall a new air horn gasket and then attach the needle to the float. 

Carefully insert the needle into the float seat while, at the same time, guiding 
the float between the bosses. Insert the hinge pin and check the float level 
and drop. 

15. lnstall the horn to the float bowl. 
16. lnstall the carburetor. 

+ See Figure 17 

1. Following the disassembly procedure detailed previously, remove the 
bowl coverlair horn from the carburetor. 

2. Turn the assembly upside down and check that the float pivots freely 
on the pin. Raise the float and let it fall--do not force it! 

3. Using a standard carburetor gauge, measure the distance between 
the bottom of the air horn gasket (remember it's upside down, so this will be 
the top) and the lip at the toe of the float; it should be within the 
specifications given in your rebuild kit. Carefully bend the float arm (at the 
rear of the float) with needle nose pliers to achieve the correct measurement. 
Make sure the float stays in alignment. 

4. Its usually a good idea to check the float drop now. 
5. Recheck your measurements one more time. 
6. Reinstall the air horn and carburetor. 

ADJUSTMENT 

Float Level 
DERATE 

Floats With Vertical Seam Float Drop 
+ See Figure 18 + See Figure 15 

1. Following the disassembly procedure detailed previously, remove the 
bowl coverlair horn from the carburetor. 

2. Turn the assembly upside down and check that the float pivots freely 
on the pin. Raise the float and let it fall--do not force it! 

3. Using a standard carburetor gauge, measure the distance between 
the bottom of the air horn gasket (remember it's upside down, so this will be 
the top) and the top of the float; it should be within the specifications given in 
your rebuild kit. Carefully bend the float arm (at the rear of the float) with 
needle nose pliers to achieve the correct measurement. Make sure the float 
stays in alignment. 

4. Its usually a good idea to check the float drop now. 
5. Recheck your measurements one more time. 
6. Reinstall the air horn and carburetor. 

1. After checking the float level adjustment, turn the air horn over so it is 
right-side-up. 

2. Allow the float to hang down freely and measure the distance 
between the bottom of the gasket and the lowest edge on the bottom of the 
float. On the 2.3L and 4.3L carburetor and later 3.OL carbs, measure to the 
gasket seam at the toe of the float. 

3. If your measurement is not within the specification given in the kit, 
carefully bend the float tang with needle-nose pliers until it comes within 
spec. 

4. Recheck your measurements one more time. 
5. Reinstall the air horn and carburetor. 

Idle Speed & Mixture 

Please refer to the Maintenance section for adjustment procedures. Floats With Horizontal Seam 

+ See Figure 16 Pump Rod 
+ See Figure 19 

1. Following the disassembly procedure detailed previously, remove the 
bowl coverlair horn from the carburetor. 

2. Turn the assembly upside down and check that the float pivots freely 
on the pin. Raise the float and let it fall--do not force ~ t !  

3. Using a standard carburetor gauge, measure the distance between 
the bottom of the air horn gasket (remember it's upside down, so this will be 
the top) and the lower edge of the seam on the float; it should be within the 
specifications given in your rebuild kit. Carefully bend the float arm (at the 
rear of the float) with needle nose pliers to achieve the correct measurement. 
Make sure the float stays in alignment. 

4. Its usually a good idea to check the float drop now. 
5. Recheck your measurements one more time. 
6. Reinstall the air horn while guiding the accelerator pump plunger Into 

the well. 
7. Slide the idle speed needle spring over the needle and screw it back 

into the throttle body. 
8, lnstall the pump rod, choke rod and idle stop screw. 
9. lnstall the carburetor. 

1. Back out the idle stop screw and then close the throttle valves 
completely in their bores. 

2. Position a pump gauge across the top of the air horn so that the leg 
is pointing down toward the top of the pump rod to the measurement listed in 
the Specifications chart. 

3. If the lower edge of the gauge does not come in contact with the top 
of the rod, carefully bend the rod with needle-nose pliers until it does. 

Choke Unloader 
+ See Figure 20 

1. Remove the flame arrestor. 
2. Move the linkage to position the throttle valves in the fully open 

position. 
3. Insert the proper gauge (or drill bit) between upper edge of the plate 

and the inner side of the air horn wall. The gauge should just slide through- 
if not, bend the tang on the throttle lever until the measurement is correct. 

@) INVERT AIR HORN WITH 
GASKET IN PLACE 

@ i iVpELE2R HORN WITH GASKET BENDHERE TO 
ADJUST FLOAT LEVEL 

GAUGE SHOULD JUST TOUCH 
EDGEOF FLOATSEAM 

/  FLOAT^----_- J LEVE 

I 
@ BEND I @ HERE TO ADJUST ul, I ,VISUALLY CHECK 

FLOAT ALIGNMENT 

I 
GAUGE FROM TOP OF 
FLOAT TO AIR HORN 
GASKET 

@VISUALLY CHECK 

0 FLOAT ALIGNMENT 

MEASURE FROM LIP AT 
TOE OF FLOAT TO AIR 
HORN GASKET 

I Fig. 15 Float level adjustment-vertical seam Fig. 16 Float level adjustment-horizontal 
seam 

Fig. 17 Float level adjustment-hollow 
Initroohvl-Woe) floats 
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MEASURE SPECIFIED DISTANCE 
FROM CASKET SURFACE TO 

BOTTOM OF FLOAT 

Fig. 18 Float drop adjustment-2.3L,2.5L 
and early 3.OL engines 

Intermediate Choke Rod-2.3L and 4.3L Engines 

PLACE GAUGE ACROSS TOP 
OF AIR HORN RING I 

SHOULD JUST TOUCH ";:::. \-p-m 
THROTTLEVALVES 

FULLY CLOSED 

Fig. 19 Pump rod adjustment I 

DERATE 
1. Remove the flame arrestor. 
2. Remove the 3 mountina screws and lift off the thermostat cover, - 

gasket and baffle. 
3. Hold the choke valve closed and check that the edge of the actuator 

lever in the housing is lined up with the edge of the casting. If not, bend the 
choke rod with needle nose pliers at the bend just below the lever. 

Vacuum Break-2dL and 4.3L Engines 

DERATE 
1. Remove the flame arrestor. 
2. Stretch a small rubber band over the vacuum break diaphragm 

plunger so that the diaphragm is fully seated. Make sure that the rubber 
band is not interfering with the vacuum break link's movement. 

3. Pull up on the intermediate choke lever until the choke valve is fully 
closed and then insert the proper sized gaugeibit between the inner wall of 
the air horn and the upper edge of the valve. 

4. Bend the vacuum break link at the 90" bend below the unit. 

Automatic Choke-2.5L, 3.OL and 4.3L Engines 
+ See Figure 21 

1. Remove the flame arrestor. . - -  

2. Loosen the 3 choke cover mounting screws and then rotate the cover 
until the mark on the cover is in alignment with the index line on the housing. 

3. Tighten the screws. 

Electric Choke-2.3L Engines 

1. Remove the flame arrestor. 
2. Loosen the choke cover mounting screws and then rotate thccover 

until the mark on the cover is in alignment with the index line on the housing. 
3. If adjustment is necessary, move the cover one mark at a time, but 

never more than 2 marks in total from the index mark. 
4. Tighten the screws. 

DESCRIPTION 

The Rochester Quadrajet carburetor has two stages. The primary (fuel 
inlet) side has small 1 318 in, bores with a triple venturi setup equipped with 
plain-tube nozzles. The carburetor operates much the same as other 
carburetors using the venturi principle. The triple venturi, plus the small 
primary bores, makes for a more stable and finer fuel control during idle and 
partial throttle operation. When the throttle is partially open, the fuel metering 
is accomplished with tapered metering rods, positioned by a vacuum- 
responsive piston and operating in specially designed jets. 

The secondary side has two large, 2 114 in., bores. These large bores, 
when added to the primary side bores, provide enough air capacity to meet 
most engine requirements. The air valve is used in the secondary side for 
metering control and backs-up the primary bores to meet air and fuel 
demands of the engine. 

GAUGE BETWEEN 
UPPER EDGEOFCHOKE 

VALVE AND AIR HORN 

- 
Fig. 20 Choke unloader adjustment 

The secondary air valve operates the tapered metering rods. These rods 
move in orifice plates and thus control fuel flow from the secondary nozzles 
in direct relation to the air flowing through the secondary bores. 

The float bowl is designed to avoid problems of fuel spillage during sharp 
turns of the boat which could result in engine cutout and delayed fuel flow. 
The bowl reservoir is smaller than most four-barrel carburetors to reduce fuel 
evaporation during hot engine shut down. 

The float system has one pontoon float and fuel valve which makes 
servicing much easier than on some other model carburetors. A fuel filter is 
located in the float bowl ahead of the float needle valve. This filter is easily 
removed for cleaning or replacement. 

The throttle body is made of aluminum as part of a weight-reduction 
program and also to improve heat transfer away from the fuel bowl and 
prevent the fuel from "percolating" during hot engine shut down. A heat 
insulator gasket is used between the throttle body and bowl to help prevent 
"~ercolatinq". 

Always disconnect the battery cables before attempting to work on the 
fuel system. Never smoke or allow open flame near the engine-this 
sounds like an obvious precaution, but you'd be surprised at how 
many people forget! 

Fig. 21 Automatic choke adjustment 
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REMOVAL & INSTALLATION 

ERATE 
No matter how much they look alike, marine carburetoE are 

completely different from automotive carburetors. Never substitute an 
automotive carburetor for the one on your engine! Venting procedures 
are not the same and an automotive carburetor could allow dangerous 
vapors to escape into the bilge. Don't even think about it. 

1, Open the engine hatch or remove the covers and then disconnect the 
battery cables. Turn the fuel petcock OFF andlor shut down the fuel supply 
at the tank. 

2. Remove the flame arrestor after disconnecting the vent hose. It's 
always a good idea to plug the throttle bores with a clean, lint-free cloth. 

3. Disconnect the throttle cable hardware from the throttle bracket and 
lever anchor studs. Remove the cable and carefully move it out of the way. 

4. Remove the retaining clip and disconnect the choke spring rod. 
5. Using two open end line nut wrenches, hold the fuel inlet nut at the 

carburetor securely and loosen the fuel line nut. Disconnect the two and 
carefully move the line out of the way. Plug both the inlet and line open ends 
to prevent fuel seepage. 

6. Loosen and remove the carburetor mounting nutslbolts (2 each) and 
washers, and lift the unit off the manifold. Plug the opening with a clean lint- 
free cloth. Remove the cable bracket. 

To Install: 
7. Clean the mating surfaces thoroughly of all residual gasket material, 

position a new gasket and then install the carburetor. Certain models may 
use an adaptor or wedge plate, install this first. Tighten the nuts to 10-14 ft. 
Ibs. (13-19 Nm) and the bolts to 6-8 ft. Ibs. (8-11 Nm). Hopefully you 
remembered to remove the rag! 

8. Reconnect the fuel line to the inlet line after removing the plugs and 
tighten it to 18 ft. Ibs. (24 Nm). Don't forget to use two wrenches. 

9. Connect the choke spring rod and slide in the retaining clip. 
10. lnstall and adjust the throttle cable as detailed later in this section. 
11. Install the flame arrestor and reconnect the vent line. 
12. Connect the battery cables. Start the engine and ensure there are no 

fuel leaks; shut down the engine immediately if there are. Check and adjust 
the idle speed and mixture. 

DISASSEMBLY 

I) See Figures 22 thru 30 TE 

Always be certain that your carburetor rebuild kit is for marine 
applications. 

1. Remove the carburetor. 
2. Place the carburetor on the workbench in the upright position. If 

servicing an older carburetor, remove the idle vent valve attaching screw, 
and then remove the idle vent valve assembly. Remove the clip from the 
upper end of the choke intermediate rod, disconnect the choke rod from the 
upper choke shaft lever, and then remove the intermediate choke rod from 
the air horn. 

3. Drive back the roll pin at the upper end of the accelerator pump lever 
just enough to remove the lever, and then disconnect the pump rod and 
lever. 

4. Disconnect and remove the accelerator pump rod and lever from the 
horn. 

5. Hold the air valve wide open and then remove the secondary 
metering rods by tilting and sliding the rods from the holes in the hanger. 

6. Remove the nine air horn-to-bowl attaching screws, 2 of the screws 
are counter-sunk next to the primary venturi. 

7. Remove the retaining clip from the vacuum-break link at the vacuum- 
break diaphragm. Disconnect the vacuum-break link from the vacuum-break 
assembly. Gently push apart the retaining ears of the bracket to release the 
vacuum-break canister. 

8. Now, lift straight up on the air horn and remove it, taking care not to 
bend the accelerator pump and air bleed tubes sticking out from the air horn. 

9. Remove the dashpot piston from the air-valve link by rotating the 
bend through the hole, and then remove the dashpot from the air horn by 
rotating the bend through the air horn. Further disassembly of the air horn is 
not necessary. Do not remove the air valves, air valve shaft, and secondary 
metering rod hangers because they are calibrated. Do not attempt to remove 
the high-speed air bleeds and accelerating well tubes because they are 
pressed into position. 

10. Remove the accelerator pump piston from the pump well. Release 
the air horn gasket from the dowels on the secondary side of the bowl, and 
then pry the gasket from around the power piston and primary metering rods. 
Remove the pump return spring from the pump well. 

11. Pull off the insert block, remove the plastic filler from over the float 
valve. Use a pair of needle-nosed pliers and pull straight up on the metering 
rod hanger directly over the power piston and remove the power piston and 
the primary metering rods. Disconnect the tension spring from the top of 
each rod and then rotate the rod and remove the metering rods from the 
power piston. Pull up just a bit on the float assembly hinge pin until the pin 
can be removed by sliding it toward the pump well. 

12. Insert a screwdriver into the slots on the fuel inlet seat and remove 
the seat and gasket. 

13. Remove both primary metering rod jets. Remove the pump discharge 
check ball retainer and the check ball. 

14. Remove the baffle plates from the secondary side of the bowl. 
15. Disconnect the vacuum hose from the tube connection on the bowl 

and from the vacuum break assembly. Remove the retaining screw, and then 
lift the assembly from the float bowl. 

16. Remove the fuel inlet filter retaining nut, gasket, filter, and spring. 
17. Remove the throttle body by taking out the two throttle body-to-bowl 

attaching screws, and then lift off the insulator gasket. 
18. Remove the idle mixture screws and springs. Take care not to 

damage the secondary throttle valves. 

CLEANING & INSPECTION 

ERATE 

Never use a wire brush or drill to clean jet passages or tubes in the 
carburetor. 

Never allow the carburetor to soak in a cleaner bath for more than two 
hours. In fact, we recommend using spray cleaner. 

Never immerse the float assembly, needle, accelerator pump plunger or 
fuel filter in cleaner. Wipe them carefully with a clean cloth. 

Otherwise clean all allowable parts with carb cleaner and then dry with 
compressed air if at all possible. 

Blow out and through all passages to ensure there is no foreign material 
clogging them. 

Check the float needle and seat, if either is worn or damaged, replace 
them as a matched set. 

Check the float assembly and hinge pin for wear or damage, replace as 
necessary. 

Check the pump plunger, return spring, piston spring, idle mixture needle 
and all levers and linkages for wear or damage. Replace as necessary. 

Check the throttle valve shaft for excessive looseness in the throttle body. 
Check that the valve and shaft do not bind through their range of operation 
and that the valve opens and closes fully. Replace the assembly if it fails any 
of these tests. 

Check the choke valve lever and shaft for excessive looseness in the air 
horn. Check that the valve, lever and shaft do not bind through their range of 
operation and that the valve opens and closes fully. Replace the air horn 
assembly if it fails any of these tests. 

ASSEMBLY 

I) See Figures 22, and 31 thru 42 UL T 

1. Turn the idle mixture adjusting screws in until they are barely seated, 
and then back them out two to three turns as a rough adjustment at this 
time. Never turn the adjusting screws down tight into their seats or they will 
be damaged. 

2. Place a new insulator gasket on the bowl with the holes in the gasket 
indexed over the two dowels. Install, and then tighten the throttle body-to- 
bowl screws evenly. 

3. Install the fuel inlet filter spring, filter, new gasket, and inlet nut. 
Tighten the nut. 

4. Install the baffle plates in the secondary side of the bowl with the 
notches facing up. 

5. Grasp the choke rod so that the intermediate choke lever is at the 
bottom. Suspend the assembly into the float bowl so that the hole with the 
flat side aligns with the hole in the side of the float bowl. Now, insert the 
choke shaft on the vacuum break through the hole until it engages the flat- 
sided hole in the choke lever. lnstall the screw and tighten it securely. 
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ROD CHOKE 
HOLDER VALVE 

IACUUM BREAK , 
.EVER & SHAFT 

LEVER 

Flg. 22 Exploded view of a typical Rochester 4bbl carburetor 

©PDF Manual Master 2006



FUEL SYSTEMS - CARBURETORS 8-13 

I- Vacuum pump rod 
2- Idle valve 
3- Air horn 
4- Pump Lever 

Fig. 23 Remove the vacuum pump rod 

1- Plastic fi l ler 
2- Primary metering rods 
3- Power piston 

Fig. 26 Lift out the metering rods and power 
piston 

Fig. 24 Lift out the secondary metering rod 

3affle plate 

meteririg 
jets 

Fig. 27 Remove the primary jets and then 
remove the check ball retainer and ball 

1- Primary metering jets 
2- Check ball 

Fig. 29 Removing the check ball 

Fig. 25 Lift the accelerator pump piston and 
spring out of the recess 

fntet nut 

Fig. 28 Remove the fuel inlet nut and 
associated Darts 

Fig. 30 Lifting out the float I 
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1- Choke rod 
2- Choke lever 
3- Flat sided hole 

Fig. 31 Suspend the choke lever into the 
float bowl ... 

Fig.34 Proper pull clip positioning I 

1 - Choke rod 
2- Choke shaft 
3- Vacuum break control assembly 

Fig. 32 ... and then slide the vacuum break in 
until it engages the lever 

1-  loa at- 
2- Needle 
3- Retaining pin 

Fig. 35 lnstalling the float assembly 

6 lnstall the prlmary main meterlng jets lnstall a new float needle seat 
and gasket lnstall the pump d~scharge check ball and retalner In the 
passage next to the pump well 

7 Install the pull clrp on the needle w~th the open end toward the front 
of the bowl lnstall the float by shdlng the float lever under the pull c l~p from 
the front to the back Hold the float assembly by the toe and w~th the float 
lever In the pull cl~p, lnstall the r e t a m g  pin from the pump well slde Take 
care not to dlstort the pull chp. 

8 Measure the d~stance from the top of the float bowl gasket surface, 
w~th the gasket removed, to the top of the float at the toe end Check to be 
sure the retalnmg pin IS held flrmly In place and the tang of the float IS seated 
on the float needle when makmg the measurement Check that your 
measurement IS 15164 In If not, carefully bend the float up or down untll the 
correct measurement IS reached 

9 lnstall the power plston sprlng In the power plston well lnstall the 
prlmary meterlng jets, ~f they were removed during disassembly Be sure the 
tenslon sprlng IS connected to the top of each meterlng rod lnstall the 
power-plston assembly In the well w~th the meterlng jets, the retalner should 
be flush w~th the caslng A sleeve around the plston holds the p~ston In place 
d u n g  assembly. 

10 lnstall the plastic filler over the float needle. Press it down firmly until 
it is seated. 

Vacuum break 

Vacuum Vacuum 
break hose 

Fig. 33 Installing the vacuum break 

I- Hinge pin 
2- Universal carburetor gauge 
3- Notch - Bend here 

Fig. 36 Measuring the float level 

11. Place the accelerator pump return spring in the pump well. lnstall the 
air horn gasket around the primary metering rods and piston. lnstall the 
gasket on the secondary side of the bowl with the holes in the gasket 
indexed over the two dowels. lnstall the accelerating pump plunger in the 
pump well. 

12. Install the secondary metering rods. Hold the air valve wide open and 
check to be sure the rods are positioned with their upper ends through the 
hanger holes and pointing toward each other. Hanger size may vary from the 
specifications chart due to inconsistencies in carburetor castings-the hole 
location may be different so make sure they are the same size as those 
originally installed. 

13. Slowly position the air horn assembly on the bowl and carefully insert 
the secondary metering rods, the high-speed air bleeds, and the accelerating 
well tubes through the holes of the air horn gasket. Never force the air horn 
assembly onto the float bowl. Such action may distort the secondary 
metering plates. If the air horn assembly moves slightly sideways it will 
center the metering rods in the metering plates. lnstall the attaching screw. 

14. Connect the pump rod to the inner hole of the pump lever and secure 
it with a spring clip. Position the lever into the casting mount on the 
carburetor and press the roll pin through the lever with a screwdriver. 
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1- Power piston hanger 
2- Tension spring 
3- Metering rods 

Fig. 37 Make sure the tension spring is 
positioned correctly before installing the 
power piston 

I - Hanger 
2- Metering rods 

Fig. 40 Positioning the secondary metering 
rods on the hanger I 

1- Plastic filler 
2- P r i m a r y  metering rods 
3- Power piston 

Fig. 38 Installing the power piston and 
metering rods 

2 

1 

I- Long 
2- Shod 
3- Countersunk 

Fig. 41 Air horn tightening sequence 

15. Connect the bottom end of the choke shutter rod into the 
intermediate choke lever and secure it with a clip. Install the upper end of the 
rod into the choke blade lever and then press on the retaining clip. 

16. Install the actuating rod into the air valve lever and then swivel the 
other end into the vacuum break arm and press on the retaining clip. 
Reconnect the vacuum line between the break and the carburetor. 

17. Install the carburetor. 

ADJUSTMENT 

Accelerator Pump Rod 

+ See Figures 43 and 44 

1. Back out the idle speed screw until it is no longer in contact with the 
throttle lever. 

2. Move the pump rod to the inner hole on the lever if it's not already 
there. 

3. Ensure that the throttle valves are closed fully and then measure the 
distance between the top of the carburetor (flame arrestor mounting surface) 
and the top of the pump plunger stem. Grasp the tip of the pump lever with a 
pair of needle nose pliers and bend it (carefully) until the distance is equal to 
that listed in the Specifications chart while supporting the lever. 

Fig. 39 Installing the float filler 

Fig. 42 Use a screwdriver to press the roll 
pin into place 

1- Flame arrestor mounting surface 
2- P u m p  p lunger  s t e m  

Fig. 43 Measure the distance between the top of the carburetor and 
the top of the plunger 
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Choke Coil Rod 
+ See Figures 45 and 46 

1. Remove the flame arrestor. 
2. Gently push the choke coil rod down into the housing. 
3. The top of the choke coil rod must be even with the bottom of the 

hole in the vacuum break lever. 
4. Bend the rod mid-way down at the kink to adjust it. 

Float Level 

TE 
+ See Figures 47 and 47 

1. Press the float down lightly against the needle and hold the hinge pin 
in place securely. 

2. Insert a float gauge (T-scale) into the hole near the flame arrestor 
stud. Measure from the top bowl casting to the top of the float at a point 3/16 
in. (0.188mm) in from the end of the float at the toe. 

3. If not within specifications, bend the float arm with needle nose pliers 
at the location shown in the illustration. 

Idle Speed & Mixture 

Please refer to the Maintenance section for adjustment procedures. 

Vacuum Break 
+ See Figures 48 and 49 

4. Press in on the vacuum break control diaphragm until it is fully 
seated-attaching a small rubber band will sometimes help here. 

5. Rotate the vacuum break choke lever counterclockwise until the left 
tang comes in contact with the vacuum break rod. The choke rod must be at 
the bottom of the slot in the choke lever. 

6. Bend the tang on the choke lever until you can achieve the correct 
gap in the choke valve when checked with a drill bit between the inner wall 
of the air horn and the upper side of the valve. 

REMOVAL & INSTALLATION 
A 

DERATE 

Always disconnect the battery cables before attempting to work on the 
fuel system. Never smoke or allow open flame near the engine--this 
sounds like an obvious precaution, but you'd be surprised at how 
many people forget! 

No matter how much they look alike, marine carburetors are 
completely different from automotive carburetors. Never substitute an 
automotive carburetor for the one on your engine! Venting procedures 
are not the same and an automotive carburetor could allow dangerous 
vapors to escape into the bilge. Don't even think about it. 

1. Open the engine hatch or remove the covers and then disconnect the 
battery cables. Turn the fuel petcock OFF andlor shut down the fuel supply 
at the tank. 

2. Remove the flame arrestor after disconnecting the vent hose. It's 
always a good idea to plug the throttle bores with a clean, lint-free cloth. 

3. Unscrew the arrestor stud if the carburetor is to be replaced. 
4. Pull out the cotter pin and disconnect the throttle cable at the 

carburetor and carefully move it out of the way. 
5. Using two open-end wrenches, hold the fuel inlet nut at the 

carburetor securely and loosen the fuel line nut. Disconnect the two and 
carefully move the line out of the way. Plug both the inlet and line open ends 
to prevent fuel seepage. 

6. Tag and disconnect the purpleiwhite electric choke lead. 
7. Tag and disconnect any other lines, leads or hoses that may be in 

the way of removal. 
8. Loosen and remove the 4 carburetor mounting nutslwashers and lift 

the unit off the manifold. Plug the opening with a clean lint-free cloth. 

1 - Tip of pump lever 
2- Support as shown 

Fig. 44 Bend the pump lever tip until the measurement is within 
specifications 

1 - Top of rod 
2- Bottom of hole 

Fig. 45 The top of the choke coil rod should be even with the 
bottom of the hole in the choke lever 

I- Bend here . 

Fig. 46 Bend the choke coil rod here to adjust 
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Fig. 47 Read the float gauge where it intersects the top of the 
carburetor casing 

1 - Tang 
2- Choke rod 
3- Vacuum break rod 

Fig. 48 Rotate the lever until the tang comes in contact with the 
vacuum break rod 

Remember which stud the flat washer and ground wire (from choke) 
were attached to. 

To Install: 

9. Clean the mating surfaces thoroughly of all residual gasket material. 
10. Position a new gasket and then install the carburetor. Position the flat 

washer and ground wire on the stud from which they were removed. Tighten 
the nuts to 10-14 ft. Ibs. (13-19 Nm). Hopefully you remembered to remove 
the rag! 

11. Reconnect the fuel line to the inlet after removing the plugs and 
tighten it to 11-13 ft. Ibs. (15-18 Nm). Don't forget to use two wrenches. 

12. Connect the choke lead. 
13. Install and adjust the throttle cable. 
14. Install the flame arrestor and reconnect the vent line. 
15. Connect the battery cables. Start the engine and ensure there are no 

fuel leaks; shut down the engine immediately if there are. Check and adjust 
the idle speed and mixture. 

DISASSEMBLY 

+ See Figures 50 thru 64 ERATE 

Disassembly can be made much easier by fabricating a holding 
fixture out of four 5116 x 2 in. bolts and eight nuts. Thread a nut about 
halfway onto each of the bolts, insert each one through the mounting 
holes on the carburetor and then screw on the remaining nuts. Voila, 
four little legs to keep your valuable carburetor off of whatever surface 
you are working on. 

Bend 
Pull cliv I 

Fig. 47a Bend the float arm here 

I - Tang 
2- Gap 

Fig. 49 Measure the gap and then bend the tang to adjust 

Before even thinking about beginning this procedure, make certain that 
you have the correct rebuild kit for your make and model! 

1. Remove the flame arrestor stud if you haven't already done this 
during removal. 

2. Remove the fuel inlet line filter adapter from the float bowl. Lift out 
the filter screen and the 0-ring-throw away the O-ring. 

3. Grab the spring clip retainer at the end of the choke plate lever and 
pull it off with a pair of needle nose pliers. 

4. Remove the 3 Phillips screws from the thermostatic cover on the 
choke housing and lift off the retaining ring, the cover and the gasket. Make 
sure that you disengage the cover spring from the tang on the choke lever. 

5. Remove the 3 Phillips screws, this time holding the choke housing to 
the main body. Pull off the housing while making sure that the choke linkage 
arm completely disengages from the horn linkage lever. 

6. Turn over the carburetor and remove the 4 accelerator pump cover 
retaining screws at the bottom of the fuel bowl. Lift off the cover, its 
diaphragm and the spring. Make sure the inlet check ball moves freely. With 
the bowl still upside down and the check ball seated in the retainer, check 
that the clearance between the ball and retainer is 0.011-0.013 in. (0.279- 
0.330mm). If out of spec, bend the wire retainer very carefully to bring 
clearance back into range, Remember that this is not a serviceable item, so 
don't bend it too far, and don't remove the ball; otherwise you will need to 
replace the entire bowl. 

7. Remove the four 5/16 in. primary fuel bowl retaining bolts and lift off 
the bowl and metering block assemblies. Discard the gaskets. You will most 
likely need to tap the bowl1block assembly lightly with a small rubber mallet 
to break the seal. 
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PIN 

Fia. 50 Exoloded view of a tv~ical Hollev 2300 2 bbl carburetor 

Fia. 51 A good look at the fabricated mounting legs I Fig. 52 Removing the fuel inlet and filter 

Make sure that you take note of the positioning of the wire on the 
end of the fuel valve and the metal tab on the float itself. This wire must 
hook UNDER the tab on reassembly or the inlet valve will not open 
during operation. 

8. On 3.OL engines, remove the fuel inlet valve assembly. Loosen and 
remove the lock nut on the outer end of the float pin and then remove the 
inner hex nut and the two washers. Slide out the pin. Loosen the 2 screws 
holding the float and then remove it and the bracket. 

9. On all other engines, pull off the float retainer (E-clip) with a pair of 
needle nose pliers andslide the float off of the hinge pin. Remove the spring 
from the float (or pin) and then lift the baffle out of the bowl. Remove the inlet 
needle from its seat and then unscrew the seat, discarding the gasket. 

10. When removing the float on all engines, the needle valve will fall into 
the bowl; make sure you remove it. Slide out the small plastic cover and 
unscrew the needle valve seat, pull out the gasket and discard it. 
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Fig. 53 Pull out the spring clip ... 

Fig. 56 Remove the accelerator pump 
cover, diaphragm and spring 

Fig. 54 ... remove the choke housing cover... 

Fia. 57 Do not remove the check valve 

11. Remove the idle adjusting needles and their gaskets from the 
metering block (there should be one on each side of the block). It's never a 
bad idea to tighten them up while counting the turns until they make contact 
BEFORE you remove them as this will give you a decent benchmark for 
installation. 

12. Remove the main jets with a screwdriver and then lift the vent baffle 
off of its pegs and throw away the two O-rings. 

13. Unscrew the power valve with a 1 in. wrench. Discard the gasket. 
14. Remove all old gasket material from the metering block and the float 

bowl mating surfaces. 
15. Insert a small Phillips head screwdriver into the top of the carburetor 

and loosen the accelerator discharge nozzle so that you can pull out the 
nozzle. Make sure you get both gaskets out. 

16. Turn the carburetor over (the discharge needle should fall out while 
you're doing this) and remove the 6 throttle body retaining screws and 
washers. Disconnect the vacuum hose from the choke and then lift off the 
throttle body. 

17. Further disassembly should be unnecessary. 

CLEANING & INSPECTION 
A 

DERATE 
Never use a wire brush or drill to clean jet passages or tub; in the 

carburetor. 
Never allow the carburetor to soak in a cleaner bath for more than two 

hours. In fact, we recommend using spray cleaner. 
Never immerse the throttle body, float assembly, needle, accelerator pump 

plunger or fuel filter in cleaner. Wipe them carefully with a clean cloth. 
Otherwise clean all allowable parts with carb cleaner and then dry with 

compressed air if at all possible. 
Blow out and through all passages to ensure there is no foreign material 

clogging them. 

Fig. 55 ... and then remove the housing 
itself 

Fig. 58 Pull off the fuel bowl and its gasket 

Check the float needle and seat, if either is worn or damaged, replace 
them as a matched set. 

Check the float assembly and hinge pin for wear or damage, replace as 
necessary. 

Check the pump plunger, return spring, piston spring, idle mixture needle 
and all levers and linkages for wear or damage. Replace as necessary. 

Check the throttle valve shaft for excessive looseness in the throttle body. 
Check that the valve and shaft do not bind through their range of operation 
and that the valve opens and closes fully. Replace the assembly if it fails any 
of these tests. 

Check the choke valve lever and shaft for excessive looseness in the air 
horn. Check that the valve, lever and shaft do not bind through their range of 
operation and that the valve opens and closes fully. Replace the air horn 
assembly if it fails any of these tests. 

ASSEMBLY 

4 See Figures 50 thru 64 and 65 DERA TE 

Please refer to the Disassembly section for additional illustrations of 
the assembly procedure. 

1. Position a new gasket over the bottom of the main body so that all 
six holes line up correctly. Install the throttle body and screws and tighten 
them to 50 inch Ibs. (5.6 Nm). 

2. Drop the accelerator pump discharge needle into its bore in the body. 
Slide a new gasket over the nozzle screw, followed by the nozzle and 
another new gasket. Now install the nozzle so that the notches on its body 
align with those in the bore and tighten the screw to 15 inch Ibs. (1.7 Nm). 
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Fig. 59 A good look at the float assembly in 
the bowl 

Fig. 60 Slide out the plastic cover Fig. 61 Removing the metering block from 
the main body 

Block 

Fig. 62 Unscrewing the power valve Fig. 63 Remove the accelerator discharge Fig. 64 The throttle body is attached to the 
bottom of the main body 

Fig. 65 Most power valves will be marked with an identifier-this 
one is a 4.5 

3. Manv rebuild kits will contain more than one oower valve-check the , -  - - - - - -  - -  
number deshnated in the Carburetor specifications chart for your engine 
and make sure you grab a valve with the corresponding number stamped on 
it. Now look at the fuel ports on the valve. A valve with multiple fuel passages 
will require a gasket with three internal projections; while a valve with only 
two passages will require a gasket without any internal projections and a 
round gasket. Make sure you choose the correct one. Install the valve into 
the metering block and tighten it to 100 inch Ibs. (11.3 Nm). 

In some cases, but not all, if you're working on a 4.3GS, you've 
probably already figured out by now that you don't have a power valve. 

4. Slide new O-rings over each end of the vent baffle, coat them lightly 
with engine oil and insert one end into the block. Install the jets. 

5. Install a new gasket onto each of the idle mixture needles. Screw 
them until they just seat on the block and then back them out an equivalent 
number of turns as noted on removal. 

6. Coat the inner mating surface of the metering block with a very thin 
film of grease and position a new gasket over the dowels. Position the block 
and gasket onto the carburetor and press it into place. 

7. Position a new gasket (metal) onto the needle valve seat and then 
tighten it into the fuel bowl to 10 inch Ibs. (1 .I Nm). Slide the small cover into 
position. Place a new needle valve into the seat so that the spring clip faces 
out. 

8. Slide the float onto the hinge pin, making sure that the clip rides over 
the float tab. Position the float spring into the grooves on the bowl and then 
install the small e-clip retainer onto the hinge pin. 

9. Turn over the fuel bowl so the float tab is resting on top of the needle 
valve. If the float is not level (parallel to the bowl), carefully bend the tab until 
it is. 

10. Position the diaphragm spring into the accelerator pump cavity. Lay a 
new diaphragm over the spring so the raised disc is facing up and resting on 
the pump lever. Install the cover over the diaphragm and tighten the screws 
securely. 

11. Coat the outer mating surface of the metering block with a very thin 
film of grease and position a new gasket over the dowels. Position the bowl 
onto the block and press it into place. lnstall the mounting bolts, with new 
gaskets, until each is just finger-tight. Now tighten them again to 45 inch Ibs. 
(5 1 Nml ,-.. - -. ,. 

12. Check that the choke lever, spring and piston all move smoothly with 
no sign of binding, Squeeze a drop of light weight oil into the piston bore and 
actuate the piston several times. Choke components are not available 
individually- if you detect problems, replace the entire assembly. 

13. Position the choke assembly on the main body so that the choke 
plate lever and the choke lever align. Tighten the 3 screws securely. 
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14. Insert a new cover gasket over the housing so the piston is 

protruding through the gasket. Now install the cover while guiding the lever 
into the spring end. Make sure that the lever engages the spring or the 
choke will be useless. Rotate the cover until the index mark is in the same 
place as noted during removal (or, check the Specifications chart). Slide on 
the retaining ring and then tighten the screws securely. The ring has raised 
tabs at each hole to aid in pulling the cover in tight; if after tightening the 3 
screws you notice that the cover is still loose, remove the screws and flip the 
retaining ring over. 

15. Install the spring clip over the choke plate lever, securing it to the 
choke lever. 

16. Insert a new (or cleaned) fuel filter screen into the adapter, thread the 
assembly into the fuel bowl and tighten it to 100 inch Ibs. (11.3 Nm). 

17. Thread the flame arrestor stud into the top of the unit, tightening it 
securely. 

18. Remove the fabricated legs if you haven't already and then install the 
carburetor. Check the throttle cable and idle speed adjustments. 

ADJUSTMENT 

Float Level 

3.OL Engines 

If attempting to perform this procedure without removing the 
carburetor, please make certain that you first drain all fuel from the 
carburetor. 

1. Remove the fuel bowl as detailed in the Carburetor Disassembly 
section. 

2. Turn the bowl upside down and loosen the float adjustment screw. 
3. Turn the adjustment nut until the float is sitting level in the bowl. 
4. Hold the nut and tighten the screw securely. 
5. Instan the fuel bowl. 

All Other Engines 

+ See Figure 66 

If attempting to perform this procedure without removing the 
carburetor, please make certain that you first drain all fuel from the 
carburetor. 

1. Remove the fuel bowl as detailed in the Carburetor Disassembly 
section. 

2. Remove the float baffle and then turn the bowl upside down. 
3. Carefully bend the curved float arm that comes in contact with the 

inlet needle until the float is level and parallel with the fuel bowl. 
4. Install the fuel bowl. 

Accelerator Pump Stroke 

Accelerator pump stroke is controlled by the position of the cam. The 
mounting screw must be positioned in the correct hole in the cam and 
throttle arm as detailed in the Carburetor Specifications chart. 

Fig. 66 Bend the arm to adjust the float level 

Accelerator Pump Clearance 

1. Remove the flame arrestor. 
2. Move the throttle plates to the wide open position and hold thkn 

there. 
3. Depress the pump arm and then check the clearance between the 

arm (still depressed) and the head of the pump lever screw. 
4. If clearance is not within the specifications detailed in the chart, 

rotate the adjusting screw IN to increase the clearance, or OUT to decrease 
+ 

11. 

5. Check the pump operation; the pump should begin to move 
immediately when moving the throttle shaft. Any indication of hesitation on 
the pump's part will lead to hesitation or lag felt when using the throttle. 
Check for bent or worn components. Recheck you clearance adjustment and 
then check the pump stroke. 

6. Install the flame arrestor. 

Choke Vacuum 
+ See Figures 67 and 68 

1. Remove the flame arrestor. 
2. Remove the 3 retaining screws and lift off the choke housing cover 

and retaining ring. 
3. Using a paper clip or very small awl, press the choke piston down 

against the screw stop. 
4. While holding the piston down against the stop, apply light pressure 

to the choke housing lever (as if you were closing it) until all free play is 
removed from the linkage. 

5. Now insert the correct size drill bit into the choke opening and adjust 
it with the stop screw-tighten the screw to decrease the opening size and 
loosen it to increase the size of the opening. 

Be careful if you are increasing the size of the opening with the screw. 
Never back the screw out so far as to let the piston slip past it. 

6. Reinstall the housing cover as detailed in the Carburetor Assembly 
procedures. Install the flame arrestor. 

Fig. 67 Push the piston against the screw stop with a paper clip 
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I Fia. 68 Choke vacuum adiustment screw stoo I 
Choke Unloader 

1. Remove the flame arrestor. 
2. With the throttle valves held in the wide open position, carefully insert 

the correct drill bit (see the Spec chart) between the lower edge of the plate 
and the inner wall of the air horn. 

3. Now press lightly on the choke control lever while removing the bit. 
You should notice a very light drag on the bit as you are pulling it out. If not, 
or if you feel heavy pressure, use needle nose pliers to bend the tab on the 
throttle shaft kickdown lever (behind the choke housing) until you are 
satisfied with the drag. 

9. If replacing the carburetor, take note of the throttle lever bracket 
position and remove it. 

To Install: 
10. Clean the mating surfaces thoroughly of all residual gasket material. 
11. Attach the throttle lever bracket from the old carburetor making sure 

its in the same position as on the original one. 
12. Position a new gasket and then install the carburetor. Position the flat 

washer and ground wire on the stud from which they were removed. Tighten 
the nuts to 10-14 ft. Ibs. (13-19 Nm). Hopefully you remembered to remove 
the rag! 

13. Reconnect the fuel line to the inlet line after removing the plugs and 
tighten it to 11-13 ft. Ibs. (15-18 Nm). Don't forget to use two wrenches. Don't 
forget to reinstall the vent hose on the 5.8L engine. 

14. Connect the choke lead. 
15. Install and adjust the throttle cable. 
16. Install the flame arrestor stud and tighten it to 65-80 inch Ibs. (7.3-9 

Nm). 
17. Install the flame arrestor and reconnect the vent line. 
18. Connect the battery cables. Start the engine and ensure there are no 

fuel leaks; shut down the engine immediately if there are. Check and adjust 
the idle speed and mixture. 

DISASSEMBLY 

CULT 
See Figures 69 thru 77 

Disassembly can be made much easier by fabricating a holding 
fixture out of four 5116 x 2 in. bolts and eight nuts. Thread a nut about 
halfway onto each of the bolts, insert each one through the mounting 
holes on the carburetor and then screw on the remaining nuts. Voila, 
four little legs to keep your valuable carburetor off of whatever surface 

REMOVAL & INSTALLATION 
A 

ERATE Before even thinking about beginning this procedure, make certain that 
vou have the correct rebuild kit for vour make and model! 

1. Remove the flame arrestor stud if you haven't already done this 

Always disconnect the batt ery cables before attempting to work on durrng removal. 

the fuel system. Never smoke or allow open flame near the engine- 2. Remove the four primary fuel bowl retaining bolts and lift off the bowl 

this sounds like an precaution, but be surprised at how and metering block assemblies. Discard the gaskets and lay any Plates 
msn.r nannla fnrnatl aside. You will most likely need to tap the bowllblock assembly lightly with a 
I I I 'WIJ ,,GU,,lT IUIyTLi small rubber mallet to break the seal. 

3. Pull the transfer tube out of the inner side of the carburetor mating 

No matter how much they look alike, marine carburetors are 
completely different from automotive carburetors. Never substitute an 
automotive carburetor for the one on your engine! Venting procedures 
are not the same and an automotive carburetor could allow dangerous 
vapors to escape into the bilge. Don't even think about it. 

1. Open the engine hatch or remove the covers and then disconnect the 
battery cables. Turn the fuel petcock OFF andlor shut down the fuel supply 
at the tank. 

2. Remove the flame arrestor after disconnecting the vent hose. It's 
always a good idea to plug the throttle bores with a clean, lint-free cloth. 

3. [Jnscrew the arrestor stud if the carburetor is to be replaced. 
4. Pull out the cotter pin and disconnect the throttle cable at the 

carburetor and carefully move it out of the way. 
5. Using two open-end wrenches, hold the fuel inlet nut at the 

carburetor securely and loosen the fuel line nut. Disconnect the two and 
carefully move the line out of the way. Plug both the inlet and line open ends 
to prevent fuel seepage. On 5.8L Ford engines, cut the plastic tie and 
remove the vent hose. 

6. Tag and disconnect the purpleiwhite electric choke lead. 
7. Tag and disconnect any other lines, leads or hoses that may be in 

the way of removal. 
8. Loosen and remove the 4 carburetor mounting nuts/washers and lift 

the unit off the manifold. Plug the opening with a clean lint-free cloth. 

Remember which stud the flat washer and ground wire (from choke) 

surface and discard the O-rings. - 

4. Remove the idle adjusting needles and their gaskets from the 
metering block (there should be one on each side of the block). It's never a 
bad idea to tighten them up while counting the turns until they make contact 
BEFORE you remove them as this will give you a decent benchmark for 
installation. 

5. Remove the main jets with a jet wrench (a screwdriver should work 
here as well) and then lift the vent baffle off of its pegs and throw away the 
two O-rings. Make sure that you take note of the jet numbers and which bore 
they came out of. 

were attached to. Fig. 69 A good look at the fabricated mounting legs 

©PDF Manual Master 2006



FUEL SYSTEMS - CARBURETORS 8-23 

COVER t 

-ig. 70 Exploded view of a typical Holley 41501416014175 bbl carburetor 

©PDF Manual Master 2006



8-24 FUEL SYSTEMS - CARBURETORS 

Block 

Fig. 71 Unscrewing the power valve 

6. Unscrew the power valve from the inner side of the metering block 
with a I in. wrench. discard the gasket. Pull out the accelerator pump tube 
and discard the O-rings. 

7. Working inside the primary bowl, pull off the float retainer (E-clip) with 
a pair of needle nose pliers and slide the float off of the hinge pin. Remove 
the spring from the float (or pin) and then lift the baffle (small plastic cover) 
out of the bowl. Remove the inlet needle from its seat and then unscrew the 
seat, discarding the gasket. 

The needle valve will probably fall into the bowl; make sure you 
remove it. 

Fig. 72 Remove the accelerator pump 
cover, diaphragm and spring 

Fig. 75 ... the cover and diaphragm spring ... 

8. Turn over the bowl and remove the 4 accelerator pump cover 
retaining screws at the bottom of the fuel bowl. Lift off the cover, its 
diaphragm and the spring. Make sure the inlet check ball moves freely. With 
the bowl still upside down and the check ball seated in the retainer, check 
that the clearance between the ball and retainer is 0.011-0.013 in. (0.279- 
0.330mm). If out of spec, bend the wire retainer very carefully to bring 
clearance back into range, Remember that this is not a serviceable item, so 
don't bend it too far, and don't remove the ball; otherwise you will need to 
replace the entire bowl. 

9. Remove the fuel inlet line filter adapter from the float bowl. Lift out 
the filter screen and the 0-ring-throw away the O-ring or gasket. 

10. Remove any and all remaining gasket material from the bowl and 
block mating surfaces. 

11. Remove the secondary fuel bowl and metering block by following the 
procedures above for the primary. Note that there will be no accelerator 
pump or power valve to remove here. Note also that if you are working on a 
V8 engine, you will probably need a 122 clutch-type screwdriver to remove 
the 4 bowl retaining screws. 

12. Pull off the retaining clip at the bottom of the secondary vacuum 
diaphragm link rod. 

13. Turn the carburetor over and remove the throttle body retaining 
screws and washers. 

14. Pull the retaining clip off of the lower end of the choke rod with 
needle nose pliers. Remove the 3 retaining screws and lift off the choke 
housing cover and retaining ring. Now you can remove the 3 housing 
retaining screws and pull off the housing and vacuum passage gasket. 

15. Remove the secondary vacuum housing from the main body-you 
should have disconnected the link rod in an earlier step. Remove the four 
cover screws and lift off the cover, spring, diaphragm and check ball from the 
housing. 

16. Insert a small Phillips head screwdriver into the top of the carburetor 
and loosen the accelerator discharge nozzle so that you can pull out the 
nozzle. Make sure you get both gaskets out. Turn over the carburetor and let 
the needle fall into your hand. 

Fig. 73 Do not remove the check valve 

Fig. 76 ... and the diaphragm itself 

Fig. 74 Remove the secondary diaphragm 
rod circlip ... 

Fig. 77 Remove the accelerator discharge 
nozzle from inside the bore 

©PDF Manual Master 2006



FUEL SYSTEMS - CARBURETORS 8-25 
Unless there is damage, do not remove the choke plate, shaft, rod or 

guide. The plate screws are staked and must be filed down to the shaft 
in order to remove anything. 

17. Further disassembly should be unnecessary. 

CLEANING & INSPECTION 

+ See Figures 78 and 79 

Never use a wire brush or drill to clean jet passages or tubes in the 
carburetor. 

Never allow the carburetor to soak in a cleaner bath for more than two 
hours. In fact, we recommend using spray cleaner. 

Never immerse the throttle body, float assembly, needle, accelerator pump 
plunger or fuel filter in cleaner. Wipe them carefully with a clean cloth. 

Otherwise clean all allowable parts with carb cleaner and then dry with 
compressed air if at all possible. 

Blow out and through all passages to ensure there is no foreign material 
clogging them. 

Check the float needle and seat, if either is worn or damaged, replace 
them as a matched set. 

Check the float assembly and hinge pin for wear or damage, replace as 
necessary. 

Check the pump plunger, return spring, piston spring, idle mixture needle 
and all levers and linkages for wear or damage. Replace as necessary. 

Check the throttle valve shaft for excessive looseness in the throttle body. 
Check that the valve and shaft do not bind through their range of operation 
and that the valve opens and closes fully. Replace the assembly if it fails any 
of these tests. 

Fig. 79 Check the secondary vacuum diaphragm (top) and the 
accelerator pump diaphragm for tears, pin holes or other damage 

Check the choke valve lever and shaft for excessive looseness in the air 
horn. Check that the valve, lever and shaft do not bind through their range of 
operation and that the valve opens and closes fully. Replace the air horn 
assembly if it fails any of these tests. 

Always replace the seat valve assemblies. These components receive the 
most wear of any part in the carburetor and correct fuel level cannot be 
maintained if they are worn or damaged. 

Check the secondary vacuum diaphragm by depressing the diaphragm 
stem and covering the vacuum fitting with your finger. Release the stem; if it 
moves out more than 1116 in. in ten seconds, there is a leak and it will 
require replacement. 

I Fia. 78 Always replace the seat valves I 

ASSEMBLY 

CULT 
+ See Figures 69 thru 77,80 and 81 

Please refer to the Disassembly section for additional illustrations of 
the assembly procedure. 

1. Drop the accelerator pump discharge needle into its bore in the 
throttle throat. Position the nozzle (and aasket) over the needle so that the 
nozzles are down and the slot is facing ihe air'vent rib; install the retaining 
screw and tighten it securely. 

2. Drop the check ball into the hole in the secondary vacuum diaphragm 
housing and then insert the diaphragm into the housing so that the vacuum 
hole lines up with the opening for the check ball. It's a good idea to squirt a 
drop of clean oil under each of the four corners on the diaphragm to keep it 
from moving when installing the cover. Place the spring onto the housing 
cover and then install the cover so that all screw and vacuum holes are in 
alignment. Tighten the cover screws securely while holding the diaphragm 
rod to keep the diaphragm from collapsing. 

3. Position a new gasket over the secondary vacuum passage on the 
carburetor body and then install the housing onto the carburetor. Tighten the 
screws securely. 

4. Position a new choke housing gasket on the carburetor. Install the 
housing while guiding the housing shaft lever onto the choke rod. The 
projection on the end of the choke rod must be under the fast idle cam so 
that the cam will be raised whenever the choke plate is closed. Tighten the 
mounting screws and lock washers and then slip the retaining clip onto the 
choke rod. 

5. Install the choke housing cover with a new gasket. The small lever 
attached to the choke piston MUST index into the loop on the thermostatic 
coil. Position the retaining ring over the cover and then install the mounting 
screws finger-tight. Rotate the cover so that the index marks on the cover 
and housing line up as they were before removal; or check the Specifications 
chart. Tighten the screws. 

6. Turn over the carburetor and install a new throttle body gasket. 
Position the throttle body while sliding the secondary vacuum diaphragm rod 
over operating lever. Tighten the mounting screws to 50 inch Ibs. (5.6 Nm) 
and then press the retainer onto the diaphragm rod and operating lever. 

7. Position a new gasket onto the fuel inlet nut, install the nut and 
tighten it securely. 
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8. Position the spring into the accelerator pump bore on the primary fuel 

bowl and then install the diaphragm so that the large end of the lever disc 
will be against the operating lever. lnstall the cover and tighten the screws 
securely. Move the operating lever so that it compresses the diaphragm to 
ensure that it has not been pinched and then tighten the cover screws to 5 
inch Ibs. (0.6 Nm). 

9. On all models but the 5.8L Ford, insert the filter screen into the 
primary bowl and then install the inlet nut with a new gasket. On the 5.8L 
engine, install the inlet nut and filter with a new gasket. 

10. Thread the fuel inlet needle seat into the bore with a new gasket. 
Drop in the needle and clip assembly and slide the plastic baffle into 
position. 

11. Position the float into the bosses and then slide in the guide pin. 
Check the float setting as detailed in the Adjustments section. 

12. Many rebuild kits will contain more than one power valve--check the 
number designated in the Carburetor Specifications chart for your engine 
and make sure you grab a valve with the corresponding number stamped on 
it. Now look at the fuel ports on the valve. A valve with multiple fuel passages 
will require a qasket with three internal proiections; while a valve with only 
two pa'ssageswill require a gasket withouiany internal projections and a. 
round aasket. Make sure vou choose the correct one. lnstall the valve into 
the miering block and tighten it to 100 inch lbs. (11.3 Nm). 

13. Coat two new O-rings with clean engine oil and slide them onto the 
transfer tube. Press the tube into the primary metering block until it is fully 
seated. 

14. Thread the main jets into their original bores. Remember that all jets 
should be marked with an individual number-refer to the Specifications 
chart for this number. 

15. lnstall new gaskets on the idle mixture needles and then thread them 
into the block until they just come into contact with the surface and then back 
them out an equivalent number of turns to the figure recorded during the 
disassembly procedure; or check the Specification chart. 

16. Coat the inner mating surface of the metering block with a very thin 
film of grease. Position a new gasket over the dowels. Position the block and 
gasket onto the carburetor and press it into place. 

17. Coat the outer mating surface of the metering block with a very thin 
film of grease and position a new gasket over the dowels. Position the baffle 
plate. Make sure that the accelerator passages are not blocked and position 
the bowl onto the block and press it into place. lnstall the mounting bolts, 
with new gaskets, until each is just finger-tight. Now tighten them again to 45 
inch lbs. (5.1 Nm), 

18. Coat two new transferlbalance tube O-rings with Vaseline and slide 
them onto the tubek) so thev're aaainst the flanae on each end. Press one 
end into the recess'in the bowl behg careful not-to disturb the O-ring. 

19. Assemble the secondary fuel bowl and metering block by following 
the procedures above for the primary. Note that there will be no accelerator 
pump or power valve to assemble here so skip those steps. 

Fig. 80 The small lever MUST engage the loop in the housing cover 

20. After assembling all components associated with the secondary bowl 
and metering block, position a new gasket over the dowels on the inner side 
of the metering block. Now position the metering plate and another inner 
gasket on the block and attach the assembly to the carburetor, lnstall the 
retaining screws and tighten them securely. 

21. Position the bowl over the block and then install it so that the 
fuellbalance tube slides into the recess. lnstall and tighten the retaining 
screws. Note also that if you are working on a V8 engine, you will need a #2 
clutch-tvoe screwdriver to remove the 4 bowl retainina screws. 

22. 'lhstall the carburetor. 

Fig. 81 Most power valves will be marked with an identifier-this 
one is a 4.5 

ADJUSTMENT 

If the carburetor has been rebuilt, please perform all adjustments in 
the following order; otherwise perform individual adjustments as 
necessary. 

Secondarv Throttle Valve Plate 

See Figure 82 

The carburetor must be removed for this adjustment. 

1. Remove the carburetor and turn it upside down. Carefully set it down 
on a clean surface. 

2. Back out the secondary throttle shaft stop screw until the secondary 
throttle plates are fully closed. This screw is imbedded in the throttle body, 
just underneath the secondary vacuum diaphragm rod. 

3. Snap the throttle plates closed, turn the stop screw in until it just 
comes into contact with the secondary lever and then turn the screw in 
another 114 of a turn. The plates should not stick in the bores-if they do, 
turn in the screw slightly until they stop sticking. 

4. lnstall the carburetor. 

Float Level 

+ See Figure 83 
ERA TE 

Primary and secondary fuel bowls are both adjusted in the same 
manner. Which one you start with is up to you. 

1. Drain the fuel from the carburetor and then remove the fuel bowl and 
float assembly as detailed in the Disassembly procedures. Although not 
necessary, we recommend removing the carburetor. 

2. Remove the float baffle and then turn the bowl upside down. 
3. Carefully bend the curved float arm contacting the float inlet needle 

until the edge of the float is parallel with the edge of the fuel bowl. 
4. lnstall the bowl with new gaskets. lnstall the carburetor if removed. 
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Fig. 82 Use a small screwdriver to turn the stop screw 

Accelerator Pump Stroke 

Accelerator pump stroke if fully controlled by the position of the 
cam-which is to say, the hole it is in on the throttle arm. Please refer to the 
Carburetor Specifications chart for the correct hole. 

Accelerator Pump Clearance 

1. Move the throttle to the wide open position and hold tGpump lever 
down. 

2. Insert a 0.0015 in. (0.038mm) flat feeler gauge between the bolt head 
under the pump lever and the pump arm. Turn the adjuster screw until you 
can obtain the correct clearance; turn it in to increase the clearance, or out 
to decrease the clearance. 

3. The pump should begin to move as soon as the throttle shaft moves. 

Fia. 83 Bend the float arm here 

Choke Vacuum Qualification A 

+ See Figures 84 and 85 
DERATE 

1. Remove the choke housing and retaining ring. 
2. Unbend a paper clip, insert it into the piston bore and push the piston 

down until it rests against the screw stop. Be careful that you do not scratch 
the piston or bore. 

3. With the piston still against the stop, apply very light pressure to the 
choke housing lever in the closed position until all free-play has been 
removed from the linkage. 

4. Refer to the Carburetor Specifications chart, and insert the correct 
size drill bit between the lower edge of the plate and the inner wall of the air 
horn. Tighten the screw stop to decrease clearance, or loosen the screw to 
increase clearance. The drill bit must slide through the opening with no drag. 

Never back the screw out so far as to allow the piston to drop past the 
screw. 

Fig. 84 Carefully force the piston down with a paper clip 
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Fia. 85 Choke vacuum adiustment screw stop I 

Automatic Choke 

+ See Figure 86 
The electric automatic choke has been set at the factory to give maximum 

performance under all operating and weather conditions. Index marks on the 
cover and housing should be aligned as specified in the Carburetor 
Specifications chart. A richer or leaner mixture can be obtained by loosening 
the cover screws and rotating the housing cover. Rotating the housing cover 
in a counterclockwise direction will richen the mixture, causing the choke to 
stay on for a longer time. Rotating the housing cover in the clockwise 
direction will lean out the mixture, causing the choke to kick off sooner. 

It is a aood idea to always keep alternative settinas within two notched of . . 
the specifed setting. 

Fig. 86 Aligning the index marks will set the automatic choke for 
proper operation 

Choke Unloader DERATE 

Refer to the Carburetor Specifications chart for the proper size drill bit to 
use. Hold the throttle in the wide open position and insert the appropriate drill 
bit between the upper edge of the plate and the inner wall of the air horn. 
This will actually give the proper clearance at the lower edge of the plate. 

Place you finger on the choke control lever and check that you can feel a 
very slight drag as the drill bit is moved through the opening. Carefully bend 
the tab on the kick down lever (under the housing) with needle nose pliers 
until the correct clearance is achieved and the drill bit passes through the 
opening with a slight drag. 

DESCRIPTION 

+ See Figures 87,88,89,90 and 91 

A mechanical-type fuel pump driven off the camshaft is utilized on all 2.3L, 
2.5L and 3.OL engines, 1984-91 4.3L engines, 1986-92 5.OL15.7L GM 
engines and all carbureted V8 Ford engines. 

The fuel pump sucks gasoline from the fuel tank and delivers it to the 
carburetor in sufficient quantities, under pressure, to satisfy engine demands 
under all operating conditions. 

The pump is operated by a two-part rocker arm. The outer part rides on 
an eccentric on the camshaft and is held in constant contact with the 
camshaft by a strong return spring. The inner part is connected to the fuel 
pump diaphragm by a short connecting rod. As the camshaft rotates, the 
rocker arm moves up and down. As the outer part of the rocker arm moves 
downward, the inner part moves upward, pulling the fuel diaphragm upward. 
This upward movement compresses the diaphragm spring and creates a 
vacuum in the fuel chamber below the diaphragm. The vacuum causes the 
outlet valve to close and permits fuel from the qas tank to enter the chamber 
by way of the fuel filter and the inlet valve. 

- 
Now, as the eccentric on the camshaft allows the outer part of the rocker 

arm to move upward, the inner part moves downward, releasing its hold on 
the connecting rod. The compressed diaphragm spring then exerts pressure 
on the diaphragm, which closes the inlet valve and forces fuel out through 
the outlet valve to the carburetor. 

GASKET 
/ 

PLATE @ 

Fig. 87 Exploded view of the fuel pump-1986-90 2.5L and 3.OL 
enaines 

FUEL 
(FR 

I PLATE 

Fig. 88 Exploded view of the fuel pump-1991-92 3.OL engines, 
2.3L enaines and all GM V61V8 enaines 

©PDF Manual Master 2006



FUEL SYSTEMS - CARBURETORS 8-29 

Fig. 89 A good shot of the pump on a 1993-94 3.OL engine I 

F u e l  L i n e  

G a s k e t  , 
O v e r f l o w  

/ H o s e  

E l b o w  

Fig. 90 Exploded view of the fuel pump-1995-98 3.OL engines 

Because the fuel pump diaphragmjs) is(are) moved downward only by the 
diaphragm spring, the pump delivers fuel to the carburetor only when the 
pressure in the outlet line is less than the pressure exerted by the diaphragm 
spring. This lower pressure condition exists when the carburetor float needle 
valve is unseated and the fuel passages from the pump into the carburetor 
float chamber are open. 

When the needle valve is closed and held in place by the pressure of the 
fuel on the float, the pump builds up pressure in the fuel chamber until it 
overcomes the pressure of the diaphragm spring. This pressure almost stops 
movemen! of the diaphragm until more fuel is needed in the carburetor float 
bowl. 

REMOVAL & INSTALLATION 

All Except Ford V8 Engines - + See Figures 87 thru 90 

Always have a fire extinguisher handy when working on any part of 
the fuel system. Remember, a very small amount of fuel vapor in the 
bilge, has the tremendous potential explosive power. 

1. Open or remove the engine hatchlcovers. Disconnect the battery 
cables. 

Fig. 91 Exploded view of the fuel pump--Ford V8 engines 

2. Position a container under the oumr, and remove the fuel inlet and 
outlet lines. It is important to use two open:end wrenches; one to hold the 
fitting nut and the other to loosen the line nut. Plug the line with a golf tee or 
something similar to prevent additional fuel spillage. Take care not to spill 
fuel on a hot engine, because such fuel may ignite. 

If your boat has a fuel shut-off valve, make sure it is turned OFF 
before disconnecting the fuel lines. 

3. Disconnect the sight tube on engines so equipped. 
4. Cut the plastic tie and pull off the vent/overflow line. 
5. On the 3 . 0 ~  engine, you may find that removing the starboard engine 

mount will be beneficial on many engines-you can be the judge by 
observing the working space. 

6. Loosen the two pump mounting boltsllock washers and carefully pull 
the pump out. Scrape any old gasket material from the pump and block 
mating surfaces. The pump pushrod may fall out of position when removing 
the pump; to prevent this, slip a small screwdriver in behind the pump and 
support the pushrod. 

7. Take note of the pump elbow positioning and then remove it for use 
on a new pump. 

To Install: 
8. Check the pump pushrod for damage or wear. 
9. Coat the threads of the elbow with Teflon@ Pipe sealant-DO NOT 

use Teflon@ tape. Install the elbow to the pump and tighten it to 48-60 inch 
Ibs. (5.4-6.7 Nm). 

10. Coat BOTH sides of the new gasket with Gasket Sealing compound 
and position it on block. Swab the end of the pushrod with grease and insert 
the pump into the cylinder block so that the rod is riding on the camshaft 
eccentric. Tighten the mounting bolts to 12-14 ft. Ibs. (16-19 Nm) on 2.5L 
and 1986-90 3.OL engines; 20-25 ft. Ibs. (27-34 Nm) on 2.3L, 4.3L, 5.OL and 
5.7L engines and 1991 -98 3.OL engines. 

11. Connect the vent line and tie it into position. 
12. Coat the threads of the fuel line pump fittings with Pipe Sealant, 

thread them into the pump base and then tighten to 15-18 ft. Ibs. (20-24 Nm) 
while holding the inlet fittings with another wrench. Do not over-tighten and 
do not use Teflon tape. 

13. Install the sight tube if removed. 
14. Install the engine mount if removed. Don't forget to check the engine 

alignment. 
15. Remove the container and connect the battery cables. Start the 

engine and check for fuel leaks. 

©PDF Manual Master 2006



FUEL SYSTEMS - CARBURETORS 
5.OLl5.8L Ford Engines - 

4 See Figures 91 and 92 

Always have a fire extinguisher handy when working on any part of 
the fuel system. Remember, a very small amount of fuel vapor in the 
bilge, has the tremendous potential explosive power. 

1. Open or remove the engine hatchlcovers. Disconnect the battery 
cables 

2. Unscrew and remove the fuel inlet line at the fuel f~lter Unscrew the 
filter and remove it 

3 Pos~t~on a contamer under the pump and remove the fuel Inlet and 
outlet hnes It IS important to use two open-end wrenches, one to hold the 
f~ttmg and the other to loosen the h e  nut Plug the llne with a golf tee or 
somethmg sim~lar to prevent add~t~onal fuel splllage Take care not to spill 
fuel on a hot engine, because such fuel may Ignite 

If your boat has a fuel shut-off valve, make sure it is turned OFF 
before disconnecting the fuel lines. 

4 Cut the plast~c tie and pull off the vent h e .  
5. Remove the two mountlng bolts and I~ft off the fuel fllter bracket, 

securmg )tout of the way 
6. Loosen the two pump mountlng screwsllock washers and carefully 

pull the pump out Scrape any old gasket materlal from the pump and block 
matlng surfaces The pump pushrod may fall out of posltion when removlng 
the pump, to prevent th~s, slip a small screwdriver in behlnd the pump and 
support the pushrod 

7 Take note of the pump elbow positlonlng and then remove ~t for use 
on a new pump. 

To Install: 
8. Check the pump pushrod for damage or wear 
9. Coat the threads of the elbow with Teflon@ P~pe sealant-DO NOT 

use Teflon@ tape. Install the elbow to the pump and t~ahten ~t to 48-60 mch . . 
Ibs. (5.4-6.7 ~ m ) .  

10. Coat BOTH sides of the new gasket with Gasket Sealing compound 
and ~osition it on block. Swab the end of the ~ushrod with arease and insert 
the into the cylinder block so that the rod is riding onihe camshaft 
eccentric. Tighten the mounting bolts to 18-20 ft. Ibs. (24-27 Nm). 

11. Install the filter bracket and tighten the bolts to 20-25 ft. lbs. (27-34 
Nm). 

Fig. 92 A good shot of the fuel pump 

12. Connect the vent line and tie it into position. 
13. Coat the threads of the fuel line pump fittings with Pipe Sealant, 

thread them into the pump base and then tighten to 15-18 ft. Ibs. (20-24 Nm) 
while holding the inlet fittings with another wrench. Do not over-tighten and 
do not use Teflon tape. 

14, lnstall the filter and then reconnect the inlet line. 
15. Remove the container and connect the battery cables. Start the 

engine and check for fuel leaks. 

7.5L Ford Engines DERATE 
., 

4 See Figures 91 and 93 

Always have a fire extinguisher handy when working on any part of 
the fuel system. Remember, a very small amount of fuel vapor in the 
bilge, has the tremendous potential explosive power. 

1. Open or remove the engine hatchlcovers. Disconnect the battery 
cables. 

2. Unscrew and remove the fuel inlet and outlet lines at the fuel filter. 
On early models, you will need to drain the engine oil and then remove the 
oil filter to gain access here. 

3. Unscrew and remove the filter fuel line at the fuel pump and remove 
it. 

4. Remove the bolt, lock washer and plaster nut securing the dipstick 
clamp to the filter bracket. Remove the 2 mounting bolts and then lift off the 
bracket and filter. Carefully set it down upright as there will be fuel in the 
filter. 

5. Position a container under the pump and remove the remaining fuel 
outlet line. It is important to use two open-end wrenches; one to hold the 
fitting and the other to loosen the line nut. Plug the line with a golf tee or 
something similar to prevent additional fuel spillage. Take care not to spill 
fuel on a hot engine, because such fuel may ignite. 

If your boat has a fuel shut-off valve, make sure it is turned OFF 
before disconnecting the fuel lines. 

6. Cut the plastic tie and pull off the vent line. 
7. Remove the two mounting bolts and lift off the fuel filter bracket, 

securing it out of the way. 
8. Loosen the two pump mounting boltsllock washers and carefully pull 

the pump out. Scrape any old gasket material from the pump and block 
mating surfaces. The pump pushrod may fall out of position when removing 
the pump; to prevent this, slip a small screwdriver in behind the pump and 
support the pushrod. 

9. Take note of the pump elbow positioning and then remove it for use 
on a new pump. 

To Install: 
10. Check the pump pushrod for damage or wear. 
11. Coat the threads of the elbow with Teflon@ Pipe sealant-DO NOT 

use Teflon@ tape. lnstall the elbow to the pump and tighten it to 48-60 inch 
Ibs. (5.4-6.7 Nm). 

12. Coat BOTH sides of the new gasket with Gasket Sealing compound 
and position it on block. Swab the end of the pushrod with grease and insert 
the pump into the cylinder block so that the rod is riding on the camshaft 
eccentric. Tighten the mounting bolts to 20-25 ft. Ibs. (27-34 Nm). 

13. Connect the vent line and tie it into position. 
14. Thread the pump outlet line in and tighten the line nut securely. 
15. lnstall the filter and bracket and tighten the bolts finger-tight. Make 

sure that the long bolt goes in the upper hole. 
16. lnstall the dipstick tube clamp and tighten it securely. Now go back 

and tighten the bracket mounting bolts to 20-25 ft. Ibs. (27-34 Nm). 
17. Coat the threads of the remaining fuel line fittings with Pipe Sealant, 

thread them into the pump base and then tighten to 15-18 ft. Ibs. (20-24 Nm) 
while holding the fittings with another wrench. Do not over-tighten and do not 
use Teflon tape. 

18. lnstall the oil filter if removed. 
19. Remove the container and connect the battery cables. Start the 

engine and check for fuel leaks. 
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I Fig. 93 A good shot of the fuel pump 

PRESSURE TEST 

DERA TE 
Always have a fire extinguisher handy when workina o';l anv part of 

the fuel system. ~ e m e m b e c a  very smaliamount of f u d  vaporin the 
bilge, has the tremendous potential explosive power. 

1. Open or remove the engine hatchicovers. Disconnect the battery 
cables. 

2. Confirm that there is fuel in the tank. Also, make sure that the fuel 
filter and the carburetor inlet filter are clean and free of obstructions; we 
recommend replacing the filters before performing this test. 

3. Position a container under the fuel pump and remove the outlet line 
(the line leading to the carburetor). It is important to use two open-end 
wrenches; one to hold the fitting elbow and the other to loosen the line nut. 
Plug the line with a golf tee or something similar to prevent additional fuel 
spillage. 

4. Thread a 'tee' or a fuel pressure gauge connector into the fitting 
elbow on the pump and then reconnect the fuel line to the other end. 

5. Connect a fuel pressure test gauge to the remaining fitting on the 
connector. Always follow the gauge manufacturer's instructions on set-up 
when installing the gauge. 

6. Connect the battery cables, start the engine and let it idle. The fuel 
pressure should be 5 314-7 psi (39.6-48.3 kPa), except on the 7.5L Ford 
engine where it should be 5-6 psi (34.5-41.4 kPa). 

7. Slowly run the engine up to 1,800 rpm and check that the pressure 
remains the same. 

8. If pressure varies, or is off specification at all, replace the pump. All 
fuel pumps covered here are of the sealed variety; no adjustments or 
rebuilds are possible. 

9. Turn off the engine, remove the pressure gauge and fuel line and 
then remove the connector. Reinstall the fuel line to the fitting and tighten to 
18 ft. Ibs. (24 Nm). 

VACUUM TEST 

DERATE 
If experiencing slow starts or  long cranking tests, per fzm this test 

after confirming that fuel pump pressure i s  acceptable. 

Always have a fire extinguisher handy when working on any part of 
the fuel system. Remember, a very small amount of fuel vapor in  the 
bilge, has the tremendous potential explosive power. 

1. Open or remove the engine hatchicovers. Disconnect the battery 
cables. 

2. Confirm that there is fuel in the tank. Also, make sure that the fuel 
filter and the carburetor inlet filter are clean and free of obstructions. 

3. Position a container under the fuel filter and remove the inlet line. It is 
important to use two open-end wrenches; one to hold the fitting elbow and 
the other to loosen the line nut. Plug the line with a golf tee or something 
sim~lar to prevent additional fuel spillage. 

4. Tag and disconnect all electrical leads at the (t) terminal of the 
ignition coil; tape the ends and position them out of the way. Reconnect the 
battery cables. 

5. Connect a vacuum gauge to the remaining fitting on the connector. 
Always follow the gauge manufacturer's instructions on set-up when 
installing the gauge. 

6. Crank the engine and note the reading on the gauge. The vacuum 
should be 9-10 in. Hg. (30-34 kPa). 

7. Replace the fuel pump if the vacuum reading is outside the specified 
range. All fuel pumps covered here are of the sealed variety; no adjustments 
or rebuilds are possible. 

8. Turn off the engine, remove the gauge and fuel line and then remove 
the connector. Reinstall the fuel line to the fitting and tighten to 18 ft. Ibs. (24 
Nm). Reconnect the ignition coil leads. 

FUEL LINE TEST 

The fuel line, from the tank to the fuel pump, can be quickly tested by 
disconnecting the existing fuel line at the fuel pump and connecting a six- 
gallon portable tank and fuel line. This simple substitution eliminates the fuel 
tank and fuel lines in the boat. Now, start the engine and check the 
performance. 

If the problem has been corrected, the fuel system between the fuel pump 
inlet and the fuel tank is at fault. This area includes the fuel line, the fuel 
pickup in the tank, the fuel filter, anti-siphon valve, the fuel tank vent, and 
excessive foreign matter in the fuel tank, and loose fuel fittings sucking air 
into the system. Improper size fuel fittings can also restrict fuel flow, 

Possible cause of fuel line problems may be deterioration of the inside 
lining of the fuel line which may cause some of the lining to develop a 
blockage similar to the action of a check valve. Therefore, if the fuel line 
appears the least bit questionable, replace the entire line. 

Another possible restriction in the fuel line may be caused by some heavy 
object lying on the line-a tackle box, etc. 

DESCRIPTION 

+ See Figure 94 

All 1992-98 4.3L engines, 1993-98 5.OU5.7L GM engines and all 
7.4U8.2L engines utilize an electric fuel pump with their carbureted fuel 
systems. 

The electric fuel pump system includes the fuel tankis, a water separating 
fuel filter, the electric fuel pump and a carburetor. 

All pumps covered herein utilize a 12V motor running continuously at 
4000 rpm during cranking or operation. The motor drives a conventional 
gear-type pump using incoming fuel as coolant. Fuel is supplied at varying 
pressures determined by both engine load and fuel consumption. A fuel 
pressure regulator eliminates the need for a return line. 

Whenever the ignition switch is in the START position, voltage is supplied 
to the fuel pump relay via the 85 or S terminal on the starter relay. Once the 
relay is activated, voltage is applied to pump motor and then on to ground. 
This circuit is protected by a circuit breaker (12.5 amp on some 
modelslyears; 6 amp on others). Once the ignition switch is in the RUN 
position, voltage is supplied via the alternator "light" terminal. 

Electric fuel pumps are not repairable, adjustable or rebuildable. 
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Filter -1 I 

Fig. 94 The electric fuel pump is usually located at the front of the engine. Mounting hardware may differ slightly on certain models 

REMOVAL & INSTALLATION 

Always have a fire extinguisher handy when working on any part of 
the fuel system. Remember, a very small amount of fuel vapor in the 
bilge, has the tremendous potential explosive power. 

All OMC fuel pumps are designed to meet U.S. Coast Guard fuel system 
reaulations. Never substitute and automotive stvle oumo. 

3. Cut the plastic tie holding the electrical leads to the body of the 
pump. Unplug the electrical harness at the pump suppressor connector and 
move it out of the way. 

4. Hold the pump end cap (just under the lower edge of the upper 
retaining bracket) with a wrench while loosening the lock nut (on top of 
bracket, under elbow). Unscrew the upper elbow. 

Not holding theendcap while loosening the lock nut will damage the 
internal O-rina, causina fuel leakaae durina operation. 

1. Open or remove the engine hatchlcovers. Disconnect the battery 
cables. 

2. Position a container under the pumplfilter assembly and remove the 
fuel inlet line at the filter bracket and the outlet line at the top of the pump. It 
is important to use two open-end wrenches; one to hold the fuel fitting nut or 
elbow and the other to loosen the line nut. Plug the line with a golf tee or 
something similar to prevent additional fuel spillage. Take care not to spill 
fuel on a hot engine, because such fuel may ignite. 

5. Remove the 2 fuel filter bracket mounting bolts and lift off the 
pumplbrackelifilter as an assembly, sliding the pump out of the upper 
grommet. Be careful of spilling fuel. 

6. Lay the assembly down, or carefully mount the bracket in a vise. 
Hold the lower pump end cap with a wrench and unscrew the filter bracket- 
to-pump adapter. 
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Not holding the end cap while loosening the lock nut will damage the 
internal O-ring, causing fuel leakage during operation. 

To Install: 
Electric fuel pumps all look familiar, but will usually have different 

flow rates-always make sure that you have the correct pump for your 
engine. 

7. Slide a new O-ring over the threads of the adapter until it rests on the 
upper side of the hex nut. 

8. Screw the adapterlbracket assembly into the pump while holding the 
lower end cap. Tighten the adapter to 8-10 ft. Ibs. (11-14 Nm). 

9. Slide the assembly up through the grommet in the bracket and 
position it so the mounting holes line up on the bracket. Tighten the filter 
bracket bolts to 20-25 ft. Ibs. (27-34 Nm). 

10. Thread the upper lock nut onto the elbow until it reaches the 
underside of the fitting. Slip on the washer and then a new O-ring. Thread 
the elbow into the top of the pump until it stops and then back it out just 
enough to align with the fuel line. Connect the line and tighten it securely. 

11. Hold the upper end cap again and tighten the lock nut to 60-84 inch 
Ibs, (6.8-9.5 Nm). 

12. Reconnect the suppressor lead-push it in until the tabs click. 

If you notice any of the suppressor holes open, be sure to coat them 
with Liquid Neoprene to prevent water from entering. 

13. Install a new plastic tie around the pump body and electrical leads. 
14. Reconnect the inlet line and tighten it securely. 
15. Install the pump guard if removed. 
16. Remove the container and connect the battery cables. Start the 

engine and check for fuel leaks. 

PRESSURE TEST 

+ See Figure 95 ~ T E  

This test MUST be performed with the boat in the water and the 
engine running. It is imperative that an assistant be with you in the 
boat also to check the pressure readings. 

1. Open or remove the engine hatchicovers. Disconnect the battery 
cables. 

2. Position a container under the fuel line connection at the carburetor 
(or the outlet side of the fuel pump) and remove the fuel line. It is important 
to use two open-end wrenches; one to hold the fitting nutielbow and the 
other to loosen the line nut. Plug the line with a golf tee or something similar 
to prevent additional fuel spillage. 

Engine Fuel 
Speed Pressure 
(rpm) (psi) 
Idle 4.9-8.5 

Fig. 95 Electric fuel pump pressure test specifications 

3. Thread a 'tee' or a fuel pressure connector into the fitting nuffelbow 
on the carburetor or pump and then reconnect the fuel line to the other end. 

4. Connect a fuel pressure test gauge to the remaining fitting on the 
connector. Always follow the gauge manufacturer's instruction when setting 
up the pressure gauge. 

5. Connect the battery cables, start the engine and let it idle. The fuel 
pressure should be 4.9-8.5 psi. 

6. Slowly run the engine up to 4600 rpm, checking the fuel pressure 
readings at each of the listed engine speed readings. 

New engines will almost always have lower operating pressures 
than engines that have been broken in, 

7. If pressure varies from specifications, replace the pump. 
8. Turn off the engine, remove the pressure gauge and fuel line and 

then remove the connector. Reinstall the fuel line to the fitting and tighten to 
18 ft. Ibs. (24 Nm). 

FUEL SYSTEM CHECKS 

Check that the fuel filter is debris free and seals tightly against th? 
mounting bracket and threads. 

Check that the carburetor inlet filter screen is clean and free of debris. 
Check for kinked, bent, crushed or damaged fuel lines. 
Check for restricted anti-siphon valve; or incorrect valve. 
Check for cracked, obstructed or damaged fuel pick-up screen in fuel 

tank. 
Check for blocked or broken fuel tank vent. 

COMPONENT REPLACEMENT 

Circuit Breaker 

1. Open or remove the engine hatchicovers. Disconnect the battery 
cables. 

2. Locate the circuit breaker on the pump bracket. Tag and disconnect 
the electrical leads, remove the 2 mounting screws and lift off the breaker. 

3. Install a new breaker and tighten the mounting bolts to 20-25 inch 
Ibs. (2.3-2.8 Nm). 

4. Attach the Red lead to one stud and the RedIPurde lead to the other. 
Tighten the nuts to 20-25 inch Ibs. (2.3-2.8 Nm). 

5. Coat both terminals with Liquid Neoprene. Reconnect the battery 
cables. 

Relay And Bracket 

1. Open or remove the engine hatchlcovers. Disconnect the battery 
cables. 

2. Cut the plastic tie, remove the wire retainer and then disconnect the 
Amphenol plug near the solenoid. 

3. Tag and disconnect the two leads at the circuit breaker. 
4. Tag and disconnect the Green electrical lead at the Light</b> 

terminal on the rear of the alternator. 
5. Cut the plastic tie holding the harness to the pump and then 

disconnect the connector at the pump suppressor. 
6. Remove the two mounting screws and lift off the relay bracket. 

Unplug the relay. 

To Install: 

7. Pop the relay into the mounting bracket, position the bracket and 
tighten the screws to 20-25 inch Ibs. (2.3-2.8 Nm). 

8. Align the connector tabs and press the pump suppressor connector 
halves together until they click. Reattach the harness to the pump body with 
the plastic tie. 

9. Reroute the green lead through the clamps on the front of the engine 
and connect it to the alternator. 

10. Reattach the two circuit breaker leads and coat the terminals with 
Liquid Neoprene. 

11. Reconnect the two halves of the Amphenol connector and press it 
into the wire retainer. Secure the connector to the retainer with a plastic tie. 
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3. Reconnect the vacuum line and listen carefully for air flowing through 

the screen and into the manifold. Confirm also that there is a noticeable drop 
in engine speed (rpm) when reconnecting the vacuum line. 

In order to prevent the engine from stalling during high vacuum 4. If the air flow through the screen does not persist for at least a 
conditions, a deceleration (gulp) valve is used on all carbureted Ford 
engines. Air is allowed to flow into the intake manifold, entering the airlfuel 

second (I),  or, if the idle speed does not drop, check all hoses and lines 
connected to the valve for damage or blockage. 

mixture so as to lean out the rich condition frequently created by high 5. If the lines are OK, replace the valve. 
vacuum when the throttle valves are closed on rapid deceleration. 

Sudden vacuum acts to draw down the diaphragm in the valve, opening 
the valve and allowing air to flow through the screen and into the manifold. REMOVAL & INSTALLATION 

FUNCTION CHECK S Y 
1. Open or remove the engine hatchlcovers. Disconnect the b a t k y  

SY cables. 
2. Cut the plastic ties securing the vacuum lines and screen. Remove 

1. Start the engine and allow it to reach normal operating temperature the 2 mounting screws and lift off the valve. 
at idle. 3. Install a new valve and tighten the screws securely. 

2. Remove the small vacuum signal line from the vacuum source on the 4. Attach the two vacuum lines and the screen and secure them with 
manifold. plastic ties. 

Electric Fuel Pump Circuit Schematic-1992-93 4.3L V6 engines 
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1- Black 
2- Red 
3- Red I Purple 
4- Purple 
5- Yellow I Red 
6- Green 
7- Orange 

Electric Fuel Pump Circuit Schematic-1994-96 4.3L V6 and 5.7L V8 engines 

Alternator 

Fuel 
Pump 

1- Black Dio 
2- Red 
3- Red 1 Purple Amp -. 
4- Purple Break( 
5- Yellow I Red 
6- Green 
7- Orange El r 

Circuit 
Starter Breaker 

Electric Fuel Pump Circuit Schematic-1997 4.3L V6 and 5.7L V8 engines 
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ay Alternator 

I - B l a c k  
2- R e d  

Electric Fuel Pump Circuit Schematic-1998 4.3L V6 and 5.OLl5.7L V8 engines 

Al ternator  R e m o t e  
Cont ro l  

lna i t ion 

Electric Fuel Pump Circuit Schematic-1994-96 7.4L V8 engines 
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Alternator 

Fuel 
Pump 

Diode 

*-j 

Assist 

4- Purple 
5- Yellow I Red 
6- Green 
7- Orange 

Electric Fuel Pump Circuit Schematic-1997 7.41 V8 engines 

TORQUE SPECIFICATIONS 

Component ft. lbs. inch lbs. Nm 
Accelerator Pump Cover 5 0.6 
Carburetor Mounting Nuts Holley 10-14 13-1 9 

Rochester 2bbl Early Models 10-14 13-1 9 
Later Models 12-15 16-20 

Rochester 4bbl Nuts 10-14 13-19 
Bolts 6-8 8-1 I 

Circuit Breaker 20-25 25-34 
Fuel Bowl 45 5.1 
Fuel Filter Bracket 20-25 25-34 
Fuel Line Elbow 48-60 5.4-6.7 
Fuel Line 15-1 8 20-24 
Fuel Pump Electric Adapter 8-1 0 11-14 

Filter Bracket 20-25 25-34 
Lock Nut 60-84 6.8-9.5 

Mechanical 2.3L 20-25 25-34 
3.0L (1 986-90) 12-14 16-19 
3.0L (1 991 -98) 20-25 25-34 
4.3L 20-25 25-34 
5.OU5.7L (GM) 20-25 25-34 
5.0U5.8L (Ford) 18-20 24-27 
7.5L 20-25 25-34 

Inlet Needle seat 10 1.1 
Power Valve 100 11.3 
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CARBURETOR APPLICATIONS 

Displacement Engine Horsepower Carburetor Fuel 
Year Model UCU. ln. T Y P ~  (At Prop.) Type Delivery 

1986 2.5 2.511 53 L4 N A Rochester 2GCIGV IGE 2 bbl 
3.0 3.01181 L4 N A Rochester 2GClGV IGE 2 bbl 
4.3 4.31262 V6 N A Rochester 2GCIGV IGE 2 bbl 
4.3 4.31262 V6 N A Rochester Quadrajet 4 bbl 
5.0 5.01302 V8 185 Rochester Quadrajet 4 bbl 
5.7 5.71350 V8 230 Rochester Quadrajet 4 bbl 

1987 2.3 2.31140 L4 N A Rochester 2GCIGV O 2 bbl 
3.0 3.01181 L4 N A Rochester 2GCIGV IGE 2 bbl 
4.3 4.31262 V6 N A Rochester 2GCIGV IGE 2 bbl 
4.3 4.31262 V6 N A Rochester Quadrajet 4 bbl 
5.0 5.01302 V8 185 Rochester Quadrajet 4 bbl 
5.7 5.71350 V8 230 Rochester Quadrajet 4 bbl 
7.5 460 7.51460 V8 N A Holley @ 4 bbl 

1988 2.3 2.311 40 L4 N A Rochester 2GCIGV O 2 bbl 
3.0 3.011 81 L4 N A Rochester 2GCIGV IGE 2 bbl 
4.3 4.31262 V6 N A Rochester 2GCIGV IGE 2 bbl 
4.3 4.31262 V6 N A Rochester Quadrajet 4 bbl 
5.0 5.01302 V8 185 Rochester 2GCIGV IGE 2 bbl 
5.0 5.01302 V8 200 Rochester Quadrajet 4 bbl 
5.7 5.71350 V8 230 Rochester Quadrajet 4 bbl 
350 5.71350 V8 N A Rochester Quadrajet 4 bbl 
7.5 460 7.51460 V8 N A Holley @ 4 bbl 

1989 2.3 2,31140 L4 N A Rochester 2GCIGV O 2 bbl 
3.0 3.01181 L4 120 Rochester 2GClGV IGE 2 bbl 
4.3 4.31262 V6 160 Rochester 2GClGV IGE 2 bbl 
5.0 5.01302 V8 1851200 Hollev 2300 2 bbl - - 

5.7 5.71350 V8 230 Rochester Quadrajet 4 bbl 
5.8 5.81351 V8 235 Holley 4 bbl 
262 4.31262 V6 N A Rochester Quadrajet 4 bbl 
350 5.71350 V8 N A Rochester Quadrajet 4 bbl 
460 7.51460 V8 N A Holley O 4 bbl 

1990 2.3 2.311 40 L4 N A Holley 2300 (350 cfm) 2 bbl 
3.0 3.011 81 L4 120 Holley 2300 (350 cfm) @ 2 bbl 
3.0 HO 3.011 81 L4 N A Holley 2300 (500 cfm) 2 bbl 
4.3 4.31262 V6 160 Holley 2300 (500 cfm) 2 bbl 
4.3 HO 4.31262 V6 N A Holley 41 60 (575 cfm) 4 bbl 
5.0 5.01302 V8 185 Holley 2300 (300 cfm) 2 bbl 
5.0 HO 5.01302 V8 200 Holley 2300 (300 cfm) 2 bbl 
5.7 5.71350 V8 230 Holley 4175 (650) 0 4 bbl 
5.7 LE 5.71350 V8 N A Holley 4175 (650) 0 4 bbl 
5.8 5.81351 V8 235 Holley 41 60 (600 cfm) 4 bbl 
350 5.71350 V8 N A Holley 41 75 (650) 0 4 bbl 
454 7.41454 V8 N A Holley 4150 (850 cfm) @ 4 bbl 
460 7.51460 V8 N A Holley 4160 (750 cfm) 4 bbl 

@ Electric choke 
@ 3.OL PWC models used a Rochester 2 bbl carburetor 
@ Spread bore 
@ Dual feed 
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FUEL SYSTEMS - CARBURETORS 8-39 

CARBURETOR APPLICATIONS 

Displacement Engine Horsepower Carburetor Fuel 
Year Model UCU. In. T Y P ~  (At Prop.) TYP@ Delivery 

1991 3.0 3.011 81 L4 120 Holley 2300 (350 dm) 2 bbl 
3.0 HO 3.01181 L4 N A Holley 2300 (500 cfrn) 2 bbl 
4.3 4.31262 V6 1 60 Holley 2300 (500 dm) 2 bbl 
4.3 HO 4.31262 V6 N A Holley 41 60 (575 cfrn) 4 bbl 
5.0 5.01302 V8 1 85 Holley 2300 (300 cfm) 2 bbl 
5.0 HO 5.01302 V8 200 Holley 2300 (490 dm) 2 bbl 
5.7 5.71350 V8 230 Holley 4175 (650) 0 4 bbl 
5.7 LE, 350 5.71350 V8 N A Holley 41 75 (650) 0 4 bbl 
5 8 5,81351 V8 235 Holley 4160 (600 cfm) 4 bbl 
7.4GL, 454 7.41454 V8 300 Holley 41 50 (750 cfrn) @ 4 bbl 
454 HO 7.41454 V8 390 Holley 4150 (850 cfm) @ 4 bbl 

1992 3.0 3.01181 L4 I 20 Holley 2300 (350 cfm) 2 bbl 
3.0 HO 3.011 81 L4 N A Holley 2300 (500 cfm) 2 bbl 
4.3 4.31262 V6 1 60 Holley 2300 (500 cfm) 2 bbl 
5.0 5.01302 V8 185 Holley 2300 (300 cfm) 2 bbl 
5.0 HO 5.01302 V8 200 Holley 2300 (490 cfm) 2 bbl 
5.7 5.71350 V8 230 Holley 41 75 (650) 0 4 bbl 
5.7 LE 5.71350 V8 N A Hollev 4175 1650) O 4 bbl 

\ , -  -- 
5 8  5.81351 V8 235 Holley 41 60 (600 cfm) 4 bbl 
5.8 LE, 351 5.81351 V8 235 Holley 4160 (600 cfm) 4 bbl 
7.4GL, 454 7.41454 V8 300 Holley 4150 (750 cfm) @ 4 bbl 
8.2GL, 502, 454 HO 8.21502 V8 390 Holley 4150 (850 cfm) @ 4 bbl 
3.0 3.01181 L4 1 20 Holley 2300 (350 cfm) 2 bbl 
3.0 HO 3.011 81 L4 130 Holley 2300 (500 cfm) 2 bbl 
4.3 4.31262 V6 1 60 Holley 2300 (500 cfm) 2 bbl 
4.3 HO 4.31262 V6 N A Holley 41 60 (575 cfm) 4 bbl 
5.0 5.01302 V8 185 Holley 2300 (300 cfm) 2 bbl 
5.0 HO 5.01302 V8 200 Holley 2300 (490 cfm) 2 bbl 
5.8 5.81351 V8 235 Holley 41 60 (600 cfrn) 4 bbl 
7.4GL 7 41454 V8 300 Hollev 41 50 1750 cfrn) @ 4 hhl . . . . . - . - - --- . 

1994 3.OGL 3.011 81 L4 1 20 Holley 2300 (350 cfrn) 2 bbl 
3.OGS 3.01181 L4 135 Holley 2300 (500 cfrn) 2 bbl 
4.3GL 4.31262 V6 1 60 Holley 2300 (500 cfrn) 2 bbl 
5.OFL 5.01302 V8 190 Holley 2300 (490 cfm) 2 bbl 
5.7GL 5.71350 V8 225 Holley 2300 (500 cfm) 2 bbl 
5.8FL 5.81351 V8 230 Holley 4160 (600 cfm) 4 bbl 
7.4GL 7.41454 V8 300 Holley 41 50 (750 cfrn) O 4 bbl 

1995 3.OGS 3.01181 L4 130 Holley 2300 (500 cfm) 2 bbl 
4.3GL 4,31262 V6 160 Holiey 2300 (500 cfrn) 2 bbl 
5.0FL 5.01302 V8 190 Holley 2300 (490 cfm) 2 bbl 
5.8FL 5.81351 V8 235 Holley 4160 (600 cfrn) . 4 bbl 
7.4GL 7.41454 V8 300 Holley 41 50 (750 cfm) @ 4 bbl 

1996 3.0GS 3.01181 L4 2 30 Holley 2300 (500 cfm) 2 bbl 
4.3GL 4.31262 V6 160 Holley 2300 (500 cfm) 2 bbl 
4.3GS 4,31262 V6 1 85 Holley 41 60 (575 cfm) 4 bbl 
5.0FL 5.01302 V8 190 Holley 2300 (490 cfrn) 2 bbl 
5.8FL 5.81351 V8 235 Holley 4160 (600 dm) 4 bbl 
7.4GL 7.41454 V8 300 Holley 4150 (750 cfrn) @ 4 bbl 

Spread bore 
@ Single feed 
@ Dual feed 
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8-40 FUEL SYSTEMS - CARBURETORS 

CARBURETOR APPLICATIONS 

Displacement Engine Horsepower Carburetor Fuel 
Year Model UCU. In. TY Pe (At Prop.) TY Pe Delivery 

1997 3.OGS 3.011 81 L4 135 Holley 2300 (500 cfm) 2 bbl 
4.3GL 4.31262 V6 190 Holley 2300 (500 cfrn) 2 bbl 
4.3GS 4.31262 V6 205 Holley 4160 (575 cfrn) 4 bbl 
5.7GL 5.71350 V8 21 5 Holley 2300 (500 cfm) 2 bbl 
5.7GS 5.71350 V8 250 Holley 41 75 (650 cfrn) @ 4 bbl 
7.4GL 7.41454 V8 300 Holley 41 50 (750 cfm) @ 4 bbl 

1998 3.OGS 3.011 81 L4 135 Holley 2300 (500 cfm) 2 bbl 
4.3GL 4.31262 V6 190 Holley 2300 (500 cfm) 2 bbl 
4.3GS 4.31262 V6 205 Holley 41 60 (575 cfm) 4 bbl 
5.OGL 5.01305 V8 220 Holley 2300 (500 dm) 2 bbl 
5.7GS 5.71350 V8 250 Holley 2300 (500 cfm) 2 bbl 

@ Spread bore 
@ Single feed 

CARBURETOR SPECIFICATIONS - HOLLEY 2300 2BBL 

Intital Accelerator 
Choke Choke Idle Pump Pump 

Choke Unloader Vacuum Float Mixture Main Power Lever Cam 
Model Setting in. (mm) @ in. (mm) @ Setting (Turns) Jet Valve in. (mm) Position 

300 5.0L 1 989 I notch lean 0.270-0.330 0.130-0.150 @ 1 112 off seat 60 50 0.005-0.015 #I  Hole 
(6.8-8.4) (3.3-3.9) (0.1 30-0.381 ) 

1990 1 notch lean 0.300 (7.6) 0.140 (3.6) Level 1 112 off seat 60 50 0.010-0.015 #I  Hole 
(0.254-0.381) 

1991 3 notches lean 0.300 (7.6) 0.228 (5.8) @ 1 118 off seat 61 3.5 0.010-0.015 #I  Hole 
(0.254-0.381 ) 

1992-93 3 notches lean 0.300 (7.6) 0.228 (5.8) @ 1 118 off seat 61 3.5 0.010-0.015 Pink 
(0.254-0.381) #I  Hole 

350 3.OL, 3.OGL 1989-90 3 notches lean 0.380 (9.625) 0.250 (6.35) Level 314 off seat 63 25 0.010-0.015 #2 Hole 
(0.254-0.381 ) 

1991 3 notches lean 0.380 (9.625) 0.250 (6.35) @ 314 off seat 63 2.5 0.010-0.015 #I  Hole 
(0.254-0.381 ) 

1992-94 3 notches lean 0.380 (9.625) 0.250 (6.35) @ 314 off seat 63 2.5 0.010-0.015 Orange 
(0.254-0.381) #2 Hole 

490 5.0 HO, 1992-96 3 notches lean 0.312 (7.93) 0.221 (5.6) @ 1 off seat 72 3.5 0.010-0.015 Orange 
5.0FL (0.254-0.381) #I Hole 

500 3.0 HO, 1990 5 notches lean 0.300 (7.62) 0.365 (9.3) Level 0 75 25 0.01 0-0.01 5 #2 Hole 
3.OGS (0.254-0.381 ) 

1990-91 5 notches lean 0.300 (7.62) 0.365 (9.3) @ 0 75 2.5 0.010-0.015 # I  Hole 
(0.254-0.381 ) 

1992-94 5 notches lean 0.300 (7.62) 0.365 (9.3) @ 0 75 2.5 0.010-0.015 Orange 
(0.254-0.381) #2 Hole 

1995-98 5 notches lean 0.300 (7.62) 0.365 (9.3) @ 0 71 2.5 0.010-0.01 5 Orange 
(0.254-0.381) #2 Hole 

4.3L, 4.3GL 1989-90 5 notches lean 318 (9.525) 0.250 (6.35) Level 518 off seat 70 25 0.010-0.015 #I Hole 
(0.254-0.381 ) 

1991 5 notches lean 318 (9.525) 0.250 (6.35) @ 518 off seat 70 2.5 0.010-0.015 #I Hole 
(0.254-0.381 ) 

1992-98 5 notches lean 318 (9.525) 0.250 (6.35) @ 518 off seat 70 2.5 0.010-0.015 Red 
(0.254-0.381) # 1 Hole 

5.7GL 5 notches lean 0.300 (7.62) 0.315 (8) O 314-1 off seat 75 4.5 0.010-0.015 Red 
(0.254-0.381) # 1 Hole 

5.7GS 5 notches lean 0.300 (7.62) 0.315 (8) @ 314-1 off seat 69 4.5 0.010-0.015 Yellow 
(0.254-0.381) # 1 Hole 

O Measured at lower edge of plate 
O Parallel to fuel bowl when bowl inverted @ Level with fuel bowl inverted; Secondary: 118-114 turns in 
O 1 turn starboard to 112 turn port off seat @ 1998: Throttle lever side - 67; choke coil side - 68 
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FUEL SYSTEMS - CARBURETORS 8-41 

CARBURETOR SPECIFICATIONS - HOLLEY 4BBL 

lntital Accelerator Accelerator Secondary 
Choke Choke Idle Pump Pump Throttle 

Choke Unloader Vacuum Float Mixture Main Power Lever Cam Plate 
Model Cfm Engine Year Setting In. (mm) (3 in. (mm) @ Settlng (Turns) Jet Valve In. (mm) Posltion (Turns) 

5.8L 1989 1 notch lean 0.270-0.330 0.130-0.150 @ 1 112 Turns 73 65 0.m-0.015 #2 Hole 114 Beyond 
(6.8-8.4) (3.3-3.9) Out (0.127-0.381) Contact 

750 7.5L 1987-88 1 notch rich 0.270-0.330 0.130-0.150 @ 1 112 Turns 73 65 0.005-0.015 #2 Hole 114 Beyond 
(6.88.4) (3.3-3.9) Out (0.127-0.381) Contact 

1989 1 notch lean 0.270-0.330 0.130-0.150 @ 1 112 Turns 73 65 0.0050.015 # I  Hole 114 Beyond 
(6.G8.4) (3.3-3.9) Out (0.1 27-0.381) Contact 

4150 750 7.4L 1990 5 notches lean 114-112 0.4150.425 O 1 Turn Out 88 (Pri.) 6.5 (Pri.) 0.0100.015 #2 Hole 118 Beyond 
(6.3-12.7) (10.5-10.8) @4 (Sec.) 3.5 (Sec.) (0.254-0.381) Contact 

1991-97 6 notches lean 0.344 (8.74) 0.312 (7.92) O 114 off seat 73 (Pri.) 2.5 (Pri.) 0.010-0.015 Orange 118 Beyond 
56 (Sec.) 2.5 (Sec.) (0.254-0.381) #1 Hole Contact 

850 7.4L 1991-92 5 notchesjean 114-112 0.4150.425 1 Turn Out 88 (Pri.) 6.5 (Pri.) 0.010-0.015 Orange 118 Beyond 
(6.3-12.7) (10.5-10.8) 84 (Sec.) 3.5 (Sec.) (0.254-0.381) #1 Hole Contact 

4160 575 4.3 HO 1990 5 notches lean 0.300 (7.62) 0.250 (6.35) O 314 Turn Out 67 25 0.010-0.015 #2 Hole 114 Beyond 
(0.254-0.381 ) Contact 

1991 5 notches lean 0.300 (7.62) 0.250 (6.35) O 314 Turn Out 67 2.5 0.010-0.015 # I  Hole 114 Beyond 
(0.254-0.381) Contact 

1993 5 notches lean 0.300 (7.62) 0.250 (6.35) O 314 Turn Out 67 2.5 0.010-0.015 Orange 114Beyond 
(0.254-0.381) #2 Hole Contact 

4.3GL, 1996-97 5 notches lean 0.300 (7.62) 0.250 (6.35) O 314 off seat 67 2.5 0.010-0.015 Orange 114 Beyond 
4.3GS (0.254-0.381) #1 Hole Contact 

1998 5 notches lean 0.3W (7.62) 0.250 (6.35) O 1 118 off seat 63 2.5 0.010-0.015 Green 118114 Beyond 
(0.254-0.381) # 1 hole Contact 

600 5.8L 1990 1 notch lean 0.300 (7.62) 0.140 (3.6) O 1 112Turns 73 65 0.010-0.015 #I Hole 114 Beyond 
Out (0.254-0.381 ) Contact 

1991-96 3 notches lean 0.300 (7.62) 0.228 (5.8) @ 718 off seat 67 2.5 0.010-0.015 Orange 118 Beyond 
(0.254-0.381) # I  Hole Contact 

351 1992 3 notches lean 0.300 (7.62) 0.228 (5.8) O 314 off seat 69 4.5 0.010-0.015 Orange 118 Beyond 
(0.254-0.381) # I  Hole Contact 

750 7.5L 1990 1 notch lean 0.300 (7.62) 0.140 (3.6) O 1 112Turns 73 6.5 0.010-0.015 #1 Hole 114 Beyond 
Out (0.254-0.381) Contact 

6) Measured at lower edge of plate 
@ Both parallel to fuel bowl when bowl is inverted 

CARBURETOR SPECIFICATIONS - HOLLEY 4BBL 

lntital Accelerator Accelerator Secondary 
Choke Choke Idle Pump Pump ThrotUe 

Choke Unloader Vacuum Float Mixture Maln Power Lever Cam Plate 
Model Cfm Engine Year Sefflng in. (mm) @ in. (mm) @ Setting (Turns) Jet Valve in. (mm) Posltion (Turns) 
4175 650 5.7L 1990 Index 0.230-0.240 0.228 (5.8) Level 114 off seat 60 50 0.0150.015 #2 Hole 118 Beyond 

(5.9-6.1) (0.254-0.381 ) Contact 
1991 Index 0.230-0.240 0.228 (5.8) O 114 off seat 60 5.0 0.010-0.015 #1 Hole 118 Beyond 

(5.9-6.1) O @ (0.254-0.381) Contact 
1992 Index 0.230-0.240 0.228 (5.8) O I12 off seat 60 2.5 0.010-0.015 Orange 118 Beyond 

(5.9-6.1) (0.254-0.381) #2 Hole Contact 
5.7GL 1997 Index 0.230-0.240 0.228 (5.8) O 112 off seat 60 2.5 0.010-0.015 Orange 118 Beyond 

(5.9-6.1 ) (0.254-0.381) #2 Hole Contact 
5.7 LE, 1990 Index 0.230-0.240 0.228 (5.8) Level 1 off seat 60 5.0 0.010-0.015 #2 Hole 118 Beyond 
350 (5.9-6.1 ) (0.254-0.381) Contact 

1991 Index 0.230-0.240 0.228 (5.8) O 1 off seat 60 5.0 0.010-0.015 #I Hole 118 Beyond 
(5.9-6.1) O O (0.2545.381) Contact 

1 992 Index 0.230-0.240 0.228 (5.8) O 1Roff seat 60 2.5 0.010-0.015 Orange 118 Beyond 
(5.9-6.1) (0.254-0.381) #2 Hole Contact 

O Measured at lower edge of plate 
@ Both parallel to fuel bowl when bowl is inverted 
O For Part #986714. Part #987190: 112 turn off seat 
@ For Part #986714. Part #987190: 2.5 
O Part #80390 is 112 turn off seat 
@ Part #80390 and 80391 should be 2.5 
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8-42 FUEL SYSTEMS - CARBURETORS 

CARBURETOR SPEClFlCATlONS - ROCHESTER 2BBL 

Accelerator Initial 
Float Float Pump Vacuum Choke Initial Idle 
Level D r o ~  Rod Break Unloader Choke Mixture 

CARBURETOR SPECIFICATIONS - ROCHESTER 4BBL 

Pump initial 
Float Rod Pump Vacuum Choke Idle 
Level Adjustment Rod Break Unloader Mixture 

Year Model Engine in. (mm) in. (mm) Position in. (mm) in. (mm) (Turns) 
1986 1708251 5 4.3L 5/16 (7.77) 23/64 (9.14) Inner Hole 118 (3.18) 15/64 (5.94) 3 314 Out 

17058286 5.OL, 5.7L 5/16 (7.77) 23/64 (9.14) lnner Hole 118 (3.18) 15/64 (5.94) 3 314 Out 
1987 1708251 5 4.3L 5/16 (7.77) 23/64 (9.14) Inner Hole 118 (3.18) 15/64 (5.94) 3 314 Out 

17059286 5.OL, 5.7L 5/16 (7.77) 23/64 (9.14) lnner Hole 118 (3.18) 15/64 (5.94) 3 314 Out 
1988 I708251 5 4.3L 5/16 (7.77) 23/64 (9.14) Inner Hole 118 (3.18) 15/64 (5.94) 3 314 Out 

17059286 5.OL, 5.7L 5/16 (7.77) 23/64 (9.14) lnner Hole 118 (3.18) 15/64 (5.94) 3 314 Out 
1989 17082515 4.3L, 262 5/16 (7.77) 23/64 (9.14) Inner Hole 118 (3.18) 15/64 (5.94) 3 314 Out 

17059286 5.7L, 350 5/16 (7.77) 23/64 (9.14) lnner Hole 118 (3.18) 15/64 (5.94) 3 314 Out 
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FUEL SYSTEM APPLICATIONS 
Displacement Engine Fuel 

Year Model UCu. In. Type Delivery 
1993 5.0L 5.01302 V8 MFI - FORD 

5.8L 5.81351 V8 MFI - FORD - --  

1994 5.0Fi 5,01302 V8 MFl- FORD 
5.8Fi, 351 5.81351 V8 MFI- FORD 

1995 5.0 EFI 5,01302 V8 MFI - FORD 
5.8 EFI 5.81351 V8 MFI-FORD 
7.4 EFI 7,41454 V8 MFI-GM 

1996 4.3Gi 4.31262 V6 TBI 
5.0Fi 5.01302 V8 MFI- FORD 
5.7Gi 5.71350 V8 TBI 
5.8FilFsi 5.81351 V8 MFI - FORD 
7.4Gi 7.41454 V8 MFI-GM 

1997 4.3Gi 4,31262 V6 TBI 
5.7GiGSi 5.71350 V8 TBI 
7.4Gi 7.41454 V8 MFI -GM 

1998 4.3Gi 4.31262 V6 TBI 
5.7GSi 5.71350 V8 TBI 
7.4GilGSi 7.41454 V8 MFI - GM 
8.2GSi 8.21502 V8 MFI-GM 

Fuel recommendations have become more complex as the chemistry of 
modern gasoline changes. The major driving force behind the changes in 
gasoline chemistry is the search for additives to replace lead as an octane 
booster and lubricant. These new additives are governed by the types of 
emissions they produce in the combustion process. Also, the replacement 
additives do not always provide the same level of combustion stability, 
making a fuel's octane rating less meaningful. 

In the 1960's and 19703, leaded fuel was common. The lead served two 
functions. First, it served as an octane booster (combustion stabilizer) and 
second, in 4-stroke engines, it served as a valve seat lubricant. For Pstroke 
engines, the primary benefit of lead was to serve as a combustion stabilizer. 
Lead served very well for this purpose, even in high heat applications. 

Today, all lead has been removed from the refining process. This means 
that the benefit of lead as an octane booster has been eliminated. Several 
substitute octane boosters have been introduced in the place of lead. While 
many are adequate in an engine, most do not perform nearly as well as lead 
did, even though the octane rating of the fuel is the same. 

OCTANE RATING 

A fuel's octane rating is a measurement of how stable the fuel is when 
heat is introduced. Octane rating is a major consideration when deciding 
whether a fuel is suitable for a particular application. For example, in an 
engine, we want the fuel to ignite when the spark plug fires and not before, 
even under high pressure and temperatures. Once the fuel is ignited, it must 
burn slowly and smoothly, even though heat and pressure are building up 
while the burn occurs. The unburned fuel should be ignited by the traveling 
flame front, not by some other source of ignition, such as carbon deposits or 
the heat from the expanding gasses. A fuel's octane rating is known as a 
measurement of the fuel's anti-knock properties (ability to burn without 
exploding). 

Usually a fuel with a higher octane rating can be subjected to a more 
severe combustion environment before spontaneous or abnormal 
combustion occurs. To understand how two gasoline samples can be 
different, even though they have the same octane rating, we need to know 
how octane rating is determined. 

The American Society of Testing and Materials (ASTM) has developed a 
universal method of determining the octane rating of a fuel sample. The 
octane rating you see on the pump at a fuel dock is known as the pump 
octane number. Look at the small print on the pump. The rating has a 
formula. The rating is determined by the RtMi2 method. This number is the 
average of the research octane reading and the motor octane rating. 

The Research Octane Rating is a measure of a fuel's anti-knock 
properties under a light load or part throttle conditions. During this test, 
combustion heat is easily dissipated. 

The Motor Octane Rating is a measure of a fuel's anti-knock properties 
under a heavy load or full throttle conditions, when heat buildup is at 
maximum. 

VAPOR PRESSURE 

Fuel vapor pressure is a measure of how easily a fuel sample evaporates. 
Many additives used in gasoline contain aromatics. Aromatics are light 
hydrocarbons distilled off the top of a crude oil sample. They are effective at 
increasing the research octane of a fuel sample but can cause vapor lock 
(bubbles in the fuel line) on a very hot day. If you have an inconsistent 
running engine and you suspect vapor lock, use a piece of clear fuel line to 
look for bubbles, indicating that the fuel is vaporizing. 

One negative side effect of aromatics is that they create additional 
combustion products such as carbon and varnish. If your engine requires 
high-octane fuel to prevent detonation, de-carbon the engine more frequently 
with an internal engine cleaner to prevent ring sticking due to excessive 
varnish buildup. 

ALCOHOL-BLENDED FUELS 

When the Environmental Protection Agency mandated a phase-out of the 
leaded fuels in January of 1986, fuel suppliers needed an additive to improve 
the octane rating of their fuels. Alth-ough there are multiple methods currently 
employed, the addition of alcohol to gasoline seems to be favored because 
of its favorable results and low cost. Two types of alcohol are used in fuel 
today as octane boosters, methanol (wood alcohol) or ethanol (grain 
alcohol). 

When used as a fuel additive, alcohol tends to raise the research octane 
of the fuel. There are, however, some special considerations due to the 
effects of alcohol in fuel. 

Since alcohol contains oxygen, it replaces gasoline without oxygen 
content and tends to cause the airifuel mixture to become leaner. 

On older engines, the leaching affect of alcohol may, in time, cause fuel 
lines and plastic components to become brittle to the point of cracking. 
Unless replaced, these cracked lines could leak fuel, increasing the potential 
for hazardous situations. 

When alcohol b.ended fuels become contaminated with water, rhe 
warer combines witn the alconol then settles ro the bottom of rhe tank. This 
leaves the gasoline on a top layer. 

Modern fuel lines and plastic fuel system components have been 
specially formulated to resist alcohol leaching effects. 

RECOMMENDATIONS 

All engine covered here are designed to run on unleaded fuel. Never use 
leaded fuel in your boat's engine. The minimum octane rating of fuel being 
used for your engine must be at least 87 AKI (outside the US: 90 RON), 
which means regular unleaded, but some engines may require higher octane 
ratings. OMC actually recommends the use of 89 AKI (93 RON) fuel as the 
ideal-in fact, anything less than this on many 4.3U5.7L engines will require 
a change to the ignition timing. Fuel should be selected for the brand and 
octane that performs best with your engine. Check your owner's manual if in 
doubt. Premium unleaded is more stable under severe conditions but also 
produces more combustion products. Therefore, when using premium 
unleaded, more frequent de-carboning is necessary. 

The use of a fuel too low in octane (a measure of anti-knock quality) will 
result in spark knock. Newer systems have the capability to adjust the 
engine's ignition timing to compensate to some extent, but if persistent 
knocking occurs, it may be necessary to switch to a higher grade of fuel. 
Continuous or heavy knocking may result in engine damage. 

In a high heat environment like an modern engine, the fuel must be very 
stable to avoid detonation. If any parameters affecting combustion change 
suddenlv (the enqine runs lean for example), uncontrolled heat buildup will 
occurs ;e;y rapidy. 

The combustion Drocess is affected bv several interrelated factors. This 
means that when o i e  factor is changed,ihe other factors also must be 
changed to maintain the same controlled burn and level of combustion 
stability. 
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Compression-determines the level of heat buildup in the cylinder 

when the air-fuel mixture is compressed. As compression increases, so does 
the potential for heat buildup 

Ignition Timmg-determines when the gasses will start to expand in 
relation to the motion of the plston. If the ignition timing is too advanced, 
gasses will be ignited and begin to expand too soon, such as they would 
during pre-ignition. The motion of the piston opposes the expansion of the 
gasses, resulting in extremely high combustion chamber pressures and heat. 
If the ignition timing IS retarded, the gases are ignited later in relation to 
piston position. This means that the piston has already traveled back down 
the bore toward the bottom of the cylinder, resulting in less usable power. 

Fuel Mixture--determines how efficient the burn will be. A rich mixture 
burns slower than a lean one. If the mixture is too lean, it can't become 
explosive. The slower the burn, the cooler the combustion chamber, because 
pressure buildup is gradual. 

Fuel Quality (Octane Rating)-determines how much heat is necessary 
to ignite the mixture. Once the burn is in progress, heat is on the rise. The 
unburned poor quality fuel is ignited all at once by the rising heat instead of 
burning gradually as a flame front of the burn passing by. This action results 
in detonation (pinging). 

There are two types of abnormal combustion-pre-ignition and 
detonation. 

Pre-ignition--occurs when the air-fuel mixture is ignited by some 
incandescent source other than the correctly timed spark from the spark 
plug. 

* Detonation-occurs when excessive heat and or pressure ignites the 
airlfuel mixture rather than the spark plug. The burn becomes explosive. 

In general, anything that can cause abnormal heat buildup can be enough 
to push an engine over the edge to abnormal combustion, if any of the four 
basic factors previously discussed are already near the danger point, for 
example, excessive carbon buildup raises the compression and retains heat 
as glowing embers. 

See Figures 1, 2, 3 , 4  and 5 

The purpose of this section is to describe-in layman's terms whenever 
possible-the Multi-Port Fuel Injection (MFI) system installed on many Ford 
engines covered here. 

Visual inspections, and simple tests that may be performed using only 
basic shop test equipment, will be given wherever possible. Again, we 
emphasize: specialized test equipment, hours of training and considerable 
experience is required to perform detailed service on a fuel injection system.. 

The first fuel injection system was introduced in Europe over 60 years 
ago-in 1932 on diesel truck engines. In the beginning, the system and 
individual components were quite expensive. Over the years, state-of-the-art 
microprocessors (commonly referred to as."computer chips"), have lowered 
the cost of electronically controlled fuel injection systems. Today, the price of 
EFI is getting close to the cost of modern carbureted systems. 

An electronic fuel injection system is quite different from a carburetor 
system-even though they appear similar. The fuel injection system has a 
more efficient delivery of fuel to the cylinders than can be obtained with 
standard carburetor operation. 

The EFI system provides a means of fuel distribution by precisely 
controlling the airlfuel mixture and under all operating conditions for, as near 
as possible, complete combustion. 

On MFI systems, there is a throttle body located on the intake manifold, 
much like a carburetor except that only air is distributed and metered through 
the bores on the throttle body' Air for combustion is controlled by a throttle 
valve connected to the throttle linkage. Fuel is supplied by individual injectors 
mounted in the intake manifold and attached to a fuel rail assembly. 

Each injector is "pulsed" or "timed" to open or close by an electronic 
signal from the ECM. While constantly receiving input from various sensors, 
the ECM performs high speed calculations of engine fuel requirements and 
then "pulses the injectors open or closed. 

Ford's multi-point furl injection system is a pulse timeispeed density fuel 
injection system. This is to say that fuel is metered into the intake air stream 
based on the engine's demand via 8 fuel injectors mounted on a tuned 
intake manifold. 

Inputs from various engine sensors are fed into an on-board electronic 
engine control computer (EEC-IV) which computes the necessary fuel flow 
rates to maintain the prescribed airlfuel ratio at all times the engine is 
operating. The computer then sends an output signal to the injectors so they 
meter the correct quantity of fuel. The EEC-IV system is also capable of 
determining, and compensating for, engine age, uniqueness and altitude 
changes. 

The fuel delivery system consists of two fuel pumps-a low pressure 
pump mounted on the engine, between the fuel tank and vapor separator; 
and a high pressure pump mounted in the separator reservoir, delivering fuel 
to the injectors. Also included are a vapor separator reservoir, a fuel filter and 
a fuel charging system, 

The fuel charging system incorporates the electronic fuel injectors directly 
over each of the eight intake ports. When energized, the injectors spray a 
metered quantity of fuel directly into the intake air stream. 

A pressure regulator located downstream from the injectors maintains 
constant pressure across the injector nozzles. Excess fuel supplied by the 
pump, but not needed by the engine, passes through the regulator and back 
to the separator reservoir. 

On alternate revolutions of the crankshaft, one group of 4 injectors is 
energized simultaneously; with the remaining groups of four being energized 
on the next revolution. Injector "on time", or pulse width more accurately, is 
controlled by the EEC computer. 

Fig. 1 MFI system diagram 

FUEL CIRCUIT 

Fuel from the fuel tank is delivered, through the fuel filter, to the vapor 
separator reservoir via the low pressure fuel pump. Once the ignition key is 
switched to the ON position, the pump will energize for approximately 2 
seconds and then shut off until the electronic control assembly (ECA) 
receives a signal from the profile ignition pick-up (PIP) indicating that the 
engine is cranking or running. 

The vapor separator reservoir is a fuel containmentivapor purge reservoir 
located at the rear of the engine, eliminating the need for fuel return lines. 
Fuel enters the reservoir from the bottom, passes through the high pressure 
pump on top of the assembly and then on to the fuel rail and injectors. 

When fuel demand is less than the volume of fuel being supplied, line 
pressure will open an internal regulator in the low pressure pump allowing 
the fuel to circulate internally. Power for the delivery system and appropriate 
timing for the injectors is controlled by the ECA. 

A vacuum/pressure operated diaphragm-type pressure regulator is located 
on the end of the fuel rail, downstream of the iniectors. One side of the 
regulator senses fuel pressure while the other detects manifold vacuum; thus 
allowing the regulator to maintain the appropriate, and equal, fuel pressure at 
each injector. 

Because of fuel vapors, the reservoir, and the fuel itself, are cooled by 
incoming seawater. Water enters passages in the reservoir from the transom 
shield water line and then continues on to the thermostat housing. 
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Inside the reservoir there is a float and needle mechanism, very similar to 

what you're familiar with on a carburetor, which is connected to a vacuum 
line from the air plenum. Any vapor will separate from the liquid fuel and rise 
to the top of the reservoir. As the amount of vapor increases, the fuel volume 
will decrease, causing the float to open the needle valve. Vacuum will then 
pull the vapor from the reservoir and into the intake plenum. A pulse limiter at 
the plenum prevents backfire from igniting these vapors. Once the vapor has 
been purged, the low pressure pump will feed more fuel into the reservoir, 
causing the level to rise and the float to close the needle valve. 

Both the reservoir and the fuel rails are equipped with pressure relief 
valves. 

ELECTRICAL CIRCUIT 

As the ignition key is moved to the ON position, the EEC power relay is 
energized-providing power (current) to both the ECA and the fuel pump 
relay. Power for the pumps is supplied via 20 amp circuit breaker connected 
to the main 60 amp breakers on the engine. 

As mentioned previously, if the switch is not moved past the ON position 
and into the START position, the ECA will shut off the pump after 
approximately 2 seconds. Once moved to the START and cranking 
commences, the ECA will receive a signal from the PIP and once again 
energize the pump. The pump will continue to run until the engine speed 
drops below 120 rpm. 

COMPONENTS 

Fuel 

+ See Figure 6 

There are 8 electro-mechanical injectors attached to the fuel rail. They are 
charged with metering and atomizing fuel as delivered to the engine. Each 
injector body consists of a solenoid-actuated pintle and needle valve 
assembly. 

A signal from the ECA activates the injector solenoid, causing the pintle to 
move inward and off the seat; thus allowing fuel to flow to the intake port. 
Fuel flow to the engine is regulated by the duration of solenoid energization, 
while atomization is obtained by contouring the pintle at the point where the 
fuel separates. 

OMC utilizes a Deposit Resistant Injector (DRI) so that lean fuel 
delivery problems caused by bad fuel (low grade) have been eliminated. 

These injectors have no pintle on the tip of the injector (as most injectors 
do); instead, fuel is metered via four small holes in a metering plate on the 
injector tip. As the inevitable fuel deposits coat the tip of the injector, the 
holes will not be affected; so metering characteristics remain correct. 

High Fuel Reservoir1 
Pressure Vapor Separator 
Fuel Pump 

Fig. 2 MFI system component locations-1993-94 
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Fuel Pumps 

As discussed previously, there are two electric fuel pumps utilized with 
this system. A low pressure pump attached to the fuel filter bracket and a 
high pressure pump mounted on top of the vapor separator reservoir. 

Fuel Pressure Regulator 

The fuel pressure regulator is mounted on the rear of the Starboard rail, 
downstream of the injectors. 

The regulator is a simple diaphragm-type relief valve. One side of the 
diaphragm senses fuel pressure while the other side takes vacuum from the 
intake manifold. Nominal fuel pressure is established via the spring preload 
being applied to the diaphragm. Manifold pressure balance the other side of 
the diaphragm in order to maintain a constant pressure drop across all of the 
injectors. Excess fuel not needed by the engine bypasses the regulator and 
is returned to the separator reservoir. 

Fuel Rail 

The fuel rail delivers high pressure fuel from the vapor separator reservoir 
to each of the 8 injectors. The actual assembly consists of two hollow fails 
(one for each bank of cylinders) connected by a crossover. All fuel injectors 
and the pressure regulator are connected to the rail. All fuel rails are 
serviced as an assembly only, only the injectors and the regulator may be 
individually serviced. 

Intake Manifold 

The manifold assembly is actually made up of two separate manifolds; 
and upper and a lower. Runner lengths on the upper plenum are pre-tuned 
to optimize engine torque and power output. 

Fuel injector pockets are machined into the lower manifold in order to 
prevent any air or fuel leakage. These pockets are also positioned so that 
they the injector fuel pattern sprays directly in front of each intake valve. 

Throttle Body 

The throttle body is mounted to the upper intake manifold, Port side and 
controls airflow to the engine by means of a butterfly-style valve. All throttle 
bodies are one-piece aluminum with a sinqle bore. There is an air bv~ass  
channel around'the throttle plate controlling all engine idle airflow, regulated 
bv an electro-mechanical device controlled bv the ECA. A linear actuator is 

~ - . . . . . . . . . . 

irkorPorated into the throttle body which posi%ons a variable area metering 
valve known as the Idle Speed Control (ISC) valve. 

Vapor Separator Tank 

The reservoir is located at the rear of the engine and consists of the 
assembly itself, the high pressure fuel pump, float assembly and various fuel 
and cooling lines. Operational details are discussed in the Description and 
Operation section. 

E-Core ECA. Trim and 

:ig. 3 MFI system component locations-1995-96 
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Fuel Line 

Lower Intake 

Circuit Breaker 

Low Pressure 

Reservoir 

Fig. 4 Exploded view of the lower manifold and fuel delivery system 
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f 8 8 
Mounting I I 

I I 

Bracket 

Sink 

:ig. 5 Exploded view of the upper manifold and fuel deliverv svstem 
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ORIFICE 

Fig. 6 Cross section of an MFI injector 

Water Separating Fuel Filter 

The water separator is a "typical" unit designed to prevent moisture from 
continuing on through the fuel lines and eventually through the injectors into 
the cylinders. It can be found on the front of the engine. 

To reduce the risk of fire and personal injury, it is necessary to relieve 
the fuel system pressure before servicing any fuel system component. 
If this procedure is not performed, fuel may be sprayed out of a 
connection under extreme pressure. Always keep a dry chemical fire 
extinguisher near the work area when serving the fuel system. 

1. Tag and disconnect the electrical leads at each of the electric fuel 
pumps and move the harness out of the way. 

2. Turn the ignition key and crank the engine for ten seconds to relieve 
any residual pressure in the system. If the engine starts, don't worry, allow it 
to run until it dies out and then crank the engine again for a few more 
seconds. 

3. Reconnect the fuel pump leads. 
4. Disconnect the battery cables before commencing any additional 

procedures. 

The air charge temperature sensor (or air bypass valve) monitors 
incoming air temperature changes and relays this information directly to the 
ECA. The ECA will then advance spark timing so the idle speed will increase 
at lower engine temperatures. Since cold air contains more oxygen, the ECA 
will richen the fuellair mixture when outside air is colder. 

REMOVAL & INSTALLATION 

+ See Figures 2 and 3 

1. Open the engine compartment and disconnect the battery cables. 
2. Remove the 4 retaining screws and lift off the plastic engine cover. 
3. Tag and disconnect the coil high tension lead, the E-coil connector 

and the TFI-IV connector at the TFI module, just forward of the throttle body. 
Move them all out of the way. 

4. Tag and disconnect the electrical lead at the ACT sensor, just in front 
of the TFI module. Unscrew the sensor. 

To Install: 
5. Install the sensor and tighten it to 12-18 ft. Ibs. (16.3-24.4 Nm). Coat 

the electrical lead with Terminal Grease and reconnect it. 
6. Apply Terminal Grease to the lead and two connectors from the 

module and reconnect them. Confirm that each connection is secure. 
7. Install the plastic cover and tighten the screws to 24-36 inch Ibs. (2.7- 

4.1 Nm). 
8. Connect the battery cables. 

TESTING 

DERATE 
+ See Figures 7 and 8 

1. With the ignition switch in the OFF position, disconnect the electrical 
lead at the ACT sensor. 

2. Measure the resistance across the two terminals in the sensor 
connector. 

3. Match your reading to that in the chart for the given temperature. If 
within specification, the sensor is OK, otherwise replace the sensor. 

-- 

REMOVAL & INSTALLATION 

+ See Figures 2,3 and 4 SY 

1. Open the engine compartment and disconnect the battery cables. 
2. Locate the circuit breaker on the fuel pump lift bracket (front of 

engine, Port side) and disconnect the two electrical leads. 
3. Remove the screwsinuts and lift off the breaker. 
4. Install a new circuit breaker and tighten the screwslnuts to 20-25 inch 

Ibs. (2.3-2.8 Nm). 
5. Connect the Red lead to one stud on the circuit breaker and the 

RedlPurple lead to the other. Tighten the nuts 20-25 inch Ibs. (2.3-2.8 Nm). 
Coat the two terminals with Liquid Neoprene. 

This sensor is a thermistor immersed in the engine coolant passageway. 
A thermistor is a resistor capable of changing value based on temperature. 
Low coolant temperature produces a high resistance and a high temperature 
causes low resistance. 

SENSOR DATA 

Temperature Voltage Resistance 
( F ) I ( C ) (Volts) (K Ohms) 
248 120 0.28 1.18 

Voltage values calculated for VREF equal1 5V 
Due to sensor and VREF variactions, these 
values may vary by 15% 

Fig. 7 Sensor testing values 
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REMOVAL & INSTALLATION REMOVAL & INSTALLATION 

+ See Figures 2,3,9 and 10 

1. Open the engine compartment and disconnect the battery cables. 
2. Remove the 4 retaining screws and lift off the plastic engine cover. 
3. Tag and disconnect the coil high tension lead, the E-coil connector 

and the TFI-IV connector at the TFI module, just forward of the throttle body. 
Move them all out of the way. 

4. Tag and disconnect the electrical lead at the ECT sensor, just in front 
of the TFI module. Unscrew the sensor. 

To Install: 
5. Install the sensor and tighten it to 10-15 ft. Ibs. (13.6-20.3 Nm). Coat 

the electrical lead with Terminal Grease and reconnect it. 
6. Apply Terminal Grease to the lead and two connectors from the 

module and reconnect them. Confirm that each connection is secure. 
7. Install the plastic cover and tighten the screws to 24-36 inch Ibs. (2.7- 

4.1 Nm). 
8. Connect the battery cables. 

TESTING 

DERATE + See Figures 7 and 11 
1. With the ignition switch in the OFF position, disconnect the electrical 

lead at the ECT sensor. 
2. Measure the resistance across the two terminals in the sensor. 
3. Start the engine and allow it to reach normal operating temperature. 

Check the resistance again. 
4. Check the two readings against those in the chart and replace the 

sensor if they are incorrect. 

+ See Figures 12 and 13 

The EEC power relay receives direct battery power, protected by a circuit 
breaker and a fuse, via a redlpurple electrical lead. Voltage from the ignition 
switch actuates the relay through a purple lead containing a diode to protect 
against reverse battery polarity. Finally, the purplelblack lead carries battery 
voltage on the ECA at pins 37157. All EEC-IV system components receive 
power via this lead. 

+ See Figures 2,3,12 and 13 

1. Open the engine compartment and disconnect the battery cables. 
2. Remove the ECA bracket and then disconnect the small vacuum 

hose to the MAP sensor. 
3. Disconnect the electrical leads at the relay. 
4. Cut the plastic tie, remove the retaining screw and lift off the relay. 
5. Attach the relay to the bracket. Tighten the retaining screw to 24-36 

inch Ibs. (2.7-4.1 Nm) and install a new plastic tie. 
6. Install the ECA bracket and reconnect the vacuum line. 
7. Connect the battery cables. 

REMOVAL & INSTALLATION 

+ See Figures 2 and 3 ERATE 

1. Turn the ignition key to the OFF position. Do not perform any further 
steps in this procedure until you have done this. 

2. Open the engine compartment and disconnect the battery cables. 
3. Locate the ECA on the front side of the engine (Starboard) and cut 

the plastic tie around the rubber boot. Pull the boot back and remove the 
IOmm Hex screw holding the 60 pin connector on the front of the assembly. 
Unplug the connector and position it out of the way. 

4. Remove the 4 cover retaining screws and then remove the plastic 
cover and the ECA. 

To Install: 
5. Position the assembly into the plastic cover so that the keyway lines 

UP. 
6. Attach the cover assembly to the bracket and tighten the screws to 

24-36 inch Ibs. (2.7-4.1 Nm). 
7. Coat ALL terminal on the 60 pin connector with Terminal Grease and 

then plug it into the ECA. Tighten the Hex to 46-64 inch Ibs. (5-7 Nm). 
8. Stretch the rubber boot over the connector and install a new plastic 

tie. 
9. Connect the battery cables. 

?So VREF (GreyiBlack 1 46 0 Srg Rtn (GrayiRed) 

Fig. 8 ACT sensor schematic 

7 -VREF (Greenlorange) 

46 SIG RTN (GraylRed) 

Fig. 11 ECT sensor schematic 

Fig. 9 Typical ECT sensor 
Fig. 10 The connector is held in place by a 
lock tab 

Fig. 12 EEC power relay 

Relay Diode 

-6 a$ h 
0 Purple 

o RedlPurple 

Purple/ 5' 
,)) 

Black 
Black 

Fig. 13 EEC power relay pin locations 
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9-10 FUEL SYSTEMS - FUEL INJECTION 

+ See Figure 14 

All EEC-IV EFI engine utilize an injector firing sequence that OMC calls 
'bank-to-bank'-four injectors fire on one revolution of the crankshaft, while 
the remainina four fire on the next revolution of the shaft. All iniectors receive 
power via the purpleiblack lead from the power relay at ECA phs 37/57. 
Ground circuits in the ECA control the actual firing; pin 58 fires the #I ,  4, 5 
and 8 injectors via the blueiyellow lead, while pin 59 fires the #2, 3, 6 and 7 
injectors via the purpleiwhite lead. 

Fuel injector or circuit fa~lure will NOT prompt the ECA to store a trouble 
code in its memory. 

Fig. 14 Fuel injector schematic 

REMOVAL & INSTALLATION 

+ See Figures 4 and 6 DERATE 

Always have a fire extinguisher handy when working on any part of 
the fuel system. Remember, a very small amount of fuel vapor in the 
bilge, has the tremendous potential explosive power. 

1. Relieve the fuel pressure as previously detailed. 
2. Open the engine compartment and disconnect the battery cables. 
3. Remove the upper intake plenum and fuel rail. There is a good 

chance that the injectors will come up with the rail-if this happens, 
disconnect the lead and pull the injector out of the holder on the rail. 

4. Tag and disconnect the electrical lead at the injector you intend to 
remove. 

5. Grab the body of the injector with your hand and pull it upward while 
wiggling it back and forth. 

To Install: 
6. Replace the two O-rings on the injector, coating them with a light 

engine oil before slipping them on. Make sure that they are the fuel resistant 
type and are Brown in color. 

Never use silicone grease on the injector O-ring. 

7. Install the injector back into the rail the same way you removed it. 
8. Install the fuel rail and reconnect the electrical lead to the injector. 

Make sure you coat both terminals and connector with Terminal grease. 
9. Install the upper intake plenum and connect the battery cables. 

REMOVAL & INSTALLATION 

+ See Figures 2,3,4 and 15 DR%TE 

Always have a fire extinguisher handy when working on any part of 
the fuel system. Remember, a very small amount of fuel vapor in the 
bilge, has the tremendous potential explosive power. 

1. Relieve the fuel pressure as previously detailed. 
2. Open the engine compartment and disconnect the battery cables. 
3. Remove the upper intake plenum and fuel rail as previously detailed. 
4. Remove the 3 Allen screws retaining the regulator and lift it off of the 

rail. Discard the gasket. 
To Install: 

5. Inspect the O-ring for cracks or other signs of deterioration, replace 
as necessary. We think it's a good idea to replace the O-ring regardless of 
condition. Either way, coat it with clean engine oil. 

Never use silicone grease on the regulator O-ring. 

6. Make sure that all residual gasket material is removed from the two 
mating surfaces and position a new gasket. 

7. Install the regulator and tighten the screws to 27-40 inch Ibs. (3.0-4.5 
Nm). 

8. Install the fuel rail and upper plenum. 
9. Connect the battery cables. 

I Fia. 15 Cross section of the fuel Dressure reaulator 

REMOVAL & INSTALLATION 

High Pressure 

+ See Figures 2,3 and 4 
DERATE 

Always have a fire extinguisher handy when working on any part of 
the fuel system. Remember, a very small amount of fuel vapor in the 
bilge, has the tremendous potential explosive power. 

All OMC fuel pumps are designed to meet U.S. Coast Guard fuel system 
regulations. Never substitute and automotive style pump. 

1. Open or remove the engine hatchicover and relieve the fuel system 
pressure as detailed previously. Disconnect the battery cable. 

2. Locate the pump at the rear of the engine, on top of the fuel 
reservoirlvapor separator. 

3. Make a note of the fitting elbow positioning and then hold the elbow 
while removing the fuel line; be sure to have some rags handy to catch any 
spilled fuel and make sure you plug the line before moving it out of the way. 
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4. With your wrench still on the elbow, back off the lock nut with another 

wrench. The lock nut is the nut immediately inside of the elbow; do not 
confuse it with the end cap nut on the end of the pump. Unscrew the elbow 
from the end of the pump and set it aside. 

5. Remove the 2 screws securing the end bracket to the reservoir and 
then remove the bracket from the pump. 

6. Remove the banjo nut from the end of the pump and then remove 
the pump. Discard all O-rings. 

To Install: 
7. Lubricate new O-rings with clean engine oil. Slide the small one onto 

the elbow fitting (right up against the flange) and the larger one onto the 
banjo nut so it srts in the groove on the inner side of the head. 

8. Slide the banjo nut into the hole on the reservoir cover. Coat another 
new O-ring with clean engine oil and position it over the threads and up 
against the bracket. 

9. Position the pump at a 45" angle, hold the end cap with a wrench 
and thread the banjo nut into the pump. Tighten it to 18-22 ft. Ibs. (24.4-29.8 
Nm). Be very careful to hold the end cap while tightening the banjo nut or 
you risk damaging the internal O-ring. 

10. Position the support bracket over the other end of the pump and 
tighten the screws to 25-35 inch Ibs. (2.8-4.0 Nm). 

11. Screw the elbow fitting into the end of the pump so that it is in the 
same position as when removed. Cinch the lock nut down against the pump 
outlet and then tighten it to 60-84 inch Ibs (6.8-9.5 Nm) while holding the 
pump end cap. 

12. Install the fuel line and connect the battery cables. 

Low Pressure 

4 See Figures 2,3 and 4 

Always have a fire extinguisher handy when working on any part of 
the fuel system. Remember, a very small amount of fuel vapor in the 
bilge, has the tremendous potential explosive power. 

All OMC fuel pumps are designed to meet U.S. Coast Guard fuel system 
regulations. Never substitute and automotive style pump. 

1. Open or remove the engine hatchlcover and relieve the fuel system 
pressure as detailed previously. Disconnect the battery cable. 

2. Position a container under the pumplfilter assembly and remove the 
fuel inlet line at the filter bracket and the outlet line at the top of the pump. It 
is important to use two open-end wrenches; one to hold the fuel fitting nut or 
elbow and the other to loosen the line nut. Plug the line with a golf tee or 
something similar to prevent additional fuel spillage (OMC actually sells a 
plug for this purpose). Take care not to spill fuel on a hot engine, because 
such fuel may ignite. 

3. Cut the plastic tie holding the electrical leads to the body of the 
pump. Unplug the electrical harness at the pump suppressor connector and 
move it out of the way. 

4. Hold the pump end cap (just under the lower edge of the upper 
retaining bracket) with a wrench while loosening the lock nut (on top of 
bracket, under elbow). Unscrew the upper elbow. 

Not holding the end cap while loosening the lock nut will damage the 
internal O-ring, causing fuel leakage during operation. 

5. Remove the 2 fuel filter bracket mounting bolts and lift off the 
pumplbracket~filter as an assembly, sliding the pump out of the upper 
grommet. Be careful of spilling fuel. 

6. Lay the assembly down, or carefully mount the bracket in a vise. 
Hold the lower pump end cap with a wrench and unscrew the filter bracket. 
to-pump adapter. 

-- 

Not holding the end cap while loosening the lock nut will damage the 
internal O-ring, causing fuel leakage during operation. 

To Install: 

7. Slide a new O-ring over the threads of the adapter until it rests on the 
upper side of the hex nut. 

8. Screw the adapterlbracket assembly into the pump while holding the 
lower end cap. Tighten the adapter to 8-10 ft. Ibs. (11-14 Nm). 

9. Slide the assembly up through the grommet in the bracket and 
position it so the mounting holes line up on the bracket. Tighten the filter 
bracket bolts to 20-25 ft. Ibs. (27-34 Nm). 

10. Thread the upper lock nut onto the elbow until it reaches the 
underside of the fitting. Slip on the washer and then a new O-ring. Thread 
the elbow into the top of the pump until it stops and then back it out just 
enough to align with the fuel line. Connect the line and tighten it securely. 

11. Hold the upper end cap again and tighten the lock nut to 60-84 inch 
Ibs. (6.8-9.5 Nm). 

12. Reconnect the suppressor lead-push it in until the tabs click. 

If you notice any of the suppressor holes open, be sure to coat them 
with Liquid Neoprene to prevent water from entering. 

13. Install a new plastic tie around the pump body and electrical leads. 
14. Reconnect the inlet line and tighten it securely. 
15. Install the pump guard if removed. 
16. Remove the container and connect the battery cables. Start the 

engine and check for fuel leaks. 

REMOVAL & INSTALLATION 

4 See Figure 4 
DERATE 

Always have a fire extinguisher handy when working on any part of 
the fuel system. Remember, a very small amount of fuel vapor in the 
bilge, has the tremendous potential explosive power. 

1. Open or remove the engine hatchicover and relieve the fuel system 
pressure as detailed previously. Disconnect the battery cable. 

2. Remove the upper intake plenumlthrottle body assembly as detailed 
previously. 

3. Clean any and all debris from around the rail and injectors to prevent 
it from falling into the intake ports. 

4. Carefully disconnect the fuel supply line at the rear Port side of the 
rail. Do the same with the return line on the Starboard side. Plug the lines 
and make sure you have plenty of rags available to mop up the inevitable 
spillage. 

5. Make a note of the injector harness positioning on the rail and where 
it is secured. Cut the plastic ties securing the harness to the rails. 

6. Remove the 4 rail retaining bolts (2 per side), carefully disengage the 
rails from each injector and lift off the rail. An alternate way is to simply 
remove the rail with the injectors attached, and then remove the injectors if 
necessary-we like this way better, particularly if you do not intend on 
replacing the rail or injectors. Cover the injector holes. 

To Install: 
7. If the injectors were removed, confirm that the caps are clean and 

debris-free. 
8. Replace the two O-rings on each injector, coating them with a light 

engine oil before slipping them on. Make sure that the O-rings are the fuel 
resistant type and are Brown in color. No you don't have to replace the 0- 
rings if they are in good condition, but why would you not do it while you've 
got the injectors out?? Cheap insurance, and can save you a lot of headache 
and time down the road. 

Never use silicone grease on the injector O-ring. 

9. If you left the injectors in position, seat each one into the rail cup, 
making sure the O-ring snaps into place. Otherwise, position the assembly 
over the ports and carefully pop the injectors into place. Once everything is 
in position, install the retaining bolts and tighten them to 70-105 inch Ibs. 
(7.9-11.9 Nm). 

10. Reroute the injector harness so that it approximates the original 
positioning and then install new plastic ties where you had removed the old 
ones. Make sure that all terminals and connections have been coated with 
Terminal Grease. 

11. Install the manifold and throttle body assembly. 
12. Connect the battery cables. 
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REMOVAL & INSTALLATION 

4 See Figures 2,3 and 4 DERATE 

Always have a fire extinguisher handy when working on any part of 
the fuel system. Remember, a very small amount of fuel vapor in  the 
bilge, has the tremendous potential explosive power. 

1. Open or remove the engine hatchicover and relieve the fuel system 
pressure as detailed previously. Disconnect the battery cable. 

2. Loosen the hose clamps and then remove the water inlet and outlet 
hoses from the tank. 

3. Remove the power steering cooler retaining bracket bolt and position 
the cooler out of the way. There is a special flat washer behind the cooler 
bracket-don't lose it when lifting off the assembly. 

4. Clip the plastic tie securing the pump harness to the pump and then 
unplug the connector and move the harness out of the way. 

5. Remove the small clamp and wiggle the vent hose from the nipple at 
the rear of the reservoir. Position it out of the way. 

6. Remove the fuel inlet line from the low pressure pump. Remove the 
line running between the reservoir and pressure regulator. Remove the high 
pressure pump outlet line. Please refer to the Fuel Pump procedures for 
specific details on removing the fuel lines. 

7. Loosen the clamp and remove the cooling outlet line (running to the 
thermostat housing) connected to the elbow on the Starboard side of the 
reservoir. 

8. Remove the 2 mounting bolts at the bottom of the reservoir and lift 
off the assembly. 

To Install: 
9. Adjust the float level as detailed later in this section. 

10. Position the reservoir onto the engine and tighten the mounting bolts 
to 24-36 it. Ibs. (38-49 Nm). 

11. Reattach the coolant line to the elbow on the reservoir and tighten 
the clamp securely. 

12. Connect the three fuel lines to the pump and reservoir as detailed in 
the Fuel Pump section. 

13. Connect the vent line running from the upper manifold and tighten 
the clamp securely, but not so tight as to pinch the hose. 

14. Coat the terminals on the fuel pump and pump harness connector 
with Terminal Grease and plug the connector into the pump. Secure the 
harness to the pump body with a new plastic tie. 

15. Slide the flay washer over the mounting stud on the rear of the 
reservoir and then install the power steering cooler. Tighten the lock nut to 
20-25 ft. Ibs. (27-34 Nm). 

16. Reconnect the cooling hoses and tighten their hose clamps securely. 
17. Connect the battery cables. 

FLOAT LEVEL 

4 See Figures 4 and 16 DERATE 

1. Disconnect all fuel llnes and remove the high pressure fuel pump. 
2. Remove the 8 reservoir cover retaining screws and lift off the cover 

and pump brackets. Discard the gasket. 
3. Flip the cover assembly over and allow the float to drop down until it 

seats the float needle. 
4. Measure the distance between the bottom edge of the inverted float 

(actually the top edge when installed in the reservoir) and the inner mounting 
surface of the reservoir cover. 

5. Bend the float adjustment tab very carefully until the gap is 3/16 in. 
(4.76mm). Rotate the assembly once or twice and check that the float moves 
freely and that the gap has not changed. 

Never force the float needle t ip against the seat or you will damage 
the special tip. 

6. Position a new cover gasket onto the reservoir and then carefully 
install the cover assembly. Tighten the retaining screws to 25-35 inch Ibs. 
(2.8-4.0 Nm). 

7. Install the fuel pump and reconnect the fuel lines. 

Tab / 

Fio. 16 Adjust the float level with the reservoir cover inverted 

4 See Figures 17 and 18 

The idle speed control by-pass air solenoid receives battery voltage via 
the purple/black lead from ECA pins 37/57. Ground is via the whitelblack 
ground wire from the ECA. This ground circuit serves to control voltage to 
the solenoid; the varying voltage then changes the position of the air by-pass 
valve. The greater the voltage, the more air will be allowed to bypass the 
throttle plate. 

REMOVAL & INSTALLATION 

4 See Figures 2,3 and 4 SY 

1. Open or remove the engine hatchicover and relieve the fuel system 
pressure as detailed previously. Disconnect the battery cable. 

2, Tag the 2-pin connector at the rear of the ISC solenoid and 
disconnect it from the solenoid. The solenoid is attached to the aft side of the 
throttle body. 

3. Remove the 2 solenoid retainina screws and oull it off the adaotor 
Discard the gasket. 

4. Remove the 2 adaptor retaining screws and pull it off the throttle 
body. Discard the gasket. Pull the small muffler out of the adaptor body. 

To Install: 
5. Carefully wash the muffler in solvent and allow it to air dry. 
6. Clean any residual gasket material from both sides of the adaptor, 

and from the throttle body and solenoid mating surfaces. 
7. Insert the muffler into the adaptor so that is flush with, or below, the 

surface. 
8. Position a new gasket onto the throttle body and then install the 

adaptor. Tighten the screws to 71-102 inch lbs. (8-11 Nm). 
9. Position a new gasket onto the adaptor and install the solenoid. 

Tighten the screws to 71-102 inch Ibs. (8-11 Nm). 
10. Coat all terminals of the connector with Terminal Grease and 

reconnect the lead to the solenoid. 
11. Install the engine cover and connect the battery cables. 

See Figures 19 and 20 

At the first sign of spark knock, a pulsing signal is produced by the sensor 
and then sent through an amplifier to the ECA. After receiving this signal, the 
ECA will retard timing in three steps (but no more than 12" from the starting 
point) until knock is no longer sensed by the sensor. Once the MAP sensor 
detects a 3-4 in. Hg. change in engine vacuum, or the engine is shut off, the 
ECA will return the engine to its normal spark advance. 

REMOVAL & INSTALLATION 
- 

4 See Figure 19 

1. Open or remove the engine hatchicover and relieve the fuelTstem 
pressure as detailed previously. Disconnect the battery cable. 
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I Fia. 17 ISC solenoid 

- 

Fig.18 ISC solenoid schematic 

2. Locate the knock sensor on the rear of the cylinder block, just above 
the flywheel housing and behind the port side leg of the separator reservoir. 
Tag and disconnect the electrical lead at the sensor and then unscrew the 
sensor. 

The sensor is fragile and must be handled with care. If it is dropped, or 
banged in any manner, you must replace it. 

3. Working right next to the sensor, cut the plastic tie around the 
amplifier and pop it out of its bracket. Pry off the retainer and then unplug the 
amplifier connector. 

To Install: 
4. Coat all terminals with Terminal Grease and plug in the amplifier 

connector. Press the retainer into position. Position the amplifier on the 
bracket and secure it with a new plastic tie. 

5. Thoroughly clean the threads of the knock sensor and its hole. The 
sensor grounds through the threads, so there can be no residual paint or dirt. 
Carefully screw the sensor in and tighten it to 7-10 ft. Ibs. (9.5-13.5 Nm). 

Pin $'a/mT - Pin D (Yellow) P' 
Amplifier 

Pin B - Pin A (PurplelBlack) 
(Black),. 

I Q9 37/57 
Sensor 

I Fia. 20 KS svstem schematic I 

Fin. 21 MAP sensor 

DO NOT OVER-TIGHTEN THE KNOCK SENSOR. 
- -- 

6. Attach the sensor lead and connect the battery cables. 

+ See Figure 21,22 and 23 

The MAP sensor is a pressure transducer capable of measuring the 
changes in the intake manifold pressure. Pressure changes are the result of 
engine load and speed changes. MAP is the opposite of what is measured 
with a vacuum gauge. 

When manifold pressure is high, vacuum is low- requires more fuel and 
of course the opposite is true. A low pressure-higher vacuum requires less 
fuel. The MAP sensor is also used to measure barometric pressure under 
certain conditions. This feature permits the ECM to automatically adjust for 
changes in operating altitude. 

The ECM uses the MAP sensor to control fuel delivery and ignition timing. 
Reference voltage (VREF) is supplied to the sensor via a brownlyellow 

lead from the ECA. The sensor then outputs a frequency signal back to the 
ECA via the greenlblack lead and the circuit is completed with a signal return 
(SIG RTN) from the ECA to the sensor via the greyired lead. 

REMOVAL & INSTALLATION 

+ See Figures 2,3 and 5 S Y 
1. Open or remove the engine hatchicover and relieve the fuel $stem 

pressure as detailed previously. Disconnect the battery cable. 
2. Remove the Self-Test connector and cover from the top of the ECA 

bracket just forward of the Starboard exhaust elbow. 
3. Remove the 3 ECA bracket mounting screws. 
4. Loosen the small hose clamp and pull the vacuum line off the nipple 

on the sensor. Tag the line and position it out of the way. Remove the sensor 
filter at the other end of the line and clean it in a mild solvent, 

I Fig. 22 MAP sensor schematic 

1 Manifold Vacuum Frequency 
' in. Ha kPa Hz 

I Fig. 23 MAP sensor data table I 
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5. Tag the sensor lead and disconnect it from the sensor body. 
6. Remove the 2 retaining screws and pull the sensor off the bracket. 

To Install: 
7. Attach the sensor to the ECA bracket so that the flat side is facing up 

(toward the bracket). Tighten the screws to 24-36 inch Ibs (2.7-4.1 Nm). It is 
very important that the sensor is installed upside down to prevent 
condensation damage. 

8, lnstall the sensor filter into the vacuum lines so that the arrow is 
pointing toward the sensor. Slide the vacuum line onto the sensor nipple and 
tighten all clamps securely. You may find it easier to connect the sensor 
terminal first. 

9. Coat the connector terminals with Terminal Grease and snap 
together the connection. 

10. Position the ECA bracket on the engine and tighten the screws to 60- 
84 inch Ibs. (6.8-9.5 Nm). 

11. Attach the Self-Test connector and cover. Connect the battery cables. 

REMOVAL & INSTALLATION 

+ See Figures 5 and 24 

1. Open or remove the engine hatchicover and relieve the fuel system 

pressure. Disconnect the battery cable. 
2. Remove the 4 screws and lift off the plastic engine cover. 
3. Remove mounting nut(s) and then remove the flame arrestor. Certain 

models will have a bracket holding the arrestor on. 
4. Remove the throttle cable locknut at the arm on the throttle body and 

then disconnect the throttle linkage. 
5. Tag and disconnect the wiring harness for the ISC solenoid and TP 

sensor. 
6. Remove the 4 throttle body mounting nuts. Lift out the throttle body 

and set it down in a holding fixture to avoid damage to the valves. Stuff a 
clean, lint-free rag into the plenum opening. 

7. Remove the TP sensor and ISC valve with their O-rings from the 
assembly if necessary. 

8. Lift the coil bracket off of the studs. 
To Install: 

9. Carefully clean the throttle bore and valve. Do not use anything 
containing methyl ethyl ketone! If you didn't remove the TP sensor and ISC 
valve, make sure that you get no solvent on them during cleaning. 
CAREFULLY scrape any gasket material off the mating surfaces. Make sure 
all passages are free of dirt and completely dry before installation. 

The inside of the throttle bore and the back (inner) side of the 
throttle valve have been coated with a special protective material which 
created a ridge at the point that the valve meets the bore--do not 
remove this ridge, or spray any kind of cleaner on the surfaces. 

10. Slide a new gasket over the studs in the manifold so that the tab is at 
the bottom and facing rearward. Slide on the coil bracket. 

11. Install the sensor and valve into the throttle body if they were 
removed. 

12. Position the throttle body and new gasket (tab at bottom and facing 
the rear) over the studs and tighten the nuts to 12-18 ft. Ibs. (16-24 Nm). 

13. Connect the IAC and TP leads. 
14. Connect the throttle cable and adjust as necessary. 
15. lnstall the flame arrestor and engine cover. 
16. Reconnect the battery cables. 

+ See Figures 25,26 and 27 
The TP sensor is a potentiometer connected to the throttle shaft on the 

throttle body. One end of the sensor is connected to a 5-volt reference signal 
(VREF) from the ECA via a brownlyellow lead and the other end is 
connected to ECA ground. 

A third wire (greylwhite) is connected directly to the ECM to measure the 
voltage from the TP sensor. The voltage output of the TP sensor changes 
when the throttle valve angle is changed. The circuit is completed when the 
signal is returned (SIG RTN) via the greylred wire. 

Thottle Cable 

\ 
Lock Nut 

Fig. 24 Disconnect the throttle cable and move it out of the way 

When the throttle position is closed, the voltage output of the TP sensor is 
low-about 112 volt. When the throttle valve is opened, the output increases 
and at WOT the output voltage should be close to 5 volts. 

Therefore, the ECM can determine fuel delivery requirements based on 
throttle valve angle--operator demand. 

REMOVAL & INSTALLATION 

+ See Figures 2 ,3  and 5 

1. Open or remove the engine hatchlcover and relieve the fuel system 
pressure. Disconnect the battery cable. 

2. Remove the 4 screws and lift off the plastic engine cover. 
3. Remove mounting nut(s) and then remove the flame arrestor. 
4. Tag and disconnect the electrical connector at the sensor and move it 

out of the way. 
5. Using a magic marker, draw a line across the body of the sensor and 

the throttle body to use as a reference mark on installation. 
6. Unscrew the 2 mounting screws and remove the sensor. Clean the 

sensor with a dry cloth; make sure that the sensor is in good condition (no 
wear, cracks or damage), if not replace it. 

If replacing the sensor with a new one, make sure to use the two 
new screws that came with the package. 

7. Install the sensor so that the wiring harness would be laying across 
flame arrestor. Rotate the sensor clockwise until the reference mark made 
earlier lines up and tighten the screws to 18-26 inch Ibs. (2-3 Nm). 

8. Coat the connector terminals with Terminal Grease and then plug 
them together. 

9. Install the flame arrestor and cover. Connect the battery cables. 

+ See Figure 28 

The following system checks and tests MUST be followed in the 
order that they are presented so that system diagnosis can be properly 
exercised. 

SYSTEM INTEGRITY CHECK 

1. Inspect the entire fuel delivery system for leaks, looseness, kinks, 
corrosion, grounding or other damage. Be certain to check: 

Fuel tank and lines 
Fuel filter 
Fuel pumps 
Fuel injectors 
Pressure regulator 
All electrical connections and lines 
Vapor Separator 

2. Repair or replace any component not standing up to the inspection. 
3. If the fuel delivery system shows no evidence of damage, etc., 

proceed to the Fuel Injection Pressure Test. 
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Fig. 25 TP sensor 

26 @ BrownNellow 
Wef) 

4 7 0  Greywhite 

46 (3 GreyIRed 
(SIG RTN) 

Throttle Angle Voltage A I 

A Voltage values calculated for 
VREF = 5V and may vary +I-15% 
due to sensorNREF variations 

SYMPTOM CHART 
CHECKS TO BE PERFORMED 

Fuel Fuel Throttle Ignition Electrical Cooling Engine Air 

@ Check the throttle linkage and cable for binding 
@ Check stern drive oil. Possible drive bearing problems 
3 Check hull for marine growth 
@ Check fuel tank, vents and fuel lines for leaks 

Fig. 28 

SYMPTOM System Injectors Body system Sensors System System Mechanical Intake Other 

FUEL INJECTION PRESSURE TEST 

+ See Figure 29 
1. With the ignition switch in the OFF position, install a fuel pressure 

gauge at the pressure valve on the fuel rail. 
2. Ground the Bluelorange fuel pump lead at the ST0 (Self-Test 

Output) connector (pin #52). 
3. Turn the ignition switch to the ON position (but do not start the 

engine) so that the fuel pumps are energized. 
4. If the gauge reads 36-42 psi (248-290 kPa), proceed to the Fuel 

Pressure Leakdown Test. 
5. If the gauge reads 0 or very low, proceed to Checking Voltage At FP 

Relay. 

X 
X 
X 

Cranking 
Will Not Crank 
Cranks But Does Not Run 
Hard To Stait - Long Cranking Time 

6. If the gauge shows the pressure to be high, proceed to Checking the 
Regulator For High Pressure. 

X 
X 

X 

FUEL PRESSURE LEAKDOWN TEST 

X 
X 

+ See Figure 29 < o m  ~ U I I  

X 
X 

X 
X 
X 

1. With the ignition switch in the OFF position, install a fuel pressure 
gauge at the pressure valve on the fuel rail. 

2. Connect a jumper wire to the Bluelorange lead at the ST0 Self-Test 
connector (pin #52). 

3. Turn the ignition switch to the ON position (but do not start the 
engine). Connect the jumper lead from the previous step to a suitable 
ground, run the fuel pumps for 30 seconds and then disconnect the jumper. 

X 
I X 

X 1 
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9-16 FUEL SYSTEMS - FUEL INJECTION 
Take note of the fuel pressure reading on the gauge. 

4. The pressure should remain within 3 psi of the running pressure for 
at least 3 minutes after the jumper is removed from ground. 

5. If the pressure held, proceed to Pressure Regulator Diaphragm 
Check. 

6. If the pressure did not remain constant, proceed to Pressure 
Regulator Valve Seat Check. 

PRESSURE REGULATOR DIAPHRAGM CHECK 

CULT 

1. With the ignition switch in the OFF position, install a fuel pressure 
gauge at the pressure valve on the fuel rail. 

2. Start the engine and allow it to run for 10 seconds. Turn it off for 10 
seconds and then start it again and allow it to run for another 10 seconds. 

3. Turn off the engine and disconnect the vacuum line at the regulator. 
4. Examine the port and regulator body for signs of leakage. 
5. If no fuel is present, proceed to Fuel Pressure Under Load Check. 
6. If fuel leakage is present, replace the regulator and then perform the 

Fuel Injection Pressure Test again. 

FUEL PRESSURE UNDER LOAD CHECK 

CULT 

1. With the ignition switch in the OFF position, install a fuel pressure 
gauge at the pressure valve on the fuel rail. 

2. Start the engine and allow it to idle. 
3. Disconnect the vacuum line at the pressure regulator. If the line has 

vacuum, plug it. Otherwise, determine why there is no vacuum, fix the 
problem, and then plug the line. 

4. Run the engine up to full throttle and then back to idle at least 4 or 5 
times while checking the fuel pressure gauge. 

5. If the fuel pressure remains within 3 psi of itself across all readings, 
unplug the vacuum line and reconnect it. 

6. If the pressure readings vary more than 3 psi, proceed to Fuel Filter 
Check. 

FUEL PRESSURE REGULATOR CHECK 

CULT 

1. With the ignition switch in the OFF position, install a fuel pressure 
gauge at the pressure valve on the fuel rail. 

2. Install a "T" in the vacuum line running from the regulator and the 
upper plenum. Install a vacuum gauge to the "T". 

3. Start the engine and check both the pressure and vacuum gauges. 
4. Increase the engine speed so that the vacuum level falls and check 

the pressure gauge. 
5. If the fuel pressure increases as you accelerate and the vacuum 

decreases; and, if it decreases as you decelerate while the vacuum begins to 
increase, remove the gauges. 

6. If the vacuum and pressure reading do not act inversely to one 
another, proceed to Vacuum Supply Check. 

VACUUM SUPPLY CHECK 

CULT 
1. With the ignition switch in the OFF position, install a fu; pressure 

gauge at the pressure valve on the fuel rail. 
2. Disconnect the vacuum line at the pressure regulator and plug it. 
3. Connect a hand-operated vacuum pump to the regulator at the 

nipple. 
4. Start the engine and check the fuel pressure while pumping the 

vacuum pump. 
5. If the pressure reading changes as the vacuum changes, service the 

vacuum system and reconnect the vacuum line to the regulator. 
6. If the fuel pressure does not change, replace the regulator. 

FUEL PUMP RELAY VOLTAGE CHECK 

+ See Figure 29 

1. With the ignition switch in the OFF position and the battery fully 
charged, ground the BluelOrange fuel pump lead at the ST0 Self-Test 
connector (pin #52). 

2. Connect a DVOM to the fuel pump relay. 
3. Turn the ignition switch to the ON position (but do not start the 

engine). Measure the voltage at the relay. 
4. If voltage is more than 10.5V, look for an open circuit between the 

relay and the ECA. 
5. If voltage IS less than 10.5V, proceed to Fuel Pump Relay Power 

Supply Check. 

FUEL PUMP RELAY POWER SUPPLY CHECK 

+ See Figure 30 CULT 

1. With the ignition switch in the OFF position and the battery fully 
charged, disconnect the electrical leads and remove the relay. 

2. Turn the ignition switch to the ON position (but do not start the 
engine). Measure the voltage between the ground terminal in the relay 
connector (black lead, pin #86) and both B t  pins (redipurple lead, pin #30 
and purplelblack lead, pin #85). 

3. If voltage on both B t  pins is higher than 10.5V, proceed to Fuel 
Pump Relay Operation Check. 

4. If voltage is not higher than 10.5V, check for a crimped or torn wire 
between the pump relay and the EEC power relay or the battery (t). 

FUEL PUMP RELAY OPERATION CHECK 

DERA TE 
+ See Figure 30 

1. Remove the relay from the bracket. 
2. Ground terminal #86 with a jumper wire and then connect a B t  12V 

power supply to #85. Measure the resistance between #30 and #87. 
3. Resistance should be less than 1 ohm with the power source 

supplied and greater then 10,000 ohms when it is removed. 
4. If not, replace the fuel pump relay. 

FUEL PUMP OPERATION CHECK 

+ See Figure 29 

1. With the ignition switch in the OFF position and the battery fully 
charged, ground the BluelOrange fuel pump lead at the ST0 Self-Test 
connector (pin #52). 

2. Turn the ignition switch to the ON position (but do not start the 
engine). You should be able to hear the fuel pumps and also feel a slight 
vibration to the touch. 

3. If they are working, proceed to Fuel Filter Check. 
4. If they are not working, check that the 20 amp circuit breaker is 

operating and the wiring is good. If everything is OK, proceed to Fuel Pump 
Voltage Check. 

Fig. 29 ST0 connector pin locations I 
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FUEL PUMP VOLTAGE CHECK 4. Ground the fuel pump lead as detailed in the Fuel lnjection Pressure 

Check. 
5. Turn the ignition switch to the ON position (but do not start the 

4 See Figure 29 
DERATE engine). 

6. Note the fuel pressure reading and confirm that fuel is being returned 
to the reservoir through the clear tube. 1. With the ignition switch in the OFF position and the battery fully 

charged, ground the BlueIOrange fuel pump lead at the ST0 Self-Test 
connector (pin #52). 

2. Disconnect the electrical leads at the two fuel pumps. 
3. Turn the ignition switch to the ON position (but do not start the 

engine). 
4. Measure the voltage at the greeniyellow power supply leads at each 

pump. If greater than 10.5V at each pump, proceed to Fuel Pump Ground 
Check. 

5. If voltage is less than 10.5V, check the circuit between the ECA and 
the fuel pump connector and then proceed to Fuel lnjection Pressure Test. 

Do not keep the pump lead grounded for more than 10 seconds. 

7. If the pressure is still higher than 36-42 psi (248-290 kPa), replace 
the pressure regulator and then repeat the Fuel lnjection Pressure Test. 

8. If pressure is no longer high, proceed to the Fuel Return System 
Check. 

FUELRETURNSYSTEMHIGHPRESURECHECK 
FUEL PUMP GROUND CHECK 

ERATE 
CULT 

1. Check the fuel return lines for blockage or kinking. 
2. Remove the return line at the pressure regulator and apply 3-5 Ibs. of 

compressed air to the line. 
3. If you hear air entering the reservoir, reconnect the line. 
4. If no air can be heard entering the reservoir, proceed to the Fuel 

Return System Check. 

1, With the ignition switch in the OFF position and the battery fully 
charged, disconnect the electrical leads at the two fuel pumps. 

2. Measure the resistance between the black wire terminal and ground. 
3. If each pump is less than 1 ohm, replace the pumps and then 

proceed to Fuel lnjection Pressure Test. 
4. If more than 1 ohm, check for an open wire to ground and then 

proceed to Fuel lnjection Pressure Test. FUEL RETURN SYSTEM CHECK 

DERATE FUEL FILTER CHECK 

1. With the ignition switch in the OFF position and the battery fully 
charged, remove the fuel return line at the pressure regulator and the vapor 
separator reservoir. 

2. Apply 3-5 Ibs. of compressed air to the line at the regulator. 
3. If air flows freely through the line, service the reservoir. 
4. If air does not flow through the line, replace it or attempt to clear the 

blockage. lnstall the line and repeat the Fuel lnjection Pressure Check. 

1. Remove the fuel filter and check its condition and also for any water. 
2. If the filter requires replacement, proceed to Fuel Pump Ground 

Check. 
3. If the filter is OK, reinstall it and repeat the Fuel lnjection Pressure 

Test. 

PRESSURE REGULATOR VALVE SEAT CHECK FUEL INJECTOR FUNCTION CHECK 

CULT 

1. Visually check the O-ring, gasket, mounting surfaces and regulator 
body for cracks or damage. 

2. Connect a vacuum tester to the fuel outlet on the regulator and apply 
20 in. Hg of vacuum. 

3. If the vacuum drops below 10 in. Hg within 10 seconds, replace the 
regulator and then repeat the Fuel lnjection Pressure Test. 

4. If vacuum stays within specifications, proceed to Fuel lnjector 
Function Check. 

1. With the engine at normal operating temperature and idling, check 
that you can hear each injector pulsing with a mechanic's stethoscope. 

If the engine will not start, perform this step with the engine 
cranking. 

2. If you can detect that the injectors are operating, proceed to Fuel 
lnjector FlowILeakage Check. 

3. If they are not working, proceed to Fuel lnjector Resistance Check. 
PRESSURE REGULATOR HIGH PRESSURE CHECK 

FUEL INJECTOR RESISTANCE CHECK 
CULT 

DERATE 
1. With the ignition switch in the OFF position and the battery fully 

charged, remove the fuel return line at the fuel rail and the vapor separator. 
2. Install a clear, fuel resistant, hose between the rail and the reservoir. 
3. Install a fuel pressure gauge at the pressure valve. 

1. With the ignition switch in the OFF position and the battery fully 
charged,, disconnect each injector connector individually. 

2. Check that the resistance on each injector is 13-16 ohms. 
3. If within range, proceed to Fuel lnjector Continuity Signal Check. 
4. If outside the range, replace the injector. 

FUEL INJECTOR CONTINUITY CHECK 

1. With the ignition switch in the OFF position and the battery fully 
charged, disconnect any injector lead on bank 1. 

2. Connect a 12V test light to the B t  terminal in the connector and then 
touch the probe to the other connector terminal. 

3. Start the engine and observe whether the test light blinks or not. 
Obviously, if the tester lights, then the circuit has been completed. I Fig. 30 Fuel pump relay pin locations I 
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9-18 FUEL SYSTEMS - FUEL INJECTION 
4. Repeat this procedure for bank 2. 
5. If the circuit has been completed, proceed to Fuel Injector 

FlowlLeakage Check. 
6. If the circuit does not indicate continuity on either bank, go back and 

test each injector connector on that bank. Service or replace the individual 
lead as necessary. 

FUEL INJECTOR FLOWILEAKAGE CHECK 

1. Using a Fuel Injector TesterICleaner (#113-00001), clean and test the 
injectors. Now clean them once more. Match the color range on the tester to 
the top color of the injector and confirm that the flow rate is within 
specifications. 

2. Check for any appreciable pressure drop while the special tool is 
connected to the system, either due to leakage or turning the unit off. 

3. Check injector leak rate using the tool, anything over 1 droplmin. is 
too much. 

4. If flow and leak rates were within specification, check all fuel lines for 
leaks. If all lines are OK, replace the fuel pump assembly and then repeat 
the Fuel Injection Pressure Check. 

5. If either were out of specification, replace any defective injectors and 
then repeat this test and the Fuel Pressure Leakdown Check. 

- No Code--Loss of VREF 
Code 10-Vapor Separator 
Code 11-System Pass 
Code 12-RPM outside Self-Test upper band limit 
Code 13-RPM outside Self-Test lower band limit 
Code 14--PIP circuit fault 
Code 15-ROM test failedlKAM power in continuous (1993) 
Code 15-ROM test failedlKAM power interrupt (1994-96 
Code 18-Loss of TACH input to ECAISPOUT circuit grounded 
Code 19-Failure in EEC reference voltage 
Code 21-ECT out of Self-test range 
Code 22-MAP out of Self-test range 
Code 23-TP out of Self-test range 
Code 24--ACT out of Self-test range 
Code 25-Inactive - Ignore code 
Code 51--40" indicated. ECT sensor circuit open 
Code 52-Shift assist circuit 
Code 53-TP circuit above maximum voltage 
Code 54--40" indicated. ACT sensor circuit open 
Code 61-254" indicated. ECT sensor circuit grounded - Code 63-TP circuit below minimum voltage 
Code 64-254" indicated. ACT sensor circuit grounded 
Code 67-NDS circuit open 

* Code 72-Insufficient MAP change - DYN RSP test 
Code 73- Insufficient TP change - DYN RSP test 
Code 77-Operator error - DYN RSP test 
Code 87-Fuel pump circuit failure 

* Code 95-Fuel pump circuit open - ECA-to-motor ground 
Code 96-Fuel pump circuit open - BAT-to-relay 
Code 98-FMEM failure 

GENERAL INFORMATION 

Electronic Control Assembly (ECA) 

One portion of the ECA is devoted to monitoring both input and output 
functions within the system. This ability forms the core of the self-diagnostic 
system. If a problem is detected within a circuit, the controller will recognize 
the fault, assign it an identification code, and store the code in memory. All 
codes are 2-digit numbers and may be retrieved during diagnosis. 

While the EEC-IV system is capable of recognizing many internal faults, 
certain faults will not be recognized. Because the computer system sees only 
electrical signals, it cannot sense or react to mechanical or vacuum faults 
that may affect engine operation. Some of these faults though may affect 
another component which will set a code. 

For example, the ECA monitors the output signal to the fuel injectors, but 
cannot detect a clogged injector. As long as the output driver is responding 

correctly, the computer will read the system as functioning properly. 
However, the improper fuel will probably result in a lean mixture. This could, 
in turn, be detected by the knock sensor and then noticed by the ECA. Once 
the signal falls outside the pre-programmed limits, the ECA would notice a 
fault and then set a code. 

Failure Mode Effects Management {FMEM) 

The ECA contains back-up programs which allow the engine to operate if 
a sensor signal is lost. If a sensor input is seen to be out of range--either 
high or low-the FMEM program kicks in. The processor substitutes a fixed 
value for the missing sensor signal. The engine will continue to operate, 
although performance and driveability may be noticeably reduced. This 
function of the controller is sometimes referred to as the limp-home or fail- 
safe mode. If the missing sensor signal is restored, the FMEM system 
immediately returns the system to normal operation. 

When this cycle is in effect, the Self-Test function will show a 
service code 98. 

The error code associated with a particular fault will be stored in the Keep 
Alive Memory (KAM). If the fault is no longer detected, the engine will return 
to normal operating mode and the code will then be stored in Continuous 
Memory for the next 40 engine cycles before it is erased. 

HAND-HELD SCAN TOOLS 

+ See Figure 31 

Although codes may be read through the flashing of the light, the use of 
hand-held scan tools like the OMC MFI Tester (#500004) or an equivalent is 
hiahlv recommended. There are aiternate manufacturers of these tools so be 
vGy certain that the tools is correct for your intended use and application. 

The scan tools allows any stored fault codes to be read from the ECA 
memory. Use of the scan tool also provides additional data during 
troubleshooting, but does not eliminate the use of charts. Scan tools make 
data collection much easier, but the data must be correctly interpreted by an 
operator familiar with the system. 

Fig. 31 OMC MFI tester 

ELECTRICAL TOOLS 

+ See Figure 32 

The most commonly required electrical diagnostic tool is the digital multi- 
meter (DVOM); allowing voltage, ohmage (resistance) and amperage to be 
read by one instrument. Many diagnostic tests require the use of a volt or 
ohmmeter during diagnosis. 

The multi-meter must be a high impedance unit, with 10 megohms of 
impedance in the voltmeter. This type of meter will not place an additional 
load on the circuit being tested-extremely important when testing low 
voltage circuits. The multi-meter must be of high quality in all respects. It 
should be handled carefully and protected from impact or damage. Replace 
the batteries frequently. 

Additionally, an analog (needle-type) voltmeter may be used to read 
stored fault codes if the MFI tester is not available. Codes will be transmitted 
as visible needle sweeps on the face of the instrument. 

Almost all diagnostic procedures will require the use of a Breakout Box, a 
device which connects to the EEC-IV harness and provides testing ports for 

©PDF Manual Master 2006



FUEL SYSTEMS - FUEL INJECTION 9-19 

Fig. 32 OMC Breakout Box 

the 60 wires in the harness. Direct testing of the harness connectors at the 
terminals or by back-probing is not recommended; damage to the wiring and 
terminals is almost certain to occur. 

Other necessary tools include a quality tachometer with inductive pick-up, 
a fuel pressure gauge with system adaptors and a vacuum gauge with an 
auxiliary source of vacuum. 

READING CODES 

Diagnosis of a problem requires attention to detail and following the 
diagnostic procedures in the correct order. Always resist the temptation to 
begin extensive testing before completing the preliminary diagnostic steps. 
The preliminary or visual inspection must be completed in detail before the 
diagnosis begins. In many cases this will shorten diagnostic time and often 
cure the problem without electronic testing. 

Visual Inspection 

This is possibly the most critical step of all diagnosrs. A detalled 
exammation of all connectors, wiring and vacuum hoses can often lead to a 
repair without further diagnosis. Performance of this step relies heavily on 
the skill of the person performing it; a careful inspector will inspect the 
underside of all hoses as well as the integrity of hard-to-reach hoses blocked 
by other components. All wiring should be checked carefully for any signs of 
strain, burning, crimping or terminal pull-out from a connector. 

Checking connectors at components or in harnesses is required; usually 
pushing them together will reveal a loose fit. Pay particular attention to 
ground circuits, making certain they are not loose or corroded. Remember to 
check connectors and hose fittings at components not mounted on the 
engine. Any component or wiring in the vicinity of a fluid leak or spill should 
be given particular attention during inspection. 

Additionally, inspect maintenance items such as belt condition and 
tension, battery charge and condition, and the radiator cap. Any of these 
items can easily set off a condition that will create a fault code. 

Electronic Testina 

If a code was set before a problem was self-corrected (such as a 
momentarily loose connector), the code will be erased if the problem does 
not re-occur within 40 engine cycles. Codes will be output and displayed as 
numbers on the hand-held tester. 

In all cases, the code 11 is used to indicate PASS during testing. Please 
note that the PASS code may appear followed by other stored codes. These 
are codes from the Continuous Memory and may indicate intemittent faults, 
even though the system does not presently contain the fault. The PASS 
designation only indicates that the system passes all internal tests at the 
moment. 

Key On Engine Off (KOEO) Test 

The engine must be a normal operating temperature before 
performing this test and all visual checks should be completed. 

1. Connect the MFI Tester to the ST0 and ST1 connectors on top of the 
ECA cover. 

2. Set the Mode switch on the tester to the FAST position. 
3. Set the SPKR switch on the tester to the OFF position. 
4. Set the HOLDREST button to the HOLD position (rased). 
5. Turn on the PWR switch. It should beep once and then briefly display 

888 and then settle in at 000. 
6. Turn the ignition key to the ON position, but do not start the engine. 
7. Press the HOLDREST button down to put the ECA into the Self-Test 

mode. After approximately 1 minute, any service codes should begin to 
appear on the screen. 

Do not press the HOLDREST button again while the system is in Self- 
Test mode or you will erase all Continuous Memory codes. 

8. Self-Test is complete when CCRCVD appears in the window. Press 
the HOLDREST button again to release it and lock all codes into the tester's 
memory. 

9. Turn the ignition key to OFF. 
10. You can use the MEMIFWD and MEMREV buttons to review the 

codes stored in the tool's memory. The first code will always be proceeded 
by a "beep" and the 1ST CD prompt. Always review codes in the EXACT 
order in which they have been displayed. 

Key On Engine Running (KOER) Test 

The engine must be a normal operating temperature before 
performing this test and all visual checks should be completed. 

1. Connect the MFI Tester to the ST0 and ST1 connectors on top of the 
ECA cover. 

2. Set the Mode switch on the tester to the FAST position. 
3. Set the SPKR switch on the tester to the OFF position. 
4. Set the HOLDREST button to the HOLD position (raised). 
5. Turn on the PWR switch. It should beep once and then briefly display 

888 and then settle in at 000. 
6. Start the engine and allow it to idle for 10 seconds prior to moving on 

to the next step. 
7. Press the HOLDREST button down to put the ECA into the Self-Test 

mode. After a~~roximatelv 2 minutes. anv service codes should beain to 
appear on the screen. ~ d r  the first minute, the system will actuate %e "High 
Idle" Self-test so you can confirm the ECA's control of timing. 

If a DYN RSP prompt appears, or a Code 10 appears toward the end 
of the "High Idle" test, ignore it. 

Do not press the HOLDREST button again while the system is in Self- 
Test mode or vou will erase all Continuous Memorv codes. 

8. Self-Test is complete when CCRCVD appears in the window. Press 
the HOLD/TEST button again to release it and lock all codes into the tester's 
memory. 

9. Turn the ignition key to OFF. 
10. You can use the MEMIFWD and MEMREV buttons to review the 

codes stored in the tool's memory. The first code will always be proceeded 
by a "beep" and the 1ST CD prompt. Always review codes in the EXACT 
order in which they have been displayed. 

©PDF Manual Master 2006



9-20 FUEL SYSTEMS - FUEL INJECTION 
CLEARING CODES the purpose of testing or repair confirmation, perform the KOEO test. When 

the codes are just beginning to come up on the display, Press off the 
Continuous Memory Codes HOLDREST button and the codes will automatically be erased from the 

DERATE system's memory. 
Do not disconnect the battery to clear the codes-they'll clear, but in the 

As mentioned previously, these codes are normally stored in the ECA process set another code (1 9) for the ECA power loss. 

memory for a duration of 40 engine warm-up cycles. To clear the codes for 

Sensors 

DVOM Black Red 
Sensor Setting Lead Lead Value Notes 

VREF DCV 46 26 4.74-5.2W - - . --. . - - - - 

TP DCV 46 47 0.9-1 .I 5V Throttle Closed 
4 65V WOT ..-- - - -  - .  

ECT DCV 46 7 0.87-1.1 7V 0 
ACT DCV 46 25 1 .I 3-1.53V 0 
MAP Hz 46 45 159 Hz 0 
PIP DCV 46 56 0.0-0.3V 0 

VBAT @ 
KS DCV 46 2 0.3V - 
SAS (1 993) DCV 40 10 0 Not Actuated 

VBAT Actuated 
NDS (1 993) DCV 46 30 0 Neutral 

5 FWD & REV 

O Measure the temperature with a pyrometer at the base of the sensor 
O Based on 30 in.Hg pressure. Signal increases as pressure increases 
@ Distributor cup opening in alignment with Hall Effect device 
@ Distributor cup vane in alignment with Hall Effect device 

Actuators 

DVOM Black Red 
Sensor Setting Lead Lead Value 

INJ Bank # I  DCV 40 58 VBAT 
INJ Bank #2 DCV 40 59 VBAT 
ISC DCV 40 21 VBAT 
FP DCV 40 52 VBAT 

Grounds 

DVOM Black Red 
Sensor Settina Lead Lead Value - 

IGN DCV 40160 16 0 
CSE DCV 40f60 20 0 
PWR DCV 40160 20 0 

Power Supply 

DVOM Black Red 
Sensor Setting Lead Lead Value Notes 

KAPWR DCV 40/60 I VBAT Kev On & Off -. - -  . - 

VPWR DCV 40160 37/57 VBAT Kev On onlv 
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PCV 

va'vewjj 
pressure ----tb 
Regulator 7L- Fuel Reservoir I 

'/ Vapor Separator 
Fig. 37 Vacuum diagram-5.01 engines 

- Map Sensor 

'S Vapor Separator 

Fig. 38 Vacuum diagram-5.8L engines 

PWR Ground - Black 
lnj. Bank #2 - PurpleNVhite 

Inj. Bank #I - Bluewhit 
VPWR- PurplelBIack 

FP - Blue I Orange 

f) .- 
P 

TP - Greywhite 
SIG RTN - Grey1 

MAP - GreenlBlack 

ACT - GreylBlack 

SLOW - TanlBlack 

ISC BPA - WhitelBlack .- 

Fig. 39 ECA 60-pin connector locations 

- Pwr Ground - Black 

- CSE Ground - Black 

r VPWR - PurplelBlack 
ST0 - PinklGreen 

- IGN Ground - OrangelBlue 

FPM - GreenlYellow - ECT - Green I Orange 

\VREF - BrownlYellow 

- IDM - TanlYellow 

KS - Yellow - KAPWR - PinMBlue 
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The purpose of this section is to describe-in layman's terms whenever 
possible-the Throttle Body Fuel Injection (TBI) and Multi-Port Fuel Injection 
(MFI) systems installed on many GM engines covered in this manual. 

Visual inspections, and simple tests that may be performed using only 
basic shop test equipment. Again, we emphasize: specialized test 
equipment, hours of training and considerable experience is required to 
perform detailed service on a fuel injection system which may or may not be 
beyond the scope your skill level. 

The first fuel injection system was introduced in Europe over 60 years 
ago-in 1932 on diesel truck engines. In the beginning, the system and 
individual components were quite expensive. Over the years, state-of-the-art 
microprocessors (commonly referred to as "computer chips"), have lowered 
the cost of electronically controlled fuel injection systems. Today, the price of 
EFI is getting close to the cost of modern carbureted systems. 

An electronic fuel injection system is quite different from a carburetor 
system-even though they appear similar (particularly TBI). The fuel injection 
system has a more efficient delivery of fuel to the cylinders than can be 
obtained with standard carburetor operation. 

The EFI system provides a means of fuel distribution by precisely 
controlling the airlfuel mixture and under all operating conditions for, as near 
as possible, complete combustion. 

This is accomplished by using an Electronic Control Module (ECM), a 
small 'on-board' micro-computer that receives electrical inputs from various 
sensors about engine operating conditions. The ECM uses these inputs to 
modify fuel delivery to achieve, as near as possible, an ideal airlfuel ratio of 
l4.7:l. 

The ECM program automatically signals the fuel injectors in the throttle 
body assembly to provide the correct quantity of fuel for a wide range of 
operating conditions. Several sensors are used to determine existing 
operating conditions and the ECM then signals the injectors to provide the 
precise amount of fuel. 

The ECM has a "learning" capability. That is, if the battery is disconnected 
for any reason, the learning process has to begin all over again. 

On TBI systems, the TBI assembly is located on the intake manifold, 
much like a carburetor, where air and fuel are distributed through a bore in 
the throttle body. Air for combustion is controlled by a throttle valve 
connected to the throttle linkage. Fuel is supplied by two injectors mounted in 
the TBI assembly; their metering tips are located directly above the throttle 
valve. 

On MFI systems, there is a throttle body located on the intake manifold, 
much like a carburetor except that only air is distributed and metered through 
the bores on the throttle body. Air for combustion is controlled by a throttle 
valve connected to the throttle linkage. Fuel is supplied by individual injectors 
mounted in the intake manifold and attached to a fuel rail assembly. 

Each injector is "pulsed" or "timed to open or close by an electronic 
signal from the ECM. While constantly receiving input from various sensors, 
the ECM performs high speed calculations of engine fuel requirements and 
then "pulses the injectors open or closed. 

MODES OF OPERATION 

The ECM receives signals from several sensors, and then responds by 
delivering the proper amount of fuel to the cylinders under one of several 
conditions. These conditions are labeled "modes" and are controlled by the 
ECM, as described in the following short sections. 

Starting Mode 

When the ignition switch is rotated to the crank position, the ECM 
energizes the fuel pump relay for 2 seconds and the pump builds up 
pressure. The ECM then checks the Engine Coolant Temperature (ECT) 
sensor, Manifold Absolute Pressure (MAP) sensor, Intake Air Temperature 
(IAT) sensor and the Throttle Position (TP) sensor. From these incoming 
signals, the ECM determines the corre'ct airlfuel ratio for starting the engine. 
The ECM controls the amount of fuel delivered in the startina mode bv 
changing the length of time the injectors are turned on and oif. This i s  
accomplished by "pulsing" the injectors briefly. 

Clear Flood Mode 

A flooded engine can be cleared by opening the throttle to 75% of its 
travel. Once this is done, the ECM shuts down the fuel injectors and no fuel 
is delivered to the cylinders. The ECM will hold this injector rate as long as 
the throttle remains at 75% open and engine speed is below 400 rpm. If the 
throttle position changes to greater than 75% or slightly less than 75%, the 
ECM will return to the starting mode. 

Run Mode 

When the engine is first started and operating above 400 rpm, the system 
operates in the Run Mode. The ECM will calculate the desired airlfuel ratio 
based on rprn and input from the MAP, TP, IAT or ECT sensors. Higher 
engine load, from the MAP, and colder engine temperature, from the ECT 
requires more fuel, or a richer airlfuel ratlo. 

Acceleration Mode 

If the ECM receives rapid change signals from the TP sensor, the ECM 
will provide extra fuel by increasing the injector pulse width. 

Fuel Cut-off Mode 

When the ignition switch is in the OFF position, no fuel is delivered to the 
cylinders by the injectors. Therefore, "dieseling" is prevented. If the ECM 
does not receive a distributor reference pulse-the engine is not operating- 
no fuel pulses are delivered to the injectors. 

The fuel cut-off mode is also enabled at high engine rpm. This feature is 
an over-speed protection for the engine. Now, when cut-off is in effect due to 
high rpm, injector pulses will resume after engine rprn drops below the 
maximum OEM rprn specification (you now this as 'rev limit'). 

RPM Reduction Mode (SLOW) 

The rprn reduction mode operates as an engine protection feature. The 
reduction mode permits normal fuel injection up to OEM specifications of 
approximately 2500 rpm. The ECM can recognize a change of state in a 
discrete input identifying an abnormal condition affecting engine operation. If 
a switch changes from its normal 'at rest' position, the ECM will sense the 
change in voltage and send the engine into Speed Limited Operational 
Warning (SLOW) safety mode. 

Once the max rev rprn is hit, the system will disable half the injectors until 
engine speed drops below 1200 rpm. 

Deceleration Mode 

When backing off the throttle (decelerating) on certain late-model MFI 
engines, the air flow into the engine is reduced. The ECM recognizes the 
corresponding changes in the throttle position and manifold pressure and 
then shuts off fuel supply if the deceleration is very abrupt or for a long 
period. 

SUBSYSTEMS 

Fuel Metering System 

+ See Figures 40 and 41 

As the name suggests, the fuel metering system "meters" the correct 
amount of fuel delivered to the cylinders through the intake manifold under 
all engine operating conditions. Fuel is delivered by the throttle body (TBI) or 
the individual injector (MFI) and is controlled by the ECM. 

Fuel Supply 

Naturally, the fuel supply will begin at the boat's fuel tank. From the fuel 
tank, the fuel is drawn through a water separating fuel filter and then moved 
by the low pressure fuel pump to the Vapor Separator Tank (VST). All models 
utilize an additional high pressure fuel pump found in the VST, which then 
moves the fuel on to the TBI unit. A pressure regulator is standard on all 
engines. 
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PRESSUREREGULATOR 

Fig. 40 Typical fuel metering system schematic-TBI engines. 

Water Separating Fuel Filter 

The water separator is a "typical" unit designed to prevent moisture from 
continuing on through the fuel lines and eventually through the injectors into 
the cylinders. 

Electric Fuel Pump 
+ See Figure 42 

The low pressure fuel pump is located in line, just after the fuel separator 
assembly. 

The high pressure fuel pump is located internally in the vapor separator 
tank. 

When the ignition switch is moved to the ON position, the ECM will 
energize the fuel pump relay to ON, but only for a couple of seconds. The 
fuel pump almost instantly pressurizes the fuel system. As soon as the 
ignition switch is moved to the START position, the ECM energizes the fuel 
pump relay again and the fuel pump begins to operate. 

Now, if the ECM fails to receive ignition reference pulses-indicating the 
engine is either cranking or actually operating-the ECM de-energizes the 
fuel pump relay and the fuel pump will stop. 

An inoperative fuel pump relay can cause an "Engine Cranks, But Fails To 
Operate" condition. 

The pump is capable of providing more fuel than is required by the 
injectors at WOT (wide open throttle). A pressure regulator is an integral part 
of the system maintaining fuel to the injectors at a predetermined regulated 
pressure. Excess fuel not required by the injectors is returned to the vapor 
separator tank by a separate fuel line. 

Vapor Separator Tank/Fuel Reservoir 
The vapor separator tank contains the internal electric fuel pump that 

pressurizes fuel to the throttle body. The tank also collects all excess fuel 
returned from the injectors through the pressure regulator. 

Afloat valve on the fuel inlet line will keep the fuel level in the tank at a 
pre-determined height at all times. As the fuel is consumed by the engine 
and the level begins to drop, the float valve opens and allows fresh fuel to 
enter the tank. This float valve operates identically to a float in a carburetor. 

Throttle Body 

Models With TBI 
The throttle body consists of the following assemblies: 

Fuel Meter Cover-also houses the pressure regulator on models with 
a vapor separator tank or fuel cell. 

* Fuel Meter Body-two fuel injectors. 
Throttle Body. 
Throttle Valves-two throttle valves controlling air flow into the 

cylinders. 
IAC (Idle Air Control) valve. 
TP (Throttle Position) sensor. 

From the above list of components, it can easily be appreciated why the 
throttle body is considered one of the most critical items in the injection 
system. If the proper amount of air and fuel are not injected into the 
cylinders, the engine will not operate efficiently or may even fail to start. 

Fig.41 Typical fuel metering system schematic-MFl engines. 

(FROM FUEL FILTER) 

Fig. 42 Typical fuel pump 

Models With MFI 

The throttle body assembly is attached to the intake manifold or plenum 
and controls air flow to the engine, thus controlling engine output. Throttle 
valves within the assembly are controlled by the throttle cables. At idle, the 
valves are almost completely closed, while they open wider in proportion to 
the amount of throttle applied by the operator. 

The TP sensor and IAC valve can also be found mounted to the throttle 
body. 
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Fuel Rail 

Models With MFI 

The fuel rail positions the injectors in the intake manifold, distributes fuel 
evenly to each injector and integrates the pressure regulator into the entire 
metering system. 

Fuel Pressure Regulator 
+ See Figure 43 

The pressure regulator is a diaphragm operated relief valve with fuel 
pump pressure on one side, and regulator spring pressure on the other side. 
The purpose of the regulator is to maintain a constant pressure differential 
across the injectors at all times under all conditions. 

The regulator is located in the throttle body assembly on TBI models with 
a vapor separator tank or fuel cell, while on MFI models it is mounted on the 
fuel rail. 

Spring Retainer 
Tie Rod 

B Lower Retainer 

Return 
Seat 

Fig. 43 Cross section of a fuel pressure regulator 

Fuel Injectors 
+ See Figures 44 and 45 

TBI Engines 

Each iniector is a solenoid-operated device, controlled by the ECM, that 
meters pressurized fuel into the intake manifold. When the injector's solenoid 
is energized by the ECM, a ball valve opens allowing fuel to flow past the 
valve and through a recessed flow director plate. 

The director plate has 6 holes that control the fuel flow, generating a 
conical spray pattern of atomized fuel at the injector tip. Fuel is directed at 
the intake valve, becoming further atomized and then vaporized prior to 
entering the combustion chamber. 

MFI Engines 

Each injector is a solenoid-operated device, controlled by the ECM, that 
meters pressurized fuel into an individual engine cylinder. When the 
injector's solenoid is grounded by the ECM, a ball valve opens allowing fuel 
to flow past the valve and through a flow director plate. The director plate 
has six holes that control the fuel flow, generating a conical spray pattern of 
atomized fuel at the injector tip. 

Intake Air Temperature Sensor (IAT) 

This sensor, primarily used on many MFI engines, is a thermistor mounted 
on the underside of the intake plenum. A thermistor is a resistor capable of 
changing value based on temperature. Low coolant temperature produces a 
high resistance and a high temperature causes low resistance. 

1- Fuel injector 
2- Fuel fiker 
3- Seal rin 
4- Fuel meter bo 

Fig. 44 On TBI engines, there are two fuel injectors in the throttle 
body 

1 - Needle valve 11- Tape 
2- Nozzle 12- Bobbin 
3- Cap 13- O-ring 
4- O-ring 14- h e r  collar 
5- Vaive Stopper 15- Sleeve 
6- Core $8- Terminal 
7- O-ring IS- Connector 
8- Spring 18- Filter 
9- Housing 1 9- O-ring 
10- Solemid coil  

Fig. 45 Cross-section of the fuel injector on MFI engines 
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Idle Air Control Valve (IAC) 

+ See Figure 46 

The IAC valve assembly is mounted in the throttle body and controls 
engine idle speed. At the same time, the assembly prevents stalls due to 
changes in engine load. 

Operation of the IAC can best be described as a device to control bypass 
air around the throttle valves. This feature is accomplished by moving a 
conical valve know as a "pintle" inward towards a seat-to decrease air flow 
or outward, away from the seat-to increase air flow. In this manner, a 
controlled amount of air moves around the throttle valve. 

If rpm is too low, more air is bypassed around the throttle valve to 
increase rpm. If rpm is too high, less air is bypassed around the throttle valve 
to decrease rpm. 

The ECM moves the IAC valve in small increments. These increments 
can only be measured using expensive special scan tool test equipment 
plugged into a DLC (Data Link Connector). 

During engine idle speed, the proper position of the IAC valve is 
calculated by the ECM, and is based on coolant temperature and engine 
rpm. If the rpm drops below specification and the throttle valve is closed, the 
ECM senses a near stall condition and calculates a new valve position to 
prevent the stall. 

Understand-engine idle speed is a function of total air flow into the 
cylinders based on IAC valve "pintle" position to maintain the desired idle 
speed for all engine operating conditions and loads. 

The minimum idle air rate is set at the factory with a stop screw. This 
setting allows sufficient air flow by the throttle valves to cause the IAC valve 
"pintle" to be positioned a calibrated number of steps (counts) from the seat 
during "controlled" idle operation. 

Throttle Position Sensor (TP) 

+ See Figure 47 

The TP sensor is a potentiometer connected to the throttle shaft on the 
throttle body. One end of the sensor is connected to 5-volts from the ECM 
and the other end is connected to ECM ground. 

A third wire is connected directly to the ECM to measure the voltage from 
the TP sensor. The voltage output of the TP sensor changes when the 
throttle valve angle is changed. 

When the throttle position is closed, the voltage output of the TP sensor is 
low-about 112 V. When the throttle valve is opened, the output increases 
and at WOT the output voltage should be close to 5 V. 

Therefore, the ECM can determine fuel delivery requirements based on 
throttle valve angle-operator demand. 

I 

Fig. 46 IAC valve 

Engine Coolant Temperature Sensor (ECT) 

+ See Figure 48 

This sensor is a thermistor immersed in the engine coolant passageway. 
A thermistor is a resistor capable of changing value based on temperature. 
Low coolant temperature produces a high resistance and a high temperature 
causes low resistance. 

Manifold Absolute Pressure Sensor (MAP) 

+ See Figure 48 

The MAP sensor is a pressure transducer capable of measuring the 
changes in the intake manifold pressure. Pressure changes are the result of 
engine load and speed changes. MAP is the opposite of what is measured 
with a vacuum gauge. 

When manifold pressure is high, vacuum is low- requires more fuel and 
of course the opposite is true. A low pressure-higher vacuum requires less 
fuel. The MAP sensor is also used to measure barometric pressure under 
certain conditions. This feature permits the ECM to automatically adjust for 
changes in operating altitude. 

The ECM uses the MAP sensor to control fuel delivery and ignition timing. 

Knock Sensor (KS) 

+ See Figure 50 

The KS is usually mounted on the engine block drain "Y" fitting located on 
the lower starboard side of the engine block. On many other engines, the KS 
sensor is mounted on the block, next to the starter motor. 

The ECM uses this signal in calculating ignition timing. 

Knock Sensor Module 

+ See Figure 51 

Used on 1994-98 engines, the KS module contains solid-state circuitry 
monitoring the KS AC voltage signal. If no spark knock is present an 8-10 
volt signal is sent to the ECM. If a spark knock is present, the module will 
remove the 8-10 volt signal to the ECM. 

lgnition Control (IC) Reference 

The Hi Reference signal is supplied to the ECM by way of the "lC REF 
line from the ignition module. The reference signal is used by the ECM to 
determine engine speed. This pulse type signal input creates the timing 
signal for pulsing of the fuel injections as well as the Ignition Control (IC) 
functions. 

Fig. 47 Typical TP sensor operation Fig. 48 Typical ECT sensor 

I Fig. 49 MAP sensor Fig. 50 Knock sensor Fig. 51 Knock sensor and module system I 
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Discrete Switch Inputs 

Discrete switch inputs are utilized by the EFI system to identify abnormal 
conditions that could affect engine and stern drive operation. Normally these 
switches are at rest in an open position. When one of the discrete switches 
changes state from open to closed, the ECM will detect a change in the 
voltage value and responds by placing the engine into the power reduction 
mode. 

The power reduction mode is an engine protection feature that allows the 
operator limited engine power up to 2500 rpm. Should the operator attempt 
to surpass this rpm limit, the ECM will reduce fuel and spark timing until the 
engine speed drops to approximately 1200 rpm. The power reduction mode 
will allow the operator maneuvering power but eliminates the possibility of 
high rpm engine damage, until the discrete switch fault condition is 
corrected. 

Discrete switches are used to detect the critical engine and stern drive 
operations-namely Engine Oil Pressure, Oil Level, Emergency Stop, Water 
Flow and Stern Drive Fluid Level. 

Trim Position Sensor 

The trim position sensor provides the ECM with trim angle information 
which allows the ECM to determine if trim angle too high. When the angle 
reaches a pre-determined position, the system will move into an over-trim 
protection mode which is identical to the RPM Reduction Mode described 
previously. 

Engine Control Module (ECM) 

The ECM is the control center of the fuel injection system, monitoring 
input information from all sensors and then turning this information into 
system commands that affect engine performance. 

Additionally, it will perform a diagnostic function check of the entire 
system; recognizing system problems and storing the resultant diagnostic 
trouble codes. 

To reduce the risk of fire and personal injury, it is necessary to relieve 
the fuel system pressure before servicing any fuel system component. 
If this procedure is not performed, fuel may be sprayed out of a 
connection under extreme pressure. Always keep a dry chemical fire 
extinguisher near the work area when serving the fuel system. 

TBI ENGINES 

The throttle body utilizes a constant bleed feature that relieves fuel 
system pressure whenever the ignition switch is turned OFF and the engine 
is not running. No pressure relief procedure is required although prior to fuel 
system work, the negative battery cable should always be disconnected and 
the fuel tank filler cap should be loosened. 

MFI ENGINES 

ERA TE 

1. Open the engine compartment and disconnect the battery cables. 
2. Unscrew the relief valve cap on the high pressure fuel pump. 

Connect the special adapter (Owatonna #OTC-7272) to the valve and then 
connect a fuel pressure gauge (Owatonna #OTC-7211) to the adapter. 

Wrap a towel around the valve while connecting the special tools to 
avoid excessive fuel spillage. 

3. Position the bleeder hose in an appropriate container and open the 
valve to bleed off all pressure (and any excess fuel!) 

4. Remove the special tools and install the valve cap. 

REMOVAL & INSTALLATION 

+ See Figure 67 

1. Open the engine compartment and disconnect the battery cables. 
2. Locate the circuit breaker on the fuel pump lift bracket (front of 

engine) or the electrical bracket on later engines and disconnect the two 
electrical leads. 

Please refer to the Component Locations section. 

3. Remove the screws/nuts and lift off the breaker. 
4. lnstall a new circuit breaker and tighten the screws/nuts to 20-25 inch 

Ibs. (2.3-2.8 Nrn). 
5. Connect the Red lead to one stud on the circuit breaker and the 

RediPurple lead to the other. Tighten the nuts 20-25 inch Ibs. (2.3-2.8 Nrn). 
Coat the two terminals with Liquid Neoprene. 

REMOVAL & INSTALLATION 

DERATE 

1996-98 MFI Engines Only (Except 1998 7.4Gi) 

+ See Figure 75 

1. Remove the throttle body from the upper plenum as detailed 
elsewhere. 

2. Remove the IAC valve. 
3. Carefully turn the throttle body over and remove the coolant cover 

retaining screws. Lift off the cover and gasket. 
4. Position a new gasket on the throttle body and then install the cover. 

Tighten the screws to 28 inch Ibs. (3.2 Nm). 
5. Install the IAC valve. 
6, Install the throttle body. 

REMOVAL & INSTALLATION 

+ See Figures 52,53,71 and 72 

Please refer to the Component Locations section. 

1. Disconnect the battery cables. 
2. Tag and disconnect the electrical connector at the sensor and move it 

out of the way. 
3. Unscrew the ECT from the intake manifold (or housing) and remove 

it. Clean the sensor with a dry cloth; make sure to remove any excess 
sealant from the threads. 

4. Coat the threads of the sensor with Teflon pipe sealant. Screw the 
sensor into the housing until it is hand tight and then tighten it to 108 inch 
Ibs. (12 Nm). 

5. Connect the electrical lead. Connect the battery cables. 

REMOVAL & INSTALLATION 

ERATE 

Static electricity can severely damage the ECM! Take great care 
when removing the module that you never touch the connector pins on 
either side of the casing. 
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Fig. 52 The ECT sensor is located in the intake manifold on early 
TBI and MFI models (7.4L shown) ... 

1. Open the engine compartment and disconnect the battery cables. 
2. Locate the ECM and carefully disconnect the two harness leads (J1 

i d  J2) going into each side of the module. 

Please refer to the Component Locations section. 

3. Loosen the 4 mounting screws and lift the ECM from the mounting 
bracket. Clean only with a clean, lint-free dry cloth. Check all connector pins 
for straightness and corrosion. 

If replacing the ECM, make sure that the new one has the same part 
and service number as the one being replaced. 

4. lnstall the ECM and tighten the mounting screws to 88-124 inch Ibs. 
(10-14 Nm). 

5. Reconnect the electrical lead at each end; the connectors and their 
sockets should be marked. 

REMOVAL & INSTALLATION 

TBi Engines DERATE 
+ See Figures 54,55,56,57,58 and 59 

To reduce the risk of fire and personal injury, i t  is necessary to relieve 
the fuel system pressure before servicing any fuel system component. 
If this procedure is not performed, fuel may be sprayed out of a 
connection under extreme pressure. Always keep a dry chemical fire 
extinguisher near the work area when serving the fuel system. 

1. Open or remove the engine hatchlcover and relieve the fuel system 
pressure. Disconnect the battery cable. 

2. Remove the flame arrestor and then squeeze the plastic tabs on the 
injector electrical connectors and pull straight up until they come apart. 
Position the leads out of the way and make sure you tag them for correct 
reassembly. Many models will utilize a small grommet to secure the two 
harnesses to the side of the throttle body-just pop it out of the recess. 

3. Loosen and remove the meter cover mounting screws and carefully 
lift the cover straight up and off of the throttle body assembly. Watch for the 
regulator seal and the outlet passage and cover gaskets-they may be 
hanging from the bottom of the cover. 

4. Make sure that the old meter cover gasket is still in place. Lay a 
small metal rod across the throttle body and then insert a small pry bar under 
the injector lip and carefully pry the injector out and up using the metal rod 
as a fulcrum. On later models, you should be able to press on the injector tip 
with your finger to pop it out of the bore--try this first. 

Fig. 53 ... or in the thermostat housing on later TBI and MFI 
models ... 

Fuel injectors are serviced as an assembly. No disassembly is 
necessary or possible. 

To Install: 
5. Inspect the injectors for damage or clogging. OMC recommends 

replacing damaged injectors. Always replace injectors with new ones that are 
the identical part number (as shown on the injector itself). All injectors are 
uniquely calibrated for flow rates so check the part number on the one being 
replaced and replace it with the same. 

6. Install a new lower (small) O-ring after soaking it in automatic 
transmission fluid (1996), or Power TrimKilt & Power Steering Fluid (1997- 
98). Press the O-ring all the way up and against the injector fuel filter. 

7. On certain 1996 engines, insert a new steel washer into the injector 
bore on the fuel meter body-do this only if your system had one there in the 
first place. 

8. Soak a new upper O-ring in automatic transmission fluid (1996), or 
Power Trimirilt & Power Steering Fluid (1997-98). lnstall it into the injector 
bore on the fuel meter body. Make sure that it is seated correctly and flush 
with the top of the meter body surface. 

9. Align the raised lug on the injector body with the notch in the meter 
cavity and install the injector, pushing it in until it is fully seated. The injector 
terminals should now be parallel with the throttle shaft. 

10. Install the fuel meter cover and gasket. Reconnect the injector leads. 
11. Install the flame arrestor and connect the battery cables. Turn the 

ignition switch to the ON position and check for leaks. Do not actually start 
the engine until confirming that there are no leaks at the throttle body or fuel 
lines. 

MFI Enaines 

ERA TE 

+ See Figures 60,61,71 and 72 

To reduce the risk of fire and personal injury, i t  is necessary to relieve 
the fuel system pressure before servicing any fuel system component. 
If this procedure is not performed, fuel may be sprayed out of a 
connection under extreme pressure. Always keep a dry chemical fire 
extinguisher near the work area when serving the fuel system. 

1. Relieve the pressure in the fuel system as detailed earlier. 
2. Remove the upper intake plenum and fuel rail as detailed previously. 
3. Slide the injector retaining clip to the side and pull the injector out of 

the rail.. Remove and discard the two O-rings from the ends of the injector. 
4. Inspect the injector bores in the rail and the plenum for nicks, burrs 

or other damage. Clean the injector with a quality spray cleaner and dry 
completely with a lint-free cloth. 
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Fig. 54 Remove the connectors ... 

Fig. 56 ... and then carefully pry the injector out of the fuel meter 1 body I 

Fuel injectors are pre-coated with an anti-corrosion material- do not 
use an abrasive cleaner or wire brush when cleaning them. 

5. Coat new O-rings with clean engine oil and slide them onto each end 
of the injector. Press a new injector clip over the injector. If replacing the 
injector, make absolutely certain that the new part carries the exact same 
number inscribed on the injector body. 

6. Press the injector into the fuel rail so that the connector is facing 
away from the rail. Make sure that the new retainer clip snaps into the 
grooves on the rail. 

7. Install the fuel rail and upper plenum. 

I Fig. 57 Position the injector and 
components ... 

Fig. 55 ...p op out the grommet securing the harness ... 

REMOVAL & INSTALLATION 

TBI Engines Only 

* See Figure 62 
DERA TE 

The pressure regulator assembly is contained within the cover and 
is preset at the factory. Do not remove the four mounting screws for the 
pressure regulator installed in the fuel meter cover. 

To reduce the risk of fire and personal injury, it is necessary to relieve 
the fuel system pressure before servicing any fuel system component. 
If this procedure is not performed, fuel may be sprayed out of a 
connection under extreme pressure. Always keep a dry chemical fire 
extinguisher near the work area when serving the fuel system. 

1. Open or remove the engine hatchicover and relieve the fuel system 
pressure. Disconnect the battery cable. 

2. Remove the flame arrestor and then squeeze the plastic tabs on the 
~njector electrical connectors and pull straight up until they come apart. 
Position the leads out of the way and make sure you tag them for correct 
reassembly. 

3. Remove the fuel meter cover assembly. 
4. Remove the fuel injectors. 
5. Disconnect the fuel inlet and outlet lines at the throttle body. Remove 

the fittings and the~r gaskets. Discard the gaskets. It may be necessary to 
remove the distributor cap on many models in order to gain access to the 

Fuel 

lines. 

Pay# Vendor ID 

Fig. 58 ... and then press it into the meter 
body 

Fig. 59 Always check that the ID information 
on the new iniector matches the old one 
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Reta in ing 
- C l i p  

O-ring 

In jector  

Fig. 60 Exploded view of an injector 

Build 
Date 

Fig. 61 When replacing the injector, always 
make certain that the identification codes 
match 

W Although the fittings look similar, the inlet has a much larger bore 
than the outlet fitting so make sure you mark each of them for 
installation. 

6. Remove the flame arrestor stud if you haven't already done so. 
7. Remove the mounting screws and lift the meter body out of the 

throttle body. Remove the gasket and discard it. 
To Install: 

8. Position a new gasket on the throttle body mating surface. Make sure 
that the cut-outs in the gasket match the openings in the throttle body and 
then lower the meter body into place. 

9. Coat the mounting screws with locking compound (Loctite 242) and 
then tighten them to 30 inch Ibs. (4 Nm). 

10. Position new gaskets and then spin in the two fuel fittings. Make sure 
you've got the right ones in position and then tighten the inlet to 30 ft. Ibs. 
(40 Nm) and the outlet to 21 Et, Ibs. (29 Nm). 

11. Press new O-rings into the fittings and then screw the fuel lines in. 
Hold the fitting nut with a wrench while tightening the fuel line nut to 17 ft. 
Ibs. (23 Nm). 

12. lnstall the injectors and fuel meter cover as detailed in their 
respective procedures. 

13. lnstall the flame arrestor stud. 
14. Pop the injector lead connectors back on and connect the battery 

cables. Turn the ignition key to the ON position so that the fuel pump is 
energized and check for any fuel leaks. Do not actually start the engine until 
confirming that there are no leaks at the throttle body or fuel lines. Install the 
flame arrestor. 

REMOVAL & INSTALLATION 

+ See Figure 63 

The pressure regulator assembly is contained within the cover and 
is preset at the factory. Do not remove the four mounting screws for the 
pressure regulator installed in the fuel meter cover. 

Fuel 
Meter 

et 

-outlet ~ u t  
O-ring 3 

Fig. 62 Removing the fuel meter body 

1. Open or remove the engine hatchicover and relieve the fuel system 
pressure. Disconnect the battery cable. 

2. Remove the flame arrestor and then squeeze the plastic tabs on the 
injector electrical connectors and pull straight up until they come apart. 
Position the leads out of the way and make sure you tag them for correct 
reassembly. 

3. Loosen and remove the meter cover mounting screws (there are long 
and short screws so make sure you note which hole each one came out of) 
and carefully lift the cover straight up and off of the throttle body assembly. 
Watch for the damper seal and the outlet passage and cover gaskets-they 
may be hanging from the bottom of the cover. 

W On certain later models, you may have to loosen the flame arrestor 
stud and rotate it 180' to gain access to the screws. 

4. Never immerse the cover in solvents or cleaner as damage to the 
regulator diaphragm could occur. Inspect the mating surfaces of the throttle 
body assembly and the regulator/cover for damage-use a magnifying glass 
if necessary! If any damage or scoring is found, replace the assembly. 

5. Position a new regulator seal in the throttle body cavity and then 
position the outlet passage and cover gaskets on the assembly. 

6. Drop the meter cover into position and then slip in the mounting 
screws. Make sure they are coated with locking compound and that the short 
screws go into the holes next to the iniectors. Tighten all screws to 28 inch 
Ibs. (3 h). 

7. POD the iniector lead connectors back on and connect the batterv 
cables. T U ~  the ignition key to the ON position so that the fuel pump is ' 
energized and check for any fuel leaks. Do not actually start the engine until 
confirming that there are no leaks at the throttle body or fuel lines. Install the 
flame arrestor. 

REMOVAL & INSTALLATION 

TBI Engines 

The pressure regulator is located in the throttle body fuel meter body and 
is not normally removed or serviced. 

MFI Engines-Except 1998 7.4Gi 

DERATE 
+ See Figures 64 and 71 

To reduce the risk of fire and personal injury, it is necessary to relieve 
the fuel system pressure before servicing any fuel system component. 
If this procedure is not performed, fuel may be sprayed out of a 
connection under extreme pressure. Always keep a dry chemical fire 
extinguisher near the work area when serving the fuel system. 

To reduce the risk of fire and personal injury, it is necessary to relieve 
the fuel system pressure before servicing any fuel system component. 
If this procedure is not performed, fuel may be sprayed out of a 
connection under extreme pressure. Always keep a dry chemical fire 
extinguisher near the work area when serving the fuel system. 
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1. Open the engine cover and disconnect the battery cables. Relieve 

the fuel system pressure. 
2. Remove the upper intake plenum and fuel rail as detailed previously. 
3. Wiggle the vacuum line off of the regulator. 

W Please refer to the Component Locations section. 

4. Hold the regulator body with a wrench and then disconnect the fuel 
return line. 

5. Remove the mounting bolt and pull the regulator out of the rail. 
Discard the O-ring. 

6. Use a small awl and carefully pry the regulator filter out of the fuel 
inlet port-this is the time to replace it. 

To Install: 
7,  Inspect the regulator mounting surface for damage or irregularities. 

Clean the filter and blow it dry with compressed air if you have decided not 
to replace it. 

8. Soak a new O-rings in clean engine oil and then position it into the 
regulator-to-rail bore and over the fuel line nipple. 

9. Slide the regulator into position on the rail. Tighten the bolt to 84 inch 
Ibs. (9.5 Nm). 

10. Connect the outlet line to the regulator and spin in the fitting so it is 
finger-tight. Tighten the line nut to 13 A. Ibs. (17.5 Nm). 

11. Connect the vacuum line and install the fuel rail and upper plenum. 
Connect the battery cables. 

12. Turn the ignition switch to the ON position for 2 seconds and then 
turn it to the OFF position for 10 seconds. Now turn it back to the ON 
position and check for any fuel leaks before starting the engine. 

MFI Engines-1998 7.4Gi 

+ See Figures 65 and 72 
DERATE 

To reduce the risk of fire and personal injury, i t  is necessary to relieve 
the fuel system pressure before servicing any fuel system component. 
If this procedure is not performed, fuel may be sprayed out of a 
connection under extreme pressure. Always keep a dry chemical fire 
extinguisher near the work area when serving the fuel system. 

1. Open the engine cover and disconnect the battery cables. Relieve 
the fuel system pressure. 

2. Remove the upper intake plenum and fuel rail as detailed previously. 

Please refer to the Component Locations section. 

3. Wiggle the vacuum line off of the regulator. 
4. Remove the retaining ring at the rear of the regulator and then pull 

the unit from the housing along with the 2 O-rings, spacer and screen. 
5. Coat new O-rings with clean engine oil and then install the spacer, 

large O-ring, screen and small O-ring onto the regulator in order. Hold the 
pieces on the regulator and slide it into the housing. 

6. Press in the retaining ring and connect the vacuum line. 

Fig. 63 When removing the fuel meter cover, 
keep track of the gaskets and seals 

7. Connect the battery cables. Turn the ignition switch to the ON 
position for 2 seconds and then turn it back to the OFF position for 10 
seconds. Turn the switch back ON and check for any fuel leaks before 
starting the engine. 

REMOVAL & INSTALLATION 

High Pressure 

+ See Figure 66 

Always have a fire extinguisher handy when working on any part of 
the fuel system. Remember, a very small amount of fuel vapor in the 
bilge, has the tremendous potential explosive power. 

All OMC fuel pumps are designed to meet U.S. Coast Guard fuel system 
regulations. Never substitute and automotive style pump. 

1. Open or remove the engine hatchlcover and relieve the fuel system 
pressure as detailed previously. Disconnect the battery cable. 

2. Locate the pump at the rear of the engine, on top of the fuel 
reservoirlvapor separator. 

Please refer to the Component Locations section. 

3. Make a note of the fitting elbow positioning and then hold the elbow 
while removing the fuel line; be sure to have some rags handy to catch any 
spilled fuel and make sure you plug the line before moving it out of the way. 

4. With your wrench still on the elbow, back off the lock nut with another 
wrench. The lock nut is the nut immediately inside of the elbow; do not 
confuse it with the end cap nut on the end of the pump. Unscrew the elbow 
from the end of the pump and set it aside. 

5. Remove the 2 screws securing the end bracket to the reservoir and 
then remove the bracket from the pump. 

6. Remove the banjo nut from the end of the pump and then remove 
the pump. Discard all O-rings. 

To Install: 
7. Lubricate new O-rings with clean engine oil. Slide the small one onto 

the elbow fitting (right up against the flange) and the larger one onto the 
banjo nut so it sits in the groove on the inner side of the head. 

8. Slide the banjo nut into the hole on the reservoir cover. Coat another 
new O-ring with clean engine oil and position it over the threads and up 
against the bracket. 

9. Position the pump at a 45" angle, hold the end cap with a wrench 
and thread the banjo nut into the pump. Tighten it to 18-22 ft. Ibs. (24.4-29.8 
Nm). Be very careful to hold the end cap while tightening the banjo nut or 
you risk damaging the internal O-ring. 

10. Position the support bracket over the other end of the pump and 
tighten the screws to 25-35 inch Ibs. (2.8-4.0 Nm). 

Fig. 64 The regulator is attached to the fuel 
rail 

Fig. 65 The regulator is attached to a 
bracket at the rear of the fuel rail on 7.4Gi 
engine 
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Hose 

'--B 

Vapor Separator1 

Fig. 66 Exploded view of the high pressure fuel pump and reservoir 
assembly (TBI shown, MFI similar) 

11. Screw the elbow fitting into the end of the pump so that it is in the 
same position as when removed. Cinch the lock nut down against the pump 
outlet and then tighten it to 60-84 inch Ibs (6.8-9.5 Nm) while holding the 
pump end cap. 

12. Install the fuel line and connect the battery cables. 

Low Pressure 
TE 

+ See Figures 67,68 and 69 

Always have a fire extinguisher handy when working on any part of 
the fuel system. Remember, a very small amount of fuel vapor in the 
bilge, has the tremendous potential explosive power. 

All OMC fuel pumps are designed to meet US. Coast Guard fuel system 
regulations. Never substitute and automotive style pump. 

1. Open or remove the engine hatchlcover and relieve the fuel system 
pressure as detailed previously. Disconnect the battery cable. 

Please refer to the Component Locations section. 

2. Position a container under the pumplfilter assembly and remove the 
fuel inlet line at the filter bracket and the outlet line at the top of the pump. It 
is important to use two open-end wrenches; one to hold the fuel fitting nut or 
elbow and the other to loosen the line nut. Plug the line with a golf tee or 
something similar to prevent additional fuel spillage (OMC actually sells a 
plug for this purpose). Take care not to spill fuel on a hot engine, because 
such fuel may ignite. 

Relay 
~ r a c k e i  

Relay Circuit 

Bracket 

e-' 

Fig. 67 Exploded view of the low pressure fuel pump and filter 
assembly (all engines similar) 

3. Cut the plastic tie holding the electrical leads to the body of the 
pump. Unplug the electrical harness at the pump suppressor connector and 
move it out of the way. 

4. Hold the pump end cap (just under the lower edge of the upper 
retaining bracket) with a wrench while loosening the lock nut (on top of 
bracket, under elbow). Unscrew the upper elbow. 

Not holding the end cap while loosening the lock nut will damage the 
internal 0-rina, causina fuel leakaae durina oaeration. 

5. Remove the 2 fuel filter bracket mounting bolts and lift off the 
pumplbracketifilter as an assembly, sliding the pump out of the upper 
grommet. Be careful of spilling fuel. 

6. Lay the assembly down, or carefully mount the bracket in a vise. 
Hold the lower pump end cap with a wrench and unscrew the filter bracket- 
to-pump adapter. 

Not holding the end cap while loosening the lock nut will damage the 
internal O-ring, causing fuel leakage during operation. 

~ - 

To Install: 

7. Slide a new O-ring over the threads of the adapter until it rests on the 
upper side of the hex nut. 

8. Screw the adapterlbracket assembly into the pump while holding the 
lower end cap. Tighten the adapter to 8-10 ft. Ibs. (11-14 Nm). 

9. Slide the assembly up through the grommet in the bracket and 
position it so the mounting holes line up on the bracket. Tighten the filter 
bracket bolts to 20-25 ft. Ibs. (27-34 Nm). 

10. Thread the upper lock nut onto the elbow until it reaches the 
underside of the fitting. Slip on the washer and then a new O-ring. Thread 
the elbow into the top of the pump until it stops and then back it out just 
enough to align with the fuel line. Connect the line and tighten it securely. 

11. Hold the upper end cap again and tighten the lock nut to 60-84 inch 
Ibs. (6.8-9.5 Nm). 

12. Reconnect the suppressor lead-push it in until the tabs click. 

If you notice any of the suppressor holes open, be sure to coat them 
with Liquid Neoprene to prevent water from entering. 
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13. lnstall a new plastic tie around the pump body and electrical leads. 
14. Reconnect the inlet line and tighten it securely. 
15. lnstall the pump guard if removed. 
16. Remove the container and connect the battery cables. Start the 

engine and check for fuel leaks. 

REMOVAL & INSTALLATION 

+ See Figure 70 s Y 

Please refer to the Component Locations section. 

Locate the relay in the engine electrical box on the low pressure fuel 
pump bracket. Tag and disconnect the electrical lead (if equipped). Remove 
the relay from the bracket. Do not soak the relay in any solvent of cleaner. 

REMOVAL & INSTALLATION 

MFI Enaines-Except 1998 7.4Gi - 
+ See Figure 71 

1. Open or remove the engine hatchicover and relieve the fuel system 
pressure. Disconnect the battery cable. 

2. Remove the flame arrestor, throttle body and upper intake plenum as 
detailed elsewhere. 

3, Tag and disconnect the electrical harness at each injector, moving all 
of them out of the way. Cut the plastic ties holding the injector harness to the 
rail and then carefully position the harness out of the way. 

4. Making sure you have a container and plenty of rags available, 
remove the inlet and outlet fuel lines from the rail. Pluq the lines and keep 
track of the O-rings. 

5. Remove the 4 rail mountina screws and lift out the fuel rail. There's a 
good chance that some of the injeEtors are going to come out with the rail 
while others may stay in the manifold-don't worry about this. 

6. Remove all injectors from the rail and the intake manifold. 
To Install: 

7. Inspect the injector seating recess in the fuel rail for pitting, nicks, 
burrs or any other irregularities. Replace the rail assembly if necessary. 

8, Soak new injector O-rings in clean engine oil for a minute and then 
press them onto each side of the injector. 

9. Press each injector (with a new retaining clip) into its recess on the 
rail until it clicks into place. 

10. Position the railiinjector assembly onto the intake manifold and gently 
press down on the rail until the injectors seat fully into their bores. lnstall the 
rail mounting screws and tighten them to 88 inch Ibs. (10 Nm). 

11. Move the injector harness into position and reconnect all injectors. 
Secure the harness to the rail with new plastic ties. 

Fig. 68 Hold the elbow with a wrench while 
loosenina the fuel line nut ... 

12. Connect the two fuel lines, tightening the fittings to 13 ft. Ibs. (17.5 
Nm). 

13. lnstall the plenum, throttle body and flame arrestor. Connect the 
battery cables. 

14. Turn the ignition switch to the ON position for 2 seconds and then 
turn it to the OFF position for 10 seconds. Now turn it back to the ON 
position and check for any fuel leaks before starting the engine. 

MFI Engines-1998 7.4Gi 

+ See Figure 72 

1. Open or remove the engine hatchlcover and relieve the fuel system 
pressure. Disconnect the battery cable. 

2. Remove the flame arrestor, throttle body and upper intake plenum as 
detailed elsewhere. 

3. Tag and disconnect the electrical harness at each injector, moving all 
of them out of the way. Disconnect the 10-pin injector harness connector. 

4. Remove the nut and retainer that secures the MAP sensor and then 
lift off the sensor-this is also one of the fuel rail retaining bolts. 

5. Making sure you have a container and plenty of rags available, 
remove the inlet and outlet fuel lines from the rail and pressure regulator. 
Plug the lines. 

6. Remove the 2 rail mounting bolts and the stud. Remove the 2 bolts 
holding down the fuel line bracket* Disconnect the vacuum line at the 
pressure regulator and then lift out the fuel rail and injector assembly. 
There's a good chance that some of the injectors are going to come out with 
the rail while others may stay in the manifold-don't worry about this. 

You will probably want to remove the distributor to provide better 
access to the two fuel line bracket mounting bolts. 

7. Remove all injectors from the rail. 

To Install: 

8. lnspect the injector seating recess in the fuel rail for pitting, nicks, 
burrs or any other irregularities. Replace the rail assembly if necessary. 

9. Soak new injector O-rings in clean engine oil for a minute and then 
press them onto each side of the injector. 

10. Press each injector (with a new retaining clip) into its recess on the 
rail until it clicks into place. 

11. Position the railiinjector assembly onto the intake manifold and gently 
press down on the rail until the injectors seat fully into their bores. lnstall the 
rail mounting screws and tighten them to 88 inch Ibs. (10 Nm). Tighten the 
stud to 18 ft. Ibs. (25 Nm). 

12. Move the injector harness into position and reconnect all injectors. 
Plug in the 10-pin harness connector. 

13. Wiggle the vacuum line over the fitting on the regulator. 
14. Connect the two fuel lines, tightening the fittings to 10-12 ft. Ibs. 

(13.6-16.3 Nm). Make sure you use new O-rings and position them properly. 
15. lnstall the MAP sensor. 
16. lnstall the plenum, throttle body and flame arrestor. Connect the 

battery cables. 

Fig. 69 ... and then unscrew the elbow itself Fig. 70 Fuel pump relay 
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Fia. 71 Ex~loded view of the fuel rail assemblv-MFI engines exceDt the 1998 7.4Gi 

17. Turn the ignition switch to the ON position for 2 seconds and then If replacing the IAC valve, make sure that the new one has the same 
turn it to the OFFbosition for 10 seconds. Now turn ~t back to the ON 
posit~on and check for any fuel leaks before starting the engine. 

REMOVAL & INSTALLATION 

+ See Figures 73 and 74 $ Y 

1. Open the engine compartment and disconnect the battery cables 
2. Remove the flame arrestor. 

Please refer to the Component Locations section. 

3. Tag and disconnect the electrical connector at the valve and move it 
out of the way. 

4. On flange-mounted valves, remove the 2 mounting screws and 
remove the valve. Remove the 0-rrng from the valve and throw it away. 

To Install: 
5 On e~ther valve, clean the valve mat~ng surfaces, p~ntle valve seat 

and air passage wtth carburetor cleaner- do not push or pull on the valve 
pmtle. Do not soak the valve ~n hquid cleaner or solvent. Don't be concerned 
if you notice shiny spots on the p~ntle or seat If you are plannmg to reinstall 
the origrnal valve, there should be thread lockmg compound on the threads 
of the valve or mounting bolts, do not attempt to clean th~s compound 

pintle shape and diameter. Measure the distance between the tip of the 
pintle and the valve mounting surface (A in the illustrations). If this 
measurement is greater than 1.102 in. (28mm), press the pintle in with 
your finger until it is within the specification. Measure the diameter of 
the pintle cone (B in the illustrations) and make sure that it is the same 
as the old valve. 

6. Install a new O-ring or gasket onto the valve. Coat the O-ring with 
clean engine oil. 

7. Install the valve and tighten the screws to 28 inch Ibs. (3.2 Nm). 

8. Reconnect the electrical lead. 

9. Install the flame arrestor. 

10. Connect the battery cables. 

11. On 1996 TBI engines, turn the ignition key to the ON position for 10 
seconds, start the engine and run it for 5 seconds, turn the key to the OFF 
position for 10 seconds. Start the engine and check that the idle is OK. 

12. On all MFI engines and on 1997-98 TBI engines, start the engine 
and allow it to idle for 30 seconds, turn it Off for 10 seconds and then restart 
the engine and check that the idle is OK. 
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Injector 
/ Harness 

Fig. 72 Exploded view of the fuel rail assembly-1998 7.4Gi engines 

I Fig. 73 Most IAC valves on TBI engines are flange mounted ... I 

IAC 

~ - ~ i n ~ /  
A- Pintle Extension 

I B- Pintle Diameter 

Fig. 74 ... while others use bolts. Note the measuring points for 
comparison 
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REMOVAL & INSTALLATION 

1. Open the engine compartment and disconnect the battery cables. 

Please refer to the Component Locations section. 

2. Tag and disconnect the electrical lead and unscrew the sensor from 
the upper intake plenum. 

3. Clean the sensor with a dry cloth and inspect for signs of damage. 
4. Coat the threads of the sensor with Teflon pipe sealant, install it into 

the plenum and tighten it to 11 ft. Ibs. (15 Nm). 
5. Connect the sensor lead and the battery cables. 

REMOVAL & INSTALLATION 

+ See Figure 75 

Some engines will have two sensors (1998 7.4Gi), one on each side 
of the engine. 

1. Disconnect the battery cables. 
2. Tag and disconnect the electrical connector at the sensor and move it 

out of the way. 

Please refer to the Component Locations section. 

3. Unscrew the sensor from the side of the cylinder block (or T-fitting) 
and remove the sensor. Clean the sensor with a dry cloth; especially the 
threads. If replacing the sensor, make sure that the new one is the same part 
number as the original. 

4. Repeat Steps 2 and 3 for the second sensor on engines so 
equipped. 

5. Install the sensor into the block or " T  and tighten it to 11-16 ft. Ibs. 
(15-22 Nm). Do not use any thread sealer or locking solution unless it is 
positioned in a water jacket. Proper torque is imperative to ensure precise 
performance 

6. Connect the electrical lead and the battery cables. 

2. Tag and disconnect the electrical connector at the module and move 
it out of the way. 

3. Remove the 2 (or 4) module mounting bolts and lift off the module. 

Never soak the module in liquid cleaner or solvent. 

4. Install the module and tighten the mounting bolts securely. 
5. Connect the electrical lead and the battery cables. 

REMOVAL & INSTALLATION 

+ See Figures 72,76 and 77 

1. Open or remove the engine hatchicover and disconnect the gt tery 
cable. 

2. Locate the MAP sensor-on TBI engines it can be found on the ECM 
electrical bracket. On most MFI engines it is attached directly to the 
Starboard side of the upper intake plenum or directly to the intake manifold 
on 1998 7.4G1 engines. 

Please refer to the Component Locations section. 

3. Remove the upper intake plenum on the 1998 7.4Gi. 
4. Tag and disconnect the electrical connector and the vacuum line (TBI 

only) at the sensor and move them out of the way. 
5. Unscrew the mounting screw(s) and remove the sensor. On the 1998 

7.4Gi, you must first remove the sensor retainer attached to the fuel rail. 
Clean the sensor with a dry cloth; make sure that the sensor seal is in good 
condition, if not replace it. 

6. Install the sensor seal and then install the sensor and tighten the 
screws to 44-62 inch Ibs. (5-7 Nm), except on the 1998 7.4Gi where you 
need to tighten the retainer nut to 18 ft. Ibs. (24 Nm). 

7. Install the upper plenum if removed. 
8. Connect the electrical lead and the battery cables. Don't forget the 

vacuum line on TBI engines. 

REMOVAL & INSTALLATION 

TBI Engines 

+ See Figure 78,79 and 80 

REMOVAL & INSTALLATION 

1998 7.4Gi enaines will reauire removal of the oil fill tube for~ccess - 
to the module. 

1. Disconnect the battery cables. 

Please refer to the Component Locations sectic 

1. Open or remove the engine hatchlcover and relieve the fuel system 
pressure. Disconnect the battery cable. 

2. Remove the flame arrestor and then squeeze the plastic tabs on the 
injector electrical connectors and pull straight up until they come apart. 
Position the leads out of the way and make sure you tag them for correct 
reassembly. Many models will utilize a rubber grommet securing the two 
harnesses to the side of the throttle body-just pop it out of the recess. 

3. Disconnect the throttle cable and carefully move it out of the way. 
4. Remove the distributor cap. Although not always necessary, this will 

make access much easier. 

Fig. 75 The knock sensor is usually found 
iust forward of the starter 

Fig. 76 On all TBI engines, the MAP sensor 
is located on the ECM electrical bracket ... 

Fig. 77 ... or attached to the manifold on MFI 
engines 
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Fig. 78 Exploded view 

Gasket 
0-Ring 

Injector 

Nut w - ~ u e l  Outlet 

! Fitting Nut 

of the typical throttle body assembly 
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SHIFT IDENTlFICAflOM 
MODEL 
NUMBER YEAR 

Fig. 79 Throttle body ID tag 

Fig. 80 Fuel line connections 

5. Unplug the electrical connectors at the TP sensor and the IAC valve. 
Tag each lead and move them out of the way. 

6. Disconnect the MAP sensor vacuum line at the throttle body 
(between the fuel lines on later engines). 

7. Hold a container under the connections and then remove the fuel 
inlet and outlet lines at the throttle body. Have some rags available to wipe 
up any spills. Plug the fuel lines to prevent any further spillage. Don't forget 
to use a second flare wrench to hold the fitting nuts. 

8. Remove the mounting boltsinuts and lift the throttle body off of the 
adapter plate. Cover the manifold opening with a rag, 

Be very careful of how, and where, you lay the unit down. 

To Install: 
9. Remove the TP sensor, IAC valve, fuel injectors and the meter cover 

and then thoroughly clean the throttle body assembly in an immersion type 
cleaner. Dry with compressed air if available and make certain all passages 
are clean. 

10. Inspect all mating and casting surfaces for damage or cracks and 
scoring. 

11. lnstall the sensor, valve, injectors and meter cover as detailed 
elsewhere in this section. 

12. Position a new gasket on the adapter plate, install the throttle body 
and tighten the mounting nutslbolts to 12 ft. Ibs. (16 Nm). 

13. Connect and adjust the throttle linkage. 
14. Connect the MAP vacuum line if removed. 
15. Connect the fuel lines and tighten the flange nuts to 17 ft. Ibs. (23 

Nm) using a back-up flare wrench on the fittings. Make sure that you install 
new O-rings prior to tightening the lines. 

16. Connect the TP sensor and IAC valve electrical leads. 
17. Press the harness grommet into the recess and then pop the injector 

lead connectors back on and connect the battery cables. Turn the ignition 
key to the ON position so that the fuel pump is energized and check for any 
fuel leaks. Do not actually start the engine until confirming that there are no 
leaks at the throttle body or fuel lines. lnstall the flame arrestor. 

18. Start the engine and check for fuel leakage. 

MFI Engines 

W + See Figure 81 

1. Open or remove the engine hatchicover and relieve the fuel system 
pressure. Disconnect the battery cable. 

2. Remove mounting nut(s) and then remove the flame arrestor. Certain 
models will have a bracket holding the arrestor on. 

3. Remove the throttle link nut and then separate the link from the 
throttle arm. 

4. Tag and disconnect the wiring harness for the IAC valve and TP 
sensor. 

5. Remove the 4 throttle body mounting bolts (some models use 3 
nuts), Lift out the throttle body and set it down in a holding fixture to avoid 
damage to the valves. Stuff a clean, lint-free rag into the plenum opening 
and discard the gasket. 

6. If necessary, remove the TP sensor and IAC valve with their O-rings 
from the assemblv. 

To Install: 
7. Carefullv clean the throttle bore and valves. Do not use anvthina 

containing met61 ethyl ketone and do not soak it in solvent-use a spray 
carblchoke cleaner! If you didn't remove the TP sensor and IAC valve, make 
sure that you get no solvent on them during cleaning. CAREFULLY scrape 
any gasket material off the mating surfaces. Make sure all passages are free 
of dirt and completely dry before installation. 

8. lnstall the sensor and valve if removed. Position the throttle body and 
new gasket on the plenum and tighten the bolts to 11 ft. Ibs. (15 Nm). If your 
engine uses nuts (1998 7.4Gi), tighten them to 89 inch Ibs. ( I 0  Nm). 

9. Check that the throttle lever moves freely, snapping back to the 
closed position and then reconnect the throttle link to the lever. Tighten the 
nut securely. Make sure the rod end on 1998 7.4Gi engines has 0.5-0.75 in. 
(12.70-19.05mm) of available thread for correct engagement. 

10. Connect the IAC and TP leads. 
11. lnstall the flame arrestor. 
12. Reconnect the battery cables. 
13. Start the engine and allow it to idle for 30 seconds, turn it OFF for 10 

seconds and then restart the engine and check that the idle is OK. 

REMOVAL & INSTALLATION 

TBI Engines Only 

1. Open or remove the engine hatchicover and relieve the fuel system 
pressure. Disconnect the battery cable. 

2. Remove the flame arrestor and then squeeze the plastic tabs on the 
injector electrical connectors and pull straight up until they come apart. 
Position the leads out of the way and make sure you tag them for correct 
reassembly. 

3. Remove the throttle body as detailed in the preceding procedure. Lift 
the gasket off the adapter if it hasn't already come up with the throttle body. 

4. Remove the four mounting screws and lift off the adapter plate. Plug 
the intake manifold with a clean rag. 

5. lnstall the adapter plate with a new gasket and tighten the mounting 
screw to 15 ft. Ibs (19 Nm) on the V6 and 1998 V8,30 ft. Ibs. (40 Nm) on the 
1996-97 V8. 

6. lnstall the throttle body. 
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, IAT Sensor 

Fig. 81 Exploded view of the throttle body-MFI engines, except 1998 7.4Gi 
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REMOVAL & INSTALLATION 

+ See Figure 82 

1. Open the engine cornpartmentihatch and disconnect the battery 
cables. 

2. On the 1998 7.4Gi, remove the starboard high-rise exhaust elbow. 
3. Remove the flame arrestor. Although not absolutely necessary, you 

may find it beneficial to remove the throttle body for better access to the 
sensor-although you must remove it on the 1998 7.4Gi. 

4. Tag and disconnect the electrical connector at the sensor and move it 
out of the way. 

Please refer to the Component Locations section. 

5. Unscrew the 2 mounting screws and remove the sensor. Clean the 
sensor with a dry cloth; make sure that the sensor is in good condition (no 
wear, cracks or damage), if not replace it. 

If replacing the sensor with a new one, make sure to use the two 
new screws that came with the package. 

6. Position the sensor seal or O-ring over the throttle shaft. 
7. With the throttle valve closed, install the sensor so it is positioned on 

the throttle shaft and tighten the screws to 18 inch Ibs. (2 Nm). Coat the 
threads with LoctiteB 242 (TBI engines) and don't forget the washers! 

8. Install the throttle body and exhaust elbow if removed. 
9. Connect the electrical lead. Connect the battery cables 

10. Start the engine and check the sensor output voltage. It should be 
approximately 0.7V at idle and 5.OV at wide open throttle. 

11. Install the flame arrestor. 

Fig. 82 The TP sensor is located on the lower edge of the throttle 1 bodv 

REMOVAL & INSTALLATION 

+ See Figure 66 

Certain early engines may not utilize this system. 

Always have a fire extinguisher handy when working on any part of 
the fuel system. Remember, a very small amount of fuel vapor in the 
bilge, has the tremendous potential explosive power. 

1. Open or remove the engine hatchicover and relieve the fuel system 
pressure as detailed previously. Disconnect the battery cable. 

2. Loosen the hose clamps and then remove the water inlet and outlet 
hoses from the tank. 

3. Remove the power steering cooler retaining bracket nut and position 
the cooler out of the wav. There is a s~ecia l  flat washer behind the cooler 
bracket-don't lose it when lifting off the assembly. 

4. Clip the plastic tie securing the pump harness to the pump and then 
unplug the connector and move the harness out of the way. 

5. Remove the small clamp and wiggle the vent hose from the nipple at 
the rear of the reservoir. Position it out of the way. 

6. Remove the fuel inlet line coming from the low pressure pump. 
Remove the line running between the reservoir and pressure regulator. 
Remove the high pressure pump outlet line. Please refer to the Fuel Pump 
procedures for specific details on removing the fuel lines. 

7. Loosen the clamp and remove the cooling outlet line (running to the 
thermostat housing) connected to the elbow on the Starboard side of the 
reservoir. 

8. Remove the 2 mounting bolts at the bottom of the reservoir and lift 
off the assembly. The Port side mounting bolt may have a nut on the back of 
the bracket. 

To Install: 
9. Adjust the float level as detailed later in this section. 

10. Position the reservoir onto the engine and tighten the mounting bolts 
to 28-36 ft. Ibs. (38-49 Nm). 

11. Reattach the coolant line to the elbow on the reservoir and tighten 
the clamp securely. 

12. Connect the three fuel lines to the pump and reservoir as detailed in 
the Fuel Pump section. 

13. Connect the vent line running from the upper manifold and tighten 
the clamp securely, but not so tight as to pinch the hose. 

14. Coat the terminals on the fuel pump and pump harness connector 
with Terminal Grease and plug the connector into the pump. Secure the 
harness to the pump body with a new plastic tie. 

15. Slide the flay washer over the mounting stud on the rear of the 
reservoir and then install the power steering cooler. Tighten the lock nut to 
20-25 ft. Ibs. (27-34 Nm). 

16. Reconnect the cooling hoses and tighten their hose clamps securely. 
17. Connect the battery cables. Turn the ignition key to the ON position 

so that the fuel pumps are energized and check for any fuel leaks. Do not 
actually start the engine until confirming that there are no leaks at the throttle 
body or fuel lines. Install the flame arrestor. 

18. Start the engine and check for fuel leakage. 

FLOAT LEVEL 

+ See Figure 83 
1. Disconnect all fuel lines and remove the high pressure fuel pump. 
2. Remove the 8 reservoir cover retaining screws and lift off the cover 

and pump brackets. Discard the gasket. 
3. Flip the cover assembly over and allow the float to drop down until it 

seats the float needle. 
4. Measure the distance between the bottom edge of the inverted float 

(actually the top edge when instaled in the reservoir) and the inner mounting 
surface of the reservoir cover. 

5. Bend the float adjustment tab very carefully until the gap is 3116 in. 
(4.76mm). Rotate the assembly once or twice and check that the float moves 
freely and that the gap has noichanged. 

Never force the float needle tip against the seat or you will damage 
the special tip. 

6. Position a new cover gasket onto the reservoir and then carefully 
install the cover assembly. Tighten the retaining screws to 25-35 inch Ibs. 
(2.8-4.0 Nm). 

7. Install the fuel pump and reconnect the fuel lines. 

Adjustment 
Tab 

/ 
Cover 

Fig. 83 Adjust the float level with the reservoir cover inverted 
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4 See Figure 84 

Prior to performing any diagnostics on the EFI system, a diagnostic circuit 
check must first be completed. This is an organized approach to identifying a 
problem created by a malfunction in the electronic engine control 
management system and can only be performed with the correct scan tool- 
although most tests can be accomplished with a less expensive code tool 
(CodeMate) and a digital multi-meter (DVOM). After hooking the tool up 
properly and finding that the on-board diagnostic system if functioning 
correctly and there are no codes displayed, the accompanying table should 
be used as a reference for what a normally functioning system should 
display. Use only the parameters listed in the chart. 

If codes are displayed, move on to the next section. 

PRECAUTIONS 

4 See Figures 85 and 86 

Good shop practice, as well as good judgment requires all the following 
practices be observed. 

1. The negative battery cable must be disconnected before any ECM 
system component is removed. 

2. Always check to be sure the battery cables are securely connected, 
before starting the engine. 

3. Never separate the battery from the on-board electrical system while 
the engine is operating. 

4. Never separate the battery feed wire from the charging system while 
the engine is operating. 

5. Disconnect the battery from the boat electrical system before starting 
to charge the battery. 

6. Check to be sure all cable harnesses are securely connected and the 
battery terminals are clean and the cables securely connected. 

7. Never connect or disconnect the wiring harness at the ECM when the 
ignition switch is in the on position. 

8. Before any electric arc welding is attempted, disconnect the battery 
leads and the ECM connectorls. 

9. Never direct a steam-cleaning nozzle at ECM components. Such 
action will cause damage or corrosion the component terminals. 

10. Do not use anv test eaui~ment not s~ecified in the diagnostic charts. 
Such equipment may give an incorrect readihg andlor may acfually damage 
good components. 

Scan Position Units Data Value 
RARO Vnlts 3-5 

Battery Volts 12-14.5 
Coolant Temperature Deg. FIC 150-1 70 (66-77) 
Engine Overtemp OWOverheat OK 
Fuel Consumption GPH 1 to 2 
Idle Air Control Valve 

Follower Counts (Steps) 0 
Minimum Counts (Steps) 0-40 

Normal Counts (Steps) 0 4 0  
Injector 

On Time Cranking Msec 2.5-3.5 
Pulse Width Msec 2-3 

Knock Retard Deg. 0 
Lanyard Stop Mode OFFlON OFF 
Manifold Air Temperature Deg. FIC Varies wtambient 
MAP Vnltc 

Memory Calibration Check Sum of Check Varies 
Oil Pressure 

110 OWLOW OK 
Transmission OWLOW OK 

Desired Rpm 600-700 
Normal Rpm 600-650 

Spark Advance Deg. 10-30 
Throttle 

Angle 0-100% 0-1 
Position Volts 0.4-0.8 

F~Q.  84 Normal specifications for a scan tool 

11. A digital voltmeter with a rating of 10 megohms input impedance 
must be used when taking any voltage measurements. 

12. A "low-amphere rated" test light must be used when a test light is 
specified for a test. Never use a high-amphere rated test light. Power the 
setup with the boat battery. If the ammeter indicates less than 3110 amp 
current flow, the test light is safe to use. 

A final word here. If a test light with 100 mA or less is used, a faint glow 
may show, when the test actually states "no light". 

Please refer to wiring schematics at the end of this section for 
correct pin and circuit locations. 

ON-BOARD DIAGNOSTIC SYSTEM CHECK 

1. Connect the tester to the diagnostic link connector (DLC)-either at 
the front of the engine near the thermostat housing, or on the Starboard side 
near the ECM bracket. Switch it to the OFF position. 

2. With the ignition switch in the ON position and the engine OFF, the 
tester liaht should come on; if not, please refer to the following procedure for - .  

"No code Tool Light or Data". 
' 

3, If the tester flashes a Code 12, check terminal B on the DLC for a 
short to ground-if no short is evident, the ECM will require replacement. 

4. Switch the tester to the ON position and confirm that it flashes Code 
12. If it doesn't, check the "Code Tester Light on Steady ..." procedure 
following. 

5. If DTC 51 is also present, proceed to that test. Otherwise, turn the 
tester OFF and see if the engine will start. 

6. If the engine continues to run, move to the next step; if it won't run, 
move to the "Engine Cranks But Won't Run" procedure. 

7. Turn off the engine but leave the ignition switch in the ON position. 
Switch the tester back to ON and check for any stored codes. Refer to the 
DTC charts at the end of this section. 

Fig. 85 A quality multi-meter (DVOM) is necessary when 
performing diagnostic tests ... 

Fig. 86 ... as is a good test light 
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NO CT LIGHT OR NO DLC DATA 

4 See Figure 88 

When a tester is connected to the DLC it should receive voltage via the 
circuit on terminal F and be grounded through the circuit on terminal E. 
There should always be a steady tester light when the ignition is ON (engine 
stopped). Obviously, always check for bad connections or frayed wires. It's 
also a good idea to check that the indicator bulb is not burned 

Please refer to wiring schematics for Tests A-IIA-2 in the Diagnostic 
Test Schematic section for correct pin and circuit locations. 

If The Engine Starts 

1. Remove the Code Tool tester and turn the ignition switch to the ON 
position (engine OFF). Connect a test light to ground and touch the probe to 
terminal F of the DLC. If the light goes on move to Step 2; if it does not come 
on, the circuit between J1-32lJ1-16 on the ECM and terminal F on the DLC 
is open or has a short to ground. 

2. Now connect the test light to the battery positive and touch the probe 
to terminal E of the DLC. If the light goes on, move to the next step; if it does 
not come on, turn the ignition switch to the OFF position. Disconnect the J2 
connector at the ECM and check the resistance between J2-31 and terminal 
E at the DLC. If close to 0 ohms, check the ECM connections or replace the 
ECM; otherwise, repair the open circuit. 

3. Connect a test light between DLC terminals F and E. If the light goes 
on, replace the tool. 

If The Engine Does Not Start 

1. Check the ECM circuit breaker and replace if necessary. If the 
breaker is functioning properly, move to the next step. 

2. With the ignition OFF, connect a test light to ground and probe J1-16 
and J1-32 on the ECM connector, If the light goes on for each circuit, move 
to the next step. If it does not light, repair the open in that circuit. 

3. Turn the ignition switch to the ON position (engine not running). 
Connect a test light to ground and probe ECM connector pin J1-11. If the 
light goes on, check the ECM grounds and then replace the ECM if they are 
OK. If it does not light, check the ECMIINJ circuit breaker. If it is OK, check 
the ECMIINJ relay. Otherwise, find and repair the ground in the J1-11 to 
breaker circuit. 

CT LIGHT ON STEADY-WILL NOT FLASH DTC 12 

CULT 
- 

4 See Figure 88 

When the Code Tool tester is installed, it receives voltage through 
terminal F and is grounded through terminal E. When the ignition is ON and 
the engine OFF, there should always be a steady MIL. Obviously, always 
check for bad connections or frayed wires. It's also a good idea to check that 
the indicator bulb is not burned out. 

Please refer to wiring schematics for Tests A-1IA-2 in the Diagnostic 
Test Schematic section for correct pin and circuit locations. 

1. With the ignition switch in the ON position and the engine OFF, 
switch the tester ON. If the CT flashes DTC 12, look for bad connections in 
the circuit; if DTC 12 does not flash, go to Step 2. 

2. Turn the ignition OFF and disconnect the J2 connector at the ECM. 
Turn the ignition switch back to the ON position. If the CT light comes ON, 
there is a short to ground between J2-31 and terminal E o n  the DLC 
connector; if the light does not come on, go to Step 3. 

3. Turn the ignition OFF, disconnect the J1 connector at the ECM and 
connect a jumper wire between Zermifials A and B at the DLC. Connect a 
test light between terminal J1-7 and battery positive (Bt). If the light goes 
ON, you'll need to verify that the tester is working properly by hooking it up 
to a known good system-we know its unlikely that you have another engine 
available, so all we can suggest IS running down to your local dealer and 
asking them to confirm it is OK. If the light does not go on, check for an open 
circuit between terminal A on the DLC and ground; or between terminal B 
and J1-7 at the ECM 

ENGINE CRANKS BUT WILL NOT RUN 

The distributor ignition system and the fuel injector circuit are both 
supplied voltage via the EFI system relay. From the relay, circuit 902 delivers 
voltage to the injectorlECM fuse and to the coil. The following test assumes 
a properly functioning battery and adequate fuel supply. Is also a good idea 
to check all connections and wires before hand. 

1994-96 Engines 

CULT 

1. Perform the On-Board Diagnostic System Lnecn. ulsconnect tne I r 
sensor and attempt to start the engine. If it starts, replace the sensor, 
otherwise move to the next step. 

2. Ensure that the ignition has been in the OFF position for at least 10 
seconds and then switch it ON. If the fuel pumps run for 2 seconds and then 
stop, go to Step 3; if not, move on to the "Fuel System Diagnosis" procedure 
following. 

3. Crank the engine for 3 second and listen for the fuel pumps to run 
while the engine is cranking. If they run, go to Step 5; if they do not run, go 
to S t ~ n  4 .- 

4  isc connect the connector at the ESA module and probe terminal B in 
the distributor harness connector while crankina the enaine. If the meter 
needle fluctuates, go to the next step; if it does-not, repiace the IC module 

5. Install a fuel pressure gauge to the pressure valve on the high 
pressure fuel pump; as per the manufacturer's instructions. Turn the ignition 
switch to the ON position. Check the fuel pressure while the pump is 
running. If 9-13 psi shows on TBI engines or 36-42 psi on MFI engines, 
move to the next step; if not, move on to the "Fuel System Diagnosis" 
procedure. 

6. Check the secondary spark output. If spark strength and output are 
ok, move to the next step. Otherwise, disconnect the ESA module and try to 
start the engine. If it starts, replace the module; if it doesn't, perform the 
Ignition System diagnostic tests. 

7. Disconnect the J1 connector at the ECM. Connect a DVOM and 
check for battery voltage (Bt)  at J1-16 and J1-32. If voltage is present at 
both terminals, move to the next step. If no voltage is present, check the 
12.5 amp ignition circuit breaker. If the breaker is functioning properly and 
there is battery voltage present, repair the circuit between the two pins and 
the breaker; if not replace the breaker. 

8. Turn the ignition switch to the ON position and use the DVOM to 
check for switched battery voltage at J1-11. If present, go to Step 11, if not, 
go to the next step. 

9. Remove the ignition relay and check for battery voltage at the 
RedlPurple wire terminal. Turn the ignition switch ON and check for switched 
voltage at the Purple wire terminal. Check the relay ground circuit for 
continuity. If all three check out OK, replace the relay and check J1-11 again. 
If there is still no switched battery power, check the circuit between it and the 
relay. 

10. In the previous step, if there was no battery voltage, there is a fault in 
the circuit going to the 12.5 amp circuit breaker. If there was no switched 
battery voltage, there is a fault in the circuit going to the ignition switch. If the 
there was a bad ground, fix it. 

11. Disconnect one injector from each bank, turn the ignition switch ON 
and connect a DVOM. Probe the PinkIWhite wire terminal in each connector. 
If battery voltage is present, go to the next step; if not, check the circuit 
between the ignition relay and the injector. 

The ignition relay also supplies switched battery voltage to the 
knock sensor module-disconnect the module and try to start the 
engine, if it starts now, replace the module. 

12. Connect an injector test light to each of the injectors disconnected 
previously and then crank the engine. If both test lights blink brightly, the 
system is OK. If one (or both) lights stay on steadily, go to the next step. If 
they do not come on at all, go to Step 14. 

13. Turn the ignition OFF and check the driver circuits for a short to 
ground. Disconnect the 2-pin connector at the ignition coil and then 
disconnect the J2 connector at the ECM. Attach a test light to the battery and 
probe terminals J2-5 and J2-21. If the light goes ON at either terminal, check 
for a fault in the ground circuit. If the light does not come ON, replace the 
ECM. 
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14. Turn OFF the ignition and check the ECM ground circuits. Disconnect 

both ECM connectors, connect a test light to the battery and then probe the 
following connectors: J2-15, J2-20, J1-14 and J1-30. If the light does not 
come ON, look for and repair a bad ground in the individual circuit. If it does 
come ON, turn off the ignition and check for an open in the driver circuits 
between the injectors and J2-15 or J2-21. If they check out OK, move to the 
next step; otherwise, repair the bad circuit. 

15. Check the injectors for an open circuit-resistance across the injector 
terminals should be greater than 10 ohms. If it is, the injectors are OK and 
you will need to replace the ECM. If resistance is out of range, replace the 
injector. 

1997-98 Engines 

CULT 

+ See Figures 89,90 and 91 

W Please refer to wiring schematics for Test A-3 in the Diagnostic Test 
Schematic section for correct pin and circuit locations. 

1. Perform the On-Board Diagnostic System Check. Disconnect the TP 
sensor and attempt to start the engine. If it starts, replace the sensor, 
otherwise move to the next step. 

2. Ensure that the ignition has been in the OFF position for at least 10 
seconds and then switch it ON. If the fuel pumps run for 2 seconds and then 
stop, go to Step 3; if not, move on to the "Fuel System Diagnosis" procedure 
following. 

3. Crank the engine for 3 seconds and listen for the fuel pumps to run. 
If they run, go to Step 5; if they do not run, go to Step 4. 

4. With the ignition switch in the OFF position, disconnect the J2 
connector at the ECM. Connect a DVOM to ground and probe the J2-8 pin 
while cranking the engine. If the DVOM reads 1-2V, confirm all ECM 
connections are good and then replace the ECM. If it does not read 1-2V, J2- 
8 is shorted to ground or the ignition module is bad. 

5. Install a fuel pressure gauge to the pressure valve on the high 
pressure fuel pump; as per the manufacturer's instructions. Turn the ignition 
switch to the ON position. Check the fuel pressure while the pump is 
running. If 9-13 psi on 4.3L engines, 28-32 psi on V8 engines or 36-42 psi on 
7.4U8.2L engines, move to the next step; if not, move on to the "Fuel 
System Diagnosis" procedure. 

6. Check the secondary spark output. If spark strength and output are 
ok, move to the next step. Otherwise, perform ignition system diagnostics. 

7. Disconnect the J1 connector at the ECM. Connect a DVOM and 
check for battery voltage (Bt) at J1-16 and J1-32. If voltage is present at 
both terminals, move to the next step. If no voltage is present, check the 
12.5 amp ignition circuit breaker. If the breaker is functioning properly and 
there is battery voltage present, repair the circuit between the two pins and 
the breaker; if not replace the breaker. 

8. Turn the ignition switch to the ON position and use the DVOM to 
check for switched battery voltage at J1-11. If present, go to Step 11, if not, 
go to the next step. 

9. Remove the ignition relay and check for battery voltage at the 
RedIPurple wire terminal. Turn the ignition switch ON and check for switched 
voltage at the Purple wire terminal. Check the relay ground circuit for 
continuity. If all three check out OK, replace the relay and check J1-11 again. 
If there is still no switched battery power, check the circuit between it and the 
relay. 

10. In the previous step, if there was no battery voltage, there is a fault in 
the circuit going to the 12.5 amp circuit breaker. If there was no switched 
battery voltage, there is a fault in the circuit going to the ignition switch. If the 
there was a bad ground, fix it. 

11. Disconnect one injector from each bank, turn the ignition switch ON 
and connect a DVOM. Probe the PinWhite wire terminal in each connector. 
If battery voltage is present, go to the next step; if not, check the circuit 
between the ignition relay and the injector. 

12. Connect an injector test light to each of the injectors disconnected 
previously and then crank the engine. If both test lights blink brightly, the 
system is OK. If one (or both) lights stay on steadily, go to the next step. If 
they do not come on at all, go to Step 14. 

13. Turn the ignition OFF and check the driver circuits for a short to 
ground. Disconnect the 2-pin connector at the ignition coil and then 
disconnect the J2 connector at the ECM. Attach a test light to the battery and 
probe terminals J2-5 and J2-21. If the light goes ON at either terminal, check 
for a fault in the ground circuit. If the light does not come ON, replace the 
ECM. 

14. Turn OFF the ignition and check the ECM ground circuits. Disconnect 
both ECM connectors, connect a test light to the battery and then probe the 
following connectors: J2-15, J2-20, J1-14 and J1-30. If the light does not 
come ON, look for and repair a bad ground in the individual circuit. If it does 
come ON, turn off the ignition and check for an open in the driver circuits 
between the injectors and J2-15 or J2-21. If they check out OK, move to the 
next step; otherwise, repair the bad circuit. 

15. Check that the resistance across the injector terminals is less than 
1.25-1.27 ohms. If it is, the injectors are OK and you will need to replace the 
ECM. If resistance is out of range, replace the injector. 

FUEL SYSTEM DIAGNOSIS-TBI ENGINES 

CULT 

1. Connect a pressure gauge to the check valve for the high pressure 
pump. Turn the ignition switch ON. The pumps should run for 2 seconds and 
then shut off; while running the pressure should be 9-13 psi (27-31 psi on the 
1998 5.7GSi). If it is, go to the next step. If below 9 psi (or 27), go to Step 6. 
If over 13 psi (or 31), go to Step 10. 

2. Start the engine and allow it to idle until it reaches normal operating 
temperature. The fuel pressure should be within 1 psi of the previous 
reading. If it is, the system is OK; if not, go to the next step. 

3. Check the fuel lines and filter for restrictions and repair or replace as 
necessary. If they are OK, go to the next step. 

4. Disconnect the fuel line at the high pressure pump outlet and connect 
the pressure gauge to the pump (not the check valve). Turn the ignition ON 
and check that the pressure holds for 15-20 seconds after the pumps stop 
running. If pressure holds, go to the next step. If not, check for leaks; 
replacing the fuel pump if there are none found. 

5. Disconnect the pressure gauge and reconnect the fuel line. 
Reconnect the gauge to the check valve. Disconnect the fuel return line at 
the vapor separator and connect another gauge to the line--do not 
reconnect the return line to the tank. Turn the ignition ON and confirm that 
the high pressure gauge reads 9-13 psi after the pumps stop, or 27-32 psi on 
the 1998 5.7GSi. If it does, the system is OK. If not, check both gauges; if 
equal, replace the regulator. If the high pressure gauge has dropped to near 
0 psi and there is still pressure showing on the other gauge, check for a 
leaking injector or regulator. 

6. If the fuel pressure in Step 1 was less than 9 psi (or 27 psi), check 
for any external fuel leaks, If any are found, fix them and go back to Step 1. 
If none are found, check that the battery is fully charged. Go to the next step 
if it is, otherwise charge it. 

7. Check the fuel lines and filter for restrictions and water. Fix any 
problems you find, otherwise go to the next step. 

8. Connect a pressure gaugeto the low pressure check valve on the 
separator, turn the ignition ON and check that the pressure is 4-8 psi. If it is, 
go to the next step, otherwise replace the low pressure pump. 

9. Disconnect the vent vacuum line at the separator and splice in a 
clear plastic hose between the end of the line and the tank. Turn the ignition 
ON. If fuel appears in the line, replace the vent valve in the tank. If none 
appears, check for leaking injectors andlor replace the regulator. 

10. If the fuel pressure in Step I was greater than 13 psi (or 31 psi), 
disconnect the fuel return line at the separator tank and connect a pressure 
gauge between the line and the tank. Reconnect the line and turn the ignition 
ON. Check the pressure while the pumps are still running, If above 13 psi (or 
31 psi), go to the next step, otherwise the system is OK. 

11. Check the supply line from the filter back to the fuel tank to see if 
there has been another pump installed (or something producing pressure). If 
nothing is there, check for a restriction in the line between the regulator and 
the separator tank. Replace the regulator if nothing is found. If there is some 
sort of device installed between the filter and tank, remove it. 

FUEL SYSTEM DIAGNOSIS-MFI ENGINES 

ULT 

+ See Figure 92 

Please refer to wiring schematics for Test A-5 in the Diagnostic Test 
Schematic section for correct pin and circuit locations. 
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I .  Turn the ignition switch OFF. Install a fuel pressure gauge to the 

check valve for the high pressure pump. Turn the ignition switch to the ON 
position. The fuel pump should run for about 2 seconds and then shut off. 
Check the pressure while the pump is running and then after it stops; it 
should hold steady after the pump stops for at least 15-20 seconds. If the 
fuel pressure is 36-42 psi, go to Step 2. 

If the pressure drops immediately to 0 psi after the pump shuts off, check 
the vacuum line at the pressure regulator for fuel-if fuel in line, replace the 
regulator, if no fuel in line, go to Step 4. 

If the pressure was below 36 psi, go to Step 6; if above 42 psi, go to Step 
11; if there was no pressure, or the pumps did not turn on, go to Step 13. 

2. Start the engine and allow it to idle until it reaches normal operating 
temperature. If the fuel pressure is within 3-10 psi of the reading taken 
previously, the system if OK; if not, go to Step 3. 

3. With the engine still idling, connect a vacuum gauge to the pressure 
regulator and apply 10 in. of vacuum to the pressure regulator. If the 
pressure drops by 3-10 psi, you have a vacuum leak at the regulator; if it 
doesn't drop by the above spec, replace the fuel pressure regulator. 

4. Turn the ignition OFF, disconnect the fuel line at the high pressure 
pump outlet fitting and then connect a pressure gauge directly to the pump. 
Turn the ignition switch to the ON position. If the pressure holds for 15-20 
seconds after the pump stops running, go to the next step; otherwise, check 
for leaks and then replace the pump. 

5. With the ignition OFF, connect a pressure gauge to the high pressure 
pump test valve. Disconnect the fuel return line at the vapor separator and 
connect another pressure gauge directly to the line--do not reconnect the 
return line to the separator tank. Turn the ignition switch to the ON position. If 
the gauge connected to the high pressure test point holds at 36-42 psi, the 
system is OK. 

If it doesn't hold, check both gauges. If they are each showing the same 
pressure (approximately), replace the regulator. If the high pressure gauge 
has dropped to 0 psi (or near 0) and there is still pressure left on the other 
gauge, check for leaking injector(s). 

6. If the fuel pressure reading in Step 1 was less than 36 psi, check for 
fuel leaks. If leaks are found, repair them and restart the test. If no leaks are 
found, check that the battery is fully charged and then move to the next step. 

7. Check to see if the fuel lines or filter are clogged. Look for water in 
the filter. Repair or replace any problems if found, otherwise, go to the next 
step. 

8. Connect a pressure gauge to the low pressure test valve on the 
vapor separator tank. Turn the ignition switch to the ON position and check 
the fuel pressure. If 4-8 psi, go to the next step; otherwise, replace the low 
pressure fuel pump. 

9. Disconnect the vacuum line at the pressure regulator. Connect a 
piece of clear plastic hose between the line and the regulator and then turn 
the ignition ON. If fuel appears in the hose, replace the regulator; otherwise, 
go to the next step. 

10. Disconnect the vacuum line at the vapor separator. Connect a piece 
of clear plastic hose between the line and the separator and then turn the 
ignition ON. If fuel appears in the hose, replace the vent valve in the 
separator; otherwise, check for leaking fuel injectors andlor replace the 
pressure regulator. 

11. If the pressure reading in Step 1 was over 42 psi, disconnect the fuel 
return line at the vapor separator and connect a pressure gauge between the 
line and tank. Turn the ignition ON and observe the pressure while the 
pumps are running. If above 42 psi, the system is OK; otherwise, move to 
the next step. 

12. Check the supply line from the filter back to the fuel tank to see if 
there has been another pump installed (or something producing pressure). If 
nothing is there, check for a restriction in the line between the regulator and 
the separator tank. Replace the regulator if nothing is found. If there is some 
sort of device installed between the filter and tank, remove it. 

13. If there was no pressure when the reading was taken in Step 1, 
perform the On-Board Diagnostic System Check. 

14. Check the 20 amp circuit breaker at the fuel pump. Reset if 
necessary. Confirm that battery voltage is present at the breaker and then 
move to the next step. If no voltage is present, repair the open or ground in 
the circuit between the breaker and the battery. 

15. Remove the fuel pump relay. Connect a test light to ground and 
probe terminals 30 and 87. If the light comes ON, go to the next step; 
otherwise, check for an open circuit or bad connection back to the circuit 
breaker. 

16. Connect a test light to the battery pos~tive (Bt) and probe terminal 85 
on the relay socket while switching the ignition switch to the ON position. If 
the light comes ON for 2 seconds and then goes OFF, move to the next step; 
otherwise, go to Step 20. 

17. Install a fused jumper wire between terminals 30 and 87 on the relay 
socket. If the fuel pumps run, replace the relay; otherwise, go to the next 
step. 

18. Connect a test light to ground and then probe the terminal for the 
yellowlgreen wire on the fuel pump connector. If the light comes ON, go to 
the next step; otherwise, look for an open circuit or bad connection between 
the connector and terminal 87 on the relay socket. Remove the jumper and 
reinstal the relay. 

19. Now connect the test light to power and probe the pump connector 
terminals with the black wire. If the light comes ON, replace BOTH fuel 
pumps; otherwise, look for an open or bad connection in the fuel pump 
ground circuits. 

20. Disconnect the negative battery cable and then the J1 connector at 
the ECM. Connect an ohmmeter and check the continuity between terminal 
J1-23 and terminal 85 on the pump relay socket. If no continuity (0 ohms), 
replace the ECM; otherwise, look for an open circuit or bad connection. 

IGNITION SYSTEM CHECK 

Please refer to Section 10 for complete testing on the ignition system. 

IDLE AIR CONTROL (IAC) VALVE FUNCTIONAL TEST 

CULT 
+ See Figure 93 

Please refer to wiring schematics for Test A-7 in the Diagnostic Test 
Schematic section for correct pin and circuit locations. 

The ECM controls idle speed to a pre-set, desired rpm based on input 
from sensors and the actual engine rpm. Four separate circuits are used to 
move the IAC valve; said movement varying the amount of air allowed to 
bypass the throttle plates. Idle speed then is controlled, via the ECM, by the 
position of the IAC valve. 

1. With the engine at normal operating temperature, turn it off, connect 
a tachometer and then restart it and allow the idle to stabilize. Record the 
idle speed and turn off the engine for 10 seconds. Disconnect the IAC 
harness connector, restart the engine and check the rpm. If the second 
recorded idle speed is higher than the first by 200 rpm or more, go to Step 2; 
if not, go to Step 3. 

2. Reconnect the IAC harness. If the idle speed returns to within 75 rpm 
of the originally recorded speed in Step 1 within 30 seconds, the IAC circuit 
is functioning properly; if it does not, go to the next step. 

3. Turn off the ignition for 10 seconds. Disconnect the IAC again and 
restart the engine. Connect a test light to ground and then touch the probe to 
each of the four IAC harness terminals. If the light blinks on each terminal, 
check for a bad IAC connection somewhere in the circuit, otherwise replace 
the valve; if it doesn't blink, look for an open or shorted circuit on the 
terminal(s) that didn't blink. Also, check for any bad connections at the ECM. 

MANIFOLD ABSOLUTE PRESSURE (MAP) SENSOR OUTPUT . . 
CHECK 

CULT 

4 See Figures 87,94 and 102 

Please refer to wiring schematics for Test A-8 in the Diagnostic Test 
Schematic section for correct pin and circuit locations. 

The MAP sensor measures the change in intake manifold pressure 
resulting from engine load and rpm changes; converting these inputs into a 
voltage output. The ECM supplies the MAP sensor with a 5V reference 
signal-as manifold pressure changes so to does the output voltage at the 
sensor. 
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1. Turn the ignition switch to the ON position and install the code tool to 

check for DTCs. If Code 33 is present, follow the procedures for Code 33 
later in this section. If no Code 33 is present, check the MAP sensor voltage 
and compare this with that of a "known good" sensor; make sure they have 
the same color insert and 'hot stamp'. If the two voltage measurements are 
within 0.4V of each other, go to the next step; otherwise replace the sensor. 

2. Remove the MAP sensor and then plug the vacuum port on the 
intake manifold. 

3. Connect a hand vacuum pump to the port on the sensor, start the 
engine and note the sensor voltage. 

4. Apply 10 inch Hg. (34 kPa) with the pump and note the change in 
voltage. 

5. Subtract the second reading from the first. If greater than 1.5V, the 
sensor is OK and you should check the sensor port for a restriction or 
leaking seal. If less than 1.5V, check the sensor connection, replacing the 
sensor if the connection is OK. 

Fig. 87 if the hot stamp number is different, you need to find 
another sensor for comparison 
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Fig. 89 Test A-3, IC module--Enaine Cranks. Will Not Run 

1 SWITCHED t 

Fig. 90 Test A-3, TBI fuel injector-Engine Cranks, Will Not Run 
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ECM GROUND 

ECM GROUND 

Fig. 91 Test A-3, MFI fuel injector-Engine Cranks, Will Not Run 

Fia. 92 Test A-5-Fuel System (MFI) 
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CLEARING CODES 

+ See Figures 95,96 and 97 

Operational problems during everyday engine operation are recognized 
by the ECM and a diagnostic trouble code is created to identify the particular 
problem. The ECM will retain this code, or a combination thereof, in its 
memory until such a time as you access it, read it and then clear it. If the 
reason for the code has not been repaired prior to clearing the code it will 
reset itself again shortly after the engine begins to operate. 

Remember that DTCs do not necessarily indicate the specific problem or 
component, merely the area from which the problem is originating. Code 
charts for your particular engine can be found at the end of this section; 
while fault and function tests for each code are also found following the 
section on reading and clearing codes. You will find that more times than not, 
the source of the problem is a bad connection or frayed wire-particularly 
where intermittent codes are seen. Follow the steps in the tests carefully and 
you will find that diagnostics is not always as difficult as you may have 
thouaht. 

schematics for all individual components or systems can be found 
with the faulUfunction test procedures. Complete system schematics and 
ECM symptoms charts can be found at the end of this section, while ECM 
connector pin locations are detailed here; remember there are two ECM 
harness connectors, J1 and J2. 

READING CODES 

ERATE 

All trouble codes stored in the ECM are displayed by means of a series of 
flashes and pauses; the number of flashes represents the number of the 
code, with the first and second digits being separated by a short pause. 
Each code will be flashed three times with a long pause separating the 
repeat of the code each time. For instance, DTC 12 would be represented as 
"flash, pause, flash-flash, long pause; and then it would repeat this cycle two 
more times. Count the number of flashes you observe and determine your 
DTC. Diagnostic trouble codes can be pulled with either a Scan tool or a 
Code Tool tester. When using a scan tool, simply follow the manufacturer's 
instructions. If you are using a code tool: 

1. With the ignition switch in the ON position and the engine OFF, 
connect the tester to the diagnostic link connector (DLC) and switch it to the 
OFF mode. 

2. Turn the ignition switch to the ON position without starting the engine 
and confirm that the CT light is on steady. 

3. Move the CT switch to the ON position. The CT lamp should come 
on and flash a Code 12 (3 times), indicating the diagnostic system is 
operating properly. If Code 12 is not displayed, please refer to the following 
procedure for "No CT Light or DLC Data". 

4. Shortly after displaying Code 12, the system will flash any stored 
codes from the system; three times each and in ascending order if more than 
one code has been stored. If Code 12 continues being displayed then you 
have no stored codes (or an intermittent one). 

Fig. 95 ECM connector pin locations- 
please remember that not all pins are used 
on all engines so make sure you refer to the 
pin location charts at the end of this section 

Once again, if using a scan tool, follow the tool manufacturer's 
instructions. If using a Code Tool tester: 

1. Ensure that the battery is fully charged. 
2. Connect the tester to the DLC and switch the ignition key to the ON 

position without starting the engine. 
3. Select the ON position on the tester, disengage the remote controls 

shift function and then move the throttle through its full range, from idle to full 
throttle and then back to idle. 

4. Turn the ignition switch to OFF for 20 seconds. 
5. Switch the tester to the OFF position, start the engine and let it run 

for 20 seconds. 
6. Turn the ignition switch to OFF for 20 seconds. 
7. Turn the ignition switch to ON again (but do not start the engine). 

Switch the tester back to the ON position and confirm that the only code 
present is DTC 12. Remove the tool. 

8. If there are codes present, check the battery again and then perform 
the procedure one more time. If codes are still apparent at the end of the 
second go-around (we're assuming that you fixed the code's problem before 
attempting to clear it!), refer to the appropriate troubleshooting or diagnostic 
charts. If the battery is not at full charge, you should hear the audio warning 
buzzer come on after engine start-up. 

CODE 14-ENGINE COOLANT TEMPERATURE 
SENSOR (ECT) 

+ See Figure 98 
CULT 

The ECT sensor utilizes a thermistor to control the signal voltage being 
sent to the ECM. The ECM then applies specified voltage back through the 
B terminal to the sensor. When the coolant is cold, the sensor resistance is 
high. As the coolant warms, resistance lessens and voltage drops. 

H Please refer to wiring schematics for Code 14 in the Diagnostic 
Trouble Code Schematics section for correct pin and circuit locations. 

1. The ECT and MAP sensor share a common circuit--disconnect the 
MAP sensor and see if the problem went away. If it did, move to the MAP 
sensor test; if it did not, go to the next step. 

2. With the ignition OFF, disconnect the ECT sensor harness connector. 
Turn the ignition ON (but don't start the engine) and then connect a multi- 
meter (DVOM) across the A and 6 sensor harness terminals. 

3. If the voltage is above 4 volts, look for a bad electrical connection or 
replace the sensor. 

4. If the voltaoe is below 4 volts, connect the aositive lead on the multi- 
meter to terminal B and the negative'lead to a gooh ground. 

5. If voltage is now above 4 volts, you've got a bad ground somewhere 
between J1-29 and terminal A or a bad connection at the ECM. If these are 
OK, replace the ECM 

Fig. 96 Data Link Connector (DLC) ... Fig. 97 ... and pin locations 
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6. If the voltage is not above 4 volts, remove the multi-meter and turn 

the ignition ON. Connect a test light to the positive battery terminal and then 
touch terminal B. If the light does not go ON, check for an open connection 
on the 5V circuit back to J1-2 or a bad connection at the ECM. If these are 
OK, replace the ECM. 

7. If the light goes ON (1995-97), disconnect the JlIJ2 connectors at 
the ECM. If the light stays ON, you've got a shorted circuit back to J1-2. If it 
goes out, circuit J1-2 is shorted to J1-29; otherwise, replace the ECM. 

8. If the light goes ON (1998), disconnect the J1 connectors at the ECM 
and touch terminal B again. If the light stays ON, you've got a shorted circuit 
back to J1-2. If it goes out, disconnect the harness at the ECM and the 
sensor and check for continuity on both circuits between the sensor and the 
ECM. Each circuit should show continuity to its respective connecter terminal 
only-i.e. J1-2 to terminal B should show zero resistance, while J1-2 to 
terminal A should show infinity. If continuity readings on both circuits is 
correct, replace the ECM. If not, the circuit is shorted and should be 
repaired. 

CODE 21-THROTTLE POSITION SENSOR (TP) 

ULT 

The TP sensor is a potentiometer and provides a voltage signal to the 
ECM that varies with the opening and closing of the throttles. Signal voltage 
will vary from approximately 0.7V (0.4-0.5V - 1998) at idle to slightly less 
than 4.9V at wide open throttle. 

Please refer to wiring schematics for Code 21 in the Diagnostic 
Trouble Code Schematics section for correct pin and circuit locations. 

9. The TP and MAP sensor share a common circuit--disconnect the 
MAP sensor and see if the problem went away. If it did, move to the MAP 
sensor test; if it did not, go to the next step. 

10. With the ignition switch OFF, disconnect the TP sensor harness 
connector and then turn the ignition ON but do not start the engine. Connect 
a multi-meter (DVOM) between the A and B harness terminals. 

11. If the reading in Step 2 is less than 4 volts, connect a multi-meter 
between harness connector A and a good engine ground. If the reading is 
over 4 volts, the circuit between J1-13 and terminal B is open to ground or 
you have a bad connection at the ECM; if both are OK, replace the ECM. If 
less than 4 volts, the 5V circuit for J1-15 is open or shorted to ground, or you 
have a bad connection at the ECM, or the MAP sensor 5V circuit from J1-31 
is grounded; replace the ECM if they all check out OK. 

12. If the reading in Step 2 is over 4 volts, connect the multi-meter 
between harness terminals A and C. 

13. If the reading is under 4 volts, connect the multi-meter between 
terminal C and an engine ground. If the reading is over 4 volts, signal circuit 
8 - 1  0 is shorted to circuit J1-15 or J1-31. If the reading is less than 4 volts, 
J1-10 is an open circuit or you have a bad connection at the ECM. If all are 
OK, replace the ECM. 

14. If the reading is over 4 volts, turn the ignition OFF, remove the 
DVOM and connect a test light to the positive battery cable. Touch the probe 
to the C harness terminal. If the light doesn't come ON, replace the TP 
sensor. If the light comes on, disconnect the ECM and touch the harness 
terminal C with the probe. If the light comes ON, the circuit from J1-10 is 
shorted to ground; if the light doesn't come ON, replaced the ECM on 1995- 
97 engines. On 1998 engines, go to the next step. 

15. Disconnect the harness at the ECM and the sensor and then check 
continuity on all three circuits between the TP and the ECM. Each circuit 
should only show continuity to its respective connector terminal-i.e. J1-13 to 
terminal B should show zero resistance, while J1-13 to terminals A and C 
should show infinity. 

16. If all three circuits showed the correct continuity, replace the ECM. If 
not, check for shorts in each circuit. 

CODE 23-INTAKE AIR TEMPERATURE (IAT) SENSOR 

CULT 
+ See Figure 100 

The IAT sensor, used only on MFI engines, utilizes a thermistor to control 
a voltage signal to the ECM. Resistance is high when intake air is cold so 
the ECM will see a high voltage. As the air warms, resistance lessens and 
voltage drops. 

Please refer to wiring schematics for Code 23 in the Diagnostic 
Trouble Code Schematics section for correct pin and circuit locations. 

1. Disconnect the IAT sensor and turn the ignition ON without starting 
the engine. Connect a multi-meter (DVOM) and check voltage across the 
sensor harness terminals. If over 4 volts, go to Step 2; if under 4 volts, go to 
Step 3. 

2. Now check the resistance across the terminals. If less than 25,000 
ohms, check the signal circuit for shorting to voltage; otherwise, check all 
circuits for bad connections or frayed wires. If over 25,000 ohms, replace the 
sensor. 

3. Check the voltage between the harness connector signal circuit 
terminal A and ground. If above 4 volts, check for a bad sensor ground 
circuit (JI-13) or bad connections in the circuit; if OK, replace the ECM. If 
under 4 volts on 1995-97 engines, look for an open signal circuit or bad 
connections in the circuit; if OK, replace the ECM. If the reading is under 4 
volts on 1998 engines, go to the next step. 

4. Turn the ignition OFF and remove the DVOM. Connect a test light to 
B+ power source and then touch the probe to connector terminal A. If the 
light does not come ON, check for an open 5V circuit back to J1-24 or a bad 
connection at the ECM. If both are OK, replace the ECM. If the light comes 
ON, move to the next step. 

5. Disconnect the ECM and then touch the test light probe to terminal A 
again. If the light comes ON, the 5V circuit to J1-24 is shorted to ground. If it 
doesn't come ON, go to the next step. 

6. Disconnect the harness at the ECM and the sensor and then check 
continuity on both circuits between the IAT and ECM. Each circuit should 
show continuity to its respective connector terminal only-the circuit between 
J1-24 and terminal A should show zero resistance, while J1-24 to terminal B 
should show infinity. If the continuity on both circuits is correct, replace the 
ECM. If not, check for shorts in each circuit. 

CODE 33-MANIFOLD ABSOLUTE PRESSURE SENSOR 
(MAP) 

CULT 

+ See Figure 101 

Please refer to wiring schematics for Code 33 in the Diagnostic 
Trouble Code Schematics section for correct pin and circuit locations. 

The MAP sensor responds to changes in pressure in the manifold 
(vacuum). This information is sent to the ECM as signal.voltage and will vary 
from 1 .O-1.5 volts at idle to about 4.0-4.5 volts at full throttle. The ECM 
compensates for a failing Map sensor by defaulting to a MAP value program 
that varies with rpm. Circuit J1-31 provides a reference value of about 5 volts 
to the MAP sensor, while J1-29 is the ground. Circuit J1-9 carries the signal 
to the ECM. 

1. With the ignition OFF, install a vacuum gauge to the vacuum port on 
the throttle body, start the engine and increase the idle to 1000 rpm. If the 
gauge reads steady at 14 in. Hg. or higher, go to Step 2; if it fluctuates or is 
lower, you have vacuum leak somewhere. 

On 1998 PFI engines, tee a vacuum gauge into the vacuum line 
running to the pressure regulator. 
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2. Turn off the engine and remove the gauge. Disconnect the sensor 

electrical lead and connect a multi-meter (DVOM) between harness terminals 
A and C. Turn the ignition ON without starting the engine. If the reading is 
over 4 volts, go to Step 4. If under 4 volts, go to Step 3. 

3. Connect the meter between harness terminal C and an engine 
ground. If the reading is over 4 volts, check circuit for an open or bad 
connection at the ECM or check if the ground circuit to J1-29 is open. If both 
are OK, replace the ECM. If under 4 volts, check circuit J1-31 for an open or 
short to ground, or bad connections at the ECM. If both are OK, replace the 
ECM. -. 

4. Connect the meter between harness terminals B and C and then turn 
the ignition ON without starting the engine. If the reading is over 4 volts, go 
to Step 6 for 1995-97 engines or Step 7 for 1998 engines; if under 4 volts, go 
to Step 5. 

5. Connect the meter between terminal B and an engine ground. If the 
reading is over 4 volts, circuit J1-9 is shorted to 5V circuits J1-15 or J1-31. If 
under 4 volts, circuit J1-9 is open or there's a bad connection at the ECM. If 
both are OK, replace the ECM. 

6. Disconnect the terminals at the ECM and connect a test light to 
battery power (Bt). Touch the probe to harness terminal B. If the light goes 
on, circuit J1-9 is shorted to ground. If not, replace the ECM. 

7. With the ignition OFF and the DVOM removed, connect a test light to 
the battery positive (Bt)  source. Touch the probe to harness terminal B. If 
the light goes on, move to the next step. If it doesn't light, replace the sensor. 

8. Disconnect the terminals at the ECM and touch the probe to harness 
terminal B again. If the light goes on, circuit J1-9 is shorted to ground. If not, 
move to the next step. 

9. Disconnect the harness at the ECM and the sensor and then check 
continuity on all three circuits between the MAP and ECM. Each circuit 
should show continuity to its respective connector terminal only-the circuit 
between J1-15 and terminal C should show zero resistance, while J1-15 to 
terminals A and B should show infinity. If the continuity on all circuits is 
correct, replace the ECM. If not, check for shorts in each circuit. 

CODE 42-IGNITION CONTROL fIC) CIRCUIT 

CULT 

+ See Figure 102 

Please refer to wiring schematics for Code 42 in the Diagnostic 
Trouble Code Schematics section for correct pin and circuit locations. 

When the idle speed reaches the necessary rpm for IC and voltage is 
applied to circuit J2-24, circuit J2-23 should no longer be grounded. If J2-24 
is open or grounded the module will not switch to IC mode, J2-23 voltage will 
be low and code 42 will then be set. 

1. Clear all codes as detailed in this section. Start the engine and allow 
it to idle for 1 minute or until the MIL comes on. Turn off the engine but leave 
the ignition switch in the ON position. Switch the tester to Service mode and 
see if DTC 42 resets itself. If you get DTC 42, go to the next step; if no code, 
check the system circuits for bad connections or frayed wires. 

2. Turn the ignition OFF and disconnect both ECM connectors. Connect 
a multi-meter (DVOM), set it to the Ohms scale and then check the circuit 
between J2-23 and ground. If resistance is 3000-6000 ohms, go to the next 
step; if under not in range, circuit J2-23 is open, grounded or there is a bad 
connection at the ignition module. If both are OK, replace the module. 

3. With the DVOM still connected and grounding J2-23, connect a test 
light to the positive battery cable (Bt) and touch the probe to circuit J2-24. 
The resistance should switch from over 3000 ohms to under 1000 ohms as 
the probe makes contact. If it does, go to the next step; if it doesn't drop, go 
to Step 5. 

4. Reconnect the ECM connectors, start the engine and allow it to idle 
for 1 minute or until the MIL comes on. If it comes on and shows DTC 42, 
replace the ECM. If it doesn't come on, check the system circuits for bad 
connections or frayed wires, or a short to ground in circuits J2-23 or J2-24. 

5. Connect a test light to a B t  battery power source and touch the 
probe to ECM harness terminal J2-24. If the light comes ON, go to the next 
step. If it doesn't come ON, check for poor connections or an open in circuit 
J2-24; if OK, replace the IC module 

6. Disconnect the 4-wire connector at the IC module and touch the test 
light probe to terminal J2-24. If the light comes ON, circuit J2-24 is shorted to 
ground. If it does not come ON, replace the IC module. 

CODE 43-KNOCK SENSOR IKS) 

CULT 

+ See Figure 103 

Please refer to wiring schematics for Code 43 in the Diagnostic 
Trouble Code Schematics section for correct pin and circuit locations. 

Detonation or spark knock is sensed by the module which sends a 
voltage signal to the ECM. As the sensor detects knock, the voltage drops, 
signaling the ECM to begin retarding timing. The ECM will retard timing 
whenever knock is detected, and rpm and idle speed are above a specified 
level. 

1. Disconnect the 5-wire KS module connector. Connect a multi-meter 
(DVOM) and measure the resistance between terminal E and ground. If 
resistance is 99,500-100,500 ohms on the 1997-98 4.3L or 3300-4500 ohms 
on all other engines, go to Step 2. If not, the circuit between terminal E and 
the sensor is either open or shorted. If it's OK, replace the sensor. 

2. Reconnect the 5-wire connector at the module and disconnect the 
connector at the sensor. Connect a test light to B t  battery power source and 
start the engine. Hold idle steady at 2500 rpm while touching the probe to 
the sensor harness terminal a few times. If you detect a noticeable drop in 
rpm, check the sensor terminal contacts and sensor threads, if they're OK, 
replace the sensor. If no drop in engine speed is noticeable, go to Step 3. 

3. Turn the ignition OFF and disconnect the J1 connector at the ECM. 
Turn the ignition back ON and connect a multi-meter (DVOM) between 
harness terminal J1-1 and ground. If 8-10 volts are present, go to Step 4. If 
not, go to Step 6. 

4. Allow voltage to stabilize and touch the test light probe to the 
harness connector terminal for the sensor. If the voltage changes, replace 
the ECM. If no change, go to the next step. 

5. Disconnect the module connector again and touch the probe to its 
terminal D. If it lights, replace the sensor module. If it doesn't light, look for 
an open on the ground circuit for terminal D. 

6. Connect a test light to ground, disconnect the 5-wire connector at the 
module and touch the probe to terminal B. If the light goes ON, circuit J1-1 is 
either open or shorted to ground. If OK, replace the KS module. If it doesn't 
go ON, the 12V circuit from the module to the ignitionlinjector relay is open 
or grounded. 

CODE 51-ELECTRONIC CONTROL MODULE (ECM) 
CALIBRATION MEMORY FAILURE 

If DTC 51 has shown more than once but is intermittent, replace the 
ECM. 

Turn the ignition switch ON and clear the codes as detailed in this section. 
If the code resets itself, replace the ECM; if not, check all system circuits for 
bad connections andlor frayed wires. 
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Fig. 98 Code 14--Pin locations for the ECT sensor 
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Fig. 100 Code 23-Pin locations for the IAT sensor 
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Fig. 101 Code 33-Pin locations for the MAP sensor 
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Fig. 103 Code 43-Pin locations for the KS sensor 
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Bluel ----) 
Orange 

Bluel 
Orange 

ST1 
Connector +ma 

Electronic 
Control 

* ~ s s ~  (ELA) 

Fig. 105 Self-Test circuit-Ford enaines 
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9-54 FUEL SYSTEMS - FUEL INJECTION 

Black I 
Green 

U i 1 
Air Charge MAP sensor Throttle Position Sensor 
Temp. Sensor 

I -White I Black 6 - Purple f Black 

2 -Grey l Red 7 -Yellow 
3 -Brown I Yellow 8 - Black 
4 - Grey I White 9 -Grey 1 Black 

5 -Green 1 Orange 

Fig. 106 Sensor and actuator circuits-Ford engines 

10 Way \\ 

Fig. 107 SLOW circuit-Ford engines 
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FUEL SYSTEMS - FUEL INJECTION 9-55 

Bank I - Injectors 1,4,5,8 
Bank 2 - Injectors 2,3,6,7 

1 -Tan (Pin - INJ I )  8 - Blue (Pin 5 - INJ 8) 
9 - Electronic Control Assy - 

2 -White (Pin 8 - INJ 2) 
3 - Brown I Yellow (Pin 9 - INJ 3) lo ' Purple 'lack (VPWR - 
4 - Black I White (Pin 10 - INJ 4) Pin 1) 

5 - Tan I Blue (Pin 2 - INJ 5)  I 1  - Blue I Yellow (Bank 1) 

6 - Green (Pin 3 - INJ 6) 12 - Purple I White (Bank 2) 

7 -Tan I Orange (Pin 4 - INJ 7) l3 ' 'lack 
Pin 6 - Vacant 

Fig. 108 Fuel injector circuits-Ford engines 

- 
1 - Battery 
2 - Red 
3 - Starter Motor 
4 - Assist Solenoid 
5 - 60 Amp Circuit Breaker 
6 - Red 1 Purple 
7 - 10 Way Connector 
8 - 20 Amp Fuse 
9 - Ignition Switch 
10- Purple 
11- Electronic Control Assy. 
12 - Diode 

Fig. 109 Fuel pump circuits-Ford engines 

13 - EEC System Relay \+/ 
14 - 50 Amp fuse 
15 - 12.5 Amp Circuit Breaker 
16 - 20 Amp Circuit Breaker 
17 - Purple 1 Black 
18 -Black 
19 - Fuel Pump Relay 
20 - Green I Yellow 
21 - Blue I Orange 
22 - Low Pressure Pump 
23 - High Pressure Pump 
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9-56 FUEL SYSTEMS - FUEL INJECTION 

6- 
r- 

DLC 
Connector 16 

check engine I 
light 
connector 

0 
I 
5 

Fia. 110 Diaanostic circuit-1995-96 GM ensines 

ECM 

1 - Black 
2 - Red 1 Purple 
3 - Green 1 Yellow 
4 - White I Black 
5 - Orange I Black 
6 - Purple 

DLC 

Fia. 111 Diaanostic circuit-1997-98 GM enaines 

ECM 

1 - Black 
2 - Red 1 Purple 
3 - Green 1 Yellow 
4 - White I Black 
5 - Orange 1 Black 
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FUEL SYSTEMS - FUEL INJECTION 9-57 

Pump 

6- Red Mlhite 
7- White I Green 

1 Battery I 

Relay 

Fig. 113 Fuel iniector circuits-GM MFI enaines exceDt 1998 7.4Gi 

ECM 

1- Black 
2- Pink I White 
3- I'NJ Bank A (2,3,5,8) 

Tan I Blue 
4- INJ Bank B (1,4,6,7) 

Tan I Orange 

3- Red 1 Purple 8- Yellow I Green 
4- 20 Amp Fuse 9- Pink White 
5- Purple 10- Relay, Fuel Pumps 

11- Relay, Ignition i Injectors 

Fig. 112 Fuel pump circuits-GM MFI and TBI engines 
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9-58 FUEL SYSTEMS - FUEL INJECTION 

Fig. 114 Fuel injector circuits-1998 7.4Gi engines 

ECM 

@ Relay, Ignition / Fuel Injectors 
Q Black 
@ Pink / White 
@ INJ Bank A (#2, 3, 5,8) - Tan i Blue 
@ INJ Bank B (#I,  4,6,7) - Tan i Orange 
@ Blue I White 
@ Light Blue / Black 
@ Pink / Black 
@ Yellow i Black 

@ Black 1 White 
@ Red I Black 
@J Green / Black 
Q Pink 

#I Injector J 2 

Fig. 115 Fuel injector circuits-GM TBI engines 
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FUEL SYSTEMS - FUEL INJECTION 9-59 

~~~~~ ECM 
I 

Horn 

e Al 

@ Tan 1 Black @ Purple 
@ Black i Orange @ Red 
@ Yellow i Blue @ Black 
@ ECT Sensor @ Red I Purple 
@ Switch, Oil Pressure @I 20 Amp Fuse 

(@ Audible Warning Device 

Fig. 116 SLOW circuit-GM engines, 1998 engines use a 50 amp circuit breaker 

@ Manifold Absolute Pressure (MAP1 Sensor 
Q Black 
@ Intake Air Temperature (IAT) Sensor 
@ Coolant Temperature (CT) Sensor 
@ Idle Air Control (IAC) Motor 
@ Throttle Position (TP) Sensor 
@ Blue 1 Yellow 
@ Green / Black 
s Pmk / Blue 0 : 

@j Pink / White 
Brown / Yellow 

@& Gray / Orange 

Fia. 117 Sensor and actuator circuits-GM MFI and TBI enaines 

Q Gray I Blue 
6ZJ Black I Orange 
@ Black White 
@ Orange I Blue 
67J Light Green 
@ Knock Module 
@ Knock Sensor 
@I Black / Green 
@ Brown I Orange 
@! Tan / Yellow 
@l Yellow / Blue 
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ECM J1 32-Pin Connector 

~1 pin NO. I Circuit Description / Wire Color 

1 / Spark Retard Signal 1ESC) I BrownlOrange 

1 2 1 ECT Sensor 1 YellowlBlue 1 
3 

4 

5 

6 

7 

1 11 1 Ignition 12V I PinWhi te  1 

8 

9 

10 

1 12 1 Blank i 

Blank 

Blank 

MasterISlave (ECM) Twin Engine Only 

Oil Pressure Switch - S.L.O.W. 

Diagnostic "Test" (Service Mode) 

YellowlGray 

TanlBIack 

WhiteIBlack 

Blank 

MAP Sensor Signal 

TP Sensor Signal 

18 1 Serial Data (Scan Tool Communication) 1 'OrangelBiack 

19 1 Blank ! 

Light Green 

OrangelBlue 

13 

14 

15 
16 

17 

{ 22 1 Blank I 

IAT and TP Sensor Ground 

ECM Ground 

TP 5 Volt Reference 

Battery 12V 
Blank 

20 1 Blank I 

BlacWhite 

Black 

GrayIBlue 

RedIPurple 

21 1 Not Used 

1 26 1 Blank 1 I 

Pink 

23 

24 

25 

Blank 

IAT Sensor Signal 

Blank 

27 

28 

29 

30 

ECM 52 32-Pin Connector 

TanNellow 

31 1 MAP Sensor 5V Reference I Graylorange 

/ JZ Pin No. / Circuit Description I Wire Color ] 

Blank 

Blank 

MAP and ECT Sensor Ground 

ECM Ground 

32 / Battery 12V 

BlackiOrange 

Black 

RedlPurpie 

1 

2 
3 

Blank 
Blank 
Blank 

7 

8 
9 
10 

Black 

TanIBlue 

Fuel Injector Jumper PurpleMlhite 

(ESA) Electronic Shift Assist and White 
(IC) Electronic Spark Timing 

IC Bypass WhiteKan 

15 

16 

17 

18 

19 

Fuel Injector Jumper 

Distributor High Reference and ESA 

Fuel Pump Relay Driver 
Blank 

Fig. 118 J1 pin locations-1995 engines 

PurpleMlhite 

GraylBlack 

WhiteIGreen 

Ground 

Blank 

Blank 

Blank 

Blank 

25 

26 

27 

28 

29 

30 

31 

32 

Fig. 119 J2 pin locations-1995 engines 

Black 

Blank 

Blank 

Blank 

IAC Coil " A  High 

IAC Coil " 6  Low 
Blank 

MIL I Check Engine Lamp Output 

Blank 

BlueNellow 

GreeniBlack 

GreenNellow 

- 
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ECM J1 32-Pin Connector 

Blank I I 

J1 Pin No. 
1 
2 

3 
4 

5 
6 
7 
8 
9 

Blank I 1 

Circuit Description 

Spark Retard Signal (ESC) 
ECT Sensor, S.L.O. W. 

Blank 

Blank 

ECM Masterislave (not used) 
Oil Pressure Switch - S.L.O.W. 

Diagnostic "Test" (Service Mode) 
Blank 

MAP Sensor Signal 

* MFI models only; not used on TBI models 

Wire Color 

Brownlorange 
YelIowlBlue 

YellowlGray 

TanlBlack 

WhiteiBlack 

Light Green 

ECM J2 32-Pin Connector 

BiacWOrange 

Black 

Graylorange 
RedIPttrnla 

. 

52 Pin No. I Ciffiuit Deswiption I wire color 
1 I Rlsnk I 

27 
28 

29 
30 
31 
32 

Blank 

Blank 

MAP and ECT Sensor Ground, S.L.O. W. 

ECM Ground 
MAP Sensor 5V Reference 

Batterv 12V 

1 15 1 Fuel Injector Ground 1 Black ] 

Tanlorange 

Blacknsn 
PurpleMlhite 

GraylBlack 
WhitelGreen 

L 

2 
3 
4 

5 
6 

7 

8 
9 

10 
11 

12 
13 
14 

16 I Blank 
17 1 Blank 

- 
Blank 

Blank 

Blank 

CyL 1-7-4-6 Injector Driver 

Distributor Low Reference 
Fuel injector Jumper* 

Distributor High Reference 
Fuel Pump Reley Driver 

Blank 
Rlank - . - . . . . 

S.L.O.W. Warning Horn 

IAC Coil "A" Low 
IAC Coil "8" High 

.." w,.Z, ,m I 
26 1 Blank 
97 I l L r L  I I 

TanlBlack 
PinWBlue 

BrownNellow 

19 
20 

21 
22 
23 
24 

31 1 Data Link Connector 1 GreenNellow 
77 1 Rlanlr I 

7r i R I ~ ~ I ,  

Blank 

Fuel Injector Ground 

Cyl. 2-8-3-5 Injector Driver 

Fuel Injector Jumper* 

(IC) Electronic Spark Timing 
IC Bypass 

28 
29 
30 

* MFI models only; not  used on  TBI models 

Black 

TanlBlue 

PurpleMlhite 

White 
Whitenan 

Fig. 120 J1 pin locations-1996-97 engines 

IAC Coil "A" High 

IAC Coil "B" Low 
Rlank 

Fig. 121 52 pin locations-1996-97 engines 

BlueNellow 

GreenlBlack 
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9-62 FUEL SYSTEMS - FUEL INJECT 
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This chart is to further aid in diagnosis of symptoms. These v o l t a g e s  were derived f r o m  a k n o w n  good 
engine. The v o l t a g e s  shown were done with the electrical svstem comoletelv hooked UD a n d  
operational. The v o l t a g e s  a r e  to help i d e n t i f y  w h a t  v o l t a g e  i s  needed to o p e r a t e  the different c i rcu i ts .  
NEVER ATTEMPT TO OBTAIN THESE VOLTAGES BY PROBING WRES OR CONNECTORS. Serinu.; - - -  - - -  
d a m a g e  could result to wiring, or connectors, with the loss of engine operation. The voltages you m a y  
get may vary due to low battery charge or other reasons,  but they should be close. 

The "B+" symbol i n d i c a t e s  a system v o l t a g e .  
THE FOLLOWING CONDITIONS MUST BE M E T  BEFORE TESTING: 

Engine operating temperature * Engine idling ( f o r  "Engine Operating" c o l u m n )  
T e s t  terminal not grounded 

3 NOTUSW 

4 NOTUSED 

5 MASTER SLAVE 

ERMlNAL 

MAP SIGNAL 

1 I NORMAL VOLTAGE -- .- 
WIRE COMPONENT IGNITION ENGINE 

COLOR CONNECTOR "OK' OPERATING 

BLUE 1 ECT SENSOR 1 1 . 5  2 1 1.W 121 

YELLOW1 IN-UNE BOAT B+ B+ 
GRAY HARNESS 

TAN1 10 PIN 151 1 B+ 
BLACK 1 CONNECTOR 1 
WHITE1 DLC B+ B+ 
BLACK 

LIGW MAP SENSOR 4 . 8 ~  1.46~ (31 
GREEN 

ORANGE/ TP SENSOR 0.62V (41 0.62V (41 
BWE 

PINK/ SPUCE B+ B+ 
WHITE 

GRAY! TP. SV 5V 
BWE MAP SENSOR 

111 BATTERY VOLTAGE FOR FlRSTTWO SECONDS, THEN 0 VOLTS 
121 VAR~ES wnn TEMPERATURE 
131 VARIES WITH MANIFOLD VACUUM 

DTCisl 
4FFECTED POSSIBLE SYMPTOMS 

4.3 POOR FUEL ECONOMY. 
POOR PERFORMANCE, 
DETONANON 

14 POOR PERFORMANCE, EX- 
HAUST ODOR, ROUGH 
IDLE. RPM REDUCTION 

NONE LACK OF DATA FROM OW- 
ER ENGINE 

NONE 1 RPM REDUCTION MODE 

NONE INCORRECT IDLE, POOR 
PERFORMANCE 

POOR PERFORMANCE 
SURGE, POOR FUEL ECON- 
OMY, EXHAUST ODOR . 
POOR PERFORMANCE AND 
ACCELERATION, INCOR- 
RECT IDLE 

START 

21 HIGH IDLE. ROUGH IDLE. 
POOR PERFORMANCE 

NONE NO CHANGE 

21.33 LACK OF POWER, IDLE 
HIGH 

141 VARIES W m t  THROTTLE MOVEMEMT 
(51 LESS THAN 0.5 VOLT (SM)Mv) 

Fig.124 ECM connector and symptoms identification-1995 J1 (1 of 2) 

SERIAL DATA I ORANGE/ I DU: I 5V I 5V / NONE I NO SERIAL DATA 
BLACK 

I  I - 1 - 1  
20 1 NOT USED 1 - 1  1 - 1  - 1 - 1  

PIN 
FUNCTION 

NOT USED 

1 21 I E.STOP I PINK BULLET B+ I a+ I NONE I RPM REDUCTION MODE I CONNECTOR 1 I 

WIRE 
COLOR 

COMPONENT 
CONNECTOR 

DTCIsI 
AFFECTED 

22 

23 

24 

25 

POSSIBLE SYMPTOMS 

- 

NORMAL VOLTAGE 

26 

f f i N o v  

NOTUSED 

NOT USED 

!AT SENSOR 

NOTUSED 

NOTUSED 1 - 1  I  - I  - 1 - 1  

28 

1 32 I BA'ITERY FEED / / SPUCE I B+ 1 B+ / NONE I NOSTART 

ENGINE 
OPERATING 

M 

31 

{I1 BATTERV VMTAOE FOR FIRST TWO SECONDS, THEN 0 VMTS 
I21 VARIES WRH TEMPERATURE 
(3) VARIES WITH MANIFOLD VACUUM 

I - 

TAN1 
YELLOW 

- 

n 
NOTUSED 

14) VARIES WITH THROTTLE MOVEMENT 
(5) LESS THAN 0.5 VOLT ISWMvl 

ECMGROUM 

MAP, 5V REFER. 
ENCE 

Fig. 125 ECM connector and symptoms identification-1995 J1 (2 of 2) 

IAT SENSOR 

NOTUSED 

I 
- 

I 
MAP AND ECT 

SENSOR 
29 

BLACK 

GRAY! 
ORANGE 

3.2V 12) 

151 MAP&ECT 
GROUND 

14 5 33 (5) 

ENGINE BLOCK 

MAP SENSOR 

3.2V (2) 

BLACK/ 
ORANGE 

LACK OF PERFORMANCE 
EXHAUST ODOR, STALL 

15) 

5V 

23 ROUGH IDLE 

(5) 

5V 

NONE 

33 

MOCHANGE 

LACK OF POWER, SURGE, 
ROUGH IDLE. EXHAUST 
ODOR 
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This chart i s  to further a i d  in d i a g n o s i s  of s y m p t o m s .  T h e s e  voltages were derived from a k n o w n  good 
engine. The v o l t a g e s  shown were done with the e lec t r i ca l  s y s t e m  completely h o o k e d  up a n d  
opera t iona l .  The v o l t a g e s  are to help i d e n t i f y  w h a t  v o l t a g e  i s  needed to operate the different circui ts.  
NEVER ATTEMPT TO OBTAIN THESE VOLTAGES BY PROBING WIRES OR CONNECTORS. S e r i o u s  
d a m a g e  could r e s u l t  to wiring, or connectors, with the l o s s  of engine opera t ion .  T h e  v o l t a g e s  you m a y  
get may v a r y  due to low battery charge or other reasons,  but they should be close. 

The "B+" s y m b o l  i n d i c a t e s  a system vo l tage.  
THE FOLLOWING C O N D I T I O N S  MUST BE M E T  BEFORE TESTING:  

0 E n g i n e  o p e r a t i n g  t e m p e r a t u r e  0 E n g i n e  idling ( f o r  " E n g i n e  Opera t ing"  c o l u m n )  
0 T e s t  t e r m i n a l  not g r o u n d e d  

POSSlBLE SYMPTOMS 

NO CHANGE 

PIN 

V I N O T U S E D  I 
NOT USED 

NOT USED 

20 FUEL INJECTOR BLACK ENGINE (5) (5) NONE 
GROUND GROUND 

NORMAL VOLTAGE 
IGNmON ENGINE DTC(s) 
" O N  OPERATING AFFECTED POSSIBLE SYMPTOMS 

I 

PIN 
FUNCTION 

PIN WIRE 
PIN FUNCTION COLOR 

1 NOT USED 

2 NOTUSED 

3 NOTUSED 

COMPONENT 
CONNECTOR 

WIRE 
COLOR 

ROUGH IDLE, LACK OF 
POWER, STAU I 

COMPONENT 
CONNECTOR 

A C K  OF I 
21 

1 : NOT USED T;Nl 

CYL 1-74-6 
INJECTOR ORANGE 
DRIVER 

DTC(s) 
AFFECTED 

NORMAL VOLTAGE 

CYL 2-8-34 
INJECTOR 
DRIVER 

22 

23 

24 

25 

26 

INJECTOR 

IGNmON 
" O N  

B+ B+ / NONE I ROUGH IDLE. LACK OF 
POWER, STALL 

ENGINE 
OPERATING 

TAN1 
BLUE 

PIN 7 

IC or ESA 
SIGNAL 

tC BYPASS 

NOTUSED 

NOTUSED 

STALL, WILL RESTART IN 
BYPASS MODE. LACK OF 

6 ICREFLOW & BLACK1 
ESA TAN 

INJECTOR 

PURPLE1 
WHITE 

WHITE 

WHITE/ 
TAN 

IC MODULE (5) 1 (5) 1 NONE I NOCHANGE 

B+ 

IC MODULE 

ICMODULE 

ECM WRPLEJ 

BLACK 

FUEL PUMP WHITE/ 

B+ 

B+ 

(5) 

15) 

2.@V I 2.9V ( NONE I NOCHANGE 

NONE 

IC MODULE 

B+ 

1.2V 

4.5V 

5V f 1.6V 1 NONE I NORESTART 

NONE 

42 

42 

FUEL PUMP 
RELAY 

27 NOT USED 

28 IAC "A" HIGH 

29 IAC "B" LOW 

()Mi) 1 B+ I NONE INOSTART 

RPM REDUCE 
WARNING HORN BLACK 

BLUE1 
YEUOW 

GREEN1 
BLACK 

10 PIN 
CONNECTOR 

(5) 1 (5) I NONE I LOSS OF RPM OVER 2500 

IAC VALVE 

IAC VALVE 

[! lAC"A"L0W ;?$ 
1AC "B" HIGH BROWN1 

YELLOW 

FUEL INJECTOR BLACK 
GROUND 

NOT 
USABLE 

NOT 
USABLE 

31 MALFUNCTION 
INDICATOR 
LAMP 

IAC VALVE 
INCORRECT IDLE 

INCORRECT IDLE 

NOT 
USABLE 

NOT 
USABLE 

GREEN1 
YELLOW 

IAC VALVE 

(4) VARIES WITH THROTTLE MOVEMENT 
(5) LESS THAN 0.5 VOLT IMOMV) 

NONE 

NONE 

DU: 

(1) BATTERY VOLTAGE FOR FlRST TWO SECONDS, THEN 0 VOLTS 
(21 VARIES WITH TEMPERATURE 
(3) VARIES wrm MANIFOLD VACUUM 

ROUGH UNSTABLE OR 
INCORRECT IDLE 

ROUGH UNSTABLE OR 
INCORRECT IDLE 

ENGINE 
GROUND 

(5) 

I 16 1 NOTUSED I - 

(1) BATTERY VOLTAGE FOR FIRST TWO SECONDS, M E N  0 VOLTS (4) VARIES WITH THROTTLE MOVEMENT 
(21 VARIES WITH TEMPERATURE (5) LESS THAN 0.5 VOLT (500Mv) 
(3) VARIES WITH MANIFOLD VACUUM 

(5) 

Fig. 126 ECM connector and symptoms identification-1995 J2 (1 of 2) Fig. 127 ECM connector and symptoms identification-1995 52 (2 of 2) 

NONE LAMP INOPERABLE 
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This c h a r t  i s  to further aid in d i a g n o s i s  of symptoms. These v o l t a g e s  were derived from a known good 
enaine. The voitaaes shown were done with the e lec t r i ca l  svstem com~letelv h o o k e d  uo and 
opera t iona l .  The vo l tages  a r e  to help i d e n t ~ f y  w h a t  v o l t a g e  i s  needed to o p e r a t e  t h e  d i f fe ren t  
N E V E R  A T T E M P T  TO OBTAIN THESE VOLTAGES B Y  P R O B I N G  W I R E S  OR CONNECTORS.  

ckcuits. 
S e r i o u s  

d a m a g e  could result to wiring, or connectors, with the loss of engine opera t ion .  The voltages you may 
get m a y  v a r y  due to low b a t t e r y  c h a r g e  or other reasons, but they should be close. 

The "B+" symbol i n d i c a t e s  a system voltage. 
THE FOLLOWING CONDITIONS MUST BE MET BEFORE TESTING: 

E n g i n e  a t  operating t e m p e r a t u r e  0 Engine idling ( f o r  "Engine O p e r a t i n g"  c o l u m n )  
Test t e r m i n a l  not grounded 

PIN 

1 

2 

1 

4 

5 

PIN 
FUNCTION 

6 

7 

8 

KSSffiNAL 

ZCTSIGNAL 
S.LO.W. 

NDTUSEO 

NOTUSED 

MASTERISUWE 
(not uwd) 

9 

10 

WIRE 
COLOR 

MLPRESSURE 
SWITCH. S.LO.W. 

DATA UNK 
CONNECTOR 

NOTUSED 

11 

12 

BROWN1 
ORANGE 

YEUOWl 
EWE 

Y E W 1  
GRAY 

MAPSIGNAL 

TP SIGNAL 

13 TP R IAT' BLACK1 
GROUND WHITE 

POSSIBLE SYMPTMHS 
COMPONENT 
CONNECTOR 

TAN1 
BLACK 

WHITE! 
BLACK 

E C M S W H E D  
12v 

NOTUSED 

15 

16 

WOR FUEL ECONOMY, 
WOR PERFORMANCE, 
DETONATlON 

KNOCK 
SENSOR 

ECTSENSOR 

IN-LINE BOAT 
HARNESS 

UGHT 
GREEN 

ORANGE! 
BWE 

TP, 1s) (5) 
IATSENSOR 

POOR PERFORMANCE. EX. 
MUST ODOR, ROUGH 
IDLE. RPM REDUCTION 

10 PIN 
CONNECTOR 

DU: 

PINK/ 
WHnE 

21 

TPSVREF 

ECMB+ 

LACK OF DATA FROM OTH- 
ER ENGINE 

DTClsl 
AFFECTEI 

NORMAL VOLTAGE 

9.SV 

WSV (2) 

B+ 

MAP SENSOR 

TP SENSOR 

NONE 14 ECMGROUND SLACK 

RPM REDUCTION MOM 

IGNITION 
" O N  

(6) 

B+ 

SPUCE 

ENGINEBWCK (51 (6) 

GRAY1 
BLUE 

RED/ 
WRPLE 

INCORRECT IDLE. POOR 
PERFORMANCE 

ENGINE 
OPERATING 

L5V 

1.86V 12) 

B+ 

49V 

O.62V (4) 

WOR PERFORMANCE 
SURGE. POOR WE1 ECON. 
OMY. EXHAUST ODOR 

43 

14 

NONE 

8+ 

B+ 

B+ 

TP, 
MAPSENSOR 

SPUCE 

POOR PERFORMANCE AND 
ACCELERAWN. INCML 
RECT IDLE 

NONE 

NONE 

1.W (3) 

0.62V (4) 

CT INOPERABLE, NO 
S T ' T  

33 

21 

B+ 

5V 

B+ 

HIGH IDLE. ROUGH IDLE 
WOR PERFORMANCE 

NONE 

NO CHANGE 

LACK OF POWER IDLE 
nKin 

NO START 

5V 

B+ 

(11 B A U I Y  VOLTAGE FOR FIRST TWO SECONDS, THEN 0 VOLTS 
(2) VARIES WITH TEMWII\NRE 
(3) VARIES WITH MANIFOLD VACUUM 

21.33 

NONE 

(4) VARIES WITH THROTTLE MOVEMENT 
(5) LESS THAN 0.5 VOLT tWOMv) 

* MFI models only; not used on TBI models 

Fig. 128 ECM connector and symptoms identification-1996-97 J1 (1 of 2) 

17 1  NOT USED 1 - 1  - 1 - 1  - I 
PIN 

I  lS 1  NONE 1 - 1  - I - 1 - 1 - I  - I 

PIN 
FUNCTION 

18 

22 1  NOT USED 1 - 1  1 -  I - 1 - 1  - 
23 1 NOTUSED - - 

WIRE 
COLOR 

MASTERISLAVE 
(not used) 

26 1  NOTUSED - 1 -  I - 1 - 1  
27 f NOT USED - - 

TANl 
YEUOW 

COMPONENT 
CONNECTOR 

ORANGU 
BLACK 

MAP, 5 v  REFER- I GI I MAP SENSOR I 5 v  I sv I n I I I ENCE 
LACK OF POWER, SURGE, 

ORANGE ROUGH IRE. EXHAUST 
ODOR I 

25 1  NOTUSED I  - 1 - 1  - 1 - 1  - I IATSENSOR* 

28 

29 

M 

DLC, INLINE 
BOAT HARNESS 

Fig. 129 ECM connector and symptoms identification-1996-97 J1 (2 of 2) 

N O R M A L  VOLTAGE 

3.2VIZ) 

NOTUSED 

MAPIECT 
GROUND, 
S.LO. W. 

ECMGROUND 

32 

DTUs) 
AFFECTED 

IGNITION 
"ON" 

5V 

POSSIBLE SVMPTOMS 
ENGINE 

OWRATING 

32V (2) 

SLACK/ 
ORANGE 

BLACK 

(1) BATTERY VOLTAGE FOR FIRST TWO SECONDS. THEN 0 VOLTS (41 VARIES WITH THR0lTI.E MOVEMENT 
12) VARIES WIM TEMPERATURE (6) LESS M A N  0.5 VOLT (SWMv) 
13) VARIES WIM MANIFOLD VACUUM 

* MR models only; not used on TBI models 

ECM B+ 

5V 

23 

- 
MAP AND ECT 

SENSOR 

ENGINE BLOCK 

RED1 
WRPLE 

NONE 

ROUGH IDLE 

NO SERIALDATA 

(5) 

(51 

SPLICE 

(5) 

t e  

B+ 

14 & 33 

NONE 

E+ 

LACK OF PERFORMANCE 
EXHAUST ODOR, STALL 

NOCHANGE 

NONE NOSTART 
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This c h a r t  is to further a i d  in diagnosis of symptoms. These v o l t a g e s  were derived f r o m  a k n o w n  good 
eng ine.  The voltanes shown were done with the e lec t r ica l  s v s t e m  c o m p l e t e l y  h o o k e d  uo a n d  
opera t iona l .  T h e  v d t a g e s  a r e  t o  help i d e n t i f y  w h a t  v o l t a g e  is n e e d e d  t o  o p e r a t e  t h e  d ~ f f e r e n t  c i r c u ~ t s .  
N E V E R  A T T E M P T  TO OBTAIN T H E S E  VOLTAGES B Y  P R O B I N G  W I R E S  O R  CONNECTORS.  S e r ~ o u s  
d a m a g e  c o u l d  result to wiring, or connectors ,  with the loss of e n g i n e  o p e r a t i o n .  The v o l t a g e s  you m a y  
get m a y  v a r y  due to low b a t t e r y  charge or other reasons, but t h e y  s h o u l d  be close. 

The "B+" symbol indicates a system voltage. 
THE FOLLOWING C O N D I T I O N S  MUST BE M E T  BEFORE TESTING:  

E n a i n e  a t  ooeratina t e m o e r a t u r e  E n a i n e  idlina ( f o r  " Enaine Ooeratinn" c o l u m n )  - .  - .  
8 Test terminal not grounded 

PIN 

1 

PIN 
FUNCTION 

1 - 1  

/ BLACW I IC MODULE 1 15) 1 (5) / NONE I NO CHANGE 
TAN 

2 1 NOTUSED - 1 - 1  - 1 - 1  
NOTUSED 1 - 1  

I 

5 INJECTOR 
DRIVER BANK B 

WIRE 
COLOR 

1 - 1  

4 1  NOTUSED 1 - 1 -  1 - 1  

FUEL PUMP 1 WHITE/ I FUEL PUMP I (O(5) I B+ I NONE I NOSTART 1 * I RELAY DRIVER GREEN RELAY 

TAN/ 
ORANGE 

7 

8 

S.LO.W. 10 PIN 1 l2 1 WARNING HORN 1 B'%K 1 CONNECTOR 1 1 I NONE / LOSS OF R W  OVER 2500 

COMPONENT 
CONNECTOR 

INJECTOR 

C 

INJECTOR 
JUMPER' 

lC REF HIGH 

13 

15 FUUINJECTOA BLACK ENGINE 15) (5) NONE NOCHANGE 
GROUND GROUND 

NORMAL VOLTAGE 

B+ 

PURPLE1 
WHITE 

GRAY1 
BLACK 

14 

(1) BATTERY VOLTAGE FOR FIRST TWO SECONDS. THEN 0 VOLTS 
(21 VARIES WITH TEMPERATURE 
(31 VARIES WITH MANIFOLD VACUUM 

DTC(s) 
AFFECTED 

IGNITION 
"ON" 

I A C " A L 0 W  

(4) VARIES WKH THROTTLE MOVEMENT 
(5) LESS THAN 0.5 VOLT (500Mvl 

POSSIBLE SYMPTOMS 
ENGINE 

OPERATING 

B+ 

ECM 

ICMODULE 

IAC "6" HIGH 

* MFI models only; not used on TBI models 

PlNW 
BLUE 

Fig. 130 ECM connector and symptoms identification-1996-97 J2 (1 of 2) 

NONE 

2.9V 

5V 

BROWN1 
YELWW 

NORMAL VOLTAGE 

IGNI1MN ENGINE DlClsl 
" O N  OPERATINO AFFECTED POSSIBLE SYMPTOMS 

ROUGH IDLE, LACK OF 
POWER, STAU 

IACVALVE 

2.9V 

1.6V 

IACVALVE 

NOT 
USABLE 

19 NOTUSED 

21 

22 

23 

NONE 

NONE 

NOT 
USABLE 

20 

24 

NOCHANGE 

NO RESTART 

NOT 
USABLE 

ENGINE 
GROUND 

INJECTOR 
DRIVER BANK A 

INJECTOR 
JUMPER' 

IC SIGNAL 

25 

NOT 
USABLE 111 BATTERY VOLTAGE FOR FIRST TWO SECONDS, THEN 0 VOLTS 

(21 VARIES WITH TEMPERANRE 
(3) VARIES WITH MANIFOLD VACUUM 

(5) FUEL INJECTOR 
GROUND 

E BYPASS 

NOTUSED 

NONE 

(4) VARIES Wn'li THROTTLE MOVEMENT 
(5) LESS THAN 0.5 VOLT 1500Mv) 

NO CHANGE BLACK (5) 

TAN1 
BLUE 

PURPLE1 
WHITE 

WHKE 

26 1  NOT USED 1 - 1  I - 1  - 1 - 1  
27 

28 

29 

ROUGH UNSTABLEOR 
INCORRECT IDLE 

NONE 

* MFI models only; not used on TBI models 

NONE 

WHITE1 
TAN 

NOT 
USABLE 

NOT 
USABLE 

ROUGH UNSTABLE OR 
INCORRECT IDLE 

Fig. 131 ECM connector and symptoms identification-1996-97 J2 (2 of 2) 

INJECTOR 

ECM 

ICMODULE 

ICMODULE 

NONE 

NONE 

NOT 
USABLE 

NOT 
USABLE 

NOTUSED 

IAC "A" HIGH 

IAC "6" LOW 

B+ 

B+ 

15) 

ROUGH UNSTABLE MI 
INCORRECT IDLE 

ROUGH UNSTABLE OR 
INCORRECT IDLE 

(5) 

BLUE/ 
YEUOW 

GREEN1 
BLACK 

B+ 

B+ 

1.2V 

IAC VALVE 

IAC VALVE 

4,5V 

NONE 

NONE 

42 

ROUGH IDLE. LACK OF 
POWER. STAU 

ROUGH IDLE, LACK OF 
POWER, STAU 

STAU, WILL RESTART IN 
BYPASS MODE. LACK OF 
POWER 

42 LACK OF POWER. FIXED 
TIMING 
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This c h a r t  i s  to fur ther  a i d  in d i a g n o s i s  of s y m p t o m s .  These vo l tages  were derived from a k n o w n  g o o d  
engine. The vo l tages  s h o w n  were done with the electr ical  s y s t e m  c o m p l e t e l y  h o o k e d  u p - a n d  
operat ional.  The vo l tages  a r e  to h e l p  ident i fy  w h a t  vo l tage i s  n e e d e d  to o p e r a t e  the d i f fe ren t  circuits. 
N E V E R  ATTEMPT TO OBTAIN THESE VOLTAGES B Y  PROBING WIRES OR CONNECTORS. Ser ious  
d a m a g e  c o u l d  r e s u l t  . to . .  wiring, or connectors, with the l o s s o f  engine . operation. . . .  The . voltages you m a y  
g e t  m a y  v a r y  a u e  to low o a t t e r y  c n a r g e  o r  o t n e r  reasons, nut t n e y  should b e  close. 

 he "B+" s y m b o l  ind ica tes  a s y s t e m  voltage. 
T H E  FOLLOWING CONDITIONS MUST BE M E T  BEFORE TESTING: 

* E n g i n e  a t  o p e r a t i n g  t e m p e r a t u r e  Engine idling ( fo r  " Eng ine Opera t ing"  c o l u m n )  
Test t e r m i n a l  not grounded N O R M A L  VOLTAGE 

PIN WlRE COMPONENT IGNmMV ENGINE DTClr) 
PIN FUNCTION COLOR CONNECTOR "ON" OPERATING AFFECTED 

17 NOTUSED - 
POSSIBLE SYMPTOMS ---I 

P y  1 FUZGON 1 G E R  1 ::z 
KS SIGN& BROWN1 

ORANGE SENSOR 
POOR FUEL ECONOMY. 
POMI PERFORMANCE, 
DETONAliON NO CHANGE I 20 

21 
ECTSIGNF I Y€L;LW I ECTSENSOR 

/.L.a* 
1 2 1  I POOR pERFo:NGE, EX. 

HAUST ODOR, ROUGH 
IDLE. RPM REDUCFION 

FUEL INJECTOR 
GROUND 

INJECTOR 
DRIVER BANK A 

ROUGH IDLE. LACK OF 
I t I 

9 NOTUSED 

1 - 1  

8UICK 

TAN1 
BLUE 

ENGINE 
GROUND 

INJECTMI 

22 

5 MASTERISLAVE I YELLOW/ I IN.LINE BOAT / InM usedl GRAY HARNESS 
23 

24 

26 

B+ NONE LACK OF DATA FROM OTH. 
ER ENGINE 

8+ NONE RPM REDUCTION MODE 

(51 

B+ 

INJECTOR 
JUMPER* 

5 OILPRESSURE TAN1 
SWITCH, BLACK 
ai.0.w. - 

ICSIGNAL 

TE BYPASS 

NOTUSED 

10 PIN 
CONNECTOR 

DLC 

MAP SENSOR 

(5) 

B+ 

PURPLE/ 
WHITE 

7 DATAUNK WHITE/ 
CONNECTOR BLACK 

B NOTUSED 

NONE 

NONE 

WHITE 

WHITE/ 
TAN 

- B+ NONE INCORRECT IDLE, POOR 
PERFORMANCE 

1 - 1  

ECM 

TEMODULE 

ICMODUiE 

1.4W (3) 33 POOR PERFORMANCE 
SURGE, POOR FUEL ECON, 
OMY, O(HAUSTOD0R 

B+ 

28 1 NOT USED 1 - 1  

(5) 

(5) 

I - 1 - 1  

0 . 4 5  4 1 21 I W PERFORMANCE AN0 
ACCELERATION. INCOR- 
RECT IDLE 

B+ 

28 

29 

11 ECM SWITCHED FiNW SPUCE 
12V WHITE 

12 NOTUSED 

13 TP&IAT BLACW 
GROUND 

TP, 
WHITE !AT SENSOR 

14 ECM GROUND BLACK ENGINE BLOCK 

15 TP W REF GRAY1 TP, 
BLUE MAP SENSOR 

18 ECMB+ RED1 WUCE 
WRPLE 

NONE 

t.2V 

45V 

27 

B+ I NONE CTINOPERABLE. NO 1 START 

NOTUSED - 
1AG"A" HIGH 

IAC "B*' LOW 

31 I DU: GREEN1 DLC (5) (5) NONE - 
YELLOW 

32 I NOT USED 1 - 1  I -  I - 1 - 1  

42 

42 

HlGH IDLE, ROUGH IDLE. 
POOR PERFORMANCE 

STALL. WILL RESTART IN 
BYPASS MODE, LACK OF 
POWER 

LACK OF POWER, FIXED 
TIMING 

BLUE1 
YEUMN 

GREEN1 
0- 

I I I I I 1 I I I 
(1) BATlERY VOLTAGE FOR FIRST TWO SECONDS. THEN 0 VOLTS (4) VARIES WRW THROTTLE MOVEMEW 
(2) VARIES WTTX TEMPERANRE (51 LESS THAN 0.5 VOLT (SW)MvI 
13) VARIES WlTH MANIFOLD VACUUM 

* klFl models only; not used on TBI models 
SV 21.33 LACK OF POWER, IDLE 

HlGH 

8+ NONE NOSTART 

MCVALVE 

IAC VALVE 

I I 

(4) VARIES WITH THROTTLE MOVEMENT 
151 LESS THAN 0.5 VOLT 1SOPMv) 

(1) BATTERY VOLTAGE FOR FIRST TWO SECONDS. THEN 0 VOLTS 
(2) VARIES WITH TEMPERATURE 
Clt VARIES WlTH MANIFOLD VACUUM 

NOT 
USABLE 

NOT 
USABLE 

* MFI m o d e l s  only; not used on TBI models 

Fig. 131 ECM connector and symptoms identification<em dash>1996-97 J2 (2 of 2) 

NOT 
USABLE 

NOT 
USABLE 

Fig. 132 ECM connector and symptoms identification-1998 J1 (1 of 2) 

NONE 

NONE 

ROUGH UNSTABLEOR 
INCORRECT IDLE 

ROUGH UNSTABLE OR 
iNCORRECT IDLE 
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- 
PIN - 
17 - 
18 

- 
19 - 
20 - 
21 - 
22 - 
23 - 
24 

- 
z!i 
P 

28 - 
27 - 
28 - 
29 

- 
30 - 
31 

- 
32 

- 

PIN 
FUNCTION 

NONE 1 - 1  - 1 - 1 -  1 - 1  

NOT USED 

MASTERISWE 
(not used) 

WIRE 
COLOR 

ORANGE1 
BLACK 

NOT USED 

NONE 

NOT USED 

NOT USE0 

IAT SENSOR' 

COMPONENT 
CONNECTOR 

NOT USED 

NOT USED 

NOT USE0 

NOT USED 

MAPlECT 
GROUND, 
S.LO. W. 

ECM GROUND 

11) BATTERY VOLTAGE FOR FIRST TWO SECONDS. THEN 0 VOLTS 
12) VARIES WITH TEMPERATURE 
(31 VARIES WlTH MANIFOLD VACUUM 

TAN1 
YELLOW 

MAP, 5V REFER- 
ENCE 

ECM B+ 

MFI models only; not used on TBI models 

DLC, IN-UNE 
BOAT HARNESS 

BLACW 
ORANGE 

BLACK 

(4) VARIES WITH THROTTLE MOVEMENT 
(5) LESS THAN'O.5 VOLT (500Mvl 

NORMAL VOLTAGE 

5V 5V 

IAT SENSOR' 

GRAY1 
ORANGE 

RED1 
PURPLE 

Fig. 133 ECM connector and symptoms identification-1998 J1 (2 of 2) 

DTCO 
AFFECTED 

lGNl?iON 
"ON" 

MAPANO ECT 
SENSOR 

ENGINE BLOCK 

This chart is to further aid in d i a g n o s i s  of s y m p t o m s .  T h e s e  v o l t a g e s  were derived from a k n o w n  good 
enaine. The v o l t a a e s  shown were done with the e lec t r ica l  svstem c o m p l e t e l y  hooked up a n d  

POSSIBLE SYMPTOMS 
ENGINE 

OPERAllNG 

NONE 

3.2V (21 

MAP SENSOR 

SPLICE 

operat ional.  T h e  &ages a r e  to help i d e n n f y  w h a t  v o l t a g e  i s  needed to o p e r a t e  the d i f fe rent  circuits. 
N E V E R  ATTEMPT TO OBTAIN T H E S E  VOLTAGES BY P R O B I N G  W I R E S  OR CONNECTORS. S e r i o u s  

NO SERIALDATA 

(5) 

(5) 

d a m a g e  c o u l d  result to wiring, or connectors ,  with the loss of engine operat ion .  The voltages you m a y  
get m a y  v a r y  due to low b a t t e r y  c h a r g e  or o t h e r  reasons, but they should be close. 

3.2V (21 

5V 

B+ 

The "B+" symbol i n d i c a t e s  a system voltage. 
T H E  FOLLOWING C O N D I T I O N S  M U S T  BE M E T  BEFORE TESTING: 

E n g i n e  a t  o p e r a t i n g  temperature E n g i n e  idling ( f o r  "Engine Operating" c o l u m n )  
0 Test t e r m i n a l  not grounded 

- 

15) 

(5) 

PIN - 
1 - 
2 - 
3 - 
4 - 
5 

- 
6 

7 

- 
8 
- 

9 

- 
10 - 
11 - 
12 

- 
13 

- 
14 

- 
15 

- 
16 - 

- 
23 

5V 

B+ 

ROUGH IDLE 

14 a 33 

NONE 

NOT USED 

NOT USED 

NOT USED 

PIN 
WNCTMN 

LACK OF PERFORMANCE 
EXHAUST WOR. STAU 

NOCHANGE 

33 

NONE 

LACK OF POWER, SURGE, 
ROUGH IDLE, EXHAUST 
O W R  

NOSTART 

1 

WIRE 
COLOR 

NOT USED 

IC REF LOW I BLAAKI I lC MODULE 1 (5) 1 (5) 1 NONE I NO CHANGE I 

I - 1 
INJECTOR 
DRIVER BANK B 

COMPONENT 
CONNECTOR 

1 
TAN/ 

ORANGE 

.-.. I I 1 I 

NO RESTART I E REF HIGH 

FUEL PUMP 
RELAY DRIVER 

NOT USED 

NOT USED 

S.L.O. W. " 
WARNING HORN 

LOSS OF RPM OVER 2500 ___I 

NORMAL VOLTAGE 

INJECTOR 

NOCHANGE 

IAC "A" LOW I PINK1 I 

DTC(s) 
AFFECTED 

I G N m N  
" O N  

INJECTOR 
JUMPER' 

GRAY1 
BLACK 

WHITE1 
GREEN 

TAN1 
BLACK 

POSSIBLE SVMPTOMS 
ENGINE 

OPERATING 

B+ 

2.9V PURPLE1 ECM 
WHITE 

lC MODULE 

FUEL PUMP 
RELAY 

10 PIN 
CONNECTOR 

. IAC VALVE 
/ BLUE / 

NOTUSEO I - I - I - I - I - I I 

B+ 

2.9V 

IAC " 0  HIGH 

WEL INJECTOR 
GROUND 

11) BAI'TERY VOLTAGE FOR FIRST TWO SECONDS. THEN 0 VOLTS 
121 VARIES WlTH TEMPERATURE 
(3) VARIES WlTH MANIFOLD VACUUM 

NONE 

NONE 

W 

('1115) 

(51 

NOT 
USABLE 

* MFI models only; not used on TBI models 

BROWN1 
YELLOW 

BLACK 

(4) VARIES WITH THROTTLE MOVEMENl 
(5) LESS THAN 0.5 VOLT (5CJOMvI 

1.6V 

B+ 

(5) 

NOT NONE 
USABLE 

Fig. 134 ECM connector and symptoms identification-1998 52 (1 of 2) 

NONE 

NONE 

NONE 

ROUGH UNSTABLE OR 
INCORRECT IDLE 

IAC VALVE 

ENGINE 
GROUND 

NOT 
USABLE 

(51 

NOT 
USABLE 

(51 

NONE 

NONE 

ROUGH UNSTABLE OR 
INCORRECT IDLE 

NOCHANGE 
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FUEL SYSTEMS - FUEL INJECTION 9-69 

I 1 I I NORMALVOLTAGE I I 1 
PIN I WIRE I COMPONENT 1-1 ENO..TC[s) I 1 PIN I FUNCTION COLOR CONNECTOR OPERATING AFFECTED POSSIBLE SYMPTOMS I 

/ 20 I FUEL INJECTOR I BLACK I ENGINE 1 (5) 1 (5) 1 NONE I NO CHANGE 
GROUND GROUND I 

I 21 I INJECTOR I TAN/ I INJECTOR I B+ I B+ I NONE I ROUGH IDLE, LACK OF 
DRIVER BANK A BLUE POWER, STALL I 

- 

22 INJECTOR PURPLE/ ECM B+ B+ NONE 
JUMPER* WHITE 

23 IC SIGNAL WHITE IC MODULE (5) 1.2V 42 

I 29 I IAC " B  LOW I E f  I IAC VALVE NOT I USABLE I USABLE I 
28 

1 30 1 NOT USED 1 - 1  - 1 - 1 - 1 -  

ROUGH IDLE, LACK OF 1 POWER. STALL 

IAC " A  HIGH 

STALL, WILL RESTART IN 
BYPASS MODE, LACK OF 
POWER 

LACK OF POWER, FIXED 
TtMlNG 

BLUE/ 
YELLOW 

- 
ROUGH UNSTABLE OR 
INCORRECT IDLE 

ROUGH UNSTABLE OR 
INCORRECT IDLE 

IAC VALVE 

I 31 I DLC I GREEN/ I DLC I 15) I (5) I NONE I - 
YELLOW I 

(1) BATTERY VOLTAGE FOR FIRST TWO SECONDS, THEN 0 VOLTS (4) VARIES WITH THROTTLE MOVEMENT 
12) VARIES WITH TEMPERATURE (5) LESS THAN 0.5 VOLT (5OOMv) 
(3) VARIES WITH MANIFOLD VACUUM 

NOT 
USABLE 

* MFI models only; not used on TBI models 

Fig. 135 ECM connector and symptoms identification-1998 52 (2 of 2) 

NOT 
USABLE 

NONE 

2 
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9-70 FUEL SYSTEMS - FUEL INJECTION 

DTC CHART 
Ford MFI 

Code Description 
No Code Loss of VREF 

10 Vapor Separator 
11 System Pass 
12 RPM outside Self-Test upper band limit 
13 RPM outside Self-Test lower band limit 

- 

14 PIP circuit fault 
I 5  ROM test failed/KAM power in continuous (1993) 
15 ROM test failed/KAM power interrupt (1 994-96) 
18 Loss of TACH input to ECNSPOUT circuit grounded 
19 Failure in EEC reference voltage 
2 1 ECT out of Self-test range 
22 MAP out of Self-test range 
23 TP out of Self-test range 
24 ACT out of Self-test range 
25 Inactive - Ignore 
51 -40 deg. indicated. ECT sensor circuit open 

6 1 254 deg. indicated. ECT sensor circuit grounded 
63 TP circuit below minimum voltage 
64 254 deg. indicated. ACT sensor circuit grounded 
67 NDS circuit open 
72 Insufficient MAP change - DYN RSP test 
73 Insufficient TP change - DYN RSP test 
77 Operator error - DYN RSP test 
87 Fuel pump circuit failure 
95 Fuel pump circuit open - ECA-to-motor ground 
96 Fuel pump circuit open - BAT-to-relay 
98 FMEM failure 

DTC CHART 
GM Engines 

Code Descri~tion 
14 Engine coolant temperature (ECT) sensor circuit 
21 Throttle position (TP) sensor circuit 

33 Manifold absolute pressure (MAP) sensor circuit 
42 Ignition control (IC) system 
43 Knock sensor (KS) circuit 
5 1 ECM EEProm fault 

Fig. 136 and 137 
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FUEL SYSTEMS - FUEL INJECTION 9-71 

RELIEF VALVV ' - I  
TEST POINT FUEL 

/ LINE 

REGULATORVACUUM 
FUEL RESERVOIR' 

VAPOR SEPARATOR 

BOATS FUEL TANK 

1 Relief Valve1 Relief el 
Test Point (4'3L) Test Point (5.7L) 

Line 
Fuel Filter 

Fig. 139 Fuel flow diagram-GM TBI engines 
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9-72 FUEL SYSTEMS - FUEL INJECTION 

~ h e i  
Rail 

PI Vent 

- Fuel Filter 

' Relief 
Valve 

Fig. 140 Fuel flow diagram-GM MFI engines (except 1998 7.4Gi) 

Vatve 

Relief 
Valve 

I:I Vatve 
Circuit 
Breaker m- Fuel Pump (LP) 

Fuel Inlet 

1 -+- Fuel Filter 

Fig. 141 Fuel flow diagram-1998 7.4Gi 
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Water 

.-..- 
High Fuel Reservoir1 
Pressure Vapor Separator 
Fuel Pump 

Fig. 142 Component locations-1993-94 Ford MFI engines 'ig. 143 Component locations-1995-96 Ford MFI engines 
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9-74 FUEL SYSTEMS - FUEL INJECTION 
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FUEL SYSTEMS - FUEL INJECTION 9-75 

Water Temp. ECT 
Throttle Sender Sensor 

\ f 
I 

Ignition Pulse I Pump Separator 
Coil Limiter Low Pressure 

Test 

Fig. 46 Component locations-1997-98 GM MFI engines (except 1998 7.4Gi) 
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9-76 FUEL SYSTEMS - FUEL INJECTION 

High 
Pressure 

ECT Test 

Fig. 47 Component locations-1998 7.4Gi 
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FUEL SYSTEMS - FUEL INJECTION 9-77 

TORQUE SPECIFJCATIONS 
Ford Multi-Point Fuel Injection (MFI) 

Component ft. lbs. inch Ibs. Nm 
ACT Sensor 12-18 - 16-24 
Circuit Brreaker - 20-25 2.3-2.8 
ECA Bracket-to-Engine - 60-84 7-10 
ECA Cover - 24-36 2.7-4.1 
ECA Module-to-Bracket - 24-36 2.7-4.1 
ECA Connector (60 Pin) - 46-64 5-7 
ECT Sensor 10-1 5 - 13.6-20.3 
EEC Relay-to-Bracket - 24-36 2.7-4.1 
Elbow Lock Nut - 60-84 7-10 
Flame Arrestor - 24-48 2.7-5.4 
Fuel Line Fittings 10-1 2 - 13.6-16.3 
Fuel Pressure Regulator - 27-40 3.0-4.5 
Fuel Pump (Lower) Adapter 8-1 0 - 11-14 
Fuel Pump Banjo Nut 18-22 - 24.4-29.8 
Fuel Pump (Lower) Bracket 20-25 - 27-34 
Fuel Rail-to-Manifold - 70-1 05 7.9-1 1.7 
Fuel Reservoir Cover - 25-35 2.8-4.0 
Fuel Reservoir-to-Engine 24-36 - 38-49 
ISC Solenoid - 71 -1 02 8-1 1 
ISC Solenoid-to-Adaptor - 71 -1 02 8-1 1 
Knock Sensor 7-1 0 - 9.5-1 3.5 
MAP Sensor - 24-36 2.7-4.1 
Power Steering Cooler-to-Engine 20-25 - 27-34 
Shift Bracket 

Large Nut 20-25 - 27-34 
Small Nut - 60-84 7-10 

Throttle Body Adaptor - 71 -1 02 8-11 
Throttle Body-to-Manifold 12-18 - 16-24 
Throttle Position Sensor (TPS) - 18-26 2-3 
Upper-to-Lower Manifold 12-18 - 1 6-24 
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9-78 FUEL SYSTEMS - FUEL INJECTION 

TORQUE SPECIFICATIONS 
GM Fuel injection (MFIITBI) 

Component ft. lbs. inch lbs. Nm 
Circuit Breaker 

Nut 20-25 2.3-2.8 
Screw 20-25 2.3-2.8 

Coolant Cover (MFI Only) 28 3.2 
ECM - 88-1 24 10-14 
ECT Sensor 108 12 
Filter Bracket Inlet Elbow (MFI Only) 12 - 16 
Fuel Filter Bracket (MFI Only) 20-25 27-34 
Fuel Line Nuts 

MFI 10-12 13.6-16.3 
TB I 17 - 23 

Fuel Meter Body (TBI Only) 30 4 
Fuel Meter Cover (TBI Only) - 28 3 
Fuel Meter Inlet Nut (TBI Only) 30 - 40 
Fuel Meter Outlet Nut (TBl Only) 21 - 29 
Fuel Pressure Regulator (MFI Only) - 84 9.5 
Fuel Pump (LP) Adapter (MFI Only) 8-1 0 - 11-14 
Fuel Pump (LP) End Cap (MFI Only) - 60-84 6.8-9.5 
Fuel Pump (HP) Bracket (MFI Only) 27-35 2.8-4.0 
Fuel Pump Banjo Nut (MFI Only) 18-22 24.7-29.8 
Fuel Rail (MFI Only) - 88 10 
Fuel Reservoir 

Cover - 25-35 2.8-4.0 
TO Block 28-36 - 38-49 

IAC Valve 28 3.2 
IAT Sensor (MFI Only) 11 - 15 
Intake Plenum (MFI Only) 15 20 
Knock Sensor 11-16 - 15-22 
MAP Sensor 

1998 7.4Gi 18 - 24 
All Others 44-62 5-7 

Outlet Elbow (HP Pump) 60-84 6.8-9.5 
Throttle Body 

1998 7.4Gi 89 10 
All Other MFI 11 - 15 
All TBI 12 16 

Throttle Body Adapter Plate (TBl Only) 
V6 15 - 19 
1996-97 V8 30 - 40 
1998 V8 15 - 19 

Throttle Position Sensor UP) - 18 2 
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10-2 IGNITION AND ELECTRICAL SYSTEMS 

+ See Figure 1 

For any 12 volt, negative ground, electrical system to operate, the 
electricity must travel in a complete circuit. This simply means that current 
(power) from the positive terminal ( t )  of the battery must eventually return to 
the negative terminal (-) of the battery. Along the way, this current will travel 
through wires, fuses, switches and components. If for any reason the flow of 
current through the circuit is interrupted, the component(s) fed by that circuit 
will cease to function properly. 

Perhaps the easiest way to visualize a circuit is to think of connecting a 
light bulb (with two wires attached to it) to the battery-one wire attached to 
the negative (-) terminal of the battery and the other wire to the positive ( t )  
terminal. With the two wires touching the battery terminals, the circuit would 
be complete and the light bulb would illuminate. Electricity would follow a 
path from the battery to the bulb and back to the battery. It's easy to see that 
with longer wires on our light bulb, it could be mounted anywhere. Further, 
one wire could be fitted with a switch so that the light could be turned on and 
off. 

The normal marine circuit differs from this simple example in two ways. 
First, instead of having a return wire from each bulb to the battery, the 
current travels through a single ground wire, which handles all the grounds 
for a specific circuit. Secondly, most marine circuits contain multiple 
components, which receive power from a single circuit. This lessens the 
amount of wire needed to power components. 

HOW ELECTRICITY WORKS: THE WATER ANALOGY 

Electricity is the flow of electrons-the sub-atomic particles that constitute 
the outer shell of an atom. Electrons spin in an orbit around the center core 
of an atom. The center core is comprised of protons (positive charge) and 
neutrons (neutral charge). Electrons have a negative charge and balance out 
the positive charge of the protons. When an outside force causes the 
number of electrons to unbalance the charge of the protons, the electrons 
will split off the atom and look for another atom to balance out. If this 
imbalance is kept up, electrons will continue to move and an electrical flow 
will exist. 

Many people have been taught electrical theory using an analogy with 
water. In a comparison with water flowing through a pipe, the electrons would 
be the water and the wire is the pipe. 

The flow of electricity can be measured much like the flow of water 
through a pipe. The unit of measurement used is amps, frequently 
abbreviated as amps (a). You can compare amperage to the volume of water 
flowing through a pipe. When connected to a circuit, an ammeter will 
measure the actual amount of current flowing through the circuit. When 
relatively few electrons flow through a circuit, the amperage is low. When 
many electrons flow, the amperage is high. 

Water pressure is measured in units such as pounds per square inch 
(psi), electrical pressure is measured in units called volts (v). When a 
voltmeter is connected to a circuit, it is measuring the electrical pressure. 
When electrical pressure is low, then voltage is considered to be low. When 
electrical pressure is high, then voltage is considered to be high. 

The actual flow of electricity depends not only on voltage and amperage 
but also on the resistance of the circuit-the higher the resistance, the higher 
the force necessary to push the current through the circuit. The standard unit 
for measuring resistance is an ohm (a). Resistance in a circuit varies 
depending on the amount and type of components used in the circuit and the 
overall condition of the components and wires. If we assume that everything 
in our circuit is new, then, the main factors which determine resistance are: 

Material-some materials have more resistance than others. Those 
with high resistance are said to be insulators. Rubber materials (or rubber- 
like plastics) are some of the most common insulators used, as they have a 
very high resistance to electricity. Very low resistance materials are said to 
be conductors. Copper wire is among the best conductors. Silver is actually 
a superior conductor to copper and is used in some relay contacts but its 
high cost prohibits its use as common wiring. Most marine wiring is made of 
copper. 

Size--the larger the wire size being used, the less resistance the wire 
will have. This is why components that use large amounts of electricity 
usually have large wires supplying current to them. 

Length-for a given thickness of wire, the longer the wire, the greater 
the resistance. The shorter the wire, the less the resistance. When 
determining the proper wire for a circuit, both size and length must be 
considered to design a circuit that can handle the current needs of the 
component. 

Temperature-with many materials, the higher the temperature, the 
greater the resistance (positive temperature coefficient). Some materials 
exhibit the opposite trait of lower resistance with higher temperatures 
(negative temperature coefficient). These principles are used in many of the 
sensors on the engine. 

OHM'S LAW 

There is a direct relationship between current, voltage and resistance that 
can be summed up by a statement known as Ohm's law. 

Voltage (E) is equal to amperage (I) times resistance (R): E=l x R 
Other forms of the formula are R=EII and kE1R 

In each of these formulas, E is the voltage in volts, I is the current in 
amps and R is the resistance in ohms. The basic point to remember is that 
as the resistance of a circuit goes up, the amount of current that flows in the 
circuit will go down, if voltage remalns the same. 

The amount of work that the electricity can perform is expressed as 
power. A unit of power is known as a watt (W). There is a direct relationship 
between power, voltage and current that can be summed up by the following 
formula: 

Power (W) is equal to amperage (I) times voltage (E): W=l x E 

This formula is onlv true for direct current (DC) circuits, The 
alternating current formula is a tad different but since the electrical 
circuits in most boats are DC tvoe, we need not aet into AC circuit . . 
theory. 

POWER SOURCE 

+ See Figure 2 

Power is supplied to the boat by two devices: The battery and the 
alternator. The battery supplies electrical power during starting or during 
periods when the current demand of the boat's electrical system exceeds the 
output capacity of the alternator. The alternator supplies electrical current 
when the engine is running. The alternator does not just supply the current 
needs of the boat but it also recharges the battery. 

In most modern boats, the battery is a leadlacid electrochemical device 
consisting of six 2 volt subsections (cells) connected in series, so that the 
unit is capable of producing approximately 12 volts of electrical pressure. 
Each subsection consists of a series of positive and negative plates held a 
short distance apart in a solution of sulfuric acid and water. 

The two types of plates are of dissimilar metals, thus setting up a 
chemical reaction inside the battery case. It is this reaction that produces 
current flow from the battery when its positive and negative terminals are 
connected to an electrical load. The alternator, restoring the battery to its 
original chemical state replaces the power removed from the battery. 

The followina is a brief descri~tion of how the svstem works: 
The battery stores electricity and acts as a "spo'ngen for the whole system. 

It mops up generated 
current until it's fully charged and it release s energy on demand. 
Permanent magnets that create the moving magnetic field. If your engine 

has good spark, you can take it for granted that the magnets are in working 
order because the ignition and charging systems share the same magnets. 

The alternator windings are the stationary coils of wire that the magnets 
rotate around. They produce the electrical charge. Simply put, the more 
windings in your stator, the greater the potential output in amps your 
charging system you'll have. 

The rectifier consists of a series of diodes or electrical one-way valves. 
The rectifier overcomes one of the disadvantages of a current-generating 
system using permanent magnets and stator windings, which is that the 
current produced within the windings is alternating current (AC). You can't 
use AC to charge batteries. They accept only direct current (DC). So the 
rectifier is designed to convert AC current to a usable form of DC current 
simply called "rectified AC." 
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IGNITION AND ELECTRICAL SYSTEMS 10-3 
All engines covered here utilize a voltage regulator; either combined with 

the rectifier or standing alone. The regulator automatically reduces the output 
of generated current as the battery becomes fully charged. 

GROUND 

All boats use some sort of a ground return circuit. Direct ground 
components are grounded to an electrically conductive metal component 
through their mounting points. These electrically conductive metal 
components are then grounded to the battery. 

All other components use some sort of ground wire which leads directly 
back to the battery. The electrical current runs through the ground wire and 
returns to the battery through the ground (-) cable. If you look, you'll see that 
the battery ground cable connects between the battery and a heavy gauge 
ground wire. 

W It should be noted that a good percentage of electrical problems can 
be traced to bad or loose grounds. 

PROTECTIVE DEVICES 

+ See Figure 3 

It is possible for large surges of current to pass through the electrical 
system of your boat. If this surge of current were to reach components in the 
circuit, the surge could burn them out or severely damage them. Surges can 
also overload the wiring, causing the harness to get hot and melt the 
insulation. To prevent this, fuses, circuit breakers and/or fusible links are 
connected into the supply wires of the electrical system. These items are 
nothing more than a built-in weak spot in the system. When an abnormal 
amount of current flows through the system, these protective devices work 
as follows to protect the circuit: 

Fuse-when an excessive electrical current passes through a fuse, the 
fuse "blows" (the conductor melts) and opens the circuit, preventing the 
passage of current. 

Circuit Breaker-a circuit breaker is basically a self-repairing fuse. It 
will open the circuit in the same fashion as a fuse but when the surge 
subsides, the circuit breaker can be reset and does not need replacement. 

Fusible Link-a fusible link (fuse link or main link) is a short length of 
special, high temperature insulated wire that acts as a fuse. When an 
excessive electrical current passes through a fusible link, the thin gauge wire 
inside the link melts, creating an intentional open to protect the circuit. 

To repair the circuit, the link must be replaced. Some newer type fusible 
links are housed in plug-in modules, which are simply replaced like a fuse, 
while older type fusible links must be cut and spliced if they melt. Since this 
link is very early in the electrical path, it's the first place to look if nothing on 
the boat works, yet the battery seems to be charged and is properly 
connected. 

Always replace fuses, circuit breakers and fusible links with identically 
rated components. Under no circumstances should a component of 
higher or lower amperage rating be substituted. 

PROTECTION LOAD 
DEVICE 

POWER SOURCE (FUSE) 
(BATrERY) 

CONTROL DEVICE I I 1-1 (SWITCH OPEN) 

RETURN & CONDUCTOR 
GROUND 

RETURN 4 
CONDUCTOR 

GROUND 

Fig. 1 This example illustrates a simple 
circuit. When the switch is closed, power 
from the positive (t) battery terminal flows 
through the fuse and the switch, and then to 
the light bulb. The light illuminates and the 
circuit is completed through the ground wire 
back to the negative (-) battery terminal 

SWITCHES & RELAYS 

+ See Figure 4 

Switches are used in electrical circuits to control the passage of current. 
The most common use is to open and close circuits between the battery and 
the various electric devices in the system. Switches are rated according to 
the amount of amperage they can handle. If a switch rated for the sufficient 
amperaae is not used in a circuit, the switch could overload and cause 
dar;lagL 

Some electrical comoonents which reauire a larae amount of current to 
operate use a special switch called a relay. Since ihese circuits carry a large 
amount of current, the thickness of the wire in the circuit is also greater. If 
this large wire were connected from the load to the control switch, the switch 
would have to carry the high amperage load and the space needed for wiring 
in the boat would be twice as big to accommodate the increased size of the 
wiring harness. To prevent these problems, a relay is used. 

Relays are composed of a coil and a set of contacts. When the coil has a 
current passed though it, a magnetic field is formed and this field causes the 
contacts to move together, completing the circuit. Most relays are normally 
open, preventing current from passing through the circuit but they can take 
any electrical form depending on the job they are intended to do. Relays can 
be considered "remote control switches." They allow a smaller current to 
operate devices that require higher amperages. When a small current 
operates the coil, a larger current is allowed to pass by the contacts. Some 
common circuits that may use relays are horns, lights, starter, electric fuel 
pumps and other high draw circuits. 

LOAD 

Every electrical circuit must include a "load" (something to use the 
electricity coming from the source). Without this load, the battery would 
attempt to deliver its entire power supply from one pole to another. This 
would result in a "short circuit" of the battery. All this electricity would take a 
short cut to ground and cause a great amount of damage to other 
components in the circuit by developing a tremendous amount of heat. This 
condition could develop sufficient heat to melt the insulation on all the 
surrounding wires and reduce a multiple wire cable to a lump of plastic and 
copper. 

WIRING & HARNESSES 

The average boat contains miles of wiring, with hundreds of individual 
connections. To protect the many wires from damage and to keep them from 
becoming a confusing tangle, they are organized into bundles, enclosed in 
plastic or taped together and called wiring harnesses. Different harnesses 
serve different parts of the boat. Individual wires are color coded to help 
trace them through a harness where sections are hidden from view. 

Marine wiring can either be single strand wire, multi-strand wire or printed 
circuitry. Single strand wire has a solid metal core and is usually used inside 
such cbmponents as alternators, motors, relays and other devices. Multi- 
strand wire has a core made of manv small strands of wire twisted toaether 
into a single conductor. Most of the wiring in a marine electrical systeh is 
made up of multi-strand wire, either as a single conductor or grouped 

Battery 

Fig. 2 Functional diagram of a typical 
charging circuit showing the relationship of 
the stator, solid-state rectifier and the 
battery 

Fig. 3 Fuses protect the vessel's electrical 
system from abnormally high amounts of 
current flow 
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10-4 IGNITION AND ELECTRICAL SYSTEMS 
together in a harness. All wiring is color coded on the insulator, either as a 
solid color or as a colored wire with an identification stripe. A printed circuit is 
a thin film of copper or other conductor that is printed on an insulator 
backing. Occasionally, a printed circuit is sandwiched between two sheets of 
plastic for more protection and flexibility. A complete printed circuit, consisting 
of conductors, insulating material and connectors is called a printed circuit 
board. Printed circuitry is used in place of individual wires or harnesses in 
places where space is limited, such as behind instrument panels. 

Since marine electrical systems are very sensitive to changes in 
resistance, the selection of properly sized wires is critical when systems are 
repaired. A loose or corroded connection or a replacement wire that is too 
small for the circuit will add extra resistance and an additional voltage drop 
to the circuit. 

The wire gauge number is an expression of the cross-section area of  the^ 
conductor. Boats from countries that use the metric system will typically 
describe the wire size as its cross-sectional area in square millimeters-with 
this method, the larger the wire, the greater the number. Another common 
system for expressing wire size is the American Wire Gauge (AWG) system. 
As gauge number increases, area decreases and the wire becomes smaller. 
An 18 gauge wire is smaller than a 4 gauge wire. A wire with a higher gauge 
number will carry less current than a wire with a lower gauge number. Gauge 
wire size refers to the size of the strands of the conductor, not the size of the 
complete wire with insulator. It is possible, therefore, to have two wires of the 
same gauge with different diameters because one may have thicker 
insulation than the other. 

It is essential to understand how a circuit works before trying to figure out 
why it doesn't. An electrical schematic shows the electrical current paths 
when a circuit is operating properly. Schematics break the entire electrical 
system down into individual circuits. In a schematic, usually no attempt is 
made to represent wiring and components as they physically appear on the 
boat, switches and other components are shown as simply as possible. Face 
views of harness connectors show the cavity or terminal locations in all multi- 
pin connectors to help locate test points. 

CONNECTORS 

+ See Figures 5,6,7 and 8 

Weatherproof connectors are most commonly used where the connector 
is exposed to the elements. Terminals are protected against moisture and 
dirt by sealing rings that provide a weather tight seal. All repairs require the 
use of a special terminal and the tool required to service it. 

Unlike standard blade type terminals, these weatherproof terminals 
cannot be straightened once they are bent. Make certain that the connectors 
are properly seated and all of the sealing rings are in place when connecting 
leads. 

Pinpointing the exact cause of trouble in an electrical circuit is most times 
accomplished by the use of special test equipment. The following sections 
describe different types of commonly used test equipment and briefly explain 
how to use them in diagnosis. In addition to the information covered below, 
the tool manufacturer's instruction manual (provided with most tools) should 
be read and clearly understood before attempting any test procedures. 

JUMPER WIRES 

+ See Figure 9 

Never use jumper wires made from a thinner gauge wire than the circuit 
being tested. If the jumper wire i s  of too small a gauge, i t  may overheat 
and possibly melt. Never use jumpers to bypass high resistance loads 
in  a circuit. Bypassing resistances, in effect, creates a short circuit. 
This may, in  turn, cause damage and fire. Jumper wires should only be 
used to bypass lengths of wire or to simulate switches. 

Jumper wires are simple, yet extremely valuable, pieces of test 
equipment. They are basically test wires that are used to bypass sections of 
a circuit. Although jumper wires can be purchased, they are usually 
fabricated from lengths of standard marine wire and whatever type of 
connector (alligator clip, spade connector or pin connector) that is required 

for the particular application being tested. In cramped, hard-to-reach areas, it 
is advisable to have insulated boots over the jumper wire terminals in order 
to prevent accidental grounding. 

It is also advisable to include a standard marine fuse in any jumper wire. 
This is commonly referred to as a "fused jumper". By inserting an in-line fuse 
holder between a set of test leads, a fused jumper wire can be used for 
bypassing open circuits. Use a 5-amp fuse to provide protection against 
voltage spikes. 

Jumper wires are used primarily to locate open electrical circuits. If an 
electrical component fails to operate, connect the jumper wire between the 
component and a good ground. If the component operates only with the 
jumper installed, the ground circuit is open. 

If the ground circuit is good but the component does not operate, the 
circuit between the power feed and component may be open. By moving the 
jumper wire successively back from the component toward the power source, 
you can isolate the area of the circuit where the open is located. When the 
component stops functioning or the power is cut off, the open is in the 
segment of wire between the jumper and the point previously tested. 

You can sometimes connect the jumper wire directly from the battery to 
the "hot" terminal of the component but first make sure the component uses 
12 volts in operation. Some electrical components, such as fuel injectors or 
sensors are designed to operate on about 4 to 5 volts and running 12 volts 
directly to these components will cause damage. 

TEST LIGHTS 

+ See Figure 10 

The test light is used to check circuits and components while electrical 
current is flowing through them. It is used for voltage and ground tests. To 
use a 12-volt test light, connect the ground clip to a good ground and probe 
wherever necessary with the pick. The test light will illuminate when voltage 
is detected. This does not necessarily mean that 12 volts (or any particular 
amount of voltage) is present, it only means that some voltage is present. 

It i s  advisable before using the test light to touch its ground clip and 
probe across the battery posts or terminals to make sure the light i s  
operating properly. 

Do not use a test light to probe electronic ignition, spark plug or coil 
wires. Never use a pick-type test light to probe wiring on electronically 
controlled systems unless specifically instructed to  do so. Any wire 
insulation that i s  pierced by  the test light probe should be taped and 
sealed with silicone after testing. 

Like the jumper wire, the 12V test light is used to isolate opens in circuits. 
But, whereas the jumper wire is used to bypass the open to operate the load, 
the 12V test light is used to locate the presence of voltage in a circuit. If the 
test light illuminates, there is power up to that point in the circuit, if the test 
light does not illuminate, there is an open circuit (no power). Move the test 
light in successive steps back toward the power source until the light in the 
handle illuminates. The open is between the probe and a point that was 
previously probed. 

The self-powered test light is similar in design to the 12V test light but 
contains a 1.5V penlight battery in the handle. It is most often used in place 
of a multi-meter to check for ooen or short circuits when power is isolated 
from the circuit (continuity test). 

The battery in a self-powered test light does not provide much current. A 
weak battery may not provide enough power to illuminate the test light even 
when a complete circuit is made (especially if there is high resistance in the 
circuit). Always make sure that the test battery is strong. To check the 
battery, briefly touch the ground clip to the probe, if the light glows brightly, 
the battery is strong enough for testing. 

-- 

A self-powered test light should not be used on any electronically 
controlled system or component. The small amount of electricity 
transmitted by the test light i s  enough to damage many electronic 
marine components. 
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RELAY 
COIL 

RELAY 
-SWITCH 

Fig. 4 Relays are composed of a coil and a 
switch. These two components are linked 
together so that when one operates, the 
other operates at the same time. The large 
wires in the circuit are connected from the 
battery to one side of the relay switch (Bt) 
and from the opposite side of the relay 
switch to the load (component). Smaller 
wires are connected from the relay coil to 
the control switch for the circuit and from 
the opposite side of the relay coil to ground 

Fig. 7 Hard shell (left) and weatherproof 
(right) connectors have replaceable 
terminals 

Fig. 5 Bullet connectors are some of the 
more common electrical connectors found 
on an engine 

I Fig. 8 The seals on weatherproof I 
I connectors must be kept in good condition 

to ~revent  the terminals from corrodina I 
MULTI-METERS 

* See Figure 11 

Multi-meters are an extremely useful tool for troubleshooting electrical 
problems. They can be purchased either in analog or digital form and have a 
price range to suit any budget. A multi-meter is a voltmeter, ammeter and 
multi-meter (along with other features) combined into one instrument. It is 
often used when testing solid-state circuits because of its high input 
impedance (usually 10 mega-ohms or more). A brief description of the multi- 
meter main test functions follows: 

Voltmeter-the voltmeter is used to measure voltage at any point in a 
circuit or to measure the voltage drop across any part of a circuit. Voltmeters 
usually have various scales and a selector switch to allow the reading of 
different voltage ranges. 

The voltmeter has a positive and a negative lead. To avoid damage to the 
meter, always connect the negative lead to the negative (-) side of the circuit 
(to ground or nearest the ground side of the circuit) and connect the positive 
lead to the positive (t) side of the circuit (to the power source or the nearest 
power source). 
H The negative voltmeter lead will always be Black and the positive 
voltmeter will always be some color other than Black (usually Red). 

Multi-meter-the multi-meter is designed to read resistance (measured 
in ohms) in a circuit or component. Most multi-meters will have a selector 
switch which permits the measurement of different ranges of resistance 
(usually the selector switch allows the multiplication ot the meter reading by 
10, 100, 1,000 and 10,000). Some multi-meters are "auto-ranging" which 
means the meter itself will determine which scale to use. 

Since an internal battery powers the meters, the multi-meter can be used 
like a self-powered test light. When the multi-meter is connected, current 
from the multi-meter will flow through the circuit or component being tested. 
Since the multi-meter's internal resistance and voltage are known values, the 
amount of current flow through the meter depends on the resistance of the 
circuit or component being tested. 

Fig. 6 A typical weatherproof electrical 
connector 

Fig. 9 Jumper wires are simple, yet 
extremely valuable, pieces of test equipment 

The multi-meter can also be used to perform a continuity test for 
suspected open circuits. In using the meter for making continuity checks, do 
not be concerned with the actual resistance readings. Zero resistance (or 
any ohm reading) indicates continuity in the circuit. lnfinite resistance 
indicates an opening in the circuit. A high resistance reading where there 
should be none indicates a problem in the circuit. 

Checks for short circuits are made in the same manner as checks for 
open circuits, except that the circuit must be isolated from both power and 
normal ground. Infinite resistance indicates no continuity, while zero 
resistance indicates a dead short. 

Never use a multi-meter to check the resistance of a component or wire 
while there is voltage applied to the circuit. 

Ammeter-an ammeter measures the amount of current flowing 
through a circuit in units called amps (amps). At normal operating voltage, 
most circuits have a characteristic amount of amps, called "current draw" 
which can be measured usina an ammeter. Bv referrina to a s~ecified current 
draw rating, then measuring ;he amps, and cdmparingihe twd values; one 
can determine what is hamenincl within the circuit to aid in diaclnosis. 

For example, an open'dircuit hill not allow any current to flow, so the 
ammeter reading will be zero. A damaged component or circuit will have an 
increased current draw, so the reading will be high. 

The ammeter is always connected in series with the circuit being tested. 
All of the current that normally flows through the circuit must also flow 
through the ammeter, if there is any other path for the current to follow, the 
ammeter reading will not be accurate. The ammeter itself has very little 
resistance to current flow and, therefore, it will not affect the circuit but it will 
measure current draw only when the circuit is closed and electricity is 
flowing. Excessive current draw can blow fuses and drain the battery, while a 
reduced current draw can cause motors to run slowly, lights to dim and other 
components to not operate properly. 
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VOLTAGE DROP 

When diagnosing any electrical problem organized troubleshooting is a 
must. The complexity of electrical systems on modern boats and their power 
plants demands that you approach any problem in a logical organized 
manner. There are certain troubleshoot in^ techniques, which are standard: 

Establish when the problem occ~rs-~oes the problem appear only 
under certain conditions? Were there any noises, odors or other unusual 
symptoms? 

Check for obvious problems--Problems such as broken wires and 
loose or dirty connections can cause major problems. Always check the 
obvious before assuming something complicated (or expensive) is the cause. 

Experience has shown that most problems tend to be the result of a 
fairly simple and obvious cause, such as loose or corroded connectors, 
bad grounds or damaged wire insulation, which causes a short. This 
makes careful visual inspection of components during testing essential 
to quick and accurate troubleshooting. 

Isolate the problem area-Make some simple tests and observations, 
then eliminate the systems that are working properly. Test for problems 
systematically to determine the cause once the problem area is isolated. Are 
all the components functioning properly? Is there power going to electrical 
switches and motors. Performing careful, systematic checks will often turn up 
most causes on the first inspection, without wasting time checking 
components that have little or no relationship to the problem. 

Verify all systems after repairs are completed-Some causes can 
be traced to more than one component, so a careful verification of repair 
work is important in order to pick up additional malfunctions that may cause 
a problem'to reappear or a different problem to arise. A blown fuse, for 
examole, is a sim~le ~roblem that mav reauire more than another fuse to 
repaii lf ;ou don3{ look for a problem ihat caused a fuse to blow, a shorted 
wire (for example) may go undetected. 

VOLTAGE 

+ See Figure 12 

This test determines voltage available from the battery and should be the 
first step in any electrical tro~bleshooting procedure after visual inspection. 
Manv electrical aroblems. esaeciallv on electronicallv controlled svstems, can 
be caused by a'low state'of chargein the battery. ~ k e s s i v e  corr&ion at the 
battery cable terminals can cause poor contact that will prevent proper 
charging and full battery current flow. 

1. Set the voltmeter selector switch to the 10-volt position. 
2. Connect the multi-meter negative lead to the battery's negative (-) 

terminal and the positive lead to the battery's positive ( t )  terminal. 
3. Turn the battery (ignition) switch ON to provide a load. 
4. A well-charged battery should register over 12 volts. If the meter 

reads below 11.5 volts, the battery power may be insufficient to operate the 
electrical system properly. 

5. Charge the battery and retest. 

Fig. 10 A test light is used to detect the 
presence of voltage in a circuit 

+ See Figure 13 DERA TE 

When current flows through a load, the voltage beyond the load drops. 
This voltage drop is due to the resistance created by the load and also by 
small resistances created by corrosion at the connectors and damaged 
insulation on the wires. The maximum allowable voltage drop under load is 
critical, especially if there is more than one load in the circuit, since all 
voltage drops are cumulative. 

1. Set the voltmeter selector switch to the 10-volt position. 
2. Connect the multi-meter negative lead to the battery negative (-) 

terminal or another good ground. 
3. Touch the multi-meter positive lead to the battery's positive (t) 

terminal to determine battery voltage. 
4. Operate the circuit and check the voltage prior to the first component 

(load). 
5. There should be little or no voltage drop (from battery voltage) in the 

circuit prior to the first component. If a voltage drop exists, the wire or 
connectors in the circuit are suspect. 

6. While operating the first component in the circuit, probe the ground- 
side of the component with the positive (+) meter lead and observe the 
voltage readings. A small voltage drop should be noticed. The resistance of 
the component causes this voltage drop. 

7. Repeat the test for each component (load) down the circuit. 
8. If a large voltage drop is noticed, the preceding component, wire or 

connector is suspect. 

RESISTANCE 

+ See Figures 14 and 15 DERATE 

Never use a multi-meter with power applied to the circuit. The multi- 
meter is designed to operate on its own power supply. The normal 12- 
volt electrical system voltage can damage the meter! 

1. Isolate the circuit from the boat's power source. 
2. Ensure that the battery (ignition) switch is OFF. 
3. Isolate at least one side of the circuit to be checked, in order to avoid 

reading parallel resistances. Parallel circuit resistances will always give a 
lower reading than the actual resistance of either of the branches. 

4. Connect the meter leads to both sides of the circuit (wire or 
component) and read the actual resistance measured in ohms on the meter 
scale. Make sure the selector switch is set to the proper ohm scale for the 
circuit being tested, to avoid misreading the multi-meter test value. 

5. Compare this reading to the resistance specification for the 
component or formulate the theoretical resistance using Ohms Law. 

Fig. 11 Multi-meters are essential for 
diagnosing faulty wires, switches and other 
electrical components 

POSITIVE LEAD 

UULTIMETER 

NEGATIVE LEAD 

Fig. 12 The voltage test determines voltage 
available from the battery and should be the 
first step in any electrical troubleshooting 
procedure after visual inspection 
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OPEN CIRCUITS 

V + See Figures 16 and 17 

This test already assumes the existence of an open in the circuit and it is 
used to help locate the open portion. 

1. Isolate the circuit from power and ground. 
2. Connect the self-powered test light or multi-meter ground clip to the 

ground-side of the circuit and probe sections of the circuit sequentially. 
3. If the light is out or there is infinite resistance, the open is between 

the probe and the circuit ground. 
4. If the light is on or the meter shows continuity, the open is between 

the probe and the end of the circuit toward the power source. 

SHORT CIRCUITS 

+ See Figure 18 
Never use a self-powered test light to perform checks for opens or 

shorts when power is applied to the circuit under test. The test light 
can be damaged by outside power. 

1. Isolate the circuit from power and ground. 
2. Connect the self-powered test light or multi-meter ground clip to a 

good ground and probe any easy-to-reach point in the circuit. 
3. If the light comes on or there is continuity, there is a short 

somewhere in the circuit. 

HOT AT ALL TlUES 
FUSE 

POSITIVE LEAD 
8Locr 

I 
NEGATIVE LEAD 

Fig. 13 Voltage drop is due to the 
resistance created by the load and also by 
small resistances created by corrosion at 
the connectors and damaged insulation on 
the wires 

Fig. 16 The infinite display on this multi- 
meter (0.1) indicates that the circuit is open 

4. To isolate the short, probe a test point at either end of the isolated 
circuit (the light should be on or the meter should indicate continuity). 

5. Leave the test light probe engaged and sequentially open connectors 
or switches, remove parts, etc. until the light goes out or continuity is broken. 

6. When the light goes out, the short is between the last two circuit 
components, which were opened. 

Almost anyone can replace damaged wires, as long as the proper tools 
and parts are available. Wire and terminals are available to fit almost any 
need. Even the specialized weatherproof, molded and hard shell connectors 
are now available from aftermarket suppliers. 

Be sure the ends of all the wires are fitted with the proper terminal 
hardware and connectors. Wrapping a wire around a stud is never a 
permanent solution and will only cause trouble later. Replace wires one at a 
time to avoid confusion. Always route wires in the same manner of the 
manufacturer. 

When replacing connections, make absolutely certain that the connectors 
are certified for marine use. Automotive wire connectors may not meet 
United States Coast Guard (USCG) specifications. 

If connector repair is necessary, only attempt it if you have the 
proper tools. Weatherproof connectors require special tools to release 
the pins inside the connector. Attempting to repair these connectors 
with conventional hand tools will damage them. 

Fig. 14 Using a multi-meter to check 
resistance on the secondary side of the 
ignition coil 

POSlTlVE LEAD 

1 lF] jSWITCH 
NEGATIVE LEAD SOLENOID 

- 
Fig. 17 The easiest way to illustrate an 
open circuit is to consider an example 
circuit with a switch. When the switch is 
turned OFF, power does not flow through 
the circuit to the load. Thus, the circuit is 
open 

POSITIVE LEAD I:i NEGATIVE 

DIODE 

LEAD 

Fig. 15 When performing resistance tests, 
always isolate the circuit from power 

Fig. 18 In this illustration, the circuit 
between the battery and light should be 
open because the switch is turned OFF. 
However, battery voltage is reaching the 
light at the point of the short; this could 
possibly be caused by chaffed wires 
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The battery is one of the most important parts of the electrical system. In 
addition to providing electrical power to start the engine, it also provides 
power for operation of the running lights, radio and electrical accessories. 

Because of its job and the consequences (failure to perform in an 
emergency), the best advice is to purchase a well-known brand, with an 
extended warranty period, from a reputable dealer. 

The usual warranty covers a pro-rated replacement policy, which means 
the purchaser is entitled to consideration for the time left on the warranty 
period if the battery should prove defective before the end of the warranty. 

Many manufacturers have specifications on the size and type of battery to 
use for their engines. If in doubt as to how large a battery the boat requires, 
make a liberal estimate and then purchase the one with the next higher amp 
rating. 

E Please refer to the Maintenance section for all procedures on 
cleaning, testing, storage and maintenance. 

BATTERY CONSTRUCTION 

+ See Figure 19 

A battery consists of a number of positive and negative plates immersed 
in a solution of diluted sulfuric acid. The plates contain dissimilar active 
materials and are kept apart by separators. The plates are grouped into 
elements. Plate straps on top of each element connect all of the positive 
plates and all of the negative plates into groups. 

The battery is divided into cells holding a number of the elements apart 
from the others. The entire arrangement is contained within a hard plastic 
case. The top is a one-piece cover and contains the filler caps for each cell. 
The terminal posts protrude through the top where the battery connections 
for the boat are made. Each of the cells is connected to its neighbor in a 
positive-to-negative manner with a heavy strap called the cell connector. 

MARINE BATTERIES 

+ See Figure 20 

Because marine batteries are required to perform under much more 
rigorous conditions than automotive batteries, they are constructed differently 
than those used in automobiles or trucks. Therefore, a marine battery should 
always be the No. 1 unit for the boat and other types of batteries used only 
in an emergency. 

Marine batteries have a much heavier exterior case to withstand the 
violent pounding and shocks imposed on it as the boat moves through rough 
water and in extremely tight turns. The plates are thicker and each plate is 
securely anchored within the battery case to ensure extended life. The caps 
are spill proof to prevent acid from spilling into the bilge when the boat heels 
to one side in a tight turn or is moving through rough water. Because of 
these features, the marine battery will recover from a low charge condition 
and give satisfactory service over a much lonaer period of time than any type 
inteded for automotive use. 

I 12 VOLTS r------ 

I Fig. 19 Typical 12-volt battery cell I arrangement 

Never use a maintenance-free battery with an engine that is not voltage 
regulated. The charging system will continue to charge as long as the 
engine is running and it is possible that the electrolyte could boil out if 
periodic checks of the cell electrolyte level are not done. 

BATTERY RATINGS 

* See Figure 21 

Three different methods are used to measure and indicate battery 
electrical capacity: 

Amplhour rating 
Cold cranking performance 

* Reserve capacity 
The ampihour rating of a battery refers to the battery's ability to provide a 

set amount of amps for a given amount of time under test conditions at a 
constant temperature. Therefore, if the battery is capable of supplying 4 
amps of current for 20 consecutive hours, the battery is rated as an 80 
amplhour battery. The ampihour rating is useful for some service operations, 
such as slow charging or battery testing. 

Cold cranking performance is measured by cooling a fully charged battery 
to 0°F (-17°C) and then testing it for 30 seconds to determine the maximum 
current flow. In this manner the cold cranking amp rating is the number of 
amps available to be drawn from the battery before the voltage drops below 
7.2 volts. 

The illustration depicts the amount of power in watts available from a 
battery at different temperatures and the amount of power in watts required 
of the engine at the same temperature. It becomes quite obvious-the colder 
the climate, the more necessary for the battery to be fully charged. 

Reserve capacity of a battery is considered the length of time, in minutes, 
at 80°F (27"C), a 25 amp current can be maintained before the voltage drops 
below 10.5 volts. This test is intended to provide an approximation of how 
long the engine, including electrical accessories, could operate satisfactorily 
if the stator assembly or lighting coil did not produce sufficient current. A 
typical rating is 100 minutes. 

E If possible, the new battery should have a power rating equal to or 
higher than the unit it is replacing. 

BATTERY LOCATION 

+ See Figure 22 

Every battery installed in a boat must be secured in a well protected, 
ventilated area. If the battery area lacks adequate ventilation, hydrogen gas, 
which is gwen off during charging, is very explosive. This is especially true if 
the gas is concentrated and confined. 

Fig. 20 Cut-away look at a typical marine 
battery 

Fig. 21 Comparison of battery efficiency 
and engine demands at various 
temperatures 
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DUAL BATTERY INSTALLATION 

+ See Figure 23,24,25 and 26 

Three methods are ava~lable for utilizing a dual-battery hook-up 
1 A high-capac~ty sw~tch can be used to connect the two batter~es The 

accompanying illustrat~on detalls the connectlons for ~nstallation of such a 
switch Th~s type of sw~tch mstallation has the advantage of bemg simple, 
Inexpenswe, and easy to mount and hookup However, d the swltch IS 
forgotten in the closed posltlon, ~t will let the convenlence loads run down 
both batter~es and the advantage of the dual lnstallat~on is lost However, the 
switch may be closed lntent~onally to take advantage of the extra capaclty of 
the two batteries, or ~t may be temporarily closed to help start the engine 
under adverse cond~tions 

2 A relay, can be connected Into the rgnitlon circuit to enable both 
batter~es to be automatically put in parallel for chargrng or to isolate them for 
Ignition use durlng engine crankmg and start By connecting the relay coil to 
the lgnltlon termlnal of the ign~tion-starting sw~tch, the relay will close during 
the start to aid the starting battery If the second battery is allowed to run 
down, thls arrangement can be a d~sadvantage since it will draw a load from 
the starting battery wh~le crankmg the englne One way to avoid such a 
cond~t~on IS to connect the relay co~l  to the lgnitlon switch accessory termmal 
When connected In this manner, whlle the englne is being cranked, the relay 
IS open, but when the englne is runnlng with the ignltlon sw~tch In the normal 
pos~tion, the relay IS closed, and the second battery is be~ng charged at the 
same time as the starting battery 

3 A heavy duty switch installed as close to the batteries as poss~ble 
can be connected between them If such an arrangement IS used ~t must 
meet the standards of the Amer~can Boat and Yacht Council, or the F~re 
Protection Standard for Motor Craft, N.F.P.A. No. 302. 

Fig. 22 A good example of a secured, well 
protected and ventilated battery area 

OR OTHER 

......... 

Fig. 25 Schematic diagram for a typical two 
battery, two engine hookup. 

BATTERY CHARGERS 

+ See Figure 27 

Before using any battery charger, consult the manufacturer's instructions 
for its use. Battery chargers are electrical devices that change Alternating 
Current (AC) to a lower voltage of Direct Current (DC) that can be used to 
charge a marine battery. There are two types of battery chargers-manual 
and automatic. 

A manual battery charger must be physically disconnected when the 
battery has come to a full charge. If not, the battery can be overcharged and 
possibly fail. Excess charging current at the end of the charging cycle will 
heat the electrolyte, resulting in loss of water and active material, 
substantially reducing battery life. 

As a rule, on manual chargers, when the ammeter on the charger 
registers half the rated amperage of the charger, the battery is fully 
charged. This can vary and it is recommended to use a hydrometer to 
accurately measure state of charge. 

Automatic battery chargers have an important advantage--they can be 
left connected (for instance, overnight) without the possibility of overcharging 
the battery. Automatic chargers are equipped with a sensing device to allow 
the battery charge to taper off to near zero as the battery becomes fully 
charged. When charging a low or completely discharged battery, the meter 
will read close to full rated output. If only partially discharged, the initial 
reading may be less than full rated output, as the charger responds to the 
condition of the battery. As the battery continues to charge, the sensing 
device monitors the state of charge and reduces the charcling rate. As the 
rate of charge tapers to zero amps, the charger will contirb-to supply a few 
milliamps ofcurrent-just enough to maintain a charged condition. 

Fig. 23 Schematic diagram for a typical 
three battery, two engine hookup. 

Fig. 26 Schematic diagram for a typical 
single battery, one engine hookup. 

I Fig. 24 Schematic diagram for a typical two 
battery, one engine hookup. 

Fig. 27 Automatic chargers, such as the 
Battery Tendefi from Deltran, are equipped 
with a sensing device to allow the battery 
charge to taper off to near zero as the 
battery becomes fully charged 
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BATTERY CABLES 

Battery cables don't go bad very often but like anything else, they can 
wear out. If the cables on your boat are cracked, frayed or broken, they 
should be replaced. 

When working on any electrical component, it is always a good idea to 
disconnect the negative (-) battery cable. This will prevent potential damage 
to many sensitive electrical components 

Always replace the battery cables with one of the same length or you will 
increase resistance and possibly cause hard starting. Smear the battery 
posts with a light film of dielectric grease or a battery terminal protectant- 
spray once you've installed the new cables. If you replace the cables one at 
a time, you won't mix them up. 

Anytime you disconnect the battery cables, it is recommended that 
you dkconnect the negative (-) battery cable first. This will prevent you 
from accidentally qrounding the positive (t) terminal when 
disconnecting it; thereby preventing damage to the electrical system, 

Before you disconnect the cable@), first turn the ignition to the OFF 
position. This will prevent a draw on the battery that could cause arcing. 
When the battery cable@) are reconnected (negative cable last), be sure to 
check all electrical accessories are all working correctly. 

For additional, and model specific, electrical schematics of the 
charging system, please refer to the Wiring Diagrams section. 

The charging system provides electrical power for operation of the 
vessel's ignition system, starting system and ail electrical accessories. The 
battery serves as an electrical surge or storage tank, storing (in chemical 
form) the energy originally produced by the engine driven alternator. The 
system also provides a means of regulating output to protect the battery from 
being overcharged and to avoid excessive voltage to the accessories. 

The storage battery is a chemical device incorporating parallel lead plates 
in a tank containing a sulfuric acidlwater solution. Adjacent plates are slightly 
dissimilar, and the chemical reaction of the two dissimilar plates produces 
electrical energy when the battery is connected to a load such as the starter 
motor. The chemical reaction is reversible, so that when the alternator is 
producing a voltage (electrical pressure) greater than that produced by the 
battery, electricity is forced into the battery, and the battery is returned to its 
fully charged state. 

Newer engines use alternating current alternators, because they are more 
efficient, can be rotated at higher speeds, and have fewer brush problems. In 
an alternator, the field usually rotates while all the current produced passes 
only through the stator winding. The brushes bear against continuous slip 
rings. This causes the current produced to periodically reverse the direction 
of its flow. Diodes (electrical one way valves) block the flow of current from 
traveling in the wrong direction. A series of diodes is wired together to permit 
the alternating flow of the stator to be rectified back to 12 volts DC for use by 
the vessel's electrical system. 

The voltage regulating function is performed by a regulator. The regulator 
is often built into the alternator; this system is termed an integrated or 
internal regulator. 

An alternator differs from a DC shunt generator in that the armature is 
stationary, and is called the stator, while the field rotates and is called the 
rotor. The higher current values in the alternator's stator are conducted to the 
external circuit through fixed leads and connections, rather than through a 
rotating commutator and brushes as in a DC generator. This eliminates a 
major point of maintenance. 

The rotor assembly is supported in the drive end frame by a ball bearing 
and at the other end by a roller bearing. These bearings are lubricated 
during assembly and require no maintenance. There are six diodes in the 
end frame assembly. These diodes are electrical check valves that also 
change the alternating current developed within the stator windings to a 
Direct Current (DC) at the output (BAT) terminal. Three of these diodes are 
negative and are mounted flush with the end frame while the other three are 
positive and are mounted into a strip called a heat sink. The positive diodes 
are easily identified as the ones within small cavities or depressions. 

The alternator charging system is a negative (-) ground system which 
consists of an alternator, a regulator, a charge indicator, a storage battery 
and wiring connecting the components, and fuse link wire. 

The alternator is belt-driven from the engine. Energy is supplied from the 
alternatorlregulator system to the rotating field through two brushes to two 
slip-rings. The slip-rings are mounted on the rotor shaft and are connected to 
the field coil. This energy supplied to the rotating field from the battery is 
called excitation current and is used to initially energize the field to begin the 
generation of electricity. Once the alternator starts to generate electricity, the 
excitation current comes from its own ou t~u t  rather than the batterv. 

The alternator produces power in the form of alternating curreni The 
alternating current is rectified by 6 diodes into direct current. The direct 
current is used to charge the battery and power the rest of the electrical 
system. 

When the rgnition key is turned to the ON position, current flows from the 
battery, through the charging system indicator light, to the voltage regulator, 
and on to the alternator. When the engine is started, the alternator begins to 
produce current. As the alternator turns and produces current, the current is 
divided in two ways: part to the battery (to charge the battery and power the 
electrical components of the vessel), and part is returned to the alternator (to 
enable it to Increase its output). In this situation, the alternator is receiving 
current from the battery and from itself. A voltage regulator is wired into the 
current supply to the alternator to prevent it from receiving too much current, 
which would cause it to put out too much current. Conversely, if the voltage 
regulator does not allow the alternator to receive enough current, the battery 
will not be fully charged and will eventually go dead. 

The battery is connected to the alternator at all times, whether the ignition 
key is turned ON or not. If the battery were shorted to ground, the alternator 
would also be shorted. Th~s would damage the alternator. To prevent this, a 
fuse link is installed in the wiring between the battery and the alternator. If 
the battery is shorted, the fuse link melts, protecting the alternator. 

An alternator is better that a conventional, DC shunt generator because it 
is lighter and more compact, because it is designed to supply the battery and 
accessory circuits through a wide range of engine speeds, and because it 
eliminates the necessary maintenance of replacing brushes and servicing 
commutators. 

For additional, and model specific, electrical schematics of the 
charging system, please refer to the Wiring Diagrams section. 

The following symptoms and possible corrective actions will be helpful in 
restoring a faulty charging system to proper operation. 

ALTERNATOR FAILS TO CHARGE 

1. Drive belt loose or broken. Replace andlor adjust drivebelt. 
2. Corroded or loose wires or connection in the charging circuit. Inspect, 

clean, and tighten. 
3. Warn brushes or slip rings. Replace as necessary. 
4. Sticking brushes. 
5. Open field circuit. Trace and repair. 
6. Open charging circuit. Trace and repair. 
7. Open circuit in the stator windings. 
8. Open rectifier. Replace the unit. 
9. Defective regulator. Replace as necessary. 

ALTERNATOR CHARGES LOW OR UNSTEADY 

DERA TE 

1. Drive belt loose or broken. Replace andlor adjust drive belt. 
2. Battery charge too low. Charge or replace the battery. 
3. Defective regulator. Replace as necessary. 
4. High resistance, at the battery terminals. Remove the cables, clean 

the connectors and battery posts, replace and tighten. 
5. High resistance in the charging circuit. Trace and repair. 
6. Open stator winding. Replace alternator. 
7. High resistance in the ground circuit. Trace and repair. 
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ALTERNATOR OUTPUT LOW & LOW BATTERY 

DERATE 
1. Drive belt slipping. Adjust or replace belt. 
2. High resistance in the charging circuit. Trace and repair. 
3. Shorted or open circuit in rectifier. Replace as necessary. 
4. Grounded stator windings. Replace alternator. 

ALTERNATOR OUTPUT TOO HIGH-BATTERY 
OVERCHARGED 

ERA TE 
1. Faulty voltage regulator. Replace as necessary. 
2. Regulator base not grounded properly. Correct condition to make 

good ground. 
3. Faulty ignition switch. Replace switch. 

ALTERNATOR TOO NOISY 

1. Worn, loose, or frayed drive belt. Replace belt and adJ% properly. 
2. Alternator mounting loose. Tighten all mounting hardware securely. 
3. Worn alternator bearings. Replace. 
4. Interference between rotor and stator leads or rectifier leads. Check 

and correct. 
5. Rotor or fan damaged. Replace. 
6. Open or shorted rectifier. Replace. 
7. Open or shorted winding in stator. Replace. 

AMMETER FLUCTUATES CONSTANTLY 

1. High'resistance connection in the alternator or voltage';egulator 
circuit. Trace and repair. 

For additional, and model specific, electrical schematics of the 
charging system, please refer to the Wiring Diagrams section. 

PRECAUTIONS 

Several precautions must be observed when performing work on 
alternator equipment. 

If the battery is removed for any reason, make sure that it is 
reconnected with the correct polarity. Reversing the battery connections may 
result in damage to the one-way rectifiers. 

* Never short across or ground any of the alternator terminals unless 
specifically mentioned in a particular test procedure. 

* Never operate the alternator with the main circuit broken. Make sure 
that the battery, alternator, and regulator leads are not disconnected while 
the engine is running. 

Never attempt to polarize an alternator. 
When charging a battery that is installed in the vessel, disconnect the 

battery cables. 
* When arc (electric) welding is to be performed on any part of the 

vessel, d~sconnect the negative battery cable and alternator leads. 
Never disconnect the battery cables while the engine is running 

CHARGING SYSTEM INSPECTION 

1. Make sure the battery connections are clean and tight and t h z  the 
battery is in good condition and fully charged. 

2. Check the drive belt for damage or looseness. 
3. Check the wiring harness at the alternator. The harness connector 

should be tight and latched. Make sure that the output terminal of the 
alternator is connected to the vessel battery positive lead. 

4. Verify that all charging system related fuses and electrical 
connections are tight and free of damage. 

5. Check the mounting bolts for proper torque. 
The alternator does not require periodic lubrication. The rotor shaft is 

mounted on bearings at the drive end and the slip ring end. Each bearing 
contains its own permanent grease supply. 

TESTING 

DERA TE 

Many times the alternator is suspected of being defective when the 
battery is not receiving a charge and is constantly being depleted of its 
energy. Most of the time a heavily corroded wire terminal, broken wire or 
worn out battery is the actual problem. Perform the preliminary checks listed 
above to eliminate any problem areas in the charging circuitry before 
performing the output tests. 

If the battery IS constantly undercharged, verify all accessories are being 
switched off when the engine is not running. Check to see if a new 
accessory (fish finder, live bait tank, etc.) has been added which will place a 
heavy ampere draw on the battery when operating at low speeds. The 
battery may be drained when operating at slow speeds for long periods of 
time. 

Check the physical condition and charge state of the battery. The battery 
should be 75% (1.230 specific gravity) of a full charge. If one or more cells in 
the battery are defective, the battery should be replaced. 

Inspect the alternator system wiring for corroded or loose terminals, 
damaged or frayed wiring andlor loose wire harness connectors. Check the 
drive belt for physical condition and proper tension. 

If the charging system has passed all the above visual checks, perform 
the output tests to determine if the alternator is defective. 

The following tests require the use of a voltmeterlmulti-meter capable of 
reading 0-20 volts DC. These tests will determine if the alternator and other 
components within the alternator circuit are in satisfactory working condition. 

Alternator Output Test 

* See Figures 28,29 and 30 

Always perform the following test prior to any others so that you 
can first confirm that a charging problem exists. 

1. Slide off the rubber boot and disconnect the orange lead at the POSt 
terminal (1986-96), or B terminal (1997-98), on the rear of the alternator. 
Connect and ammeter in series between the terminal and the orange lead- 
positive probe to terminal and negative probe to lead. 

2. Connect a multi-meter between the POSt, or B, terminal and an 
engine ground-positive probe to terminal and negative probe to ground. 

3. Connect a carbon pile (or Stevens LB-85 Load Bank) across the 
battery. 

4. Start the engine and allow it to idle. Run the engine to 2000 rpm 
(1 986), 650 and 1700 rpm (1991 -92), or 650, 1500 and 2000 or higher rpm 
(1987-90 and 1993-98). Check the meter readings at each benchmark. 
Compare them to the minimum output and voltage range numbers given for 
your alternator in the Alternator Test Specifications at the end of this section. 

5. If a battery overcharge condition is indicated by excessive water 
usage, the meter's showing consistent charge or the alternator output at idle 
(no load) exceeding 14.7V (15.2V on 1986, 14.8V for the 1993-96 65 amp 
alternator and 15 V on 1997-98); check voltage at the purple lead connected 
to the S terminal on the alternator-low voltage, or no voltage, will cause 
overcharging. If voltage is OK, there is a short at the voltage regulator and it 
should be replaced. 

6. If a battery undercharge condition is indicated (or no charge at all), 
perform the following tests in order. 

Battery Charging Circuit Test - - 

DERATE 
+ See Figures 31,32 and 33 

1. Slide the rubber boot off of the POSt (1987-96), or B terminal (1997- 
98), terminal. Connect the positive lead of a multi-meter to the orange lead 
(still connected) and the negative lead to an engine ground. The meter 
should show normal battery voltage (approx. 12V). 
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meter 

Fig. 28 Output test-51 amp alternators 
(1987-921 

Fig. 29 Output test-51 amp and 65 amp 
alternators (1993-96) 

Fig. 30 Output test-1997-98 65 amp 
alternators 

Fig. 31 Battery charging circuit test-51 
amp alternators (1987-92) 

Fig. 32 Battery charging circuit test-51 
amp and 65 amp alternators (1993-96) 

2. If voltage is not within 1V of battery voltage, check the circuit 
between the orange lead and the circuit breaker, and then the red lead to the 
starter assist solenoid and then repeat the Output Test. 

3. If no voltage is shown, check for an open circuit and repeat the 
Output Test. 

4. If the reading is within specification, move to the next test if working 
on a 1987-96 51165 amp alternator, or the Ignition Circuit Test if working on 
the 1997-98 65 amp alternator. 

RedIPurple " E X  Or " E X C  Lead Test 

DERATE 

1987-96 51/65 Amp Alternators Only 
+ See Figures 34 and 35 

1. Disconnect the redlpurple lead at the EX or EXC terminal on the 
back of the alternator. 

2. Connect a multi-meter between the lead and an engine ground- 
positive probe to the lead and negative probe to ground. 

3. Turn the ignition switch to the ON position but do not start the 
engine. The meter should show normal battery voltage (approx. 12V). If it 
does, move on to the next test. 

4. If the meter indicates less than battery voltage, check the purple wire 
circuit between the alternator and the ignition switch for corrosion or bad 
connections. Repair and then repeat the Output Test. 

5. If the meter indicates a open circuit (OV), check and repair the purple 
wire circuit and then repeat the Output Test. 

6. If the meter reading is OV and the fuse or circuit breaker blows each 
time the ignition switch is turned ON, the purple wire is grounded against 
another wire or component. Repair the ground and then repeat the Output 
Test. 

Purple "S" Lead Test 

ERATE 
1986 42 Amp Alternators Only 

1. Disconnect the purple lead at the terminal on the back of the 
alternator. 

"B" 
Terminall 
Orange 
I 

I Fig. 33 Battery charging circuit 
test-1997-98 65 amp alternators 

2. Connect a multi-meter between the lead and an engine ground- 
positive probe to the lead and negative probe to ground. 

3. Turn the ignition switch to the ON position but do not start the 
engine. The meter should show normal battery voltage (approx. 12V). If it 
does, check the battery. 

4. If the meter indicates less than battery voltage, check the purple 
circuit between the alternator and the ignition switch for corrosion or bad 
connections. Repair and then repeat the Output Test. 

5. If all wiring is OK, check the battery again; perform a specific gravity 
test and a load test. A fully charges battery, or a sulfated one, would make 
the alternator show normal voltage but still be low on amperage. 

1987L96 51/65 Amp Alternators Only 
+ See Figures 36 and 37 

1. Disconnect the purple lead at the S terminal on the back of the 
alternator. 

2. Connect a multi-meter between the lead and an engine ground- 
positive probe to the lead and negative probe to ground. 

3. Turn the ignition switch to the ON position but do not start the 
engine. The meter should show normal battery voltage (approx. 12V). If it 
does, move on to the ExciteISense Circuit Test. 

4. If the meter indicates less than battery voltage, check the purple 
circuit between the alternator and the ignition switch for corrosion or bad 
connections. Repair and then repeat the Output Test. 

5. If the meter indicates a open circuit (OV), check and repair the circuit 
and then repeat the Output Test. 

6. If the meter reading is OV and the fuse or circuit breaker blows each 
time the ignition switch is turned ON, the purple wire is grounded against 
another wire or component. Repair the ground and then repeat the Output 
Test. 

7. If all wiring is OK, check the battery again; perform a specific gravity 
test and a load test. A fully charges battery, or a sulfated one, would make 
the alternator show normal voltage but still be low on amperage. 

8. If everything is still OK, move to the ExciteISense Circuit Test. 
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Ground  

Orange 

12 v. Ign i t ion  
Swi tch  

Fig. 34 RedlPurple EXIEXC lead test-1987- 
92 51 amp alternators 

'S" Connector 

nition Switch 

Purple I I 

Fig. 37 Purple "S" lead test-1993-96 51165 
amr, alternators 

I Fig. 35 RedlPurple EXC lead test-1993-96 
51165 amp alternators 

Fig. 38 lgnition circuit test-1997-98 

lgnition Circuit Test 

DERATE 
1997-98 Alternators Only 

+ See Figures 38 and 39 

1. Connect a multi-meter between the EXC lead and an engine 
ground-positive probe to the lead and negative probe to ground. 

2. Turn the ignition switch to the ON position, but do not start the 
engine. The meter should show normal battery voltage (approx. 12V). If it 
does, move on to the ExcitelSense Circuit Test. 

3. If the meter indicates less than battery voltage ( I  or more volts less), 
disconnect the purple and redlpurple leads, connect and ohmmeter and 
check continuity back to the ignition switch. Repair and then repeat the 
Output Test. 

4. If the meter indicates an open circuit (0 V), disconnect the purple and 
redlpurple leads and repeat the voltage check. 

5. If the meter reading is OV and the fuse or circuit breaker blows each 
time the ignition switch is turned ON, disconnect the purple and redlpurple 
leads and repeat the voltage check in Steps 1-2. If the fuselbreaker doesn't 
blow (or trip), the circuit is grounding through the alternator and you will need 
to replace it. If they do blow, there's a problem in the ignition switch circuit- 
find it and correct it. Repeat the Output Test. 

6. If all wiring is OK, check the battery again; perform a specific gravity 
test and a load test. A fully charged battery, or a sulfated one, would make 
the alternator show normal voltage but still be low on amperage. 

7. If everything is still OK, move to the ExcitelSense Circuit Test. 

ExcitelSense Circuit Test 

1987-98 Engines Only 
DERATE 

+ See Figures 40,41 and 42 

1. Connect a multi-meter between the Light stud (1987-96), or L2 
terminal (1997-98), on the rear of the alternator and ground-positive lead to 
the stud, negative lead to ground. There should not be a wire connected to 
the stud. 

Fig. 36 Purple "S" lead test-1987-92 51 
amp alternators 

Fig. 39 If the fuse blows or the circuit 
breaker trips, set the test up like 
this-1 997-98 

4 On many models (particularly those with a mechanical fuel pump), 
you will need to unscrew the protective cap on the stud. 

2. Turn the ignition switch to the ON position but do not start the 
engine. The meter should read 1.5-3.0 V on 1987-96 models, or 1-2 V on 
1997-98 models. If it does, move to the Diode-Trio Test on 1987-96 models; 
if not, replace the voltage regulator. 

3. If on replacing the regulator, the alternator continues to fail to 
produce the specified voltage and amperage, disassemble the alternator and 
perform the internal tests detailed later. 

Diode-Trio Test 

ERATE 

1987-96 Alternators Only 

+ See Figures 43 and 44 

1. Bypass the diode-trio by connecting a jumper wire between the 
POSi terminal and the LIGHT stud on the back of the alternator. 

4 On models with a mechanical fuel pump, you will need to unscrew 
the protective cap on the Light stud. 

2. Connect a multi-meter between the POSi terminal stud and an 
engine ground-positive lead to the stud, negative to the ground. 

3. Start the engine and allow it to idle. If you detect charging voltage at 
the POSt terminal stud, replace the diode-trio. 

4. If your alternator passed both the ExcitelSense Test and this test, 
replace the voltage regulator. If on replacing the regulator, the alternator 
continues to fail to produce the specified voltage and amperage, 
disassemble the alternator and perform the internal tests detailed later. 
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t 
ter 

Switch 

Fig. 41 Excitelsense circuit test-1993-96 Fig. 42 Excitelsense circuit test-1997-98 
51165 amp alternators alternators 

Fig. 40 Excitelsense circuit test-1987-92 
51 amp alternators 

Jumper 
-fl- Wire 

bight )( I 
s tud 

Fia. 44 Diode-trio test-1993-96 51165 amp alternators 
Fia. 43 Diode-trio test-1987-92 51 amp alternators 

1986 Alternators 
Ctf l  T 

1. Remove the alternator. 

REMOVAL & INSTALLATION 

DERATE + See Figures 45 and 46 2. carefully position the alternator into a soft-jawed vise and then scribe 
or paint reference marks across the two housing halves. 

3. Loosen and remove the 4 housing bolts. Pry the metal tabs away 
from the rubber plug and then lift off the end screen. 

4. Remove the small rubber connector from the housing. 
5. Position a 5116 in. Allen wrench in vise. Slide the alternator shaft onto 

the wrench and then remove the end nut with a 15116 in. wrench. Remove 
the washer, pulley, fan and collar from the rotor shaft. 

6. Carefully pull the rotor assembly up and off the end of the slip ring 
frame, being very careful to not lose the brush springs. Its not a bad idea to 
cover the end frame with a piece of tape to keep any dirt out of the bearing. 

7. Remove the diode trio screw and insulating washer holding it to the 
regulator. Now remove the 3 nuts securing the trio to the rectifier bridge and 

1. Disconnect both the negative and positive battery cables from the 
battery terminal posts. On the back of the alternator, tag and disconnect all 
electrical leads from the terminals at the rear of the alternator. Although you 
can always refer to the wiring schematics on installation, we strongly suggest 
making good notes of which terminal each lead was connected to. 

2. Loosen the alternator pivot and belt adiustment boltjs). Pivot the 
alternator inward and remove'the alternator drive belt from the pulley. 

3. Remove the alternator mountina boltfs) and nut(s)--drive belt models 
use a mounting bolt and a pivot bolt. ~ z t  the akernator free of the engine. 

To Install: 
4. Install the alternator into the mounting bracket with the bolt, washers, 

spacer (if equipped) and nuts. Do not tighten the bolts yet; just leave them lift out the trio and the stator 
f inn~r  tinht . . . . a - . . . =. . . . 

5. Reconnect all leads to their original terminals. Coat the purple and 
redi~urole leads with Liauid Neoprene. Make sure that the rubber boots or 
plas'tic caps are position'ed corre'ctly so they cover the connection fully. 

6. Install the drive belt and adjust it as detailed in the Maintenance 
section and then tighten the bolts securely. 

7. Reconnect the battery cables. 

DISASSEMBLY 

As expressed earlier in this manual, some times the equipment, 
small parts and experience required to repair the alternator will suggest 
that it is more cost effective if the alternator is taken to a shop which 
specializes in alternator rebuilding. Be sure to inform the shop that the 
alternator is for a marine application, to ensure the terminal ends and 
covers are installed properly. 

If a specialty shop is not available, use the following instructions and 
exploded diagram to disassemble the alternator. Fig. 45 Disconnect all electrical leads at the rear of the alternator ... 
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Fig. 46 ... and then remove the mounting and pivot bolt (typical 
installation shown) 

1987-96 Alternators 

+ See Figures 47,48 and 49 
CUL 7 

1. Remove the alternator. 
2. Run an oversize drive belt around the pulley and then clamp it into a 

vise so that the belt protects the pulleylalternator. Loosen the pulley nut. 
3. Lift the assembly out of the vise and place it carefully on a clean 

workbench. Remove the pulley nut, pulley, fan, woodruff key and the spacer. 
4. If eauimed, remove the ~rotective car, from the LIGHT stud. Remove , , ,  . 

any nuts, washers and insulators from the remaining studs or terminals; 
remember to make note of which hardware came from which stud. 

5. Remove the two screws in the center and pry off the rear cover. 
6. Remove the two nuts holding down the brush holder, but do not pull 

off yet. 

Fig. 47 Disconnect the three stator wires and the strap 

7. Tag and disconnect the three stator wires on top of the rectifier 
bridge. Unscrew the locknut on the POS+ terminal and remove the capacitor 
lead (if equipped). Lift off the small bracket connecting the left stator terminal 
to the AC stud. Remove the 4 mounting screws, straighten out the POSt 
strap and lift off the diode triolrectifier assembly. 

The rectifier bridge will most likely be stuck to the rear housing; 
carefully pry it loose. 

8. Slide the brush holder out of the housing, making sure that the 
brushes don't snap out as they clear the slip rings. 

9. Remove the 2 regulator mounting screws and lift off the regulator. 
Make sure you don't lose the two fiber washers that most units have 
underneath the regulator! 

10. Scribe (or paint) a mark across the front and rear housings, loosen 
the four screws and separate the pieces. Inserting 2 small prybars at points 
180" apart (there should be slots) and using them carefully as levers will 
make this much easier. Make sure that you don't insert the bars any more 
than 1116 in. into the slots 

11. If the rotoristator assembly didn't come out when you separated the 
housings, use the prybars again to lever the assembly up and out of the 
housing. 

1997-98 Alternators 

+ See Figure 50 0-1 
1. Remove the alternator. 
2. Run an oversize drive belt around the pulley and then clamp it into a 

vise so that the belt protects the pulleylalternator. Loosen the pulley nut. 
3. Lift the assembly out of the vise and place it carefully on a clean 

workbench. Remove the pulley nut, pulley, fan, woodruff key and the spacer. 
4. Remove the protective cap from the L2 terminal. 
5. Remove the 2 flange nuts and 1 screw and then lift off the regulator 

cover. 
6. Remove the two mounting screws and lift out the regulatorlbrush 

holder assembly. 
7. Disconnect and remove the capacitor (1 nut). 
8. Remove the insulators from the three remainina terminals iL2, P and , . 

B). 
9. Scribe a mark on both housings and matching marks on the stator, 

as an aid to properly assemble the alternator frame later on. 
10. Remove the four thru-bolts. Separate the rear housing and stator 

from the front housing and rotor by carefully inserting 2 small prybars no 
more than 1116 in. into the slots on opposite sides of the stator frame; 
UNDER the stator but not into the windings. Pry the rear housing stator up 
and separate them. Never pry anywhere except at the slot or the castings 
will be damaged. 

11. Install the rotorlfront housing assembly in a soft-jawed vise; clamping 
it very carefully around the rotor armature. Grab the front housing and pull it 
upwards while tapping the end of the rotor shaft with a plastic mallet. Lift out 
the spacer. 

y, 
1- Do not insert screwdriver blades 

more than 1116 in. (1.5 mm) into slots 
2- Rear end frame 
3- Stator 
4- Front end frame 
5- Scribe marks 

Fig. 48 Use two screwdrivers to separate the frames 
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Fig. 49 Exploded view of a typical alternator-1987-96 

Fig. 50 Exploded view of a typical alternator-1997-98 
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12. Remove the 3 bearing retainer screws from the front housing and 

press out the bearing. 
13. Lay the statorlrear housing assembly on its back and unsolder the 3 

stator leads while holding the corresponding rectifier lead with needle nose 
pliers to dissipate the heat. Remove the stator from the housing. 

14. Remove the center mounting screw and lift out the rectifier. 

CLEANING & INSPECTION 

The following components are to be visually inspected for serviceability. 
Electrical checks and tests are detailed previously in this section. 

Use a clean soft and wipe any dirt or debris off the parts. Do not clean 
electrical components with solvent, because such action may damage the 
item. 

Brush 

lnspect the brush casing for cracks or damaged brush leads.  he& the 
brush leads for poor solder connections and damaged leads. Check for 
broken springs and excessive brush wear. If the brushes are worn to less 
than 3/16 in. (5mm). 

Rotor 
DERA TE 

lnspect the end of the rotor shaft for stripped or damaged threads. Check the 
pole piece fingers for damage caused by worn bearings. lnspect the rear 
bearing for smooth quiet rolling action, If the threads cannot be repaired or 
the bearing is defective, the entire rotor assembly must be replaced. 

Clean the rotor slip rings with 400 grit sand paper. Blow off any dust using 
compressed air and inspect the rotor slip rings for grooves, pits, flat spots or 
out-of-round more than 0.002 in. (0.051mm). If any of the above conditions 
are found, the rotor assembly must be replaced. 

Stator 

lnspect the insulating enamel for heat discoloration because discoloration is 
an indication of a shorted diode or grounded winding. Check the stator for 
damaged insulation and wires from contact with the rotor. Replace the stator 
if any of the above defects are obvious. 

End Frames (Housings) 

lnspect the end frames for cracks, distortion, stripped threads or worn 
bearing bore (bearing seized on shaft and spinning in bore). If any of the 
above damage is obvious the end frame must be replaced. 

Fan and Pulley 

lnspect the fan for bent or cracked fins, broken welds or worn mounting hole. 
Check the pulley sheaves for trueness, excessive wear, grooves, pits, nicks 
and corrosion. If the pulley sheave damage cannot be repaired with a file or 
wire brush, the pulley must be replaced or drive belt wear will be 
accelerated. 

Diode Trio Test 

1986 Engines 
DERA TE 

Obtain an ohmmeter and select the Rx1000 scale. Attach one ohmmeter 
lead (red) to the regulator arm of the diode. Attach the other meter lead 
(black) to any one of the three stator terminals. Observe the meter reading, 
and then move the black lead to each of the 2 remaining terminals. Now 
reverse the meter leads and repeat the procedure. The ohmmeter should 
indicate continuity in one direction and a high resistance, when the meter 
leads are reversed. If any one of the three terminals fail the test, the diode 
trio, as an assembly, must be replaced. 

1987-96 Engines 

Obtain an ohmmeter and select the Rx1000 scale. Attach one ohmmeter 
lead to any one of the three small tabs. Attach the other meter lead to the 
LIGHT terminal (the terminal with the metal strap). Observe the meter 
reading, and then reverse the meter leads and again observe the reading. 
The ohmmeter should indicate continuity in one direction and a high 
resistance, when the meter leads are reversed. Test the other two small tabs 
in the same manner. If any one of the three tabs fail the test, the diode trio, 
as an assembly, must be replaced. 

1997-98 Engines 

+ See Figure 51 

1. Connect an ommeter. Connect one meter lead to the common side of 
the diode. Connect the other meter lead to the opposite end of the diode and 
note the meter reading. 

2. Reverse the meter leads and again note the meter reading. The 
meter should indicate a high resistance in one direction and continuity in the 
other when the leads are reversed. 

3. Repeat this procedure for the remaining diodes. 
4. Each diode must show continuity and high resistance in the same 

direction as the others. If not, replace the rectifier assembly. 

Rectifier Bridge Positive DiodeTest 

1986 Engines 

Connect an ohmmeter and set it to the Rx100 scale. Connect one lead to 
the grounded heat sink and the other to one of the 3 terminals. Note the 
reading on the meter, reverse the leads and note the reading again. If both 
readings are zero, or very high, replace the rectifier bridge. If one reading is 
zero and the other is very high, the bridge is OK. 

Now repeat the tests between the grounded heat sink and the other 2 
terminals. 

1987-96 Engines 

Attach one ohmmeter lead to the POSt terminal strap. Attach the other 
meter lead to one of the three stator attachment terminals. As in the previous 
test, the ohmmeter should indicate continuity in one direction and a high 
resistance when the meter leads are reversed. Test the other two stator 
attaching terminals in the same manner. If any one of the three stator 
attaching terminals fails the test, the entire rectifier bridge assembly must be 
replaced. 

1997-98 Engines 

+ See Figure 52 

1. Obtain an ohmmeter and connect the negative lead of the meter to 
the rectifier diode heat sink. Connect the other meter lead to one of the 
rectifier diode terminal and note the reading. If the meter does not indicate 
continuity, the diode is open and the rectifier must be replaced. Repeat the 
procedure for each of the diodes. 

2. Now reverse the probes and check each diode in the opposite 
direction. The meter should indicate no continuity; if any continuity is present, 
replace the rectifier. 

Rectifier Bridge Negative Diode Test 

1987-96 Engines 

Attach one ohmmeter lead to the rectifier bridge body. Attach the other 
meter lead to one of the three stator attachment terminals. As in the previous 
two tests, the ohmmeter should indicate continuity in one direction and a 
high resistance when the meter leads are reversed. Test the other two stator 
attaching terminals in the same manner. If any one of the three stator 
attaching terminals fail the test, the entire rectifier bridge assembly must be 
replaced. 
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1- Common side of diode circuit board 
2- Repeat test for these two diodes 

Fig. 51 Testing the diode trio--1997-98 

1997-98 Engines 

+ See Figure 50 

1- Heat sink 
2- Rectifier terminal 
3- Test these  two rectifiers in same manner 

Fig. 52 Testing the positive rectifier diodes 

1. Obtain an ohmmeter and connect the positive lead of the meter to 
the rectifier diode heat sink. Connect the other meter lead to one of the 
rectifier diode terminal and note the reading. If the meter does not indicate 
continuity, the diode is open and the rectifier must be replaced. Repeat the 
procedure for each of the diodes. 

2. Now reverse the probes and check each diode in the opposite 
direction. The meter should indicate no continuity; if any continuity is present, 
replace the rectifier. 

Stator Ground Test A 

+ See Figure 53 DERATE 

Select the Rx1000 scale on the ohmmeter. Make contact with one meter 
lead to the stator frame. Make contact with the other meter lead to one of the 
stator leads. The meter must indicate infinity, or no continuity. Repeat this 
test for the other two stator leads. If any one lead fails the test, the stator 
assembly must be replaced. 

Stator Open Circuit Test 

+ See Figure 54 DERATE 

Select the lowest possible scale on the ohmmeter. Make contact with the 
meter leads to the first and second stator leads (from the left). The meter 
should register approximately 0.1 ohms on 1987-96 alternators, or 0.2 ohms 
on 1997-98 alternators. Repeat this test with the first and third stator leads, 
and then the second and third stator leads. In each test, the resistance value 
should be the same. If the results vary, the stator assembly must be 
replaced. 

Rotor Ground Test 

* See Figure 55 

Select the Rx1000 scale on the ohmmeter. Make contact with one meter lead 
to any one of the two slip rings. Make contact with the other meter lead to 
the rotor body. The meter should indicate infinity, or no continuity. Any other 
reading would indicate the rotor assembly is grounded and therefore must be 
replaced. 

Rotor OpenlShort Circuit 

+ See Figure 56 TE 

Select the RxlO scale on the ohmmeter. Make contact with one meter lead 
to one slip ring, and the other slip ring with the second meter lead. The 
meter should indicate 2.6 ohms on 19986 engines, 3.5-4.7 ohms on 1987-92 
engines or 4.1-4.7 ohms on 1993-96 engines. A lower reading indicates 
shorted windings. A higher reading indicates an excessive resistance. An 
infinite reading indicates an open circuit. If the reading is not within 
specification, the rotor assembly must be replaced. 

Fig. 53 Stator ground test 

ASSEMBLY 

1986 Engines 

1. Clean the brushes with a soft cloth and a mild solvent. 

2. Press both brushes into the holder and then insert a toothpick 
through the hole in the rear of the alternator housing to hold them in place 
during the rest of the procedure. 

Never use a metal pick to hold the brushes in place. 

3. Check to see if there is a small dab of sealer in the recess on the 
edge of the stator frame. If not, squeeze a small amount of RTV silicone 
sealer into the recess. 

4. Position the stator into the housing and rotate it until the notches in 
the frame are aligned with the holes in the housing. 

5. Position the diode trio and install the special insulated screw. 

6. Move the stator terminal onto the rectifier bridge, thread on the 3 
nuts and tighten them securely. 

7. Clean the rotor slip rings with mild solvent. Line up the reference 
marks on the housings and connect them so that they fit snugly over the 
stator frame. 

8. Remove the toothpick. 

9. Press the rubber plug into the voltage regulator until it is snug. 

10. Slide the screen over the unit and then install the housing bolts. 
Tighten the bolts to 35-50 inch Ibs. (46-68 Nm). 

1987-96 Engines 

+ See Figure 47 

1. Position the statorlrotor assembly into the front housing so that the 
three terminals are just under the upper mounting boss on the housing. 
Make sure that the indents in the frame of the stator line up over each of the 
thru-bolt holes. 

2. Position the rear housing over the assembly and then feed the stator 
leads through the slots in the back of the housing. Set the cover onto the 
stator assembly so that the alignment marks made during disassembly line 
up, install the 4 bolts and tighten them to 50-60 inch Ibs. (5.6-6.8 Nm). 

Spin the rotor shaft to ensure that the rotor rotates freely within the 

assembly. 

3. Lay the fiber washers over the regulator mounting bolt holes and 
install the regulator. Tighten the screws securely. 
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4. Position the brush holder over the regulator so that the banded 

surface is facing away from the regulator. Squeeze the brushes with your 
fingers and slide the holder into the grooves at the of the housing. Tighten 
the right nut finger tight and leave the left one loose. 

5. Straighten the Bt strap from the rectifier, swab a little heat sink 
compound over the mounting surface and place the diodeirectifier bridge in 
position on the rear housing. 

6. Feed the strap through the slot in the diode trio body and position the 
unit onto the bridge. Tighten the mounting screws securely. 

7. Bend the strap into place so that it fits against base of the diode trio 
output stud. Slide the condenser lead over the output stud and tighten the 
lock nut securely. 

8. Slide the small bracket into position over the AC stud and the 
terminal and then reconnect the 3 stator leads to the diode trio. 

9. Make sure the strap from the LIGHT terminal is positioned over the 
left stud on the brush holder and then install the final holder mounting nut. 
Tighten both nuts securely. 

10. Position a new felt gasket into the slip ring pocket on the inside of the 
rear cover. Position the cover over the regulatorlbrush holder, install the 
screws and tighten them securely. 

11. Reinstall all hardware to the rear terminals and studs. 

12. lnstall the spacer, woodruff key, fan and pulley and then tighten the 
nut finger tight. Place the assembly back in a vise with the drive belt around 
the pulley and tighten the nut to 35-50 ft. Ibs. (48-68 Nm). 

13. lnstall the alternator and connect the electrical leads. 

1997-98 Engines 

+ See Figure 50 

1. Position a new bearing into the front housing bearing bore. Position 
the front end frame into an arbor press. Using the appropriate size mandrel, 
press the bearing into the bore until the bearing contacts the end frame. 
Place the bearing retainer plate over the bearing and secure with 3 screws 
and washers. 

2. Position the rotor into a soft jawed vise with the pulley shaft upwards. 
lnstall the front housing over the shaft. Slide the short spacer over the shaft, 
the fan (blades down), the tall spacer and then the pulley. lnstall the washer 
and nut and tighten it to 47 ft. Ibs. (63 Nm). 

3. Position the rectifier into the rear housing and tighten the retaining 
screw securely. Slide in the stator and then re-solder the three electrical 
leads. 

4. Position the rear housing assembly over the rotor so that the terminal 
studs on the rear are on the upper pivot boss side and the marks made 
earlier are in alignment. Press the frames together and then install the 
screws, tightening them securely. 

5. Push the brushes down so they are flush with the top of the holder 
and then insert a #54 (0.050 in.ilmm) drill bit into the hole in the holder so 
they stay compressed. Position the brushiregulator in the cavity on the back 
of the rear end frame and tighten the two mounting screws to 42 inch Ibs. 
(4.2 Nm). Pull out the drill bit so that the brushes release against the slip 
rings. 

6. lnstall the strap to the L2 stud and tighten the nut securely. 
7, lnstall the cover. Tighten the 2 nuts to 51 inch Ibs. (5.8 Nm) and the 

screw to 30 inch Ibs. (3.4 Nm). Pop on the insulator caps. 
8. lnstall the alternator. 

The cranking system used all OMC engines consists of a 12 V DC 
cranking motor (starter), a starter-mounted or field housing-mounted 
solenoid, an assist solenoid or starter relay, a neutral start (safety) switch, 
the ignition switch, 50 or 60 amp circuit breaker, 20 amp inline fuse and all 
necessary wiring to complete the circuit. 

All engines utilize an electric starter motor coupled with a mechanical gear 
mesh between the starter motor and the flywheel, similar to the method used 
to crank an automobile engine. 

As the name implies, the sole purpose of the starter motor circuit is to 
control operation of the starter motor to crank the engine until it is operating. 
The circuit includes a relay or magnetic switch (solenoid) to connect or 
disconnect the motor from the battery. The operator controls the switch with 
a key switch. 

A neutral safety switch is installed into the circuit to permit operation of the 
starter motor only if the shift control lever is in neutral. This switch is a safety 
device to prevent accidental engine start when the engine is in gear. 

The starter motor is a series-wound electric motor that draws a heavy 
current from the battery. It is designed to be used only for short periods of 
time to crank the engine for starting. To prevent overheating the motor, 
cranking should not be continued for more than 30 seconds without allowing 

Fig. 54 Stator open circuit test 

the motor to cool for at least three minutes. Actually, this time can be spent 
in making preliminary checks to determine why the engine fails to start. 

Power is transmitted from the starter motor to the flywheel through a 
Bendix drive. This drive has a pinion gear mounted on screw threads. When 
the motor is operated, the pinion gear moves upward and meshes with the 
teeth on the flywheel ring gear. 

When the engine starts, the pinion gear is driven faster than the shaft and 
as a result, it screws out of mesh with the flywheel. A rubber cushion is built 
into the Bendix drive to absorb the shock when the pinion meshes with the 
flywheel ring gear. The parts of the drive must be properly assembled for 
efficient operation. If the screw shaft assembly is reversed, it will strike the 
splines and the rubber cushion will not absorb the shock. 

The sound of the motor during cranking is a good indication of whether 
the starter motor is operating properly or not. Naturally, temperature 
conditions will affect the speed at which the starter motor is able to crank the 
engine. The speed of cranking a cold engine will be much slower than when 
cranking a warm engine. An experienced operator will learn to recognize the 
favorable sounds of the engine cranking under various conditions. 

The job of the starter motor relay (or starter assist solenoid) is to complete 
the circuit between the battery and starter motor. It does this by closing the 
starter circuit electro-magnetically, when activated by the key switch. This is 
a completely sealed switch, which meets SAE standards for marine 

Fig. 55 Performing the rotor ground test. Fig. 56 Rotor openlshort circuit test 
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applications. Do not substitute an automotive-type relay for this application. It 
is not sealed and gasoline fumes can be ignited upon starting the engine. 
The relay consists of a coil winding, plunger, return spring, contact disc and 
four externally mounted terminals. The relay is installed in series with the 
positive battery cables mounted to the two larger terminals. The smaller 
terminals connect to the neutral switch and ground. 

To activate the relay, the shift lever is placed in neutral, closing the neutral 
switch. Electricity coming through the ignition switch goes into the relay coil 
winding which creates a magnetic field. The electricity then goes on to 
ground in the engine. The magnetic field surrounds the plunger in the relay, 
which draws the disc contact into the two larger terminals. Upon contact of 
the terminals, the heavy amperage circuit to the starter motor is closed and 
activates the starter motor. When the key switch is released, the magnetic 
field is no longer supported and the magnetic field collapses. The return 
spring working on the plunger opens the disc contact, opening the circuit to 
the starter. 

When the armature plate is out of position or the shift lever is moved into 
forward or reverse gear, the neutral switch is placed in the open position and 
the starter control circuit cannot be activated. This prevents the engine from 
starting while in gear. 

If the starter motor spins but fails to crank the engine, the cause is usually 
a corroded or gummy Bendix drive. The drive should be removed, cleaned 
and given an inspection. 

1. Before wasting too much time troubleshooting the starter motor 
circuit, the following checks should be made. Many times, the problem 
will be corrected. 

Battery fully charged. 
* Shift control lever in neutral. 

Main 20-amp fuse is good (not blown). 
All electrical connections clean and tight. 
Wiring in good condition, insulation not worn or frayed. 

2. Starter motor cranks slowly or not at all. 
Faulty wiring connection - Short-circuited lead wire 
Shift control not engaging neutral (not activating neutral start switch) 
Defective neutral start switch 
Starter motor not properly grounded 

* Faulty contact point inside ignition switch 
Bad connections on negative battery cable to ground (at battery side 

and engine side) 
Bad connections on positive battery cable to magnetic switch terminal 
Open circuit in the coil of the magnetic switch (relay) 
Bad or run-down battery 
Excessively worn down starter motor brushes 

* Burnt commutator in starter motor 
Brush spring tension slack 
Short circuit in starter motor armature 

3. Starter motor keeps running. 
Melted contact plate inside the magnetic switch 
Poor ignition switch return action 

4. Starter motor picks up speed, put pinion will not mesh with ring 
gear. 

* Worn down teeth on clutch pinion 
Worn down teeth on flywheel ring gear 

DESCRIPTION & OPERATION 

Direct Drive--1987-92 Ford Engines 

Direct drive starters consist of a set of field coils positioned over pole 
pieces, which are attached to the inside of a heavy iron frame. An armature 
and over-running clutch drive mechanism are included inside the iron frame. 

The armature consists of a series of iron laminations placed over a steel 
shaft, a commutator, and the armature winding. The windings are heavy 
copper ribbons assembled into slots in the iron laminations. The ends of the 
windings are soldered or welded to the commutator bars. These bars are 
electrically insulated from each other and from the iron shaft. 

An over-running clutch drive arrangement is installed near one end of the 
starter shaft. This clutch drive assembly contains a pinion that is made to 
move along the shaft by means of a shift lever to engage the engine ring 
gear for cranking. The relationship between the pinion gear and the ring gear 
on the engine flywheel provides sufficient gear reduction to meet cranking 
requirement speed for starting. 

The over-running clutch drive has a shell and sleeve assembly, which is 
splined internally to match the spiral splines on the armature shaft. The 
pinion is located inside the shell. Spring-loaded rollers are also inside the 
shell and they are wedged against the pinion and a taper inside the shell. 
Some starters use helical springs and others use accordion type springs. 
Four rollers are used. A collar and spring, located over a sleeve completes 
the major parts of the clutch mechanism. 

When the starter is not in use, one of the field coils is connected directly 
to ground through a set of contacts. When the starter is first connected to the 
battery, a large current flows through the grounded field coil, actuating a 
moveable pole shoe. The pole shoe is attached to the starter drive plunger 
lever and thus the drive is forced into engagement with the flywheel. 

When the pole shoe is seated fully, it opens the grounding contacts on the 
field coil and the starter then moves to normal operation. A holding coil is 
utilized to keep pole shoe in position during the time that the starter is 
cranking the engine. 

Direct Drive-1986-94 GM Engines 

Direct drive starters consist of a set of field coils positioned over pole 
pieces, which are attached to the inside of a heavy iron frame. An armature, 
an over-running clutch drive mechan~sm, and a solenoid are included inside 
the iron frame. 

The armature consists of a series of iron laminations placed over a steel 
shaft, a commutator, and the armature winding. The windings are heavy 
copper ribbons assembled into slots in the iron laminations. The ends of the 
windings are soldered or welded to the commutator bars. These bars are 
electrically insulated from each other and from the iron shaft. 

An overrunning clutch drive arrangement is installed near one end of the 
starter shaft. This clutch drive assembly contains a pinion that is made to 
move along the shaft by means of a shift lever to engage the engine ring 
gear for cranking. The relationship between the pinion gear and the ring gear 
on the engine flywheel provides sufficient gear reduction to meet cranking 
requirement speed for starting. 

The overrunning clutch drive has a shell and sleeve assembly, which is 
splined internally to match the spiral splines on the armature shaft. The 
pinion is located inside the shell. Spring-loaded rollers are also inside the 
shell and they are wedged against the pinion and a taper inside the shell. 
Some starters use helical springs and others use accordion type springs. 
Four rollers are used. A collar and spring, located over a sleeve completes 
the major parts of the clutch mechanism. 

When the solenoid is energized and the shift lever operates, it moves the 
collar endwise along the shaft. The spring assists movement of the pinion 
into mesh with the ring gear on the flywheel. If the teeth on the pinion fail to 
mesh for just an instant with the teeth on the ring gear, the spring 
compresses until the solenoid switch is closed; current flows to the armature; 
the armature rotates; the spring IS still pushing on the pinion; the pinion teeth 
mesh with the ring gear; and cranking begins. 

Torque is transferred from the shell to the pinion by the rollers, which are 
wedged tightly between the pinion and the taper cut into the inside of the 
shell. When the engine starts, the ring gear drives the pinion faster than the 
armature; the rollers move away from the taper; the pinion overruns the 
shell; the return spring moves the shift lever back; the solenoid switch is 
ooened: current is cutoff to the armature: the pinion moves out of mesh with , , 

the ring gear; and the cranking cycle is compieted. The start switch should 
be opened immediately when the engine starts to prevent prolonged overrun. 

Gear Reduction-1993-96 Ford Engines And 1995-98 GM Engines 

Gear reduction starter motors are small and light weight for the amount of 
work produced. These starters have small permanent magnets mounted 
inside the field frame. The placement and strength of these magnets differ 
between models. Therefore the field frames are not interchangeable. 

The permanent magnets take the place of the large current-carrying iron 
core field-coil magnets previously used on the larger direct drive starter 
motors. The motor armature is supported on both ends by a permanently 
lubricated roller or ball bearing assembly to reduce the drag and friction 
created by the motor speed of approximately 7,000 rpm. 
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A planetary gear reduction unit is mated between the drive motor 

armature and the Bendix drive gear. This planetary gear drive results in an 
over all gear reduction of approximately 43.  Through the gear reduction, the 
conversion of motor high speed, low torque is converted to a high torque, 
low speed gear drive output. The gear reduction results in a final engine 
cranking speed of approximately 1,750 rpm. 

The starter is designed to operate under heavy loads and produce high 
power for only short periods of time. Therefore, never crank the engine for 
more than 30 seconds without allowing a minimum cooling off time of two 
minutes, before attempting to crank the engine again. 

As with all marine installations, a safety switch is installed in the remote 
control shift box. This switch is designed to open the starter circuit to prevent 
the engine from starting, if the shift lever is in any position other than the 
neutral position. 

The unit has a Bendix follow-thru type drive designed to overcome 
disengagement of the flywheel ring gear when engine speed exceeds 
cranking motor speed. 

A helical cut shaft is designed to quickly engage and disengage the 
Bendix drive. An internal one-way clutch in the Bendix allows the motor to 
drive the Bendix. If the engine should start, and the flywheel begin to drive 
the Bendix, the one-way clutch will release and allow the drive to overrun 
and release the cranking motor armature. The helical splined shaft will then 
disengage the Bendix from the flywheel. 

As of 1995, OMC suggests that their GM starters are no longer 
serviceable. No replacement parts are available. Check with your local 
parts supplier. 

PRECAUTIONS 

1. Always make sure that each battery cable is connected to the correct 
terminal on the battery. 

2. Never disconnect the battery while the engine is running. 
3. When using a battery charger or booster, always make sure that the 

positive battery cable on the charger is connected to the positive terminal on 
the battery. The same goes for the negative side. 

4. Always make sure that both battery cables are disconnected prior to 
connecting a charger or booster. 

5. Always make sure the battery is in good operating condition. 
6. Always make sure the battery leads and terminals are clean. 

TROUBLESHOOTING 

+ See Figures 57 and 58 
Regardless of how or where the solenoid is mounted, the basic circuits of 

the starting system on all makes of cranking motors are the same and similar 
tests apply. In the following testing and troubleshooting procedures, the 
differences are noted. 

Always take time to vent the bilge when making any of the tests as 
prevention against igniting any fumes accumulated in that area. As a 
further precaution, remove the high-tension wire from the center of the 
distributor cap and ground it securely to prevent sparks. 

All cranking motor problems fall into one of three areas: 
1. The cranking motor fails to rotate. 
2. The cranking motor spins rapidly, but does not crank the engine. 
3. The cranking motor cranks the engine, but too slowly to affect engine 

start. 
The following paragraphs provide a logical sequence of tests designed to 

isolate a problem in the cranking system. 

Battery 

1. Turn on several of the cabin lights (or any accessories). ~ u r n i h e  
ignition switch to the ON position and note the effect on the brightness of the 
lights. With a properly functioning electrical system, the lights will dim slightly 
and the starter will crank the engine at a reasonable rate. If the lights dim 
considerably and the engine does not turn over, one of several causes may 
be at fault. 

2. If the lights go out completely, or dim considerably, the battery charge 
is low or almost dead. The obvious remedy is to charge the battery; switch 
over to a secondary battery if one is available; or to replace it with a known 
fully charged one. 

CZi) SLOWLY 

t TEST A N D  RECHARGE 
O R  REPLACE BATTERY 

t CHECK EXTERNAL ClRCUll 
VOLTAGE DROP 

VOLTAGE DROP 
EXCESSIVE r 

t TEST STARTER CLEAN A N D  TIGHTEN 
UNDER L O A D  CONNECTIONS,  

REPLACE CABLES O R  t 
t TEST STARTER RELAY, IF NECESSARY 

AT N O  L O A D  I 
t f 

TROUBLE OVER 

CRANKING CURRENT 
H l G H  A N D  NO L O A D  

CURRENT N O R M A L  CRANKING CURRENT 
L O W ,  O R  NO 

L O A D  CURRENT 
( 1  ENGINE FRICTION H I G H  O R  L O W  

EXCESSIVE 
DETERMINE CAUSE 0 REPAIR O R  
A N D  REPAIR REPLACE STARTER * 4r 

TROUBLE OVER TROUBLE OVER 

Fig. 57 Engine cranks slowly 
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OR REPLACE BATTERY 

t CHECK STARTER RELAY 
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t CHECK IGNITION SWITCH 

AND, STARTER RELAY AND I 
1 INSPECT WIRiNG. REPAIR t 

A 

QR REPLACE. 
TlMUBLE OVER 

CONNECT JUMPER ACROSS 

TROUBLE OVER STARTER RELAY 

t CHECK CONNECTIONS A N D  CABLES. t REPLACE 

CHECK FOR LOCKED STARTER-DRIVE RELAY 

I OR HYDROSTATIC LOCK. 
REPAIR OR REPLACE. i 

TROUBLE OVER * 
TROUBLE OVER 

Fig. 58 Engine will not crank 
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3. If the starting relay clicks, sounding similar to a machine gun firing, 

the battery charge is too low to keep the starting relay engaged when the 
starter load is brought into the circuit. 

4. If the starter spins without cranking the engine, the drive is broken. 
The starter will have to be removed for repairs. 

5. If the lights do not dim, and the starter does not operate, then there 
is an open circuit. Proceed to the Cable Connection Test. 

Cable Connection 

1. If the starter fails to operate and the lights do not dim when the 
ignition switch is turned to start, the first area to check is the connections at 
the battery, starting relay, starter and neutral-safety switch. 

2. First, remove the cables at the battery; clean the connectors and 
posts; replace the cables; and tighten them securely. 

3. Now, try the starter. If it still fails to crank the engine, try moving the 
shift box selector lever from neutral to forward to determine if the neutral- 
safety switch is out of adjustment or the electrical connections need 
attention. 

4. Sometimes, after working the shift lever back-and-forth and perhaps 
a bit sideways, the neutral-switch connections may be temporarily restored 
and the engine can be started. Disconnect the leads; clean the connectors 
and terminals on the switch; replace the leads; and tighten them securely at 
the first opportunity. 

5. If the starter still fails to crank the engine, move on to the Solenoid 
Test. 

Solenoid 

1. The solenoid, commonly called the starter relay, is checked b; 
directly bridging between the terminal from the battery (the large heavy one) 
to the terminal from the ignition switch. 

Take every precaution to ensure there is no gasoline fumes in the bilge 
before making these tests. 

2. If a bilge blower is installed, operate it for at least five minutes to 
clear any fumes accumulated in the bilge. 

3. Turn the ignition switch to the ON position. Now, connect a jumper 
wire between the battery lead terminal and the ignition lead terminal with a 
very heavy piece of wire. If the relay operates, the trouble is in the circuit to 
the ignition switch. If the starter motor still fails to operate, continue with the 
Current Draw Test. 

Current Draw 

Lay an amperage gauge on the cable between the battery and the srrter 
motor. Attempt to crank the engine and note the current draw reading of the 
amperage gauge under load. The current draw should not exceed 190 
amperes. 

TESTING-GM ENGINES 

Starter Circuit Resistance 

+ See Figure 59 

W The battery must be fully charged prior to performing the following 
test. 

1. Start the engine and allow it to run until it reaches normal operating 
temperature. 

2. Shut the engine down and ensure that it will not start during cranking. 
Make sure that the ignition switch is in the OFF position, and, if equipped, 
run the bilge pump to clear any fumes prior to disconnecting the following 
wires: 

All models except those listed below: disconnect both 2-wire 
connectors at the ignition coil. 

1993 4.3L and 1994 5.7L models (carburetor): disconnect both 
primary wires at the coil terminals 

1993-97 7.4L and 8.2L carbureted models: disconnect the engine 
harness 14-pin connector at the ignition module 

3. Connect a voltmeter and connect the positive lead to the lower 
terminal on the solenoid. Touch the negative terminal to the starter ground so 
that it grounds. 

4. Turn the ianition switch ON and crank the enaine observina the initial 
meter reading. If ;he meter reads more than 9 V at ngrmal cranking speed, 
the starter and switch are OK. If the cranking speed is low and the meter 
reads less than 9 V, check your battery, battery terminals andlor the 
solenoid. Perform the Solenoid Contacts Test. 

Never operate the starter for more than 10 seconds at a time without 
allowing the motor to cool for at least 3 min. 

Solenoid Contacts Test 

+ See Figure 60 TE 

1. Connect a voltmeter and switch it to the high scale. Connect the 
neqative lead to the lower solenoid terminal and the positive lead to the 
upper (BAT) terminal. 

2. Turn the ianition switch to the ON ~osition and crank the enaine. As 
soon as you begii cranking the engine, flip the meter back to the I& scale 
and take note of the reading. Turn the meter back to the high scale and shut 
off the engine. 

3. If the solenoid switch contacts are OK, the meter reading should 
have been 1110 V or less. Anything above this will necessitate switch repair 
or replacement. 

Solenoid Am 

ERATE 

+ See Figure 61 

1. Remove the starter from the engine. 
2. Remove the screw from the solenoid motor terminal and then bend 

the field leads slightly until they are clear of the terminal. 
3. Connect a heavy gauge jumper wire to the Motor terminal on the 

solenoid and ground it against the starter body. 
4. Connect an ammeter and a carbon pile in series between the S 

terminal on the solenoid (small one) and the positive terminal on a battery. 
Connect a heavy gauge jumper wire between the starter body and the 
negative post on the battery. 

5. Connect a voltmeter between the base of the solenoid and the S 
terminal on the solenoid. 

6. Adjust the resistance on the carbon pile (slowly!) until the voltmeter is 
showing 10 volts and then check the reading on the ammeter. With the 
solenoid at room temperature, the reading should be 47-55 amps; showing 
current draw of both windings in parallel. 

7. Remove the jumper between the Motor terminal and the starter body. 
Readjust the carbon pile until the voltmeter is reading 10 V again. The 
ammeter should read 15-20 amps; showing the current draw for hold-in 
winding alone. 

8. Any readings outside the ranges given above will necessitate 
replacement of the solenoid. 

TESTING-FORD ENGINES 

Starter Circuit Resistance 

1987-92 Engines 
+ See Figure 62 

1. With the ignition switch in the OFF position, disconnect the distributor 
primary wire at the ignition coil (negative terminal). 

2. Connect a voltmeter and set it to the low scale. Connect the negative 
lead to the starter terminal and the positive lead to the positive battery 
terminal. Turn the ignition switch to the ON position; the meter should read 
0.5V. 
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I Fig. 59 Starter circuit resistance test Fig. 60 Solenoid contacts test 

3. Now move the negative lead to the starter terminal on the solenoid 
and turn the ignition switch back to the ON position; the meter should read 
0.3V. 

4. Now move the negative lead to the battery terminal on the solenoid 
and turn the ignition switch back to the ON position; the meter should read 
0.1v. 

5. Now move the negative lead to the negative battery terminal on the 
solenoid and move the positive lead to an engine ground. Turn the ignition 
switch back to the ON position; the meter should read 0.1V. 

1993-96 Engines 

The battery must be fully charged prior to performing the following 
test. 

1. Start the engine and allow it to run until it reaches normal operating 
temperature. 

2. Shut the engine down and ensure that it will not start during cranking. 
Make sure that the ignition switch is in the OFF position, and, if equipped, 
run the bilge pump to clear any fumes prior to disconnecting the following 
wires: 

EFI models: disconnect the Swire connector at the E-coil. 
Carbureted models: disconnect both primary wires at the 

ignition coil terminals 

Battery 
Terminal 

I 

Pos. Lead 
Voltmeter 

Starter 

Fia. 62 Starter circuit resistance test-1987-92 enaines 

"S" 

3. Connect a voltmeter between the B+ terminal on the motor and the 
housing. 

4. If batterv voltaae is not present, check all wires and connections 
between the baitery a id  the soienoid. Also check all grounds for opens or 
shorts. 

5. If battery voltage is present, connect a remote starter switch between 
B t  and S terminals. Turn the remote starter ON. If the starter does not 
crank, replace it. If it does crank, check the wires and connections between 
the solenoid and assist solenoid for opens or shorts. 

Never operate the starter for more than 10 seconds at a time without 
allowina the motor to cool for at least 3 min. 

1993-96 Engines 
TE 

1. Connect a voltmeter between an engine ground and the S terminal 
on the assist solenoid. Turn the ignition switch to the START position and 
confirm that the meter shows battery voltage. 

2. If no voltage is shown, check the assist solenoid ground and then 
repeat Step 1. If there is still not battery voltage present, check the circuit 
from the terminal back through the cable connector, neutral safety switch, 
ignition switch, fuse and circuit breaker--correct any problems found. 

3. If voltage is found to be present in Step 1, reconnect the voltmeter to 
the solenoid output terminal and check for battery voltage. If none is 
indicated, replace the assist solenoid. 

REMOVAL & INSTALLATION 

+ See Figure 63 

1. Disconnect the battery cables. 
2. Tag and disconnect all wires at the starter solenoid. Move them out 

of the way. 
3. Cut the plastic tie holding the drain hose from the flywheel housing. 
4. On GM engines, remove the nut from the support bracket. Remove 

the ring gear guard at the leading edge of the flywheel housing. 
5. Loosen the two mounting bolts and then pull them out of the starter 

housing. Carefully lift out the starter. Mounting bolts on GM engine run 
vertically, while mounting bolts on Ford engine run horizontally. 

Be aware that some applications will utilize a shim@) between the 
motor and cylinder block. Do not lose this shim! 

To Install: 
6. Position the shim (if equipped) and then install the starter. Slide in 

the thru-bolts and tighten them to 30-36 ft. Ibs (41-49 Nm) on GM engines, 
20-25 ft. Ibs. (27-34 Nm) on 1987-92 Ford engines, or 15-20 ft. Ibs. (21-27 
Nm) on 1993-96 Ford engines. 

7. On GM engines, install the ring gear plate and tighten the bolts to 5-7 
ft. Ibs. (7-9 Nm). 
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8. On GM engines, install the support bracket nut and tighten it 

securely. 
9. Reconnect all electrical leads, tightening their nuts securely and 

coating the solenoid connections with Liquid Neoprene. On Ford engines, 
tiahten the battery cable to 80-120 inch Ibs. 19-73 Nmi. 
- 10. ~eattachihe drain hose to the solenoid with a new plastic tie. 

11. Connect the battery cables. 

Fig. 63 Starter mounting bolts 

DISASSEMBLY & ASSEMBLY 

Before disassembling begins, read these few words first on a time 
and money saving idea. Most dealers do not find it economical to stock 
all the small parts or spend the time to service a starter motor. In most 
cases the labor cost alone will exceed the cost of a new or rebuilt unit. 

Throughout the country, specialty shops may be found specializing in and 
servicing starter motors, alternators and other electrical assemblies. A 
customer can usually obtain a new or rebuilt starter for a modest cost usually 
on the spot or same day service. Some marine dealers even stock new and 
rebuilt cranking motors ready for installation. This means the repair can be 
completed and the boat back in service before the end of the day. 

If the decision is made to disassemble the unit, check with the marine 
dealer first for parts availability, order time, and cost compared to a new or 
rebuilt unit off the shelf. These units usually come with some type of 
warranty. Therefore, if it fails within the warranty period, additional cost is not 
involved. 

Direct Drive--1986-94 GM Engines 

CULT 

+ See Figures 64,65 and 66 

1. Remove the starter. 
2. Remove the solenoid. 
3. Scribe or paint match-marks across the commutator end plate and 

frame; and across the frame and drive housing. 
4. Loosen and remove the 2 thru-bolts and pull off the end plate. 
5. Tap the field frame where it mates with the drive housing a few times 

with a rubber mallet and then pull off the frame along with the field coil. 
6. Pull the brush holder pivot pins out and lift the holders and springs 

out of the frame. Remove the brush screws and pull the brushes from the 
holder. 

7. Remove the 2 bolts holding the bearing plate to the drive housing 
and then lift the armature assembly out of the housing. 

8. Slide the thrust collar off of the pinion end of the armature shaft and 
then remove the thrust washer from the opposite end of the armature shaft.. 

9. Locate a small piece of pipe (112 in. 1.D) and slide it over the shaft. 
Tap it lightly with a hammer until you drive the pinion stop retainer in toward 
the armature. Remove the snap-ring from its groove and then slide the 
retainer and armature assembly off of the shaft. 

10. Remove the retaining pin from the brush support and holders and 
then remove them all after disconnecting the leads. 

11. Pop off the small retaining ring and pull the pivot pin (lever shaft) out 
of the drive housing. Lift the lever and plunger assembly from the housing. 

To assemble: 
12. Clean all components thoroughly and inspect them. Perform the 

previous tests. 
13. Coat the shift lever linkage lightly with silicone grease. Position it into 

the drive housing so the open side is facing out and then slide in the pivot 
pin. Snap on the retaining ring. 

14. Lubricate the drive end of the armature shaft with a thin coating of 
10W motor oil or silicone lubricant. lnstall the bearing plate so the raised side 
faces the armature and then install the fiber washer. Slide the assist spring 
and clutch assembly onto the armature shaft so that the pinion is facing 
outward. Slide the retainer onto the shaft with the cupped surface facing the 
end of the shaft (away from the pinion). 

15. Stand the armature on its end on a wooden surface with the 
commutator end down. Position the snap ring on the upper end of the shaft 
and hold it in place with a block of wood. Now, tap on the wood block with a 
hammer to force the snap ring over the end of the shaft. Slide the snap ring 
down into the groove. Assemble the thrust collar onto the shaft with the 
shoulder next to the snap ring. 

16. Place the armature flat on the work bench, and then position the 
retainer and thrust collar next to the snap ring. Next, using two pair of pliers 
at the same time (one pair on each side of the shaft), grip the retainer and 
thrust collar and squeeze until thesnap ring is forced into the retainer. 

17. Lubricate the drive housing bushing with a thin coating of silicone 
lubricant. Make sure the thrust collar is in place against the snap ring and the 
retainer. 

18. Squirt a few drops of 1OW oil into the drive housing bushing and then 
slide the armature and clutch assembly into place in the drive housing while 
engaging the shift lever with the clutch. 

19. Swivel the assembly until the holes in the center bearing plate line up 
with the holes in the housing and then install the 2 screws. Tighten them 
securely. 

20. lnstall the brushes into the brush holders. Assemble the insulated 
(black) and grounded brush holders together with the V-spring and position 
them as a unit on the support pin. Push the holders and springs to the 
bottom of the support, and then rotate the spring to engage the center of the 
V-spring in the support. 

21. Attach the ground wire to the grounded brush and the field lead wire 
to the insulated brush. 

22. Position the field frame over the armature and apply a thin coating of 
liquid neoprene between the frame and the solenoid case. Expand the 
brushes until they just clear the commutator. Place the frame in position 
against the drive housing, rotating it until the dowel engages the hole and 
seats the frame into the housing. Take care not to damage the brushes and 
making sure that the previous marks line up. 

23. Apply a coating of silicone-lubricant to the bushing in the commutator 
end frame. Place the leather brake washer onto the armature shaft and slide 
the commutator end plate onto the shaft so that the match-marks line up. 
lnstall the thru-bolts and tighten them securely. Connect the field coil 
connectors to the motor solenoid terminal. 

The thru-bolt with the exposed thread must be at the top of the 
housing. 

24. lnstall the solenoid. 
25. Check the pinion clearance. lnstall the starter. 

Direct Drive-1987-92 Fo 

CULT 
- + See Figure 67,68,69 and 70 

1. Remove the starter motor. 
2. Loosen the clamp screw and remove the starter cover retaining 

clamp. Remove the remaining mounting screw and lift off the starter cover. 
3. Remove the 2 starter motor through bolts. 
4. Use a small punch and drive the roll pin out of the starter plunger 

lever. It is not necessary to drive the pin all of the way out; simply push it 
through enough so that the lever can be removed, but the pin is still in the 
remaining housing hinge hole. 

5. Carefully lift the brush end plate from the end of the starter frame. 
Take note of the positioning of all brushes, springs and leads. Remove the 4 
brush springs from the holder with needle nose pliers. 
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Fig. 64 Exploded view of the direct drive starter-1986-94 GM 

Fig. 65 Installing the snap-ring 
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Fig. 66 Drive housing components 

©PDF Manual Master 2006



10-26 IGNITION AND ELECTRICAL SYSTEMS 
6. Separate the frame and armature assembly from the drive housing. 
7. Remove the plunger lever return spring from its seat in the housing. 

Lift out the plunger and lever assembly off of the armature and out of the 
frame. Remove the armature. 

8. Remove the thrust washer, retainer and stop ring from the end of the 
armature. Slide the starter drive assembly off. 

9. Reach under the brush holder at a point that is 180" from the 
grommet and carefully lift it out of the frame. Never remove the field coils or 
brushed unless you intend to replace them! 

10. Locate the field coil retaining sleeve on the coil that operates the 
drive gear, bend up the tab and remove the sleeve. 

11. Remove the 3 coil retaining screws with the special tool (Owatonna 
#10044-A) and a press (which actually just prevents the tool from slipping 
out of the screw head). Unsolder the coil leads and remove the pole shoes 
and coils from the frame-a 300 watt iron works well for this. 

12. Unsolder (or cut) the brush leads from the field coils as close to the 
connection as possible. Cut the ground brush leads at the frame. 

To assemble: 
13. Clean the field coils, armature, armature shaft, commutator, end plate 

and drive end housing with a soft brush or compressed air. Clean all other 
components in solvent and dry thoroughly. Remove any residual sealing 
material. 

14. Inspect the armature windings for broken or burned insulation andlor 
bad connections. Check for open circuits and grounds. 

15. Set the commutator in V-blocks and check the run-out. lnspect the 
shaft and bearing for scoring or excessive wear. If the unit is rough or more 
than 0.005 in. out-of-round, turn it or replace it. 

16. Check the brush holder for any cracks or broken springs. Check the 
brush spring tension and replace them if tension is not within specifications 
(40 oz. min.). Replace the holder if cracked or damaged in any way. 

17. Replace the brushes if less than 114 in. in length. 
18. Inspect the field coils for burned or cracker insulation. Check the 

brush connections and the lead insulation. Brush and contact kits should be 
available, but everything else will require replacement. 

19. Check the starter drive teeth for signs of wear, paying particular 
attention to the wear pattern. The pinion teeth should penetrate to a depth 
greater than 112 of the ring gear tooth depth so that the risk of early ring gear 
and starter drive failure is minimized. 

20. Position the coils and pole pieces into the housing and then install 
the retaining screws with the special tool. As you are tightening the screws, 
tap the frame sharply with a plastic mallet to seat and align the pole shoes. 
Once finished, stake the screws. 

21. lnstall the solenoid coil and retainer, bending the tabs over the frame. 

22. Solder the field coil leads with rosin solder and a 300 watt iron. 
Always check for continuity before continuing with the assembly. 

23. Position new field coil brush leads onto the coil wire and install the 
clip (provided with the brush). Solder the lead, clip and terminal together. 

24. Secure the solenoid coil ground wire under the tab on top of the 
frame. 

25. Solder the ground brush leads to the frame at the point where they 
were originally cut off. 

26. lnstall the brush springs in the holder so that the flat side is down 
and they are fully seated. 

27. Insert the holder into the frame so that the large lug and notch are 
located next to the grommet. Make sure that you don't pinch the brush leads 
between the holder and the frame 

28. Coat the armature splines lightly with Extreme Pressure Grease and 
slide the starter drive onto the armature. Attach a new stop ring and then 
slide on a new retainer. 

29. Remove all grease from the commutator and then slide the armature 
into the frame. lnstall the plunger and lever assembly so that the fingers on 
the lever engage the collar behind the drive. 

30. Coat the drive housing bushing lightly with Extreme Pressure Grease 
and position the armature thrust washer on the bushing. lnstall the plunger 
lever return spring into its seat. 

31. lnstall the armature and frame assembly carefully so that the 
projection on the plunger lever engages the return spring before the frame 
seats into the drive housing. 

32. Insert a punch into the housing hinge and lever holes and wiggle it 
until the holes are all in alignment and then drive the pin into place. Depress 
the plunger and then release it; confirm that the plunger arm makes contact 
with the copper band, the drive gear extends fully, and the spring returns the 
plunger and drive gear to the fully disengaged position without any 
hesitation. 

33. Ensure that there is no grease on the brushes. Hold back the spring 
and push the spring into position. The brush spring should snap into position 
when it's properly positioned behind the brush. Push down on each spring to 
make sure they are completely seated. Lay the brush leads into the correct 
channels. 

34. lnstall the brush end plate and then tighten the thru-bolts to 55-75 
inch Ibs. (6-8 Nm). 

35. Apply a small bead of RTV silicone adhesive around the flange on 
the starter drive cover. Position the cover over the drive plunger so that it 
engages the 2 projections on the housing. Tighten the cover screw securely. 
Slide the retainina clamo over the unit and tiahten the screw securely. 

Brush 
End Holder Ground 

Fig. 67 Exploded view of the direct drive starter-1987-92 Ford 
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I Fig. 68 Removing the coil retaining screws I 

Dial 
Gauge 

Commutator 

Fig. 69 Checking the commutator 

Gear Reduction-1993-96 Ford Engines And 1995-98 GM Engines 

CULT 
6 See Figures 71 thru 85 

OMC provides no facility for rebuilding the GM starter motor after 
1995. Although the following procedure will be very similar for a 1995- 
98 GM starter motor, we strongly recommend checking with your local 
OMC retailer to confirm parts availability prior to beginning 
disassembly on a starter installed on a 1995 and later GM engine. 

1. Remove the starter. 
2. Disconnect the wire brush lead from the brush block to the solenoid 

M terminal. Position it out of the way, 
3. Remove the 2 solenoid retaining bolts from the inner side of the drive 

housing. Pull the solenoid out of the housing slowly while unhooking the end 
of the plunger from the shift lever. 

4. Place a scribe mark or a strip of tape (or paint) on the drive housing, 
field frame and end plate. The tape or scribe marks will assist in the 
alignment of the drive housing and field frame during the assembling 
procedures. 

5. Remove the two long thru bolts on each side of the motor case. Slide 
the bolts out from the end plate. Make sure you remove the bolts with the 
larger heads, the smaller ones are the brush plate screws and should not be 
removed yet. Pull the drive housing off of the field frame making sure that 
you save the seal assembly. 

6. Carefully pry the ends of the shift lever from the pins on the drive 
assembly and remove the lever. 

7. Remove the retainer and stop ring from the end of the driveshaft and 
pull the starter drive assembly from the shaft. 

8. Press the snap ring off of the driveshaft. Slide off the washer and 
then remove the gear assembly from the shaft. 

9. Tap the retainer off of the stationary gear in such a way that you do 
not break the 2 pins on the gear. Lift out the 3 planetary gears from the shaft 
inside the stationary gear. Rotate the assembly so the shaft is vertical and 
then tap the gear on a hard surface until the armature thrust ball comes free 
inside the shaft. 

10. Mount the end of the shaft in a vise with soft jaws and then use a 
small prybar to remove the shaft retainer. Slide the thrust washer off of the 
shaft and then slide the shaft out of the stationary gear. 

11. Remove the two bolts securing the end plate to the brush holder. Pull 
the positive brush lead seal out of the notch in the frame, slide the holder off 
the end of the commutator and then pull the armature assembly out of the 
field frame. 

The armature will be held in  the field frame by  permanent magnets. 

To assemble: 
12. Clean the armature, shaft and brush holder with a brush and 

compressed air. Do not use a arease dissolvina solvent to clean electrical 
components, planetary gears, or Bendix drive.>olvent will damage wiring 
insulation and washout the lubricant in bearings and drive gears. 

Fig. 70 Installing new brush leads 

13. Verify the brush holder is not damaged and the brushes are held 
firmly against the commutator. 

14. lnspect the armature commutator for grooves or out of round 
condition. If the commutator is worn it can be turned down on a lathe. Check 
the armature for shorts using a growler or test light. 

15. Check the commutator for run-out. Inspect the armature shaft and 
two bearings for scoring or excessive wear with a dial indicator. If the 
commutator is rough, or more than 0.005 in. (0.12mm) out of round, it must 
be replaced. 

16. Check the roller bearings for wear and rough spots. If there is any 
roughness or the bearing is stiff, replace the bearing. 

17. Check the planetary gear set and the gear teeth for broken or 
missing teeth. Check to be sure the gears mesh and roll freely without 
binding or rough spots. If any of these conditions are found, replace the 
entire planetary gear set. 

18. Check the springs in the brush holder to be sure none are broken. 
Check the spring tension and replace if the tension is not 64 oz. Check the 
insulated brush holder for cracks that could cause a short. Check the length 
of each brush; if worn to 0.250 in. (6.35mm) or less, replace them. 

19. Coat each end of the armature shaftisplines with a light coating of 
wheel bearing grease. Slide the armature into the field frame assembly. 

20. Install the brush holder assembly into the end of the frame. A brush 
holder service tool which fits over the end of the commutator while installing 
the assembly can be fabricated from a piece of scrap wood or metal as 
shown in the accompanying illustration. Place this tool over the end of the 
commutator and then slide the holder assembly down over it. As it slides 
down the tool, the brushes are retracted into the holder. When the holder 
makes contact with the commutator and is in position, pull out the tool. 

If you can't, or won't, fabricate this tool, position the holder against the 
commutator so that the positive lead and grommet are aligned with the field 
frame. Use a small screwdriver to push each brush into the holder while 
tilting the holder against the commutator; as each brush clears the 
commutator, remove the screwdriver and the brush will release against the 
commutator. Guide the lead and grommet into the notch in the field frame. 

21. Dab some wheel bearing grease into the bearing bore on the end 
plate and then install the plate onto the end of the frame. Install the small 
brush screws and tighten them to 20-30 inch Ibs. (2.3-3.4 Nm). 

22. Apply a coating of wheel bearing grease to the shaft assembly 
splines and bearing surfaces. to the stationary gear and planetary gears. 
Slide the gear shaft through the stationary gear and then position the 
planetary gears onto the posts on the top of the shaft. Rotate the gears until 
they are fully seated. Squeeze some grease into the center recess of the 
shaft assembly and install the thrust ball. 

23. Position the gear retainer onto the top of the gear assembly so that is 
rides in the two pins securely. 

24. Slide the armature thrust washer over the other end of the shaft and 
secure it with the snap ring. 

25. Slide the drive assembly over the shaft and into position so that it 
engages the gear. Slide on the stop ring until it sits in the groove on the 
shaft, follow it with the retainer-press the retainer down until it rides over 
the stop ring. 

26. Stretch the shift lever over the pins on the side of the drive 
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27. Coat the drive housing bushing lightly with bearing grease. Slide the 29. Insert the solenoid into the drive housing, attaching the plunger to the 

drive assembly into the drive housing slightly and then insert the seal, small shift lever. Rotate the unit so that the M terminal is facing the starter. Tighten 
end down, into the housina notch behind the lever. Position the plastic the mounting bolts to 45-85 inch Ibs. (5.1-9.6 Nm). 
keeper over the small tab on the gear assembly-the longer side fits down 30. Attach the positive brush connector to the solenoid terminal and 
into the drive housing. 

28. Carefully slide field frame down and into the drive housing so that the 
tighten the nut to 80-120 inch Ibs. (9-13 Nm). 

match- marks made previously all line up. Feed the two long thr6bolts 
through and tighten them to 45-84 inch Ibs. 5.1-9.5 Nm). 

DRIVE 
END 

SCREWS 
(2 PLCS) 

/" 
SEAL 

PIVOT a 
r ' 

COMMUTATOR 

I 

\ \ 
SHAm ARMATURE 

ASSEMBLY 

MAGNET RETAINER 

Fig. 71 Exploded view of the gear reduction starter 

Fig. 72 Removing the gear assembly from the field frame I Fig. 73 Slide off the retainer 
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Ui.-:, , 

Fig. 74 Pull the drive assemblv off of the I sha ft... I I Fig. 75 ... and then remove the shift lever I I Fig. 76 Pry off the gear retainer ... 

Fig. 77 ... and then remove the planetary 
gears and thrust ball Fig. 78 Pry up the retainer ... 

Fig. 79 ... and then remove it and the 
washer 

Fig. 80 Lift out the brush holder ... I ( assembly / I Fig. 82 Testing the armature 

Fig. 83 Testing the armature Fig. 84 Checking commutator run-out 
Fig. 85 Fabricating a brush holder 
installation tool 
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PINION CLEARANCE 

Direct Drive Onlv-1986-94 GM Enaines 

DERATE 
+ See Figure 86 

Pinion clearance should always be checked after reassembly of the 
starter to insure proper adjustment. 

1. Connect a 6V power source between the S terminal on the solenoid 
and around. 

Never use more than 6V or the starter motor my actually operate. 

2 Connect a heavy gauge jumper wlre to the solenold motor termlnal 
and quickly touch the other end to the body of the starter so the soleno~d 
energizes and the pinlon moves Into the crankmg posltlon 

3 Push the pinlon back toward the commutator end unt~l there 1s no 
slack Measure the gap between the plnlon and the retainer If not 0 010- 
0 159 In (0 25-4 04mm) on drect drwe models, the solenold hnkage or sh~ft 
lever yoke buttons are worn and w~ll require replacement, or the sh~ft lever 
mechanm has been assembled ~mproperly No adjustment IS possible 

REMOVAL & INSTALLATION 

GM Direct Drive (1986-94) 

1. Remove the starter motor. --P- 

2. Remove the screwlwasher from the starter connector strap terminal. 
3. Remove the two solenoid mounting screws, twist it clockwise until 

you can remove the flange key from the slot in the starter and then lift off the 
solenoid. Don't lose the return spring. 

To Install: 
4. Slide the return spring over the plunger. 
5. Position the solenoid at the starter and rotate it until the flange key 

engages the keyway. 
6. Install the two mounting screws and tighten them securely. 
7. Install the connector strap and then install the starter. 

Ford Direct Drive (1987-92) 

1. Disconnect the battery cables. 
2. Tag and disconnect the 4 electrical leads at the solenoid. Move them 

out of the way. 
3. Remove the mounting bolts and lift out the solenoid. 
4. Install the solenoid and tighten the mounting bolts securely. 
5. Reconnect the solenoid leads and the battery cables. 

Press on clutch 

Fig. 86 Checking the pinion clearance 
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OMC engines covered in this manual utilize one of six different ignition 
systems: conventional breaker points, Delco Electronic Spark Timing System 
(EST), Prestolite Breakerless Inductive Distributor (BID), OMC 
SpitfireIElectronic Engine Management (EMM), Ford Thick Film Integrated 
lgnition System (TFI-IV), GM High Energy lgnition System (HEI) and 

Distributorless Electronic lgnition (DEI). Please refer to the Application chart 
for details on your specific engine. 

Descriptions of each system, and complete repair procedures are detailed 
under each of the respective system heads. 

IGNITION SYSTEM APPLICATIONS 

Displacement Engine lgnition 

EEM Electonic Engine Management 
EST Electronic Spark Timing 
HE1 Hlgh Energy lgnition 

'ig. 87 

IGNITION SYSTEM APPLICATIONS 

Displacement Engine lgnition 
Year Model UCu. In. Type System 

1993 3.0L (All) 3,01181 L4 EST 
4.3L (All) 4.31262 V6 BID 
5.OL 5.01302 V8 BID 
5.0 EFi 5.01302 V8 TFI-IV 
5.8L 5.81351 V8 BID 
5.8 LE, 351 5.81351 V8 SpitfirelEEM 
5.8 EFI 5.81351 V8 TFI-IV 
454, 454 H( 7.41454 V8 SpiffirelEEM 
8.2GL, 502 8.21502 V8 SpiffirelEEM 

1994 3.OGUGS 3.01181 L4 EST 
4.3GL 4.31262 V6 EST 
5.0FL 5.01302 V8 BID 
5.0Fi 5.01302 V8 TFI-IV 
5.7GL 5.71350 V8 BID 
5.8FL 5.81351 V8 BID 
5.8Fi 5.81351 V8 TFI-IV 
351 EFI 5.81351 V8 TFI-IV 
7.4GL 7.41454 V8 SpitfirelEEM 

1995 3.OGS 3.01181 L4 EST 
4.3GL 4.31262 V6 EST 
5.0FL 5.01302 V8 BID 
5.0 EFI 5.01302 V8 TFI-IV 
5.8FL 5.81351 V8 BID 
5.8 EFllHO 5.81351 V8 TFI-IV 
7.4Gi 7.41454 V8 EST-Di 
7.4GL 7.41454 V8 SpitfirelEEM 

1996 3.OGS 3.01181 L4 EST 
4.3GUGS 4,31262 V6 EST 
4.3Gi 4.31262 V6 EST-Dl 
5.OFL 5.01302 V8 BID 
5.0Fi 5.01302 V8 TFI-IV 
5.7Gi 5.71350 V8 EST-Dl 
5.8FL 5.81351 V8 BID 
5.8FilFSi 5.81351 V8 TFI-IV 
7.4Gi 7.41454 V8 EST-Dl 
7.4GL 7.41454 V8 SpithelEEM 

1997 3.OGS 3.011 81 L4 EST 
4.3GUGS 4.31262 V6 EST 
4.3Gi 4.31262 V6 EST-Dl 
5.7GUGS 5.71350 V8 BID 
5.7GilGSi 5.71350 V8 EST-Dl 
7.4Gi 7.41454 V8 EST-Dl 
7.4GL 7.41454 V8 SpifirelEEM 

1998 3.OGS 3.01181 L4 EST 
4.3GUGS 4,31262 V6 EST 
4.3Gi 4.31262 V6 EST-Dl 
5.OGL 5.01305 V8 BID 
5.7GL 5.71350 V8 BID 
5.7GSi 5.71350 V8 EST-Dl 
7.4GilGSi 7.41454 V8 EST-Dl 
8.2GSi 8.21502 V8 EST-Di 

BID Breakerless lnductive Distributor 
EEM Electonic Engine Management 
EST Electronic Spark Timing 

EST-Dl Electronic Spark Timing - Distributor lgnition 
TFI-IV Thick Film Integrated - IV 
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Please refer to  Maintenance section for complete breaker point gap, 
dwell and timing adjustment procedures. 

Used primarily on all engines through 1989, and a few engines in 1990; 
this ignition system consists of a primary and a secondary circuit. The low- 
voltage current of the ignition system is carried by the primary circuit. 
Components of the primary circuit include the ignition switch, ballast resistor, 
neutral-safety switch, primary winding of the ignition coil, contact points in 
the distributor, condenser and the low-tension wiring. 

The secondary circuit carries the high-voltage surges from the ignition coil 
that result in a high-voltage spark between the electrodes of each spark plug. 
The secondary circuit includes the secondary winding of the coil, coil-to- 
distributor high-tension lead, distributor rotor and cap, ignition cables, and 
the spark plugs. 

When the contact points are closed and the ignition switch is ON, current 
from the batterv or from the alternator flows through the primary windina of 
the coil, through the contact points to ground. ~hecurrerit  flowing through 
the primary winding of the coil creates a magnetic field around the coil 
windings and energy is stored in the coil. Now, when the contact points are 
opened by rotation of the distributor cam, the primary circuit is broken. The 
current atiempts to surge across the gap as the points begin to open, but the 
condenser absorbs the current. In so doina, the condenser creates a sharp 
break in the current flow and a rapid collapse of the magnetic field in the coil. 
This sudden change in the strength of the magnetic field causes a voltage to 
be induced in each turn of the secondary windings in the coil. 

The ratio of secondary windings to the primary windings in the coil 
increases the voltage to about 20,000 volts. This high voltage travels through 
a cable to the center of the distributor cap, through the rotor to an adjacent 
distributor cap contact point, and then on through one of the ignition wires to 
a spark plug. 

When the high-voltage surge reaches the spark plug it jumps the gap 
between the insulated center electrode and the qrounded side electrode. 
This high voltage jump across the electrodes produces the energy required 
to ignite the compressed airlfuel mixture in the cylinder. 

The entire electrical build-up, breakdown, and transfer of voltage is 
repeated as each lobe of the distributor cam passes the rubbing block on the 
contact breaker arm, causing the contact points to open and close. At high 
engine rpm operation, the number of times this sequence of actions takes 
place is staggering. 

Beginning at the key switch, current flows to the ballast resistor and then 
to the positive side of the coil. When the resistor is cold its resistance is 
approximately one ohm. The resistance increases in proportion to the 
resistor's rise in temperature. 

While the engine is operating at idle or slow speed, the cam on the 
distributor shaft revolves at a relatively slow rate. Therefore, the breaker 
points remain closed for a slightly longer period of time. Because the points 
remain closed longer, more current is allowed to flow and this current flow 
heats the ballast resistor and increases its resistance to cut down on current 
flow thereby reducing burning of the contact points. 

During high rpm engine operation, the reduced current flow allows the 
resistor to cool enough to reduce resistance, thus increasing the current flow 
and effectiveness of the ignition system for high-speed performance. 

The voltage drops about 25% during engine cranking due to the heavy 
current demands of the starter. These demands reduce the voltage available 
for the ignition system. In order to reduce the problem of less voltage, the 
ballast resistor is by-passed during cranking. This releases full battery 
voltage to the ignition system. 

The shift cut-out switch, sometimes referred to as an interrupt switch, is 
connected between the primary side of the ignition coil and ground. This 
switch is normally open. The function of this switch is to ground the ignition 
system during a shift to neutral. By grounding the ignition system, gear 
pressure is released and the shift is made much easier. Obviously, if the 
ignition system is grounded, the cylinders will not fire during this period. In 
actual practice only a few cylinders fail to fire and it is usually not noticeable. 
The shift cutout switch is mounted on the transom and is activated by the 
remote control shift cable. If this switch is not adjusted properly, or if it shorts 
out (is grounded) then the primary side of the ignition coil will be grounded 
and the engine will not start. 

In order to obtain the maximum performance from the engine, the timing 
of the spark must vary to meet operating conditions. For idle, the spark 
advance should be as low as possible. During high-speed operation, the 

spark must occur sooner, to give the airlfuel mixture enough time to ignite, 
burn, and deliver power to the piston for the power stroke. 

Manual setting and centrifugal advance are the two methods of obtaining 
the constantly changing demands of the engine. The manual setting is made 
at idle speed. This setting allows the contact points to open at a specified 
position of the piston in the same manner as with conventional ignition 
systems. 

Any problem in the ignition system must first be localized to the primary or 
secondary circuit before the defective part can be identified. 

GENERAL TESTS 

+ See Figure 89 

Disconnect the ignition coil wire from the center of the distributor cap and 
hold it about 114 in, from a good engine ground. Turn the ignition switch to 
the ON position, and crank the engine with the starter. If you observe a good 
spark, go to the Secondary Circuit Test. If you do not have a good spark, go 
to the Primary Circuit Test. 

Primary Circuit Test 

+ See Figure 90 

Remove the distributor cap; lift off the rotor; and then turn the crankshaft until 
the contact points close. Turn the ignition switch to the ON position and open 
and close the contact points using a small screwdriver or a non-metallic 
object. Hold the high-tension coil wire about 114 in. from a good engine 
ground. If you notice a good spark jump from the wire to the ground, the 
primary circuit checks out; proceed to the Secondary Circuit Test. If there is 
no spark, proceed to the Contact Point Test. 

Contact Point Test 

+ See Figure 91 
DERATE 

Remove the distributor cap and rotor. Rotate the crankshaft until the 
points are open, and then insert some type of insulator between the points. 
Now, hold the high-tension coil wire about 114 in. from a good engine ground, 
and at the same time move a small screwdriver up and down with the 
screwdriver shaft touching the moveable point and the tip making intermittent 
contact with the contact point base plate. In this manner, the screwdriver is 
being used for a set of contact points. If a spark is observed from the high- 
tension wire to ground, then the problem is in the contact points. Replace the 
set of points. If there is no spark from the high-tension wire to ground, the 
problem is either a defective coil or condenser. To test the condenser, see 
the Condenser Test. 

Condenser Test 

+ See Figure 91 DERATE 

Condensers seldom cause a problem. However, there is always the 
possibility one may short out and ground the primary circuit. Before testing 
the condenser, check to be sure one of the primary wires or connections 
inside the distributor has not shorted out to ground. 

The most accurate method of testing a condenser is with an instrument 
manufactured for that purpose. However, seldom is one available, especially 
during an emergency. Therefore, the following procedure is outlined for 
emergency troubleshooting the condenser and the primary circuit insulation 
for a short. 

First, remove the condenser from the system. Take care that the metallic 
case of the condenser does not touch any part of the distributor. Next, insert 
a piece of insulating material between the contact points. Now, move the 
blade of a small screwdriver up and down with the shaft of the screwdriver 
making contact with the movable contact point and the tip making and 
breaking contact with the contact point base plate. Observe for a low-tension 
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Fig. 89 Testincl for spark 
Fig. 90 Checking for spark in the primary 
circuit 

spark between the tip of the screwdriver and the contact point base plate as 
you make and break the contact with the screwdriver tip. You should observe 
a spark during this test and it will prove the primary circuit complete through 
the neutral-safety switch, the primary side of the ignition coil, the ballast 
resistor, the shift cut-out switch, and the primary wiring inside the distributor. 
If you have a spark, reconnect the condenser and again make the same test 
with the screwdriver. If you do not get a spark, either the condenser is 
defective and should be replaced, or the shift control switch should be 
adjusted or replaced. 

If you were unable to get a spark with the condenser disconnected, it 
means no current is flowing to this point, or there is a short circuit to ground. 
Use a continuity tester and check each part in turn to ground in the same 
manner as you did at the movable contact point. If you get a spark, indicating 
current flow, at one terminal of the part, but not at the other, then you have 
isolated the defective unit. 

Secondary Circuit Test 

+ See Figure 92 

The secondary circuit should not be tested using emergency 
troubleshooting procedures unless the primary circuit has been tested and 
proven satisfactory, or any problems discovered in the primary crrcuit have 
been corrected. 

If the primary circuit tests are satisfactory, use the same procedures as 
outlined in the Primary Circuit Test to check the secondary circuit. Hold the 
high-tension coil lead about 114 in. from a good ground and at the same 
time, use a small screwdriver to open and close the contact points. A spark 
at the high-tension lead proves the ignition coil is good. However, if the 
engine still fails to start and the problem has been traced to the ignition 
system, then the defective part or the problem must be in the secondary 
circuit. 

The distributor cap, the rotor, high-tension leads, or the plugs may require 
attention or replacement. To test the rotor, go to the Rotor Test. If you were 
unable to observe a spark during the Secondary Circuit test just described, 
the ignition coil is defective and must be replaced. 

Rotor Test 

+ See Figure 93 

With the distributor cap removed and the rotor in place on the distributor 
shaft, hold the high-tension coil lead about 114 in. from the rotor contact 
spring, and at the same time crank the engine with the ignition switch turned 
on. If a spark jumps to the rotor, it means the rotor is shorted to ground and 
must be replaced. If there is no spark to the rotor, it means the insulation is 
good and the problem is either in the distributor cap (check it for cracks), in 
the high-tension leads (check for poor insulation or replace it), or in the spark 
plugs (replace them). 

Fig. 91 Testing the points and the 
condenser 

Fig. 92 Testing the secondary circuit 

IGNITION VOLTAGE TESTS 

Many times hard starting and mis-firing problems are caused by defective 
or corroded connections. Such a condition can lower the available voltage to 
the ignition coil. Therefore, make voltage tests at critical points to isolate 
such a problem. Move the voltmeter test probes from point-to-point in the 
following order. 

Test I-Voltage Loss Across Entire Ignition Circuit 

+ See Figure 94 
TE 

Connect a voltmeter between the battery side of the ignition coil and the 
positive post of the battery, as shown in the Test 1 illustration. Crank the 
engine until the contact points are closed. Turn the ignition switch to the ON 
position. The voltage loss should not exceed 3.2 volts. This figure allows for 
a 0.2 loss across each of the connections in the circuit, plus a calibrated 2.4 
volt drop through the ballast resistor. If the total voltage loss exceeds 3.2 
volts, then it will be necessary to isolate the corroded connection in the 
circuit of the key resistor, the wiring, or at the battery. 
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Rotor 
\ 

Fig. 93 Testing the rotor 

TEST 2-Cranking System 

4 See Figure 95 DERATE 

Disconnect the high tension wire and ground it securely to minimize the 
danger of sparks and a possible fire. Next, connect a voltmeter between the 
battery side of the ignition coil and ground, as shown in Test 2 illustration. 
Now crank the engine and check the voltage. A normal system should have 
a reading of 8.0 volts. If the voltage is lower, the battery is not fully charged 
or the starter is drawing too much current. 

Test 3-Contact Points and Condenser 

4 See Figure 96 DERATE 

Measure the voltage between the distributor primary terminal and ground, 
as shown in the illustration. Crank the engine until the contact points are 
closed. Turn the ignition switch to the ON position. The voltage reading must 
be less than 0.2 volts. A higher reading indicates the contact points are 
oxidized and must be replaced. To check the condenser, crank the engine 
until the contact points are open, and then take a voltage reading. If the 
reading is not equal to the battery voltage, the condenser is shorted to 
ground. Check the condenser installation or replace the condenser. 

Test &Primary Resistor 

4 See Figure 97 DERATE 

Disconnect the battery wire at the primary resistor to prevent damage to 
the ohmmeter. Connect an ohmmeter across the terminals of the resistor, as 
shown in the illustration. The specified resistance is between 1.3 and 1.4 
ohms. If the reading does not fall within this range, replace the resistor. 

Test 5-Voltage Loss In The Ignition Switch, Ammeter, Or Battery Cable - 

4 See Figure 98 DERATE 

Crank the engine until the points are closed. Connect the voltmeter to the 
battery post (not the cable terminal) and to the load side of the ignition 
switch, as shown in the illustration. Now, turn the ignition switch to the ON 
position and note the voltage reading. The meter reading should not be more 
than 0.8 volts. A 0.2 volt drop across each of the connections is permitted. 

If the voltage drop is more than 0.8 volts, move the test probe to the "hot" 
side of the ammeter. If the reading is 0.4 volts, the ignition switch is 
satisfactory. Once the corroded connection has been located, remove the 
nut, clean the wire terminal and connector, and then tighten the connection 
securely. 

/ Fig. 94 Voltage test 1 

COll 

SPARK 
PLUG 

.................I.. 

m a m m m  SECONDARY CIRCUIT 

Fig. 95 Voltage test 2 

Test 6-Distributor Cond 

DERATE 
The condition of the distributor can be quickly and conveni<ntly checked 

with a timing light. 
Under normal timing light procedures the trigger wire from the timing light 

is attached to the spark plug wire of the No. I cylinder. In this test, connect 
the trigger wire to the fifth cylinder in the firing order for a V8 engine. 

The timing mark and the pointer should align in the same position as it did 
with the number one cylinder. If there is a variation of a few degrees, the 
distributor shaft bushings or cam lobes may be worn and the condition will 
have to be corrected. 

Before setting the timing, make sure the point dwell is correct. Take care 
to aim the timing light straight at the mark. Sighting from an angle may cause 
an error of two or three degrees. 

REMOVAL & INSTALLATION 

4 See Figures 99 and 100 

It is not necessary to remove the spark plug and ignition coil leads 
to remove the cap. If you do remove them, be sure to carefully mark 
each lead and tag it for reinstallation in the proper cap socket. 

1. Loosen the two cap retaining screws and carefully lift off the cap. It 
never hurts to paint a small mark across the cap and distributor body to aid 
in installation. There are a few models out there using only one retaining 
screw. 
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Fig. 96 Voltage test 3 I Fia. 97 Voltaae test 4 

2. Paint a small mark on the distributor body at the end of the rotor and 
then pull the rotor up and off the shaft. 

3. If you have removed the electrical leads from the cap, clean it in 
warm, soapy water and allow it to dry completely. Check the cap for cracks 
or other damage. Marine caps should have brass contacts-if yours has 
aluminum contacts, replace it as someone has previously installed an 
automotive cap. 

4. Check the rotor for cracks and other damage. 
5. Install the rotor onto the shaft so that the end is pointing to the mark 

on the distributor base made earlier. 
6. Install the cap onto the distributor. There should be locating tabs cut 

into the distributor housing to aid installation; you've also got the mark you 
made previously. Tighten the retaining screws securely. 

REMOVAL 

It is not necessary to remove the spark plug leads to r h o v e  the 
cap. If you do remove them, be sure to carefully mark each lead and tag 
it for reinstallation in the proper cap socket. 

1. Disconnect the distributor primary lead at the ignition coil terminal 
and then remove the cap and rotor. 

2. Bump the engine over so that the No. 1 cylinder's piston is at TDC. 
3. Scribe or paint a small alignment mark on the distributor body at the 

rotor notch on the distributor shaft. Scribe or paint a small mark across the 
distributor housing and cylinder block. 

4. Loosen and remove the distributor clamp bolt and then slowly lift the 
distributor out of the cylinder block. 

The distributor will actually rotate slightly as you lift it out, so don't 
be surprised or concerned. 

INSTALLATION 

Engine Not Disturbed 
TE 

1, Install the rotor onto the shaft so that the marks made earlier align. 
2. Install a new gasket on the housing. 
3. Grasp the rotor and spin the shaft about 118 of a turn, 

counterclockwise, past the alignment mark (if you are working on a Ford 7.5L 
(460) engine, position the rotor 118 turn clockwise before the mark). Position 
the distributor over the hole in the block so that the alignment marks match 
and then work it down into the hole until it engages completely with the oil 
pump shaft. 

It is OK to wiggle the rotor slightly during installation so that the 
distributor gear meshes properly with the oil pump. It is imperative 
though that the rotor ends up pointing to the alignment mark made 
during removal when installation is complete. 

VOLTMETER 

w 

Fig. 98 Voltage test 5 

Fig. 99 Paint a small mark on the distributor housing for rotor 
alignment 

DISTRIBUTOR CAP 

Fig. 100 Most models will have locating tabs cut into the housing 
to aid in installing the cap 
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4. lnstall the clamp bolt and tighten it securely, but no more than 20 ft. 

Ibs. (27 Nm). 
5. Check the ooint aao and dwell as detailed in the Maintenance section 

and then install the cap and coil lead 
6. Check the ignition timing. 

Engine Disturbed 

1. Set the No. 1 piston to TDC. Remove the No. 1 spark plug, put your 
thumb over the hole and slowly crank the engine until you feel compression 
on the No. 1 cylinder. Crank the engine a bit more until the pointer lines up 
with the mark on the scale. 

2. lnstall the rotor onto the shaft so that the marks made earlier align. 
3. lnstall a new gasket on the housing. 
4. Grasp the rotor and spin the shaft about 118 of a turn, 

counterclockwise, past the alignment mark (if you are working on a Ford 7.5L 
(460) engine, position the rotor 118 turn clockwise before the mark). Position 
the distributor over the hole in the block so that the alignment marks match 
and then work it down into the hole until it engages completely with the oil 
pump shaft. 

N It is OK to wiggle the rotor slightly during installation so that the 
distributor gear meshes properly with the oil pump. It is imperative 
though that the rotor ends up pointing to the alignment mark made 
during removal when installation is complete. 

5. lnstall the clamp bolt and tighten it finger-tight. Rotate the distributor 
carefully until the breaker points just begin to open and then install the clamp 
bolt and tighten it securely, but no more than 20 ft. Ibs. (27 Nm). 

6. lnstall the distributor cap into position and confirm that the rotor 
points to the terminal for the No. 1 spark plug lead. If it does, go to the next 
step; if not, repeat the ~nstallation procedure. 

7. Check the point gap and dwell as detailed in Maintenance section 
and then install the cap and coil lead. 

8, Check the ignition timing. 

DISASSEMBLY & ASSEMBLY 

See Figure 101,102 and 103 
CULT 

Engines using a breaker point ignition system may have been 
equipped with a Delco, Mallory or a Prestolite distributor. 

1. Remove the distributor. 
2. Disconnect the primary wire and the condenser lead from the breaker 

point assembly terminal. Remove the breaker point assembly by removing 
the two attaching screws. Remove the condenser attaching screw and the 
condenser. On Mallory distributors, you will have to remove the terminal 
screw running through the side of the housing. 

3. Pull the primary lead through the opening in the housing. Scribe a 
mark across the breaker plate and housing and then remove the two breaker 
plate attaching screws. Remove the breaker plate. On Mallory models, make 
sure that you take note of the relationship between the curved notch in the 
plate and the inside of the housing. On Delco models, there is a small rubber 
grommet in the plate holding the primary wire- do not disturb this grommet. 

N Further disassembly of the distributor body is not recommended. 

4. Remove the thrust washer installed only on certain counterclockwise 
rotating engines. 

5. Remove the weight retainers, and then remove the weights. 
6. Remove the distributor cap clamps. Scribe a mark on the gear and a 

matching mark on the distributor shaft as an aid in locating the pin holes 
during assembly. Place the distributor shaft in a V-block, and then use a drift 
punch to remove the roll pin. Remove the gear from the shaft. Remove the 
shaft collar roll pin. 

To assemble: 
7. Never wash the distributor cap, rotor, condenser, or breaker plate 

assembly of a distributor in any type of cleaning solvent. Such compounds 
may damage the insulation of these parts or, in the case of the breaker plate 
assembly, saturate the lubricating felt. 

8. Check the shaft for wear and fit in the distributor body bushings. If 
either the shaft or the bushings are worn, replace the shaft and distributor 
body as an assembly. Use a set of V-blocks and check the shaft alignment 

with a dial gauge. If the run-out is more than 0.002 in., the shaft and body 
must be replaced. 

9. Inspect the breaker plate assembly for damage and replace it if there 
are signs of excessive wear. 

10. Check to be sure the advance weights fit free on their pins and do 
not have any burrs or signs of excessive wear. Check the cam fit on the end 
of the shaft. The cam should not fit loose but it should still be free without 
binding. 

Marine distributors have a corrosion resistant coating applied to the 
return spring on top of the breaker plate and on the two small weight 
springs under the plate. For this reason, as well as other good reasons, 
automotive parts-point sets, springs, or other distributor parts- 
should never be used as a replacement. 

11. Always replace the points with a new set during a distributor 
overhaul. The condenser seldom gives trouble, but good shop practice 
dictates a new condenser with a new set of points. Some point sets still 
include a condenser in the package. If you have paid for a new condenser, 
you might as well install it and be free of concern over that part. 

12. Lubricate the distributor shaft with crankcase oil, and then slide it into 
the distributor body. Slide the collar onto the shaft; align the holes in the 
collar with the hole in the shaft; and then install a new pin. 

13. lnstall the distributor cap clamps. Left-hand rotating engine distributor 
assemblies may have an additional thrust washer between the collar and the 
base. Use a feeler gauge between the collar and the distributor base to 
check the shaft end-play. The end-play should be between 0,001-0.010 in. 

14. lnstall the gear onto the shaft with the marks, on the gear and the 
shaft made during disassembly, aligned. The holes through the gear and the 
shaft should be aligned after the gear is installed. lnstall the gear roll pin. 

15. Fill the grooves in the weight pivot pins with distributor cam lubricant. 
Position the weights in the distributor with the weight you identified with a 
mark during disassembly matched with the marked pivot pin. Secure the 
weights in place with the retainers. Slide the thrust washer onto the shaft. Fill 
the upper distributor shaft grooves with distributor cam lubricant. 

16. lnstall the cam assembly with the marked spring bracket near the 
marked spring bracket on the stop plate. If a new cam assembly is being 
installed, take care to be sure the cam is installed with the hypalon-covered 
stop in the correct cam plate control slot. The proper slot can be determined 
by measuring the length of the slot used on the old cam' and then using the 
corresponding slot on the new cam. Some new cams will have the size of 
the slot stamped in degrees near the slot. If the wrong slot is used, the 
maximum advance will not be correct. 

17. Coat the distributor cam lobes with a light film of distributor cam 
lubricant. Install the retainer and wick. Use a few drops of SAE 10W engine 
oil on the wick. lnstall the weight springs, with the spring and bracket marked 
during disassembly, matched. 

18. Place the breaker plate in position and then secure with the attached 
screws. Remember on Mallory models that the curved notch should be 
spanning the hole where the terminal screw goes through the housing. On 
Delco models, make sure that the small rubber grommet in seated correctly 
in the plate and the notch in the housing. 

19. Push the primary wire through the opening in the distributor. Place 
the breaker point assembly and the condenser in position and secure them 
in place with the attaching screws. Don't forget the terminal screw on the 
Mallory! Connect the primary wire and the condenser lead to the breaker 
point primary terminal. 

20. Adjust the point gap and dwell as outlined in the following 
procedures, then install the distributor. 

DERATE 
1. Disconnect the negative battery cable. 
2. Disconnect the high tension lead coming from the distributor 
3. Tag and disconnect the coil electrical leads. 
4. Remove the coil mounting boltslscrews and lift out the coil. 
5. lnstall the coil and tighten the mounting hardware securely. 
6. Connect the electrical leads and the high tension lead. 
7. Connect the battery cable. 
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'ig. 101 Exploded view of a Delco distributor 
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Fig. 102 Exploded view of a Mallory distributor 
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I 1  Spring 21 Clamp 
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13 Weight 23 Clamp 
14 Lubricatina Wick 24 Pin - - - . - . . 
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6 Screws 16 Cam Assembly 
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9 Breaker Plate 19 Shaft 
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Fig. 103 Exploded view of a Prestolite distributor 
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+ See Figures 104,105 and 106 

Basic components of this system include a pointless distributor, a remote 
ignition coil, an electronic ignition module and a pick-up coil. The distributor 
does not contain breaker points, a condenser or a centrifugal advance 
arrangement. As the name of the system implies, spark advance and ignition 
timing are handled electronically. There are little to no differences between 
the two svstems; EST is used on carbureted enaines, while Dl is used on .. . 
EFI engines. 

The distributor utilizes an internal magnetic pick-up assembly consisting of 
a permanent maanet, a pole ~ i e c e  with internal teeth and the actual oick-up 
coil. The pick-upcoil itself is sealed against moisture and electro-mechanical 
interference. When the rotating teeth of the timer core (which is attached to 
the top of the distributor shaft) line up with the internal teeth on the pole 
piece, voltage is induced in the pick-up coil. The coil then sends a signal to 
the ignition module; thus triggering the primary ignition circuit. Current flow in 
the primary circuit is interrupted and voltage as high as 35,000 volts is 
induced in the secondary windings of the ignition coil; this voltage is then 
through the secondary ignition circuit to fire the spark plugs. 

The distributor is connected to the ignition coil by a high tension 
secondary wire and 2 low voltage primary wires. Because of this high 
voltage, a special thermoplastic, injection molded, glass-reinforced distributor 
cap is used. 

A timer core (trigger wheel) is mounted near the upper end of the 
distributor shaft. This "wheel" has "teeth"-the number corresponding to the 
number of engine cylinders. An ignition module is mounted close to the 
wheel. 

The ignition coil produces greater spark voltage, longer spark, and 
operates at a much higher rpm than normal. The secondary windings are 
wrapped around the primary windings, which are in turn wrapped around an 
iron core. The coil generates a very high secondary voltage of up to 35,000 
V when the primary circuit has been broken. There are a pair of 2-wire 
connectors used for: 

Battery voltage input 
Primary voltage to the ignition module - lgnition module trigger signal input 
Tachometer output signal 

The ignition module is located inside the distributor and is a solid state 
unit that uses transistorized relays and switches to control any associated 
circuits. The module serves the following functions: 

Changing the voltage signal from the pick-up coil to a "square" digital 
signal 

Vents 

Rotor 

H .  Shield 

Ignition 
Module 

Fig. 104 Compbnents of the ESTlDl system 

Sending the digital signal as a reference signal (REF HI) for ignition 
control 

Providing a ground reference signal (REF LO) 
Providing a means to control spark advance (Ignition mode andlor 

Module mode) 
Providing a trigger signal for the ignition coil 

The pick-up coil assembly consists of the stationary pole piece and a 
pick-up coil and magnet; which rides inside the pole piece. The coil produces 
an alternating voltage signal as the teeth pass the magnet. A signal is 
produced for each cylinder of the engine during one complete revolution of 
the engine. The coil assembly is connected to the ignition module with a 2- 
wire connector. 

+ See Figure 107 and 108 

This Delco EST breakerless ignition system requires the use of a 
jumper wire--0MC 986662-or one may be fabricated using a six inch 
piece of 16AWG wire and a male bullet terminal on each end. This 
jumper is required to shunt (turn off), the electronic spark advance 
function in the module while setting initial timing. 

Always ground the high tension lead of the coil any time it is 
disconnected from the distributor. Failure to disconnect the lead could 
result in fire or an explosion, if gas vapors are present. Reason: A high 
voltage discharge in the secondary circuit of the coil may occur when 
the ignition switch is turned to the on and off positions. This high 
voltage discharge may occur even if the engine is not cranked. 

Before spending too much time and money attempting to trace a problem 
to the ignition system, a compression check of the cylinders should be made. 
If the cylinders do not have adequate compression, troubleshooting and 
attempted service of the ignition or fuel system will fail to give the desired 
results of satisfactory engine performance. 

Tach output Trigger signal from 

11 

Tension Wire 

Fig. 105 lgnition coil connections 

lgni t ion  ECM 
C o i l  

Fig. 106 lgnition module connections 
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Fig. 107 Exploded view of the typical Dl distributor 
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Fig. 108 Exploded view of the typical EST distributor 

VISUAL CHECKS 

Check the coil tower for carbon tracking. Check the terminals for secure 
connections. Verify the polarity is correct. Check the coil nipple to be sure it 
is sealed and insulated. If flashover should occur at this location, the engine 
will fail to start. 

Check the distributor cap for carbon tracking. Clean the cap if it is dirty. 
Moisture and dirt make a good path for flashover. If a carbon track has 
started, the cap must be replaced. Check the rotor for carbon tracking and 
cleanliness. Again, if carbon track has started, the rotor must be replaced. 

Check the high tension leads to the spark plugs for burning, cracking and 
any type of deterioration. Check the spark plug for fouling, proper gap and 
possible cracked insulator. 

12 VOLT (Bt) 

TE 
+ See Figure 109 

1. Connect a multi-meter as per the manufacturers instructions. 
2. Disconnect the purple and gray wire connector at the ignition coil. 
3. Connect the positive lead on the meter to the terminal for the purple 

wire in the connector; connect the negative lead to ground. 
4. Turn the ignition switch to the ON position and check that the meter 

reads at least 8 V. 
5. Plug the connector back into the coil and disconnect the pink and 

brown connector at the distributor. 
6. Connect the positive lead on the meter to the terminal for the pink 

wire in the connector; connect the negative lead to ground. 
7. Turn the ignition switch to the ON position and check that the meter 

reads at least 8 V. 

IGNITION COIL 
- 

DERA TE 
+ See Figure 109 

Disconnect both connectors from the coil before performing the 
following test. 

1. Check for short to ground: Connect one meter lead to the frame as a 
ground. Make contact with the other meter lead to the Purple wire terminal 
on the coil. The meter should indicate an infinite reading. If the meter 
indicates less than an infinite reading, the ignition coil has a short to ground. 
The coil must be replaced. 

2. Check for an open or short in the Primary circuit: Set the ohmmeter 
to the low scale. Connect one meter lead to the Purple wire terminal. Make 
contact with the other meter lead to the Gray wire terminal for the tach lead. 
The meter should indicate 0.35-0.45 ohms. If the meter indicates higher 
ohms, the primary circuit probably has an open. If the meter reading is low, 
the primary circuit has a short. Either condition requires that the coil must be 
replaced. 

3. Check for an open or short in the Secondary circuit. Set the meter to 
the high scale. Connect one meter lead to the Purple wire terminal. Make 
contact with the other meter lead to the high tension terminal. The meter 
should indicate 7500-9000 ohms. If the meter indicates less than 7500 ohms, 
the circuit has a short. If the meter indicates more than 9000 ohms, the 
circuit probably has an open. Either condition demands that the coil must be 
replaced. 

4. Install the black coil connector (distributor harness) first and then 
install the gray connector (engine harness). 
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PICK-UP COIL 

DERATE 
+ See Figure 110 

1. Connect a multi-meter as per the manufacturers instructions. 
2. Remove the screws securing the distributor cap, and then remove 

the cap and the rotor. Release the locking tab and unplug the pick-up coil 
connector. On almost all models these two wires should be white and green. 

3. Check for short to ground: Set the ohmmeter to the high scale. 
Connect one meter lead to the distributor body. Make contact with the other 
meter lead to either of the wire terminals in the connector. The meter should 
indicate an infinite reading. A reading of less than infinite, indicates the coil 
has a shorted circuit. The coil must be replaced. 

4. Check for open or shorted coil: Set the ohmmeter to the high scale. 
Connect one meter lead to the green wire pickup coil terminal. Make contact 
with the other meter lead to the white wire coil terminal. If the wires on your 
connector are a different color, simply connect the meter to each of the 
terminals in the connector. The meter should have a constant indication of 
700-900 ohms. If the meter indicates more than 900 ohms, the coil probably 
has an open circuit and the coil must be replaced. If the meter indicates less 
than 700 ohms the coil probably has a shorted circuit and the coil must be 
replaced. Make sure that you bend the leads slightly while testing to 
determine any intermittent open circuits. 

IGNITION MODULE 

The ignition module in the distributor either produces a spark or it fails to 
produce an adequate spark. If all other tests have been performed with 
satisfactory results and the problem still exists-replace the ignition module. 

INDUCTOR 

The primary circuit between the 2-wire terminal on the ignition module and 
the ignition coil utilizes an inductor on the pink wire to protect against RFI 
interference. If interference is detected, the inductor has failed and the entire 
2-wire harness will require replacement. 

REMOVAL & INSTALLATION - 
* See Figure 111 and 112 

It is not necessary to remove the spark plug leads at the cap when 
removing it. If you do remove them, be sure to tag each of them to 
ensure correct installation. 

1. Disconnect the battery cables. 
2. Remove the distributor cap mounting screws and lift off the cap. 

Some caps may have a vent connection; if yours does, unplug the hose. 

Testing Ignition Coil 

\V Gray 

Fig. 109 Testing the ignition coil 

3. Clean the cap with warm soapy water-if you have not removed the 
spark plug wires, you must, obviously, do it at this time. Blow it dry with 
compressed air; or if not available, make sure it air dries completely prior to 
installation. 

4. Check the cap contacts for excessive burning, wear or corrosion. 
Check the cap for cracks or wear. 

5. Install the cap by fitting the tab into the notch in the distributor 
housing and tighten the screws securely. Reconnect the plug wires if 
disconnected. 

DEBATE 

1,  Begin by disconnecting the high tension leads from thedistributor. 
Take time to identify and tag each lead as an aid during installation to ensure 
they are properly installed for correct cylinder firing. 

2. Lift the locking tabs and disconnect the 2-and 4-terminal connectors. 
Rotate the crankshaft until No. 1 cylinder is in the firing position-both valves 
for No. 1 are closed and the timing mark on the harmonic balancer is aligned 
with the 0" (TDC) mark on the grid attached to the front cover. 

3. Remove the two screws securing the distributor cap in place, and 
then remove the cap. 

4. Now, note the position of the rotor tip. Take time to make a reference 
mark on the distributor housing to enable the rotor and the housing to be 
properly aligned during installation. 

5. Make a mark on the distributor base and a matching mark on the 
engine as an aid during installation to ensure the distributor will be installed 
back in its original position. 

Take care to prevent the crankshaft from being rotated--even 
slightly-while the distributor is out of the block. If the crankshaft 
should be rotated-follow the procedures listed under Engine 
Disturbed later in this section. 

6. Remove the distributor clamp bolt and lift the distributor straight up 
and clear of the engine. The gasket should be discarded. 

INSTALLATION 

Engine Not Disturbed 
DERATE 

1. Perform the following procedures if the distributor and engine were 
marked prior to removal and there is no evidence to indicate that the 
crankshaft was rotated while the distributor was removed. If the distributor 
was not marked, as instructed in the removal procedures, or if the crankshaft 
was rotated-even slightly-while the distributor was out, proceed to the 
Engine Disturbed section. 

T e s t i ~ g  Pickup Coil  

a- Connector 
b- Green wire 
c- White wire 
d- Distributor housing 

Fig. 110 Pick-up coil terminal location I Fig. 111 Remove the cap with the wires 
attached (3.OL shown) I 
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2. lnstall the rotor and rotate it approximately 118 turn counterclockwise 

from the reference mark made prior to disassemblina. Rotor rotation at this 
time is necessary because as the distributor shaft gear indexes with the 
camshaft gear, the shaft will rotate clockwise about 118 turn-the rotor will 
then be back where it should be for the No. 1 cylinder to fire. 

3. Position a new distributor gasket in place on the engine. A reference 
mark should have been made on the distributor and the block prior to 
removal, as instructed in the removal procedures. lnstall the distributor into 
the block with the mark on the distributor roughly aligned with the mark on 
the block. Push the distributor fully into the block until the housing is seated. 

If necessary, rotate the rotor slightly to permit the gear on the lower 
end of the distributor shaft to irklexwith the gear on the camshaft. The 
"soade" on the lower end of the distributor shaft must enaaae the slot 
fo; the oil pump. You can also insert a small screwdriver st; the 
opening and turn the pump shaft. Failure to index would result in no 
enaine oil circulation-disaster. The distributor shaft collar should now 
be'iully seated on the block. However, once the distributor is in place 
the rotor reference marks and the distributor housing marks should 
both be alianed. 

4. Secure the distributor in place with the hold down clamp and bolt. 
Tighten the bolt to the proper specification as detailed in the Torque 
Specifications chart for your particular engine (snug, but not more than 20 ft. 
Ibs.). 

5. Connect the 2-and 3-wire leads into the distributor. 
6. lnstall the cap and tighten the screws securely. The cap can only be 

installed properly-one way. Lubricate the sockets in the distributor cap with 
wheel bearing grease, or the equivalent. lnstall the spark plug high tension 
leads (if they were removed) using the identification made during removal to 
ensure proper cylinder firing. 

7. Check the ignition timing. 

Engine Disturbed 

The following procedures are to be performed if reference marks were not 
made for the rotor, the distributor housing and the engine block or if the 
crankshaft was rotated while the distributor was out of the block. 

1. Rotate the crankshaft until the No. 1 cylinder is ready to fire-both 
valves are closed and the timing mark on the harmonic balancer is aligned 
with the 0" mark on the grid attached to the front cover. 

2. Position a new gasket in place on the engine block. lnstall the 
distributor into the block. 

If it is not possible to fully seat the distributor in place on the block, 
press down lightly on the distributor housing and at the same time 
rotate the rotor slightly. This action will permit the gear on the lower 
end of the distributor shaft to index with the camshaft aear. The 
"spade" on the lower end of the distributor shaft shouG engage the 
slot for the oil pump. The distributor shaft collar should now be fully 
seated on the block. 

Fig. 112 A good look at the cap on the 7.4Gi 

3. Once the distributor is fully seated, install the clamp and bolt, but 
leave it just loose enough to permit rotating the distributor with strong hand 
pressure. At this point, the rotor must be in position to fire the No. 1 cylinder. 

4. Just place the cap in position on the distributor. Scribe a mark on the 
distributor housing aligned with the No. 1 spark plug terminal. Now, remove 
the cap and verify the rotor is aligned with the mark just made for the No. 1 
spark plug terminal. If the rotor does not align with the mark, rotate the 
distributor housing-with difficulty, because the clamp was not tightened- 
right or left to align the rotor with the mark for the No. 1 terminal. If it is not 
possible to align the rotor with the No. 1 mark, the distributor must be 
removed the entire procedure started over again. 

5. Tighten the distributor clamp bolt to the proper specification as 
detailed in the Torque Specifications chart for your particular engine (snug, 
but not more than 20 ft. Ibs.). 

6. Check all high tension leads and connect them in the proper 
sequence for correct cylinder firing. 

7. Connect the 2-wire engine harness connector to the distributor. 
8. Check the ignition timing. 

DISASSEMBLY 

ULT 
+ See Figures 107,108, and 113 thru 119 

Remove the distributor from the engine, as outlined in the previous 
section. The following procedures pick up the work after the distributor has 
been removed and is on a suitable work surface. 

1. Pull the rotor free from the upper end of the distributor shaft. 
2. Disconnect the connector at the ignition module, pry the retainer free 

and then lift out the pick-up coil. 
3. Disconnect the 2 ignition module leads. Remove the two screws 

securing the module to the distributor, and then remove the module. It may 
be necessary to carefully pry the module loose from the distributor. 

4. Make a mark on the drive tang at the lower end of the distributor 
shaft and another mark on the collar of the gear aligned with the first mark 
as an aid to installing the gear back in its original position. After the marks 
have been made, drive the roll pin free of the gear with a small (4.5mm) 
punch. 

5. Slide the gear free of the shaft, and then separate the shaft by pulling 
it up through the top of the pick-up coil-the timer core will come with it. 

6. Carefullv orv off the retainer on the end of the housina securina the 
shield, coil and bole piece. Slide them all off and discard the Yetainer. - 

Fig. 113 A good view of the EST distributor 
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Fig. 114 Unplug the pick-up coil connector ... 

Fig. 115 ... and remove the ignition module 

I Fig. 118 Pull the shaft up through the coil. 
Note that the timer core stays with the shaft 

CLEANING AND INSPECTING 

Obtain a clean cloth and wipe the distributor cap clean. lnspect the cap 
for chips, cracks and any sign of a carbon path. If such a path is discovered, 
the cap must be replaced because such a path would permit high tension 
leakage. 

Clean loose corrosion from the terminal segments inside the cap. Do not 
use emery cloth or sandpaper. If the segments are deeply grooved, a new 
cap should be installed. 

lnspect the terminal sockets for corrosion. Clean the sockets using a stiff 
wire brush to loosen the corrosion. After the sockets are clean, lubricate 
them with wheel bearing grease, or equivalent. 

lnspect the rotor for cracks. Check to be sure the tip of the rotor is not 
badly burned. Such a condition demands the rotor be replaced. 

lnspect the trigger wheel for any sign of contact with the sensor. If the 
distributor has been removed from the block, make an attempt to check the 
distributor shaft for excessive wear between the shaft and the bushings in 
the housing. 

ASSEMBLY 

CULT 
+ See Figures 107,108 and 113 thru 120 

The following procedures pickup the work after disassembled parts have 
been cleaned and replacement items have been obtained and are on hand. 

1. Align the pole piece with the housing and slide it onto the end of the 
housing. Align the tab on the coil with the hole in the base of the housing. 

Fig. 116 Driving out the roll pin 

Fig. 119 Pry up the retainer 

Fig. 117 Close up of the pin and the gear 

Fig. 120 Coat the plate with grease 
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2. Install the shield and a new retainer over the end of the housing. 

Position a 518 in. socket over the retainer and lightly tap it into place over the 
end of the housing-make sure it is seated firmly into the groove. 

3. Coat the distributor shaft with oil and slide into and through the 
center of the housing. Spin it several times to lubricate it and the housing. 

4. Slide the star washer onto the shaft so that the teeth are pointing up 
toward the top of the housing. Slide the flat washer and the gear onto the 
shaft so that the alignment marks made earlier line up. Insert the roll pin and 
drive it down until it is flush. 

5. Make sure the surface of the distributor plate is clean and then 
spread an even coat of Thermal Conductive grease onto the bottom of the 
module. Position the module on the plate and tighten the two screws 
securely; clean any excess grease from the plate and module. 

6. Connect the lead from the coil to the back of the module and lock it 
in place. 

7. Align the rotor with the notch in the distributor shaft, and then press it 
to secure it in place. 

REMOVAL & INSTALLATION 

DERATE 

1. Disconnect the negative battery cable. 
2. Disconnect the high tension lead coming from the distributor. 
3. Tag and disconnect the coil electrical leads (two 2-pin connectors). 
4. Remove the two coil mountina bolts and lift out the coil (with the 

bracket attached, if equipped). 
5. Install the coil and tighten the mounting bolts to 20-25 ft. Ibs. (27-34 

Nm). 
6. Connect the electrical leads and the high tension lead. 
7. Connect the battery cable. 

+ See Figures 121,122 and 123 

Basic components of this system include a pointless distributor and a 
remote ignition coil. The distributor has the external appearance of a 
conventional distributor-the cap and rotor will appear quite familiar, but the 
remainder of the internal items are completely different. A trigger "wheel" is 
mounted near the upper end of the distributor shaft. This "wheel" has 
"teeth1'-the number corresponding to the number of engine cylinders. A 
horseshoe shaped sensorlelectronic ignition module is mounted around the 
distributor shaft and "wheel". The sensor portion of the module and the 
"wheel" replace the breaker points and condenser from earlier systems. This 
sensor/module controls ignition timing and ignition coil saturation. 

The BID system contains two separate circuits-a primary circuit-and a 
secondary circuit. The primary circuit handles the low voltage current 
supplied by the battery or by the alternator. Major components of this circuit 
are the primary winding of the ignition coil, the electronic control module 
including the sensor and the low tension wiring. The secondary circuit 
handles the high voltage surges produced by the ignition coil. This high 
voltage is routed to each spark plug through the high tension leads. 
Components of this circuit include the secondary winding of the ignition coil, 
the high tension leads between the coil and the distributor and between the 
distributor, the high tension leads to each spark plug, the distributor rotor, 
and the distributor cap. 

The sensor is a coil of very fine wire molded into a plastic housing. The 
housing is mounted on the base plate in the distributor and is connected 
directly to, and considered an integral part of, the ignition module. The 
sensor is not serviceable and must be replaced as an assembly along with 
the module. 

The electronic ignition module IS a self-contained solid state unit 
encapsulated with potting compound. This compound provides a protective 
barrier against vibration and moisture, The module contains an oscillator and 
a transistor. It is not serviceable and must be replaced along with the sensor. 

Fig. 121 A close-up of the BID distributor 
with the can removed ... 

The BID system operates on the principle of a metal detector. The 
detector is the sensor in the module and the detected metal is the "tooth" in 
the trigger "wheel". 

As the "wheel" near the upper end of the distributor shaft rotates, the 
sensor detects the metal "tooth"; the oscillator in the ignition module is at a 
low level; the transistor is OFF; and primary current does not flow. If this 
were a breaker point system-the points would be open. 

After the "tooth" of the "wheel" passes the sensor, the oscillator is at a 
high level, the transistor is ON; and current flows in the primary winding. 
With a breaker point system-the points would be closed. 

The high voltage surge developed in the secondary winding of the ignition 
coil is transferred to the proper spark plug through the cable; the center of 
the distributor cap; the distributor rotor; to the proper cap contact point when 
the rotor aligns with the point; and finally through the high tension lead to the 
spark plug in the cylinder. 

This sequence is repeated as each "tooth on the trigger "wheel" passes 
the sensor. 

Initial manual setting of the distributor is made when a tooth of the trigger 
wheel passes the sensor at the instant the No. 1 piston is at an exact 
position in the cylinder-namely TDC. This position is indicated by the timing 
mark on all GM engines, or the pointer on Ford engines, and the timing grid. 

At high engine rpm, the spark must occur earlier than at idle speed. This 
advance spark gives the fuellair mixture time to ignite, burn, and deliver its 
power to the piston as it starts down on the power stroke. Therefore, the 
spark advance is governed by engine speed. A centrifugal advance 
arrangement consisting of an advance cam, two weights, two springs and a 
weight base plate is installed in the distributor to accomplish the advance 
timing. 

When the engine is at idle, the springs hold the advance weights so there 
is no advance. Therefore, spark timing occurs as set by the initial manual 
setting of the distributor. 

When engine speed increases, centrifugal force causes the weights to 
move outward and push against the advance cam, thus rotating the weight 
plate. As the plate rotates, the teeth of the trigger wheel will pass the sensor 
earlier in the compression stroke, thus advancing the spark, 

Fig. 122 ... and a better view with the rotor 
removed I Fig. 123 Centrifugal weight arrangement 
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Always ground the high tension lead of the coil any time it is 
disconnected from the distributor. Failure to disconnect the lead could 
result in fire or an explosion, if gas vapors are present. Reason: A high 
voltage discharge in the secondary circuit of the coil may occur when 
the ignition switch is turned to the on and off positions. This high 
voltage discharge may occur even if the engine is not cranked. 

Before spending too much time and money attempting to trace a problem 
to the ignition system, a compression check of the cylinders should be made. 
If the cylinders do not have adequate compression, troubleshooting and 
attempted service of the ignition or fuel system will fail to give the desired 
results of satisfactory engine performance. 

VISUAL CHECKS 

Check the coil tower for carbon tracking. Check the terminals for ;cure 
connections. Verify the polarity is correct. Check the coil nipple to be sure it 
is sealed and insulated. If flashover should occur at this location, the engine 
will fail to start. 

Check the distributor cap for carbon tracking. Clean the cap if it is dirty. 
Moisture and dirt make a good path for flashover. If a carbon track has 
started, the cap must be replaced. Check the rotor for carbon tracking and 
cleanliness. Again, if carbon track has started, the rotor must be replaced. 

Check the high tension leads to the spark plugs for burning, cracking and 
any type of deterioration. Check the spark plug for fouling, proper gap and 
possible cracked insulator. 

SENSOR AIR GAP 

S Y 
4 See Fiaure 124 

All models equipped with BID ignition systems require an air gap 
adjustment between the sensor wheel and the trigger wheel; particularly after 
the distributor has been removed. It is also a good idea to ensure that the air 
gap is within specification prior to performing any ignition timing procedures. 

1. Open or remove the engine hatches. 
2. Remove the distributor cap and pull off the rotor as detailed later in 

this section. 
3. Connect a remote starter switch as detailed in the manufacturer's 

instructions. 
4, Check the sensor coil, trigger wheel and teeth for signs of wear or 

other obvious damage. Using the remote starter, crank the engine around 
until a tooth on the wheel aligns with the contact on the coil. 

5. Insert a nonmetallic flat-bladed feeler gauge between the coil and 
tooth. The gap should be 0.008 in. (0.20mm). 

6. If not within specification, loosen the small screw (A) on the trigger 
coil slightly and move the coil carefully until the gap is within spec. Tighten 
the screw securely-but not too tight- and recheck that the gap has not 
changed. 

7. Disconnect the remote starter. 
8. Install the rotor and distributor cap. 

PRIMARY VOLTAGE TEST 

DERATE 

4 See Figures 125,126 and 127 

1. Remove the distributor cap and connect a voltmeter as per the 
manufacturer's instructions. Bump the engine over until the sensor is 
between any two teeth on the trigger wheel. Turn the ignition switch to the 
ON position. 

2. Connect the meter leads to their corresponding battery terminals and 
confirm that 12-13 V is present at the battery. Charge or replace the battery if 
voltage is less than suggested. 

Fig. 124 Checking the distributor air gap 

3. Connect the negative lead on the meter to the negative battery 
terminal or a good ground. Connect the positive lead to the positive terminal 
on the ignition coil. The meter should indicate battery voltage as shown in 
Step 2 (within 1V); if less, move to the Voltage Drop Test. 

4. With the negative lead still connected as in the previous step, 
connect the positive lead to negative terminal on the coil. If the meter 
indicates 4-8V, ground the high tension lead from the coil and position a 
screwdriver in front of the sensor face, discharging the coil. The meter 
should now indicate 12-13V. If less than suggested, the coil or the 
sensorlmodule will reauire redacement. Re~lace the coil as necessary and 
then perform the test with the screwdriver again-if still no spark, replace the 
sensor and reset the air gap. 

If the meter indicated less than 4V, disconnect the meter lead at the coil 
and remove the wire at the negative terminal on the coil. Now connect the 
meter lead to the negative terminal again and confirm that the reading is 12- 
13V. If so, there is a short in the sensor assembly and you will need to 
replace the unit. If the reading is only 0-4V, the coil primary circuit has an 
open and you'll need to replace the coil. 

If the meter originally showed more than 8V in the first test of this step, 
check for an open distributor ground circuit or a shorted coil primary circuit. If 
the distributor ground is bad, repair the circuit. If it is OK, replace the sensor 
assembly. If coil primary circuit is showing a short, replace the coil. 

VOLTAGE DROP TEST 

DERATE 

1. Remove the distributor cap and connect a voltmeter asper the 
manufacturer's instructions. Bump the engine over until the sensor is 
between any two teeth on the trigger wheel. Turn the ignition switch to the 
ON position. 

2. Connect the positive meter lead to the positive terminal on the 
battery. Connect the negative meter lead to the positive terminal on the 
ignition coil. If the meter indicates less than lV, check all connections. If the 
meter fluctuates, check for a loose connection. Repair either option prior to 
moving to the next step. 

3. Connect the negative meter lead to the negative terminal on the 
battery. Connect the positive meter lead to the housing on the sensor 
assembly. If the meter indicates more than lV, check and tighten all ground 
connections and inspect the negative battery terminal. Confirm that the 
sensor mounting screws are tight. Repeat the test, if the reading is above 1V 
again, replace the battery ground cable. 

4. Check the advance mechanism in the distributor and the ignition 
timing. 

REMOVAL & INSTALLATION 

It is not necessary to remove the spark plug leads at the capwhen 
removing it. If you do remove them, be sure to tag each of them to 
ensure correct installation. 
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I Fig. 125 Step 3 I Fig. 126 Step 4 I 
1. Disconnect the battery cables. 
2. Remove the distributor cap mounting screws and lift off the cap. 

Some caps may have a vent connection; if yours does, unplug the hose. 
3. Clean the cap with warm soapy water-if you have not removed the 

spark plug wires, you must, obviously, do it at this time. Blow it dry with 
compressed air; or if not available, make sure it air dries completely prior to 
installation. 

4. Check the cap contacts for excessive burning, wear or corrosion. 
Check the cap for cracks or wear. 

5. lnstall the cap by fitting the tab into the notch in the distributor 
housing and tighten the screws securely. Reconnect the plug wires if 
disconnected. 

REMOVAL 

1. Begin by disconnecting the high tension leads from thzdistributor. 
Take time to identify and tag each lead as an aid during installation to ensure 
they are properly installed for correct cylinder firing. 

2. Rotate the crankshaft until No. 1 cylinder is in the firing position- 
both valves for No. 1 are closed and the timing mark (or pointer) on the 
harmonic balancer is aligned with the 0" mark on the grid attached to the 
front cover. 

3. Remove the two screws securing the distributor cap in place, and 
then remove the cap. 

4. Now, note the position of the rotor tip. Take time to make a reference 
mark on the distributor housing to enable the rotor and the housing to be 
properly aligned during installation. 

5. Make a mark on the distributor base and a matching mark on the 
engine as an aid during installation to ensure the distributor will be installed 
back in its original position. 

R Take care to prevent the crankshaft from being rotated--even 
slightly-while the distributor is out of the block. If the crankshaft 
should be rotated-follow the procedures listed under Engine 
Disturbed later in this section. 

6. Remove the distributor clamp bolt and lift the distributor straight up 
and clear of the engine. The gasket should be discarded. 

INSTALLATION 

Engine Not Disturbed 
ERA TE 

When installing a new distributor on a Ford engine, make sure that 
you add Ford Engine Oil Supplement to the oil before starting the 
engine for the first time. 

1. Perform the following procedures if the distributor and engine were 
marked prior to removal and there is no evidence to indicate that the 
crankshaft was rotated while the distributor was removed. If the distributor 

I Fig. 127 ... and Step 4 again I 

was not marked, as instructed in the removal procedures, or if the crankshaft 
was rotated-even slightly-while the distributor was out, proceed to the 
Engine Disturbed section. 

2. lnstall the rotor and rotate it approximately 118 turn counterclockwise 
from the reference mark made prior to disassembling on GM engines; if the 
engine you're working on is a Ford, rotate the rotor 118 turn clockwise. Rotor 
rotation at this time is necessary because as the distributor shaft gear 
indexes with the camshaft gear, the shaft will rotate clockwise about 118 
turn-the rotor will then be back where it should be for the No. 1 cylinder to 
fire. 

3. Position a new distributor gasket in place on the engine. A reference 
mark should have been made on the distributor and the block prior to 
removal, as instructed in the removal procedures. lnstall the distributor into 
the block with the mark on the distributor roughly aligned with the mark on 
the block. Push the distributor fully into the block until the housing is seated. 

If necessary, rotate the rotor slightly to permit the gear on the lower 
end of the distributor shaft to index with the gear on the camshaft. The 
"spade" on the lower end of the distributor shaft must engage the slot 
for the oil pump. Failure to index would result in no engine oil 
circulation-disaster. The distributor shaft collar should now be fully 
seated on the block. However, once the distributor is in place the rotor 
reference marks and the distributor housing marks should both be 
aligned. 

4. Secure the distributor in place with the hold down clamp and bolt. 
Tighten the bolt to the proper specification as detailed in the Torque 
Specifications chart for your particular engine (snug, but no more than 20 ft. 
Ibs.). 

5. lnstall the cap and tighten the screws securely. The cap can only be 
installed properly--one way. Lubricate the sockets in the distributor cap with 
Extreme Pressure grease, or the equivalent, lnstall the spark plug high 
tension leads (if they were removed) using the identification made during 
removal to ensure proper cylinder firing. 

6. Check the ignition timing. 

Engine Disturbed 

R When installing a new distributor on a Ford engine, make sure that 
you add Ford Engine Oil Supplement to the oil before starting the 
engine for the first time. 

The following procedures are to be performed if reference marks were not 
made for the rotor, the distributor housing and the engine block or if the 
crankshaft was rotated while the distributor was out of the block. 

1. Rotate the crankshaft until the No. 1 cylinder is ready to fire-both 
valves are closed and the timing mark (or pointer) on the harmonic balancer 
is aligned with the 0" mark on the grid attached to the front cover. 

2. Position a new gasket in place on the engine block. lnstall the 
distributor into the block. 
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If it is not possible to fully seat the distributor in place on the block, 

press down lightly on the distributor housing and at the same time 
rotate the rotor slightly. This action will permit the gear on the lower 
end of the distributor shaft to index with the camshaft gear. The 
"spade" on the lower end of the distributor shaft should engage the 
slot for the oil pump. The distributor shaft collar should now be fully 
seated on the block. 

3. Once the distributor is fully seated, install the clamp and bolt, but 
leave it just loose enough to permit rotating the distributor with strong hand 
pressure. At this point, the rotor must be in position to fire the No. 1 cylinder. 

4. Just place the cap in position on the distributor. Scribe a mark on the 
distributor housing aligned with the No. 1 spark plug terminal. Now, remove 
the cap and verify the rotor is aligned with the mark just made for the No. 1 
spark plug terminal. If the rotor does not align with the mark, rotate the 
distributor housing-with difficulty, because the clamp was tightened 
slightly-right or left to align the rotor with the mark for the No. 1 terminal. If 
it is not possible to align the rotor with the No. 1 mark, the distributor must be 
removed the entire procedure started over again. 

5. Tighten the distributor clamp bolt to the proper specification as 
detailed in the Torque Specifications chart for your particular engine (snug, 
but no more than 20 ft. Ibs.). 

6. Check all high tension leads and connect them in the proper 
sequence for correct cylinder firing. 

7. Check the ignition timing. 

DISASSEMBLY 

- + See Figures 123,128,129, and 130 

Remove the distributor from the engine, as outlined in the previous 
section. The following procedures pick up the work after the distributor has 
been removed and is on a suitable work surface. 

1. Pull the rotor free from the upper end of the distributor shaft. 
2. Loosen the sensor screw (near the trigger wheel, remove the 2 

mounting screws and lock-washers and then lift out the sensor/module 
assembly. Pull the grommet out of the notch in the distributor housing and 
then disconnect the 2 leads at the ignition coil. 

3. No further disassembly is necessary. 

CLEANING AND INSPECTING 

Obtain a clean cloth and wipe the distributor cap clean. Inspect thccap 
for chips, cracks and any sign of a carbon path. If such a path is discovered, 
the cap must be replaced because such a path would permit high tension 
leakage. 

COUNTERWEIGHTS 

Fia. 128 Ex~loded view of the BID distributor 

BEARING 
& PARTS 
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Clean loose corrosion from the terminal segments inside the cap. Do not 

use emery cloth or sandpaper. If the segments are deeply grooved, a new 
cap should be installed. 

Inspect the terminal sockets for corrosion. Clean the sockets using a stiff 
wire brush to loosen the corrosion. After the sockets are clean, lubricate 
them with wheel bearing grease, or equivalent. 

lnspect the rotor for cracks. Check to be sure the tip of the rotor is not 
badly burned. Such a condition demands the rotor be replaced. 

Inspect the trigger wheel for any sign of contact with the sensor. If the 
distributor has been removed from the block, make an attempt to check the 
distributor shaft for excessive wear between the shaft and the bushings in 
the housing. 

ASSEMBLY 

CULT 
+ See Figures 123,128,129 and 130 

The following procedures pickup the work after disassembled parts have 
been cleaned and replacement items have been obtained and are on hand. 

1. Coat the bottom side of the sensor housina with Heat Sink compound 
and then position the assembly into the distributoc~ighten the 2 mount/ng 
screws (with new lock-washers) securely. Bump the engine around until a 
tooth on the trigger wheel lines up with the mark on the sensor and then 
adjust the air gap. 

Fig. 129 Remove the rotor ... 

2. Connect the lead from the assembly to the coil and press the 
grommet back into the edge of the housing. 

3. Align the rotor with the notch in the distributor shaft, and then press it 
to secure it in place. 

4. Install the distributor. 

REMOVAL & INSTALLATION 

1. Disconnect the negative battery cable. 4d 

2. Disconnect the high tension lead coming from the distributor. 

3. Tag and disconnect the coil electrical leads (two 2-pin connectors). 

4. Remove the two coil mounting bolts and lift out the coil (with the 
bracket attached, if equipped). 

5, Install the coil and tighten the mounting bolts to 20-25 ft. Ibs. (27-34 
Nm). 

6. Connect the electrical leads and the high tension lead. 

7. Connect the battery cable. 

, 

Fig. 130 ... and then remove the sensorlmodule assembly 

+ See Figure 131 

The Electronic Engine Management system is an electrical control system 
offering automatic monitoring and maintenance of a number of various 
circuits including the SLOW system (Speed Limiting Operational Warning), 
an engine speed limiter, a knock sensor, and variable spark advance. 

The SLOW system is continually monitoring oil and water temperatures- 
emitting an audible warning when it detects low oil pressure or high water 
temperature. After sounding the alarm, the system will automatically, and 
gradually, reduce the engine speed by 200 rpm per second until it reaches 
2800 rpm. Low oil pressure or overheating that occurs below 2800 rpm will 
set off the alarm, but NOT activate the system. The system is programmed 
with an automatic 5 second delay prior to activation in order to account for 
momentary loss of pressure during normal operation. The system will 
automatically shut itself off and reset upon engine shut-down. 

The engine speed limiter, much like a governor, will shut of the signal to 
the ignition system when it detects an engine speed of 200 rpm above the 
programmed maximum limit. As soon as the engine speed drops back down 
into the allowable range, the system will de-activate and allow for normal 
engine operation. 

A cylinder head-mounted knock sensor monitors for detonation or pre- 
ignition, gradually retarding spark advance until the condition is eliminated. 
Once activated, the system will maintain the retarded advance until the 
engine speed changes by more than 50 rpm. Once this happens, the system 
will gradually increase advance until the normal spark curve is achieved for 
the engine speed and operating conditions. 

The system program provides two separate variable spark advance 
curves for the ignition module. The normal curve is for 89 AKI octane fuel 
and it uses the knock sensor to protect the engine and modify the curve in 
the case of lower octane fuels. There is also a default curve for 86 AKI 
octane fuel that works to protect the engine when lower octane fuel is 
detected andlor in the event of a defective knock sensor. 

The system utilizes a breakerless electronic ignition system which 
requires no adjustments and almost no maintenance. 
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Sensor 
Fig. 131 Exploded view of the EEM system 

COIL MODULE 

The coil module is a large black housing, mounted on the inside of the 
Port exhaust high rise. It actually sits on top of the EEM module. The module 
contains one conventional 12V ignition coil. 

1. Locate the module assembly and remove the screw securing the 14- 
pin connector on the side of the EEM module. 

2. Remove the coil high tension lead and then pop the two modules out 
of their retaining bracket. 

3. Separate the coil module from the EEM module by removing the six 
T25 TorxB screws. Carefully lay the coil housing to the side and remove the 
4 coil bracket screws. Tag and disconnect the EEM electrical leads running 
to the coil. Slide the coil tower grommet out of the housing and off the tower. 
Remove the coil. 

4. Connect an ohmmeter as per the manufacturer's instructions and set 
it to the low scale. Attach the meter leads to the two coil terminals. Check 
that the meter reads 1.26-1.54 ohms. 

5. Now switch the meter to the high scale and attach one of the meter 
leads to either of the two coil terminals. Connect the other meter lead to the 
inside of the high tension tower. Correct resistance is 9400-11000 ohms. 

6. Meter readings outside of the suggested ranges will necessitate 
replacement of the coil. 

7.  Reconnect the EEM module leads to the coil- if you neglected to 
tag them, the blue lead goes to the positive terminal and the yellow lead 
goes to the negative terminal. 

8. Slide the grommet over the high tension tower and then position the 
coil into the housing while slipping in the grommet. Install the mounting 
bracket and tighten the screws securely. 

The coil grommet must completely seal off the opening in the 
housing when installed. 

9. Position the coil module over the EEM module and tighten the 
screws securely. 

10. Install the assembly into the mounting bracket and plug in the 
connector. lnstall the retaining screw and tighten it securely. 

DISTRIBUTOR 
A 

DERA TE 
1. Begin by disconnecting the high tension leads from thaistributor. 

Take time to identify and tag each lead as an aid during installation to ensure 
they are properly installed for correct cylinder firing. 

2. Rotate the crankshaft until No. 1 cylinder is in the firing position- 
both valves for No. 1 are closed and the timing mark (or pointer) on the 
harmonic balancer is aligned with the 0" mark on the grid attached to the 
front cover. 

3. Remove the two screws securing the distributor cap in place, and 
then remove the cap. 

4. Now, note the position of the rotor tip. Take time to make a reference 
mark on the distributor housing to enable the rotor and the housing to be 
properly aligned during installation. 

5. Make a mark on the distributor base and a matching mark on the 
enginelintake manifold as an aid during installation to ensure the distributor 
will be installed back in its original position. 

Take care to prevent the crankshaft from being rotated--even 
slightly-while the distributor is out of the block. 
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6. Remove the distributor clamp bolt and lift the distributor straight up 

and clear of the engine. The gasket should be discarded. 
7. lnstall the rotor and rotate it approximately 118 turn counterclockwise 

from the reference mark made prior to disassembling on GM engines; if the 
engine you're working on is a Ford, rotate the rotor 118 turn clockwise. Rotor 
rotation at this time is necessary because as the distributor shaft gear 
indexes with the camshaft gear, the shaft will rotate clockwise about 118 
turn-the rotor will then be back where it should be for the No. 1 cylinder to 
fire. 

8. Position a new distributor gasket in place on the engine. A reference 
mark should have been made on the distributor and the block prior to 
removal, as instructed in the removal procedures. lnstall the distributor into 
the block with the mark on the distributor roughly aligned with the mark on 
the block. On GM engines, the mark should be at the 10:OO position; while 
on Ford engines, the mark should be at the 8:00 position. Push the 
distributor fully into the block until the housing is seated. 

9. If necessary, rotate the distributor housing slightly until the marks on 
the rotor and housing are in exact alignment. 

10. Secure the distributor in place with the hold down clamp and bolt. 
Tighten the bolt to the proper specification as detailed in the Torque 
Specifications chart for your particular engine (snug, but no more than 20 ft. 
Ibs.). 

11. lnstall the cap and tighten the screws securely. The cap can only be 
installed properly-one way. Lubricate the sockets in the distributor cap with 
Extreme Pressure grease, or the equivalent. lnstall the spark plug high 
tension leads (if they were removed) using the identification made during 
removal to ensure proper cylinder firing. 

EEM MODULE 

The EEM module is located underneath the coil module on a bracket 
attached to the Port exhaust riser. It monitors and controls all EEM functions 
as previously described. 

1. Locate the module assembly and remove the screw securing the 14- 
pin connector on the side of the EEM module. 

2. Remove the coil high tension lead and then pop the two modules out 
of their retaining bracket. 

3. Separate the coil module from the EEM module by removing the six 

T25 Torx@ screws. Carefully lay the coil housing to the side and then tag and 
disconnect the EEM electrical leads running to the coil. Position the coil 
module to the side. 

4. Reconnect the EEM module leads to the coil- if you neglected to 
tag them, the blue lead goes to the positive terminal and the yellow lead 
goes to the negative terminal. 

5. Position the coil module over the EEM module and tighten the 
screws securely. 

6. lnstall the assembly into the mounting bracket and plug in the 
connector. lnstall the retaining screw and tighten it securely. 

KNOCK SENSOR 

The knock sensor is mounted at the rear of the cylinder head. When 
removing, disconnect the electrical lead and carefully unscrew the sensor- 
never use an impact wrench. Since the sensor grounds it self to the engine 
through its threads, make certain that the threads on both the sensor and the 
head are clean and debris-free. Tighten to 7-10 ft. Ibs. (9.5-13.5 Nm), being 
VERY careful not to over-tighten it. 

TIMING RING 

A timing ring is mounted on the crankshaft between the flywheel and the 
engine coupler. The ring has four outer vanes which are used to notify the 
EEM module of the correct timing for firing of each cylinder. An inner ring is 
also utilized as a 'start-up' reference for the No. 1 cylinder. Removal and 
installation procedures are contained with the Engine Mechanical section. 

TIMING SENSOR 

The timing sensor is mounted on the upper flywheel housing, on the Port 
side. This is a very simple electronic switching device, receiving power and 
ground through the EEM module. Two Hall Effect switches inside the sensor 
sense the timing ring movement and send an electrical impulse back to the 
module which uses these sianals to control ianition svstem o~eration. 
Removal and installation of The sensor is a &ap, but'is also detailed in the 
appropriate Engine Mechanical section (usually in the FlywheellCoupler 
procedures). 

+ See Figure 132 and 133 

The TFI-IV system, part of a greater system called Electronic Engine 
Control System 4th generation (EEC-IV) is used on all fuel injected Ford 
engines. This is an electronic engine control system consisting of a network 
of electronic and electro-mechanical components that continuously vary 
engine operation to meet pre-programmed operating parameters. 

The heart of the system is a "black box" called and electronic control 
assembly (ECA). The ECA is linked to all of the system components by the 
wiring harness and is sealed against dirt and moisture. The ECA monitors 
and controls all engine operating conditions through various sensor inputs 
and via its own command outputs. All operating parameters are pre- 
programmed and dependant on engine size and operating conditions. 

The TFI-IV ignition system used with the EEC-IV system utilizes the 
following major components: distributor, ECA, TFI module and coil. 

The distributor is driven by a drive gear on the camshaft and a driven 
gear attached to the lower end of the distributor shaft. At the upper end of 
the distributor, a rotary vane cup rotates with the distributor. Electrically, the 
distributor utilizes a Hall Effect vane switched On and Off by the ECA, The 
vane assembly is a Hall sensor on one side and a permanent magnet on the 
other. The rotary vane cup, made of a ferrous metal, triggers the signals. 
When an opening in the vane cup moves in front of the magnet and sensor, 
a magnetic flux field is completed from the magnet, through the Hall sensor, 
and back to the magnet. 

As the vane cup rotates and closes the window opening, the flux lines are 
shunted through the vane and back to the magnet. During this time, voltage 
is produced as the vane passes through the window opening. When the 
vane clears the opening, the window edge causes the signal to go to 0 volts. 
This pulsed signal is called the Profile Ignition Pickup signal, or PIP signal. 
One window of the vane cup is a different size from the others and is used 

for crankshaft positioning and engine speed information by the ECA. This 
signal is known as the "Signature PIP. The distributor uses no centrifugal 
weights or vacuum advance motors since spark is controlled by the ECA. 
With the exception of a base timing adjustment, no adjustments are 
necessary. 

The two PIP signals provide the ECA with engine speed and crankshaft 
positioning information. This information is processed by the processor within 
the ECA and sends out a Spark Output, abbreviated SPOUT, signal to the 
TFI module. 

The TFI-IV module composed of a custom integrated circuit, a Darlington 
output device and associated thick film integrated components. The module 
is mounted remotely on a heat sink next to the ignition coil. When 
commended by the SPOUT signal from the ECA, it opens and closes the 
ignition coil primary circuit to produce the secondary spark output from the 
coil to the distributor and on to the spark plugs. 

The module is controlled, and spark timing adjustment is made, by the 
timed SPOUT signal from the ECA. In the event of no SPOUT signal, such 
as during base timing adjustment or an ECA failure, a second PIP signal 
from the Hall Effect switch in the distributor is sent to the module and will 
provide a base timing specification for engine operation. The SPOUT circuit 
includes a connector on the wiring harness which is removed when setting 
base timing. The TFI module also incorporates an Ignition Diagnostic Monitor 
(IDM) circuit which provides the ECA with an rpm reference signal. Failure of 
the IDM circuit will store a service code in the memory of the ECA. 

The ignition coil is remotely mounted next to the TFI module and is 
commonly referred to as the E-Coil or E-Core coil. The coil consists of an 
externally wound lamination around an iron core and is epoxy-filled to resist 
heat, moisture and vibration. The coil is small in size but capable of 
delivering 38Kv at maximum output. 

Power for the E-coil is provided from the ECA through the wiring harness 
connecting to the positive terminal on the coil. The negative side of the coil is 
connected to the TFI module; thus completing the primary side of the ignition 
circuit. The TFI module will turn the primary current flow ON when there is no 
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SPOUT signal. Current flow is turned OFF as commanded by the SPOUT 
signal. When the primary current field collapses, a high voltage output is 
generated in the secondary windings, delivered to the distributor and then on 
to the spark plugs. 

The knock sensor is simply a signal generating device that detects engine 
detonation (knock) and converts this frequency signal into voltage through 
the use of a piezo-element mounted in a threaded metal housing. Special 
construction makes the element only sensitive to the particular engine 
vibrations assoc~ated with spark knock. 

When spark knock occurs, the knock sensor produces a low voltage 
pulsing electrical signal that is then amplified in the knock module. The signal 
is then sent to the ECA which will then retard the ignition timing in three 
steps until the knock is no longer sensed, or the retard reaches a maximum 
of 8". Normal spark advance will return after the MAP sensor detects a 3-4 
in. Hg. change in engine vacuum. 

The SLOW operational system is designed to protect the engine from 
damage should it lose oil pressure or experience excessively high coolant 
temperature. This system will activate automatically without operator action. 
The condition can be verified by checking either the oil or temperature 
gauges. In the event of a high coolant temperature (200°F and above), or 
low oil pressure (less than 5 psi), the coolant temperature switch or the oil 
pressure switch will ground a low voltage signal in the ECA. The ECA will 
then begin to alter the fuel injector firing sequence, causing the engine to run 
rough and eventually bringing the engine speed below 2700 rpm. Once 
below 2700 rpm, the engine will run smoothly but be limited to a max of 2700 
rpm by the ECA. The engine will remain in this SLOW operational mode until 
such a time as the problem is corrected or the temperatureipsi moves back 
into the normal range. If the vessel is equipped with an Audible Alarm option, 
a warning horn will sound as soon as the engine enters the SLOW mode. 

Engine speed limiter operation is controlled by, you guessed it, the ECA. 
Sensor operation, such as the rpm data from the PIP signal, is also 
monitored by the ECA. If engine speed exceeds the programmed maximum 
by 400 rpm, the speed limiter circuit will be activated, effectively halting all 
fuel injector firing until the engine speed falls back within the allowable limits. 
Once engine speed is back below the limit, the speed limiting circuit will be 
de-activated and injector firing will resume 

Spacer I 
Gear 

Fia. 132 Exoloded view of the TFI distributor 

I Fin. 133 Major components of the TFI-IV system 

REMOVAL & INSTALLATION 

+ See Figure 134 s Y 

It is not necessary to remove the spark plug leads at the cap when 
removing it. If you do remove them, be sure to tag each of them to 
ensure correct installation. 

1. Disconnect the battery cables. 
2. Remove the plastic engine cover and then remove the rubber boot 

covering the distributor. 
3. Remove the distributor cap mounting screws and lift off the cap. 

Some caps may have a vent connection; if yours does, unplug the hose. 
4. Clean the cap with warm soapy water-if you have not removed the 

spark plug wires, you must, obviously, do it at this time. Blow it dry with 
compressed air; or if not available, make sure it air dries completely prior to 
installation. 

5. Check the cap contacts for excessive burning, wear or corrosion. 
Check the cap for cracks or wear. 

6. Install the cap and note the square alignment locator. Tighten the 
screws to 18-23 inch Ibs. (2.0-2.6 Nm). Reconnect the plug wires if 
disconnected. 

7. Install the rubber boot and the plastic engine cover. Reconnect the 
battery cables. 

REMOVAL & INSTALLATION 

1, Begin by disconnecting the high tension leads from thgdistributor. 
Take time to identify and tag each lead as an aid during installation to ensure 
they are properly installed for correct cylinder firing. 

2. Rotate the crankshaft until No. 1 cylinder is in the firing position- 
both valves for No. 1 are closed and the timing mark (or pointer) on the 
harmonic balancer is aligned with the 0" mark on the grid attached to the 
front cover. 

3. Remove the two screws securing the distributor cap in place, and 
then remove the cap. 

4. Now, note the position of the rotor tip. Take time to make a reference 
mark on the distributor housing to enable the rotor and the housing to be 
properly aligned during installation. 

5. Push in on the tab and disconnect the 8-pin connector from the side 
of the housing. 

6. Make a mark on the distributor base and a matching mark on the 
engine as an aid during installation to ensure the distributor will be installed 
back in its original position. 
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Fig. 134 Removing the distributor cap 

Take care to prevent the crankshaft from being rotated--even 
slightly-while the distributor is out of the block. If the crankshaft 
should be rotated-follow the procedures listed under Engine 
Disturbed later in this section. 

7. Remove the distributor clamp bolt and lift the distributor straight up 
and clear of the engine. The gasket should be discarded. 

To Install: 

When installing a new distributor, make sure that you add Ford 
Engine Oil Supplement to the oil before starting the engine for the first 
time. 

8. Insure that the No. 1 piston is at TDC of the compression stroke- 
make sure that the timing pointer is aligned with the TDC mark on the 
damoer timina scale. 

9. ~otate the shaft of the distributor so that the tip of the rotor is aligned 
with the mark on the housing made previously. 

10. Lubricate the distributor drive gear lightly with engine oil and install 
the unit into the engine. Rotate the distributor shaft as you are inserting the 
unit so that the leading edge of a vane is centered in the stator assembly. 

11. Rotate the distributor in the block again to ensure that the vane is 
centered on the stator and the rotor is pointing directly at the mark. If you 
cannot get the vane and stator to align correctly, lift the unit out of the block 
just enough so that the drive gear disengages with the camshaft gear, rotate 
the shaft slightly so that it engages with another tooth, and then reinsert the 
unit back into the block and repeat the alignment process. 

II If you have difficulty getting the oil pump shaft to engage with the 
distributor shaft, drop a little dawb of grease on the end of the oil pump 
shaft after positioning it in the center of the opening and then reinstall 
the distributor. 

12. lnstall the hold-down clamp and tighten the bolt finger-tight. 
13. Coat the 8-pin connector with Electric Terminal grease and then plug 

it into the housing. 
14. lnstall the distributor cap and slide on the rubber boot. 
15. Position the shift lever in the NEUTRAL position and install a variable 

advance inductive timing light as per the manufacturer's instructions. 
16. Start the engine and allow it to reach normal operating temperature. 
17. Remove the shorting bar from the 2-wire SPOUT connector located 

in the wiring harness next to the distributor. 
18. With the engine idling, shine the timing light at the marks and slowly 

rotate the distributor until initial timing is 5" BTDC. 
19. Coat the terminals with Electric Terminal grease and reinstall the 

shorting bar to the SPOUT connector. Confirm that the timing is advanced 
past the original setting. 

20. Remove the timing light and tighten the clamp bolt to 17-25 ft. Ibs. 
(23-34 Nm). 

21. Recheck the timing and adjust as necessary. 

REMOVAL & INSTALLATION 

- + See Figures 132 and 135 thru 141 

1. Remove the distributor cap and pull off the rotor. 
2. Remove the distributor. 
3. Loosen the two captive screws that secure the base adapter to the 

distributor housing and lift off the base assembly. 
4. Use a magic marker or a little paint and mark the rotary vane cup 

and the distributor gear to confirm their orientation during installation. 
5. Hold the distributor gear and remove the 2 vane cup retaining 

screws. Lift off the vane cup. 
6. Lay the distributor on its side and support the shaft end with a small 

piece of wood. Use a blunt-end punch and drive out the roll pins holding the 
distributor gear and the spacer to the shaft. 

7. lnstall a universal bearing separator over the gear and install the 
inverted assembly into an arbor press. lnstall Bearing Removal Tool (#D84L- 
950-A) or the equivalent and then press the distributor shaft out of the 
gear-make sure to hold the unit as it's coming out of the gear. 

8. Clean all oil residue and dirt from the shaft. Use a piece of emery 
cloth to polish the shaft and remove any burrs. Slide the spacer off of the 
shaft if possible, otherwise, instalt the assembly back into the press and drive 
it off as you did the gear. Make sure that the bearing separator is between 
the distributor housing and the spacer. 

9. Slide the distributor shaft out of the housing. Remove the screw from 
the stator lead and retainer and lift out the stator retainer. 

10. Carefully pry the stator lead out of the cut-out in the side of the 
distributor housing and then lift the stator assembly up and free of the center 
flange. 

To Install: 

Never clean any electrical components in a petroleum-based solvent. 

11. Inspect the bushing in the distributor base for signs of wear or 
damage-the bushing is not a separate component, so the entire distributor 
assembly must be replaced. 

12. lnspect the O-ring for wear or damage, replace as necessary. 
13. Clean all electrical components with contact cleaner. 
14. lnspect the stator for damaged wires, loose pins and/or cracked 

connectors. Replace the assembly if damaged or defective. 
15. Position the stator over the center flange bushing and pres it into 

place. Slide the harness into its cut-out in the housing and then install the 
retainer. Tighten the screws to 15-35 inch Ibs. (1.7-4.0 Nm). 

16. Lubricate the bushing and shaft seal with clean engine oil and then 
slide the shaft down and through the housing. 

17. Slide the spacer onto the bottom of the shaft so the flange is facing 
the housing. Align the roll pin hole in the spacer with the hole in the shaft and 
then press it into place with a suitable sized mandrel. Make sure that the two 
holes are lined up and then press in the roll pin. 

18. Slide the drive gear onto the bottom of the shaft so the flange is 
facing the spacer. Align the roll pin hole in the gear flange with the hole in the 
shaft and then press it into place with a suitable sized mandrel. Make sure 
that the two holes are lined up and then press in the roll pin. 

If the holes in the spacer or gear do not line up with the holes in the 
shaft, DO NOT attempt to force then into alignment by inserting a 
punch or similar instrument. Remove them and then start over. 

19. Turn the distributor upright and position the rotary vane cup onto the 
upper end of the distributor shaft so the notches in the cup align with those 
in the shaft flange, lnstall the retaining screws and tighten them to 25-35 inch 
Ibs. (2.8-4.0 Nm). Spin the distributor shaft a few times to check for smooth 
rotation and a lack of binding. Make sure that the vane cup does not come in 
contact with the stator-replace the distributor if it does. 

20. Align the notch on the base adapter with the notch in the housing, 
install the screws and tighten them securely. 

21. Slide the rotor into position so that the index leg of the rotor engages 
the notch in the rotary vane cup. 

22. lnstall the distributor cap and then install the distributor. Check and 
adjust the timing. 
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Fig. 135 Remove the rotor ... 

I Fig. 138 Drive out the roll pins with a 
hammer and drift 

Fig. 136 ... and then remove the adapter 
base 

ARBOR 

Fig. 139 An arbor press is necessary when 
removing the drive gear. 

Fig. 141 Insert the index leg into the notch in the vane cup 

REMOVAL & INSTALLATION 

ERATE 
1. Disconnect the battery cables. 
2. Remove the plastic engine cover and then wiggle the high tension 

lead off of the coil. 
3. Insert a very small screwdriver under the lock clip on the side of the 

coil and pry it out to release the electrical connector. 
4. Remove the 2 large bolts (on top) securing the coil to the TFI 

bracket. Remove the 2 small bolts (on the side) and lift off the coil and coil 
bracket. 

Fig. 137 Lifting out the rotary vane cup 

Fig. 140 Make sure that the holes are 
aligned before pressing in the roll pin 

To Install: 
5. Position the coil and bracket onto the TFI bracket and tighten the 

small bolts to 24-36 inch Ibs. (2.7-4.1 Nm). Install the larger bolts through the 
top and tighten them to 60-84 inch Ibs. (6.8-9.5 Nm). 

6. Coat the connector terminals with Electrical Terminal grease and plug 
in the connector until the locking latch snaps into place. 

7. Coat the coil lead and terminal lightly with wheel bearing grease and 
connect the lead to the terminal. 

8. Install the engine cover, connect the battery cables, start the engine 
and check for proper operation. 

TESTING 

DERATE 

+ See Figures 142,143 and 144 

1. Connect a multi-meter as per the manufacturer's instructions. 
2. Connect the meter leads between the positive coil terminal and the 

secondarv terminal. Secondary circuit resistance should be 7600-9400 ohms. 
Test A. 

3. Connect the meter leads between the negative coil terminal and the 
secondary terminal. Secondary circuit resistance should be 7600-9400 ohms. 
Test A. 

4. Connect the meter leads between the negative coil terminal and the 
positive terminal. Primary circuit resistance should be 0.39-0.42 ohms. 

5. Connect the meter leads between the positive terminal and the coil 
case ground. The meter should show infinity. Test B. 

6. Connect the meter leads between the secondary terminal and the 
coil case ground. The meter should show infinity. Test C. 

7. Any readings not within the ranges given will indicate the need to 
replace the coil. 
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Fig. 142 Test A Fia. 143 Test B 

REMOVAL & INSTALLATION 

+ See Figure 145 

1. Disconnect the battery cables. 
2. Remove the plastic engine cover and then wiggle the high tension 

lead off of the coil. 
3. Remove the E-coil. 
4. Grasp the sides of the module connector, push in on each side clip 

while pulling on the body of the connector and then remove the connector. 
5. Remove the 2 mounting bolts and lift off the module assembly. 

Remove the 2 bolts securing the module to the heat sink and separate the 
two. 

To Install: 
6. Coat the back of the module with a 1132 in. (0.79mm) thick layer of 

Heat Sink Compound, position the module to the heat sink, and then tighten 
the screws to 24-36 inch Ibs. (2.7-4.1 Nm). 

7.  Position the assembly on the bracket and tighten the bolts to 60-84 
inch Ibs. (6.8-9.5 Nm). 

Fig. Test C 

- 8. &at the con"ector terminals with Electric Terminal grease and push 
the two connectors together so that the latches lock into position. Fig. 145 Close-up of the module and heat sink 

9. Install the E-corl. Install the engine cover and connect the battery 
cables. 

10. Start the engine and adjust the initial timing if necessary 

TROUBLESHOOTING 

+ See Figure 146 DERATE 

The body of oil and temperature gauges must be grounded and they must 
be supplied with 12 volts. Many gauges have a terminal on the mounting 
bracket for attaching a ground wire. A tang from the mounting bracket makes 
contact with the gauge. Check to be sure the tang does make good contact 
with the gauge. 

Ground the wire to the sending unit and the needle of the gauge should 
move to the full right position indicating the gauge is in serviceable condition. 

Check the sender unit for a defective temperature warning system. 
If a problem arises on a boat equipped with water, temperature, and oil 

Dressure liahts, the first area to check is the liqht assembly for loose wires or 
burned-oufbulbs, 

When the ianition kev is turned to the ON ~osition, the liaht assemblv is 
supplied with 72 volts &d grounded through ihe sending unit mounted 'on 
the engine. When the sending unit makes contact because the water 
temperature is too hot or the oil pressure is too low, the circuit to ground is 
completed and the lamp should light. 

To check the bulb: turn the ignition switch to the ON position. Disconnect 
the wire at the sending unit, and then ground the wire. The lamp on the dash 
should light. If it does not light, check for a burned-out bulb or a break in the 
wiring to the light. 

I LIGHT 

UNIT 

Fig. 146 Rear of a typical gauge 
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TESTING 

DERATE 

1. With the ignition switch in the OFF position, remove the wire to the 
sending unit. 

2. Turn the ignition switch to the RUN position and confirm that the 
gauge needle is seated on the post at the left side; or all the way to the left 
of the scale if there is no post. 

3. Turn the ignition switch OFF again and connect a jumper wire 
between the ground terminal and the sending unit terminal. 

4. Turn the ignition switch back to the RUN position and confirm that the 
gauge needle is seated on the post at the right side; or all the way to the 
right of the scale if there is no post. 

5. Replace the gauge if anything fails. 

REMOVAL & INSTALLATION 

SY 
1. Disconnect the battery cables. 
2. Tag and disconnect the electrical leads at the back of the gauge. 
3. Disconnect the light socket, remove the holding strap and lift out the 

gauge. 
To Install: 

4. Position the gauge into the mounting hole, install the strap and 
tighten the nuts securely. 

Be careful not to tighten the holding strap too tightly or you risk 
distorting the gauge casing. 

5. Connect the ground wire and then connect the remaining leads. 
6, Install the light socket and then coat all terminal connections with 

liquid neoprene or equivilent. 
7. Connect the battery cables. 

HOOKUP 

DERATE 
The Boating Industry Association recommends the followin~color coding 

be used on all fuel gauge installations: 
* Black-for all grounded current-carrying conductors. 

Pink-insulated wire from the fuel gauge sending unit to the gauge. 
* Red-insulated wire for a connection from the positive side of the 

battery to any electrical equipment. 
1. Connect one end of a pink insulated wire to the terminal on the 

gauge marked tank and the other end to the terminal on top of the tank unit. 
2. Connect one end of a black wire to the terminal on the fuel gauge 

marked IGN and the other end to the ignition switch. 
3. Connect one end of a second black wire to the fuel gauge terminal 

marked GRD and the other end to a good ground. It is important for the fuel 
gauge case to have a good common ground with the tank unit. Aboard an 
all-metal boat, this ground wire is not necessary. However, if the dashboard 
is insulated, or made of wood or plastic, a wire must be run from the gauge 
ground terminal to one of the bolts securing the sending unit in the fuel tank, 
and then from there to the negative side of the battery. 

TROUBLESHOOTING 

DERATE 

In order for the fuel gauge to operate properly the sending unit and the 
receiving unit must be of the same type and preferably of the same make. 
The following symptoms and possible corrective actions will be helpful in 
restoring a faulty fuel gauge circuit to proper operation. 

If you suspect the gauge is not operating properly, the first area to check 
is all electrical connections from one end to the other, Be sure they are clean 
and tight. Next, check the common ground wire between the negative side of 
the battery, the fuel tank, and the gauge on the dash. 

If all wires and connections in the circuit are in good condition, check the 
sending unit. 

If the pointer does not move from the empty position one of four faults 
could be to blame: 

1. The dash receiving unit is not properly grounded. 
2. No voltage at the dash receiving unit. 
3. Negative meter connections are on a positive grounded system. 
4. Positive meter connections are on a negative grounded system. 

If the pointer fails to move from the full position, the problem could be one 
of three faults. 

5. The tank sending unit is not properly grounded. 
6. Improper connection between the tank sending unit and the receiving 

unit on the dash. 
7. The wire from the gauge to the ignition switch is connected at the 

wrong terminal. 
If the pointer remains at the 314 full mark, it indicates a six-volt gauge is 

installed in a 12-volt system. 
If the pointer remains at about 318 full, it indicates a 12-volt gauge is 

installed in a six-volt system. 

Erratic Fuel Gauge Readings 

lnspect all of the wiring in the circuit for possible damage to the insulation 
or conductor. Carefully check: 

1, Ground connections at the receiving unit on the dash. 
2. Harness connector to the dash unit. 
3. Body harness connector to the chassis harness. 
4. Ground connection from the fuel tank to the trunk floor pan. 
5. Feed wire connection at the tank sending unit. 

Gauge Always Reads Full-When Ignition Switch Is In ON Position 

1. Check the electrical connections at the receiving unit on the dash; 
the body harness connector to chassis harness connector; and the tank unit 
connector in the tank. 

2. Make a continuity check of the ground wire from the tank to the tank 
floor pan. 

3. Connect a known good tank unit to the tank feed wire and the ground 
lead. Raise and lower the float and observe the receiving unit on the dash. If 
the dash unit follows the arm movement, replace the tank sending unit. 

Gauge Always Reads Empty-When lgnition Switch Is In ON Position 

Disconnect the tank unit feed wire and do not allow the wire terminal to 
ground. The gauge on the dash should read full. 

If Gauge Reads Empty 

1. Connect a spare control unit into the control unit harness connector 
and ground the unit. If the spare unit reads full, the original unit is shorted 
and must be replaced. 

2. A reading of empty indicates a short in the harness between the tank 
sending unit and the gauge on the control panel. 

If Gauge Reads Full 

1. Connect a known good tank sending unit to the tank feed wire and 
the ground lead. 

2. Raise and lower the float while observing the gauge on the control 
panel. If the control panel gauge follows movement of the float, replace the 
tank sending unit. 

Gauge Never Reads Full 

This test requires shop test equipment. 
1. Disconnect the feed wire to the tank unit and connect the wire to 

ground thru a variable resistor or thru a spare tank unit. 
2. Observe the control panel gauge reading. The reading should be full 

when resistance is increased to about 90 ohms. This resistance would 
simulate a full tank. 

3. If the check indicates the control panel gauge is operating properly, 
the trouble is either in the tank sending unit rheostat being shorter, or the 
float is binding. The arm could be bent, or the tank may be deformed. 
lnspect and correct the problem. 
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TESTING 

DERATE TESTING 

ERA TE 1. With the ignition switch in the OFF, remove the wire to the sending 
unit (lower right, looking at the back of the gauge). 

2. Turn the ignition switch to the RUN position and confirm that the 
gauge needle is seated on the post at the left side; or all the way to the left 
of the scale if there is no post. 

3. Turn the ignition switch back to the OFF position and connect a 
jumper wire between the ground terminal (upper right from the back of 
gauge) and the sending unit terminal. 

4. Turn the ignition switch to the RUN position again and confirm that 
the gauge needle is seated on the post at the right side or all the way to the 
right of the scale if there is no post. 

5. Replace the gauge if anything fails. 

An air compressor is necessary for this procedure. It is imperative 
that its pressure gauge is extremely accurate. 

Disconnect the hose at the back of the gauge and then connect a line 
from an air compressor. Apply 5.3 psi of air pressure to the speedometer and 
check that the gauge reads 20 mph (ti- 1 mph). Now apply 27.8 psi 
pressure and check that the gauge reads 45 mph (+I- 1 mph). If either of the 
readings is not as specified, replace the speedometer. 

REMOVAL & INSTALLATION 

1. Disconnect the battery cables. 
SY 

2. Tag and disconnect the electrical leads and the hose at the back of 

REMOVAL & INSTALLATION 

S Y 
1. Disconnect the battery cables. 

the gauge. 
3. Disconnect the light socket, remove the holding strap and lift out the 

2. Tag and disconnect the electrical leads at the back of the gauge. 
3. Disconnect the light socket, remove the holding strap and lift out the 

gauge. 
To Install: 

4. Position the gauge into the mounting hole, install the strap and 
tighten the nuts securely. 

gauge. 
To Install: 

4. Position the gauge into the mounting hole, install the strap and 
tighten the nuts securely. 

Be careful not to tighten the holding strap too tightly or you risk 
distorting the gauge casing. 

Be careful not to tighten the holding strap too tightly or you risk 
distorting the gauge casing. 5. Connect the ground wire and then connect the remaining leads. 

Connect the hose. 
6. Install the light socket and then coat all terminal connections with 

liquid neoprene or equivilent. 
7. Connect the battery cables. 

5. Connect the ground wire and then connect the remaining leads. 
6. Install the light socket and then coat all terminal connections with 

liquid neoprene or equivilent. 
7. Connect the battery cables. 

TESTING 

TESTING TE + See Fiaure 147 
~ o n n e c i  a tachometer as per the manufacturer's instructions. Start the 

engine and check a few different engine speeds on the boat's tachometer 
against the service tach. If using a 6000 rpm service tach, variations of ti- 
150 rpm are acceptable; if using an 8000 rpm tach, variations of +/- 200 rpm 
are acceptable. Replace the tachometer if not within specifications. 

All tachometers supplied with OMC engines should have a small switch 
on the back of the unit to program it for the particular engine that it is 
connected to. Switch calibration is as follows: - 4 cylinder engines-arrow points to position 2 ? ? 

V6 engines-arrow points to position 3 Is 
V8 engines-arrow points to position 4 "pints" 

1. Make sure that the battery is fully charged and then turn theznition 
switch to the RUN position. The gauge should read battery voltage, 

- - 

otherwise replace it. 
2. If the gauge is out of the dash, turn the ignition switch OFF and 

connect a jumper wire between the ground terminal (upper right looking at 
the back of the gauge) and the negative battery terminal. Connect another 
jumper between the power terminal (lower left looking at the back of the 
gauge) and the positive battery terminal. The gauge should register battery 
voltage, otherwise replace it. 

REMOVAL & INSTALLATION 

S Y 
1. Disconnect the battery cables. 
2. Tag and disconnect the electrical leads at the back of the gauge. 
3. Disconnect the light socket, remove the holding strap and iift out the 

gauge. 
To Install: 

4. Position the gauge into the mounting hole, install the strap and 
tighten the nuts securely. 

Be careful not to tighten the holding strap too tightly or you risk 
distorting the gauge casing. 

5. Connect the ground wire and then connect the remaining leads. 
6. Install the light socket and then coat all terminal connections with 

liquid neoprene or equivalent. 
7. Connect the battery cables. 

~achometer 
Fig. 147 Set the switch for your engine 
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REMOVAL & INSTALLATION To Install: 

4 Position the gauge into the mount~ng hole, install the strap and 
TE t~ghten the nuts securely 

1 D~sconnect the battery cables H Be careful not to tighten the holding strap too tightly or you risk 
2 Tag and d~sconnect the electrical leads at the back of the gauge distorting the gauge casing. 

3. Disconnect the light socket, remove the holding strap and lift out the 5. Connect the ground wire and then connect the remaining leads. . 
gauge. 6. Install the light socket and then coat all terminal connections with 

liquid neoprene or equivalent. 
7, Connect the battery cables. 

TESTING TESTING 

1986-91 Engines 

TE 

Start the engine. Allow it to idle until it reaches normal operating 
temperature and then run the engine up to full throttle and back again. 
Observe the gauge and replace the sender if unsatisfactory. If the reading is 
still unsatisfactory after doing the sender, check the gauge. 

1992-98 Engines 

TE 

H This test should be performed only after confirming that the oil 
pressure gauge is operating properly. 

The oil pressure sending unit is located on the either side of the engine 
block, depending on your engine. 

Connect a multi-meter as per the manufacturer's instructions. Connect the 
positive lead of the meter to the sender terminal and the negative lead to the 
hex nut on the back of the sender housing. With the engine not running, the 
meter should register continuity as shown in the accompanying chart. 

Start the engine and check the sender at the following oil pressure 
readings: 

0 psi-227-257 ohms 
40 psi-92-114 ohms 
80 psi-21.5-49.5 ohms 

If any readings vary, replace the unit. 

5 Not all vessels will be equipped with this system which will sound 
an alarm when the oil pressure or water temperature reach a specified 
level. Under normal engine operating conditions, the horn will sound 
when the ignition switch is turned to the ON position, and continue 
sounding until the engine is started and oil pressure reaches at least 2- 
6 psi. The system will also when it senses water temperature above 
200°F (93°C). 

Oil Pressure Switch 

As mentioned previously, the audible warning oil pressure switch is 
calibrated to "make" or "break contact at 4 4 - 2  psi. 

1. Connect a multi-meter as per the manufacturer's instructions. 
Connect the positive lead to the switch terminal and the negative lead to a 
good ground. The meter should indicate full continuity (0 ohms). 

2. Start the engine and run it at idle. The meter should indicate no 
continuity (infinity). 

3. Replace the switch if either reading is incorrect. 

Water Temperature Switch 

DERA TE 

The audible warning switch is calibrated to "make" or "break contact 
when temperature exceeds 195-205°F (88-98°C). 

1. Connect a multi-meter as per the manufacturer's instructions. 
Connect the positive lead to the switch terminal and the negative lead to a 

TESTING 

ERA TE 
The water temperature sending unit is usually located in the thermostat 

housing. 
1. Disconnect the electrical lead and remove the switch from the 

thermostat housing. 
2. Connect a multi-meter to the switch with the positive lead on the 

terminal and the negative lead on the hex. Carefully immerse it in a container 
of oil. Heat the oil very carefully, drop in a cooking thermometer and observe 
that the readings are as follows: 

100°F (38°C): 403-493 ohms 
160°F (71 "C): 11 8-1 38 ohms 
220°F (105°C): 44-49 ohms 

3. Turn the heat off and allow the water to cool, checking the readings 
again as it cools. 

good ground. 
2. Carefully lower the switch into a container of oil with a cooking 

thermometer. Carefully heat the container (no flames please) until the 
thermometer reads above 200°F (93°C). 

3. When the oil is below the above temperature, the meter should read 
no continuity (infinity). At, or above, the designated temperature, the meter 
should now show full continuity (0 ohms). 

Warning Horn 

1. Turn the ignition switch to the ON position but do not start the 
engine. The buzzer should sound and then turn off. 

2. If the buzzer does not sound, disconnect the electrical lead at the 
water temperature sender and touch it briefly to engine ground. If the buzzer 
sounds, you have a problem in the wiring circuit; if it does not sound, replace 
11. 

3. Disconnect the electrical lead at the oil pressure sender and touch it 
briefly to engine ground. If the buzzer sounds, you have a problem in the 
wiring circuit; if it does not sound, replace it. 
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-- 

TESTING 

TE 
+ See Figure 148 

Before performing this test. please ensure that all fuses and the 
starter motor are in good condition . 

1 Drsconnect the battery cables and connect a multi-meter as per the 
manufacturer's lnstructlons 

2 Tag and drsconnect all leads at the back of the swltch 
3 Wlth the rgnrtron swltch ~n the OFF positron. test for contlnulty across 

all of the termlnals on the back of the sw~tch-there should be none (the 
meter should show rnflnrty) Note that on stern drives. termmals M and C are 
not used 

4 Move the rgnrtron swrtch to the ON positron Check for contrnurty 
between termrnals A and B 

5 Move the rgnltron sw~tch to the START posrtlon There should be 
contlnurtv between termlnals S and B 

WIRE COLOR KEY CHART ............................... . 1  0.60 

ENGINE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-61 
1986 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-61 

6 fleconnect all leads and coat them wrth Lrquld Neoprene . Disconnect 

1987.88 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-61 
FORD ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-62 
GM ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1  0.61 

1989 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-62 
FORD ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-63 
GM ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-62 

Fig . 148 Rear of a typical ignition switch 

1990 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-63 
. . . . . . . . . . . .  3.OL (PWC). 4.3LAND 5.7L GM ENGINES WICOBRA 10-63 

3.OL (PWS) GM ENGINES WICOBRA . . . . . . . . . . . . . . . . . . . . . . . .  10-64 
4.3 HO GM ENGINES WICOBRA . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-64 

the meter and connect the battery cables I 

5.7LE GM ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-65 
FORD ENGINES WICOBRA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1  0.65 
FORD ENGINES WIKING COBRA . . . . . . . . . . . . . . . . . . . . . . . . . .  . I  0.66 
GM ENGINES WIKING COBRA . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-66 

1991 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-67 
3.OL GM ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-67 
4.3LAND 5.7L GM ENGINES WICOBRA . . . . . . . . . . . . . . . . . . . . . .  10-67 
4.3 HO GM ENGINES WICOBRA . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-68 
5.7LE GM ENGINES WICOBRA . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-68 
5.OLAND 5.8L FORD ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-69 
350 AND 454 GM ENGINES WIKlNG COBRA . . . . . . . . . . . . . . . . .  . I  0.69 

1992.93 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-70 
3.OL GM ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-70 
4.3L GM ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-70 
5.7L GM ENGINES WICOBRA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-71 
5.7LE GM ENGINES WICOBRA . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-71 

. . . . . . . . . . . . . .  5.0LAND 5.8L FORD ENGINES WICOBRA (1992) 10-72 
. . . . . . . .  5.OL AND 5.8L FORD (CARB) ENGINES WICOBRA (1 993) 10-73 

. . . . . . . . . .  5.OL AND 5.8L FORD (EFI) ENGINES WICOBRA (1 993) 10-73 

351 FORD ENGINES WIKING COBRA (1992) . . . . . . . . . . . . . . . . . .  10-72 
351 FORD ENGINES WIKING COBRA (1993) . . . . . . . . . . . . . . . . . .  10-74 
454 AND 502 GM ENGINES WIKING COBRA . . . . . . . . . . . . . . . . . .  10-74 

1994 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-75 
3.OGUGS GM ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-75 
4.3L GM ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-75 
5.7L GM ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-76 
5.OFL AND 5.8FL FORD ENGINES . . . . . . . . . . . . . . . . . . . . . . . . .  . I  0-76 
5.OFi AND 5.8Fi FORD ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-77 
351 EFI FORD ENGINES WIKING COBRA . . . . . . . . . . . . . . . . . . . .  10-77 
7.4GL GM ENGINES WIKING COBRA . . . . . . . . . . . . . . . . . . . . . . . .  10-78 

1995.96 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-78 
3.OGS GM ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-78 
4.3GLlGS GM ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-79 
4.3Gi AND 5.7Gi GM ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-81 
5.OFLAND 5.8FL FORD ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . .  10-79 
5.OFi AND 5.8Fi FORD ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1  0.80 
7.4GL GM ENGINES WIKING COBRA . . . . . . . . . . . . . . . . . . . . . . . .  10-80 
7.4 EFI GM ENGINES WlKlNG COBRA (1995) . . . . . . . . . . . . . . . . .  10-81 
7.4Gi GM ENGINES WIKING COBRA (1996) . . . . . . . . . . . . . . . . . . .  10-82 

1997-98 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-82 
3.OGS GM ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-82 
4.3GUGS GM ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-83 
4.3Gi AND 5.7GilGSi GM ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . .  10-84 
5.7GLlGS GM ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-83 
7.4GL GM ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-84 
7.4Gi GM ENGINES (1997) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-85 
7.4Gi GM ENGINES (1998) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-85 
7.4GSi AND 8.2GSi GM ENGINES (1 998) . . . . . . . . . . . . . . . . . . . . .  10-86 

MAIN HARNESS ....................................... . I  0-86 
1986 ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-86 
1987-90 ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-87 
1991 ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-87 
1992-93 ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I  0.88 
1994-98 ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .I 0-88 
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NOTE: Main wire color is the first color, while 
stripeltrace color is the second color on 
multi-colored wires. 
TlB = Tan wire with Black stripe 
RIPU = Red wire with Purple stripe 
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cwmc,r 

Fig. 150 Engine 

liAdlE lU0iDTt  

wiring schematic-1986, all engines 

Fig. 151 

B Black 

BN Brown 

LBN LUght Brown 
LTGN LlghtGreen 
0 Orenge 
P Pmk 
PU PUIPl* 
R Red 
T Tan 
v VlOlet 
W Whim 
Y vnllow 

Engine wiring schematic-1987-88 GM engines 
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Fig. 52 Engine wiring schematic-1987-88 Ford engines 

/Battery I 

Fig. 153 Engine wiring schematic-1989 GM engines 
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ircuit Breaker 

EN- Brown PU - Porpts 
ON-Omen 
GR&my 

R - Red 
T-Tan 

LBL-Lightslue ".Violet 
LBW - LtiSht Brown $", .Wfil* 
LTGN - Llght G m a  y . yellow 

Fig. 154 Engine wiring schematic-1989 Ford engines 

0 -Orange 

PU - Purple 

LBL- Light Blue y. violet 
LBN - Ltight Brown w . w h j t e  
LTGN - Llght Green y . yellow 

-ig. 155 Engine wiring schematic-1990 3.OL (PWC), 4.3L and 5.7L GM engines wlCobra 

©PDF Manual Master 2006



10-64 IGNITION AND ELECTRICAL SYSTEMS 

GN-Graan 
GR-Grey 

R l R a d  ' 
T - Tan 

LBL- Light Blue V.  viotct 
LEN -Ltight Umwn w.white 
LTGN - Llght Green Y.  Yailow 

Fig. 156 Engine wiring schematic-1990 3.OL (PWS) GM engines wlCobra 

Timing 
sensor 

p-1 
Starter 

LBL- Light Blue Y .tflolat 
LBN -Ltight Bmwn W.  whse 
LTGN - LtYht Gwen Y .  Yellov, 

Fig. 157 Engine wiring schematic-1990 4.3 HO GM engines wICobra 
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. . . . .. . 
=N-Bm"," PU - Pure," 
GNSIrew 
GRGmy 

R-Rcd 
T-Tan 

LBL- Light Blue Y .  "hlef 
LEN - Lflght Bmwn W .  m,& 
LTGN . Light Giem Y .yeilow 

Fig. 158 Engine wiring schematic-1990 5.7LE GM engines 

Fig. 159 Engine wiring schematic-1990 Ford engines w1Cobra 
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LTGN - Light Gleest Y. yeflow 

Fig. 160 Engine wiring schematic-1990 GM engines wlKing Cobra 

Fig.161 Engine wiring schematic-1990 Ford engines wIKing Cobra 
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Fig. 162 Engine wiring schematic-1991 3.OL GM engines 

Fig. - 

LBL- Light Blue v-viole* 
LBN - Ltight Brown W .  white 
LTGN - Light Giasn y . yellow 

163 Engine wiring schematic-1991 4.3L and 5.7L GM engines w/Cobra 
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0 -Orangs 

EN- Bmwn 
P-Pink 

GNGreen 
PU -Pumle 

G R 9 W  
R-Red 
T - Tan 

LBL- Light Blue Y .vbtet 
LBN - Ltlght Bmum w .wf,fte 
LTGN - Light Green Y.  yefiow 

Fig. 164 Engine wiring schematic-1991 4.3 HO GM engines w1Cobra 

LTGN -Light Green Y. yettow 

B- 
GND 

R 

iorn Switch 

Fig. 165 Engine wiring schematic-1991 5.7LE GM engines wlCobra 
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B -Black i 
0 -Orange 

BL- Blue 
aN- a r w n  

P -  Pink B 
GNOreen 

PU - Purpta 

GR4rey 
R - Red 
T-Tan 

LBL- Light Blue v . Violet 
LBN - Light Bmwn w.whitc 
LTGN - Light Green y . yettaw 

Fig. 166 Engine wiring schematic-1991 5.OL and 5.8L Ford engines 

cable Connector 

12.5 Amp Breaker ,\ GR 

Fig. 167 Engine wiring schematic-1991 350 and 454 GM engines wlKing Cobra 
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Fig. 168 Engine wiring schematic-1992-93 3.OL GM engines 

Fig. 169 Engine wiring schematic-1992-93 4.3L GM engines 
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LBL- Light Blue v .Y,olst 
LEN - Llght Bmwn w.whlte 
LTGN - Light Green y . yeiiow 

I5 

-' 9 
Water Temp. 
Horn Switch 

Fig. 170 Engine wiring schematic-1992 5.7L GM engines w1Cobra 

Fig. 171 

Horn Switch 

10 Amp Breaker 

1 - T a n 1  J 
LBL- Light Blue y . violet 
LBN - Light Brown w .white 
LTGN -Light Green y . yellow 

Engine wiring schematic-1992 5.7LE GM engines w1Cobra 
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LBL- Light Blua v .woeat 
LBN - Light Brown w .white 
LTGN - Light G m n  y . ye~iow 

Fig. 172 Engine wiring schematic-1992 5.OL and 5.8L Ford engines wlCobra 

LBL- tight Blue V. violet 
LBN - Light Brown W. white 
LTGN - Light Green y . 

Fig. 173 Engine wiring schematic-1992 351 Ford engines w1King Cobra 
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Fig. 174 

Fig. 175 Engine wiring schematic-1993 5.OL and 5.8L Ford (EFI) engines wlCobra 
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Fig. 176 Engine wiring schematic-1993 351 Ford engines wlKing Cobra 

Fig. 177 Engine wiring schematic-1992-93 454 and 502 GM engines wlKing Cobra 
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Fig. 178 Engine wiring schematic-1994 3.OGLIGS GM engines 

Horn Switch 

B -6lacK 
BL- Blur 

0 -orangs 

BN- Brown 
P - PI"* 

GN-Oreen 
PU -Purple 
R - R a d  

OR-Grey 
. 

T-Tan 
LBL- Llght Blue I,. vro$& 
LBN - Light Brown w .wh,te 
LTGN - Light Gresn y .  yeglow 

GR Grey T-Tan 
LBL LtghtBlue y ~ , ~ l ~ t  
LBN - Lrght Brown w white 
LTGN Ltght Green y yellow 

Fig. 179 Engine wiring schematic-1994 4.3L GM engines 

©PDF Manual Master 2006



10-76 IGNITION AND ELECTRICAL SYSTEMS 

mrn Sending Unit 
BNIW Oil Press. Gauge Sender -. 

Fig. 180 Engine wiring schematic-1994 5.7L GM engines 

B -Black 
BL- Blue 
EN- Brown 
GNGreen 
GR-Grey 
LBL- Light Blue 
LBN - Light Brown 
LTGN -Light Green 

0 -Orange 
P - Pink 
PU - Purple 
R - Red 
T-Tan 
V - Vlolei 
W - White 
Y - Yellow 

Fig. 181 Engine wiring schematic-1994 5.OFL and 5.8FL Ford engines 
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Fig. 182 

I 

20 Amp Breaker 

LBL- Light Blue v . violet 
LEN - Light Brown w.white 
LTGN -Light Omen y . yellow 

Engine wiring schematic-1994 5.OFi and 5.8Fi Ford engines 

GR-Grey ?-Tan 
LBL- Llght Slue Y .  yiolst 
LBN - Light Brown w . white 
LTGN - Light Green y . yeglow 

Fig. 183 Engine wiring schematic-1994 351 EFI Ford engines wIKing Cobra 
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Trim PUN BMf 

GR-Grey T - Tan 
LBL- Light Blue v . violet 
LBN - Light Brown W. white 
LTGN - Light Green y . yetlow 

Fig. 184 Engine wiring schematic-1994 7.4GL GM engines wIKing Cobra 

Fig. 185 Engine wiring schematic-1995-96 3.OGS GM engines. 1996 trim sender has 3 wires 
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Trim 
Sender 

6 

. . Diode Relay Control Box n 1 

Fig. 186 Engine wiring schematic-1995-96 4.3GUGS GM engines. On 1996 engines, the trim sender has 3 wires and there may be a 10 amp fuse 
on the RIPU wire at the relay control box 

B 

GN-Grean 
GR-Grey 

R -Red 
T - Tan 

LBL- Light Blue y . violet 
LEN - Light Brown w -white 
LTGN - Llght Grtsen y.yeflow 

8 Alternator 

Fig. 187 Engine wiring schematic-1995-96 5.OFL and 5.8FL Ford engines. On 1996 engines, the trim sender has 3 wires and there may be a 10 
amp fuse on the RIPU wire at the relav control box 
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Trim 

EL- Blue P - Pink " 
E N  Brown 
GN-Gwen 

PU - Purple 
R - Red 

GR-Grey T - Tan 
LBL- Light Blue v . violet 
LBN - Light Brown w .white 
LTGN -Light Green y . yellow 

Fig. 189 Engine wiring schematic-1995-96 7.4GL GM engines w/King Cobra. On 1996 engines, the trim sender has 3 wires and there may be a 10 
amp fuse on the RiPU wire at the relay control box 
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BN- Brown Breakers GN-Green 
PU - Purple 

OR-Grey 
R - Red 
T-Tan 

LBL- Light Blue V .  violet 
LEN - Light Brown w .white 
LTGN - Light Green y . yetiow 

Fig. 190 Engine wiring schematic-1995 7.4 EFI GM engines wlKing Cobra 

B -Black 
R R/PU 

0 -Orange 
BL- Blue P - Pink 
BN- Brown PU - Purple 
GN-Green R -Red 
GR-Grev T . T S ~  . 
LBL- ~ i g h t  Blue v . violet 
LBN - Light Brown w -white 
LTGN - Light Green y . 

Fig. 191 Engine wiring schematic-1996 4.3Gi and 5.7Gi GM enaines 
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Fuel 

EN- Brown 
GN-Glaan 

PU -Purple 
R - Red 

GRGrey T-Tan 
LEL- Light Blue v violet 
LBN - Lioht Brown w . whits . . . . . .. .- 
LTGN - ~ & h t  Green y .  yellow 

Fig. 192 Engine wiring schematic-1996 7.4Gi GM engines wlKing Cobra 

Trim 
Sender 

BN- Brown 
GNGreen 

PU. PUIpiO 
R-Red 

GR-Gray 1-Tan 
LBL. Light Biue V.  violet 
LBN - Light Brown W. white 
LTGN - Llght Green y . 

Fig. 193 Engine wiring schematic-1997-98 3.OGS GM engines 
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EN- Brown 
GN-Green 

PU .Purple 

GR-Grey 
R - Red 
T-Tan 

LBL- Light Siua v . violet 
LBN - Light Brown w .white 
LTGN - Light Green y . yeifow 

Fig. 194 Engine wiring schematic-1997-98 4.3GLlGS GM engines 

Circuit Breaker 

GN-Green 
GR-Grey 

R Red 
T Tan 

LBL- Llght Blue v .vlotet 
LEN - Lght  Brown W.  wh,te 
LTGN - Light Green y . yeltow 

Fig. 195 Engine wirina schematic-1997-98 5.7GLlGS GM enaines 
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PU - Purple Relay Sender GN- en R - R O ~  
GR-Grey T - Tan 
LBL- Light Blue v .vialet 
LEN - Light Brawn w .white 
LTGN - Light Green Y .ye~iow 

Fig. 196 Engine wiring schematic-1997-98 4.3Gi and 5.7GilGSi GM engines 

Trim Sender BIIIV BIW PUIGN 

. . .. . . . 
BN- Brown 
GN-Green 

PU - Purple - 

GR-Grey 
R - Red 
T - Ten 

LBL- Light Blue v .violet 
LBN - Llght Brown w .white 
LTGN - Light Green y . yellow 

Fig. 197 Engine wiring schematic-1997 7.4GL GM engines 
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Circui t  Breaker  

Circuit  6reaker B -Black 
EL- Blue 

0 -Orange 

EN- Brown 
P - Pmk 

GN-Green 
PU - Purple 

GR-Grey 
R - Red 
T - Tan 

LSL- Llght Blue Y .vtolat 
LEN - Light Brown w .white 
LTGN - Lqht Green y .yellow 

Fig. 198 Engine wiring schematic-1997 7.4Gi GM engines 

Circuit Breaker B -Black 
BL- Blue 

0 -Orange 

box BN-Brown 
P - Pink 

GN-Green 
PU - Purple 

GRtrsy 
R - Red 
T - Tam 

LBL- Light Blue V .  vjotet 
LSN - Llght Bmwn w .white 
LTGN - Light Green y .yellow 

I Fig. 199 Engine wiring schematic-1998 7.4Gi GM engines 
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Fig. 200 Engine wiring schematic-1998 7.4GSi and 8.2GSi GM engines 

Fig. 201 Instrument harness wiring schematic-1986 engines 
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B -Black 
LBL - Light Blue 
PU -Purple 
GR -Gray 
RIPU - RedlPurple 
B W  - Bluewhite 
GNNV - Greenwhite 
YIR - YellowlRed 
BNNV - BrownNVhite 
DBL - Dark Blue 
T -Tan 

Main Harness 
Connector 

Water Temp. Gauge 

Trim PU DBL \ PU DBL 
DBL 7" i\ I\ 1 / \  

To Trimmilt 
Switch 

3" 
/ 4 

GNNV BUW 

ON 

@ 
PU 

-b To 

Remote 
Control 
Switch 

k W  '~rim/Tilt To Trimmilt GNNV 
Connector Switch 

Fig. 203 Instrument harness wiring schematic-1991 engines 
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B -Black 
LBL - Light Blue 

Oil Press. p u  - Purple 
Gauge GR -Gray 

RIPU - RedfPurple 
BLMI - Bluewhite 
G N M  - Greenwhite 
YIR - YellowlRed 
B N M  - Brownwhite 
DBL - Dark Blue 
T -Tan 

s r a = M =  

- %= - ms 

Fig. 204 Instrument harness wiring schematic-1992-93 engines 

Main Harness Connector 

Trimlfilt Switch Connector 
BUW Rrf!f 

B -Black 
LBL - Light Blue 

GNW - GreenWhite 
PU Purple YIR - YetlowlRed 

-Gray BNMI - BrownNVhite 

RIPU - RedlPurple OBL - Oark 

BUW - BluetWhite -Tan 

Fig. 205 Instrument harness wiring schematic-1994-98 engines 
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ALTERNATOR TEST SPECIFICATIONS 
1986 

Voltage Belt Max. Output Max. Output AC Condenser 
Range Output Tension @ 600 rpm @ 2000 rpm Stud Capacity 

Model (Volts) (Amps) Regulator (in.) (Amps) (Amps) (Volts) (Microfareds) O 
Delcotron 42 13 9-1 5 5 42 Internal 114-112 18 37 7-8 +/- 0 1 

O Variation to the number stamped on the capacitor base 

ALTERNATOR TEST SPECIFICATIONS 
1987-90 

Voltage Belt  Max. Output Max. Output Max. Output AC Condenser 
Range Output Tension @ 650 r p m  @ 1500 r p m  @ 3000 rprn Stud Capacity 

Model (Volts) (Amps) Regulator (in.) (Amps) (Volts) (Amps) (Volts) (Microfareds) 
5 1 13.9-14.7 51 Internal 114-112 20 13.9-14.7 45 7-8 0.4-0.6 

ALTERNATOR TEST SPECIFICATIONS 
1991 -92 

Min. Engine Voltage Belt Max. Output Max. Output Light AC Condenser 
Speed @ Output Range Output Tension @ 650 rpm @ 1700 rpm Stud Stud Capacity 

Model wpm) (Volts) (Amps) Regulator (in.) (Amps) (Amps) (Volts) (Volts) (Microfareds) 
51 400 13.9-1 4.7 51 Internal 114-112 20 51 13.9-14.7 7-8 0.40.6 

ALTERNATOR TEST SPECIFICATIONS 
1993-96 

Min. Engine Voltage Belt Max. Output Max. Output Max. Output Light AC Condenser 
Speed @Output Range Output Tension @ 650 rpm @ 1500 rpm @ 2000 + rpm Stud Stud Capacity 

Model (rpm) (Volts) (Amps) Regulator (in.) (Amps) (Amps) (Amps) (Volts) (Volts) (Microfareds) 
51 400 13.9-14.7 51 Internal 114-112 20 47 51 13.9-14.7 7-8 0.4-0.6 
65 400 13.5-14.8 65 Internat 114-112 20 53 56 13.5-14.8 7-8 0.4-0.6 

ALTERNATOR TEST SPECIFICATIONS 
1997-98 

Min. Engine Voltage Belt Max. Output Max. Output Max. Output L2 P Condenser 
Speed @ Output Range Output Tension @ 650 rpm @ 1500 rpm @ 2000 + rpm Terminal Terminal Capacity 

Model (rPm) (Volts) (Amps) Regulator (in.) (Amps) (Amps) (Amps) (Volts) (Volts) (Microfareds) 
Prestolite 65 400 14.0-14.7 65 Internal 114-112 20 53 56 13-14 6.5-7.5 0.4-0.6 
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STARTER SPECIFICATIONS 
GM Engines 

Solenoid 
Current Draw 

Both 
No-Load Test Load Test Hold-In Windings 

Min. Max. Min. Max. Min. Max. Winding In Parallel 
Model (Amps) @ (Amps) @ Volts (RPM) (RPM) Volts (Amps) (Amps) (Amps @ V) (Amps @ V) 

1986-87 

@ Figure includes the solenoid 

STARTER SPECIFICATIONS 
Ford Engines 

Motor 
Brushes Current Min. Stall 

Wear Spring Draw Cranking Cranking Torque Max. No 
Lenoth Limit Tension Normal Load Speed Power @ 5V Load Load - - a ~ 

Model In. (mm) In. (mm) (Oz.) (Max. Amps) (rpm) (V) Ft, Lbs, (Nm) (Amps) (Amps) 
1986-87 0.50 (12.7) 0.25 (6.35) 40 150 110 8 9 (12) 460 70 
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11-2 COOLING SYSTEM 

+ See Figures 1 and 2 

Cooling water is a critical phase of engine operation. Cooling water 
passes through the cylinder heads and block, drawing off heat generated by 
fuel combustion and engine friction. Proper operation of the cooling system 
is critical to maintaining satisfactory engine operation and performance. 

All OMC engines are cooled by means of one of two systems: an 
external-water, raw water system; or a Closed system, which actually 
incorporates the raw water system into a closed automotive-style anti-freeze 
system. Engines covered here may come equipped with either of the two 
systems. Please refer to the flow diagrams at the end of this section. 

RAW WATER SYSTEM 

.Please refer to the Water Flow Diagrams section for detailed views of 
your engine's cooling system. 

As implied by the name, this system utilizes water from outside the boat 
to cool the engine and certain related components-this system is also 
frequently called a seawater system and the names can (and probably will) 
be used interchangeably. All versions of this system utilize two water pumps, 
hoses and a thermostat. 

All 1986-93 engines and all King Cobras through 1995 utilize a water 
pump (impeller) mounted in the top of the upper gear housing to draw the 
water up through the drive unit and then on to the engine circulating pump 
attached to the front of the cylinder block-although different in construction, 
this pump is quite similar to a typical water pump you would find on your car 
or truck. From here the water is circulated through the engine block, cylinder 
heads and exhaust manifold(s); and then expelled back into the body of 
water where it originated. 

All 1994-95 Cobra models and all 1996-98 models use a belt-driven raw 
water pump mounted on the lower starboard side of the engine to draw the 
water up through the drive unit and then on to the engine circulating pump 
attached to the front of the cylinder block-although different in construction, 
this pump is quite similar to a typical water pump you would find on your car 
or truck. From here the water is circulated through the engine block, cylinder 
heads and exhaust manifold(s); and then expelled back into the body of 
water where it originated. 

The raw water pump is a self-priming impeller-style pump. Special 
compound nylonirubber blades give the blades the ability to flex. The inside 
surface of the pump is eccentric, causing the blades to move (flex) from a 
larger volume area to a smaller volume area as they rotate within the pump 
body. 

Fig. 1 A simple drawing of a raw water cooling system I 

During periods of low speed operation there will be very little resistance to 
water flow within the pump. The impeller blades will flex along the eccentric 
surface, thus providing a positive displacement action. As operational speed 
increases, resistance will beain to build within the Dump; causina the ends of 
the impeller blades to begin iexing inward, slowly changing thepump action 
from positive displacement to that of a circulation-style pump. 

The belt-driven engine circulating pump is mounted on the front of the 
cylinder block on all models<as mentioned previously, this pump looks 
identical and is positioned similar to that which you may be familiar with on 
your car or truck. A pulley is bolted to the forward edge of the pump shaft 
hub and is driven via a belt from the crankshaft pulley. The pump shaft and 
permanently lubricated bearing assembly is pressed into the pump cover-a 
seal pressed into the cover prevents any cooling water from escaping. Pump 
bearin~s are specifically manufactured for use in marine applications; never . . 

be ten@ted to substitute an automotive style pump! 
Raw water is lsicked uo throuah screened ooeninas on either side of the 

lower unit. water' is then drawn $rough the lower a d  upper gear housing of 
the drive unit and through the transom plate. A line then carries the water to 
an oil or power steering cooler and then on to the water pump, or directly to 
the pump-some models do not use an oil cooler, while others position the 
cooler upstream of the water pump. After exiting the water pump, the cooling 
water then enters the inlet side of the thermostat housing and moves in a 
number of directions. Some water is routed through the hoses directly to the 
exhaust manifold(s) for cooling, while the remaining water moves down to 
the engine circulating pump where it is driven into the water jackets 
surrounding each cylinder. After working its way through all of the cylinders, 
the water is forced upward through two passages and into the cylinder 
head@) where it cools the combustion chambers. Once at the forward side of 
the head@), the water enters the thermostat housing; where, if sufficiently 
warm, it will cause the thermostat to open and be diverted partially back to 
the circulating pump andlor on to the exhaust manifolds where it will be 
introduced into the exhaust gas flow and out of the boat. If the water is not 
yet warm enough to cause the thermostat to open, it will be diverted entirely 
back to the circulating pump. 

CLOSED SYSTEM 

Please refer to the Water Flow Diagrams section for detailed views 
of your engine's cooling system. 

This system is actually two systems in one-a closed freshwater system 
and a raw or seawater system. All versions of this system utilize two water 
pumps, hoses, a thermostat and a heat exchanger. 

In the closed portion of the system, a mixture of freshwater and anti- 
freeze is circulated through-out the engine block, cylinder head and a heat 
exchanger (similar to your car's radiator). The pressurized waterlcoolant 
never leaves the system and is thermostatically controlled. 

Lacking a radiator and fan like an automobile, it is necessary to find 
another means of keeping the fluid in the closed system from boiling and this 
is where the second portion of this system comes into play. Raw water from 
outside the vessel is drawn in by means of the belt-driven engine-mounted 
seawater pump. Unlike true raw water models as described previously, the 
seawater is pumped into the heat exchanger rather than through the engine. 

/ Fig. 2 A simple drawing of a closed cooling system 
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COOLING SYSTEM 11-3 
In fact, it bypasses the engine circulating pump altogether. Once in the 
exchanger, the seawater is routed through tubes surrounding the closed 
system tubes, thus cooling the fresh waterlanti-freeze mix as it passes 
through the exchanger. The heated seawater is then routed through the 
exhaust manifold(s) and then back overboard. 

The raw water portion of this system operates exactly like detailed in the 
previous section, with one exception-after exiting the seawater pump, the 
cooling water moves to (and through) the heat exchanger and then on to the 
exhaust manifolds. Raw water never enters the engine to cool the block and 
heads, since this has already been taken care of by the coolant in the closed 
portion of the system. 

The following paragraphs list troubles encountered in the various portions 
of the system with accompanying probable causes of the problem. The 
causes are given in a logical order of checking until the problem is corrected. 

ENGINE OVERHEATS-RAW WATER SYSTEM 

Loose or broken engine circulating pump belt or pick-up pump belt. 
Check belt condition andlor tension. 

Inaccurate temperature gauge or sender. 
Check ground wire connection at gauge. Disconnect sender wire and 

make contact with a good engine ground-the gauge should climb to full 
scale. 

An accessory or barnacles in front of water intakes on drive causing 
turbulence. Check screens for debris and perform the Raw Water Test. 

Defective raw water pump. 
Loose hose connections between pick-up and pump-sucking air. - Pump fails to hold prime due to air leaks. Perform Raw Water Flow 

Test. 
Ice in water passages. 
Defective engine circulating pump. Check pump seals and gasket for 

leakage. 
Defective thermostat. Test thermostat as detailed in the Maintenance 

section. 

ENGINES OVERHEATS-CLOSED SYSTEM 

In addition to items detailed under Raw Water: 

Closed cooling system reservoir level low. 
Plugged heat exchanger cores. 
Too much anti-freeze in closed system. 
Fresh water kit not installed properly. 
Exhaust elbow dump fittings "bottomed on inner water jacket. 

ENGINE OVERHEATS-MECHANICAL 

Incorrect ignition timing. 
Spark plug wires crossed. 

* Lean airlfuel mixture. 
Pre-ignition-spark plugs are wrong heat range. 
Engine laboring-engine rpm below specifications at WOT. 
Poor lubrication. 
Water in cylinders--due to warped cylinder head. 
Distributor not functioning properly. 
Clogged exhaust elbows. 
Exhaust flappers stuck closed. - Cabin hot water heater incorrectly connected to engine. 

WATER IN CYLINDERS 

Backwash through exhaust system. 
Loose cylinder head bolts. 
Blown cylinder head gasket. - Warped cylinder head. 
Cracked or corroded exhaust manifold. 
Cracked block in valve lifter area. 
Improper engine or exhaust hose installation. 
Cracked cylinder wall. 

WATER IN OIL 

Backwash through exhaust system. 
Water seeping past piston rings from flooded combustion chamber. 
Thermostat stuck open or missing-condensation forms because 

engine is operating too cool. 
* Cracked cylinder block. 

Intake manifold water passage leak. 

First, the most important words in this manual: THE ENGINE CANNOT 
BE OPERATED FOR EVEN FIVE SECONDS WITHOUT WATER MOVING 
THROUGH THE WATER PICK-UPIRAW WATER PUMP OR THE PUMP 
IMPELLER WILL BE DAMAGED. THEREFORE, NEVER START THE 
ENGINE, EVEN FOR TESTING PURPOSES, WITHOUT THE BOAT BEING 
IN THE WATER, OR PROVISION HAVING BEEN MADE FOR WATER TO 
PASS THROUGH THE SEAWATER PICK-UP PUMP. 

Marine thermostats are generally rated at 140-160". An automotive- 
type thermostat must never be used because of the higher temperature 
ratings. Such a high rating would cause the engine to run much hotter 
than normal. 

The cooling system, raw water or closed, should be cleaned and flushed 
at least once every two years; more often if possible. Please refer to the 
Maintenance section for detailed flushing procedures. 

DRAINING. FLUSHING & FILLING 

The cooling system should be drained, cleaned, and refilled each season, 
although OMC's recommendations are for every two years on normal anti- 
freeze systems. We think its cheap insurance to do it every season, but you 
certainly can't go wrong by following the factory's suggestion. The bow of the 
boat must be higher than the stern to properly drain the cooling system. If 
the bow is not higher than the stern, water will remain in the cylinder block 
and in the exhaust manifold. Insert a piece of wire into the drain holes, but 
not in the petcock, to ensure sand, silt, or other foreign material is not 
blocking the drain opening. 

If the engine is not completely drained for winter storage, trapped water 
can freeze and cause severe damage. The water in the oil cooler-if so 
equipped-must also be drained. 

For complete details, procedures and illustrations on draining, filling 
and/or flushing of the cooling system, please refer to the Maintenance 
section. 

DRIVE BELTS 

For complete details, procedures and illustrations on drive belt 
removal and adjustment, please refer to the Maintenance section. 

FLUID LEVEL CHECK 

For complete details, procedures and illustrations on checking the 
fluid level in the closed cooling system, please refer to the Maintenance 
section. 

PRESSURE TEST 

I For complete details, procedures and illustrations covering pressure 
testing the cooling system, please refer to the Maintenance section. 

PRESSURE CAP TEST 

I For complete details, procedures and illustrations covering testing 
the closed cooling system pressure cap, please refer to the 
Maintenance section. 
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11-4 COOLING SYSTEM 
RAW WATER COOLING TEST 

If you suspect that the raw water system is taking in air, perform the 
following test. 

This test MUST be performed with the vessel in  the water. DO NOT 
perform this test with the vessel out of water with a flushing 
attachment attached. 

1. Disconnect the water hose at the raw water pump outlet and then 
disconnect the same hose at the inlet on the thermostat housing. 

2. Connect a clear vinyl hose of the same diameter between the pump 
and the housing, Tighten the clamps securely. 

3. Start the engine and drive the boat at the lowest rpm at which the 
overheating problem has been observed. Have an assistant (do not do this 
yourself-stay at the helm!) check the clear hose for evidence of air bubbles 
being drawn through the system. 

4. If air bubbles are present, air is being sucked into the system 
somewhere between the pump and the inlet holes on the lower unit. Check 
all hoses, clamps and fittings for damage or other signs of deterioration. 
Check the lower unit water tube, guide, seal, grommet and water passage 
cover gasket for damage, signs of deterioration or leakage. Check the pump 
impeller plate gasket and housing O-ring for damage and/or leakage. 

5. If no bubbles are observed in Step 3, remove the clear hose and 
reconnect the original water hose. 

RAW WATER FLOW TEST 

If you suspect that a low cooling water supply is causing an overheat 
condition, perform the following test. 

This test MUST be performed with the vessel in  the water. DO NOT 
perform this test with the vessel out of water with a flushing 
attachment attached. 

1. Disconnect the water hose at the thermostat housing inlet. Hold the 
hose vertically so that the open end is not higher than the top of the engine. 

2. Start the engine and allow it to idle. A column of water should rise 
from the hose approximately 2-4 in. high. Less than 2 in. indicates a likely 
restriction in the supply line, or the raw water pump is defective. Check for a 
blocked inlet screen at the drive or a crimpedibroken pivot housing at the 
gimbal housingitransom plate. Also, confirm that the pump impeller is not 
worn or broken. 

Don't forget to shut the engine down immediately after observing the 
heiaht of water comina out of the hose! 

3. Reconnect the hose to the housing and tighten the clamp securely. 

REMOVAL & INSTALLATION 

Stern Drive Unit DERATE 
All Models Except 1990-95 King Cobra 
+See Figures 3 thru 11 

As noted previously, all 1986-93 models and 1994-95 King Cobra 
models utilize a stern drive mounted raw water pump. There is no 
engine-mounted external water supply pump on these engines. 

1. Loosen the 3 rear cover mounting bolts at the rear of the upper gear 
housing and lift off the cover. 

2. Disconnect the small drain hose at the port side of the water pump. 
3. Remove the 3 pump housing mounting bolts. Carefully tap the side of 

the houslng (very lightly) with a rubber mallet and then pull of the housing. 
The seal, liner and impeller should all come off with the housing, but if not, 
remove them separately. 

4. Insert a small prybar between the impeller plate and the adapter, 
twist it and remove the plate and gasket. 

5. The adapter itself is held in place via 2 O-rings and some sealer. 
Removal requires driving it out from the other side with a 1 318 in. pipe. 
Obviously, access will require removal of the drive and then the U-joint shaft 
assembly (as detalled in the Drive Unit section). Once this is accomplished, 
remove the 2 adapter mounting bolts and then press the adapter out through 
the U-joint shaft opening on the front of the gear housing. 

Occasionally, i f  you are lucky, you can pull the adapter out from the 
rear with a pair of vise grip pliers. If you attempt i t  this way, be very 
careful that you do not damage the adapter with the pliers. 

To Install: 
6. Clean all components in solvent and allow to dry thoroughly. 
7. Clean all sealer from the adapter sutfaces. Inspect the O-ring 

grooves and gasket surfaces for nicks or burrs. 
8. Clean all sealer from the pump housing seal recess and the liner 

cavity. Make sure that the vent passage is clear. Check the housing for 
cracks, damage or obvious signs of wear. 

9. Check the contact surfaces on the impeller plate for signs of wear, 
scoring or distortion. If worn; you can turn the plate over and reuse it when 
installing the pump. 

10. The impeller blades should not be set in a bent position or have flat 
edges where they contact the liner. 

11. If the you removed the liner from the pump housing, or if it just came 
out on removal, swab a light coating of Gasket Sealing Compound on the 
inside of the housing and then press the liner into the housing until it seats 
itself. Wipe off anv excess sealer that may have been squeezed into the liner 
through ihe ports: 

12, Lubricate the impeller with OMC HiVis Gearcase Lube, position the 
imoeller over the liner so the drive pocket is facinq out and twist the impeller 
into the liner in a clockwise direction. 

13. If the adapter was removed, coat both sides of a new adapter gasket 
with Gasket Sealing Compound and position it onto the rear of the adapter. 
Coat both new O-rings with the same sealant and install them. Slide a Seal 
Protector (# 913501) over the end of the water pump shaft and then press 
the adapter into position-you may have to tap it into place with a rubber 
mallet. Coat the threads of the mounting bolts with Gasket Sealing 
Compound, install them and tighten to 12-14 ft. Ibs. (16-19 Nm). Remove the 
tool. 

14. Coat both side of a new impeller plate gasket with Sealing 

WATER PunP 
HOUS I N6 

Fig. 3 An exploded view of the water pump 
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Fig. 4 Contents of a standard water pump 
reoair kit 

Fig. 4 Remove the rear cover... 

COOLING SYSTEM 11-5 

Compound and position it on the adapter. Make sure that the relief slot in the 
adapter remains clear. 

15. Install the impeller plate, remembering that you can flip it over if one 
of the sides was worn. 

16. Cover a new seal ring with Sealing Compound and position it into the 
groove in the pump housing. Reach in with a small screwdriver and rotate 
the impeller (clockwise only!) until the narrow end of the drive pocket is 
pointing at the lower bolt hole in the housing. 

Fig. 7 Remove the pump housing (with the impeller and liner) ... 

Fig. 5 ... and then remove the three pump 
mounting bolts 

17. Now rotate the U-joint shaft until the narrow side of the drive wedge 
is pointing down at the lower mounting bolt hole in the impeller plate. 

18. Position the housing assembly over the shaft until it seats on the 
impeller plate. Coat the threads of the mounting bolts with Gasket Sealing 
Compound and then tighten them to 108-132 inch Ibs. (12-15 Nm). 

19. Reconnect the vent hose to the pump housing. 
20. Install the rear gear housing cover and then tighten the bolts to 108- 

132 inch Ibs. (12-15 Nm) 

Fig. 8 ... and then pry off the impeller plate 
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COOLING SYSTEM 

Fig. 9 Remove the two adapter mounting 
bolts ... 

Fig. 10 ... and then carefully pull i t  out of the 
housing 

1990-95 King Cobra 

+ See Figure 12 

As noted previously, all 1986-93 models and 1994-95 King Cobra 
models utilize a stern drive mounted raw water pump. There is no 
engine-mounted external water supply pump on these engines. 

1. Loosen the 3 rear cover mounting bolts at the rear of the upper gear 
housing and lift off the cover. 

2. Disconnect the small drain hose at the port side of the water pump 
(center on later King Cobra). 

3. Remove the 3 pump housing mounting bolts. Carefully tap the side of 
the housing (very lightly) with a rubber mallet and then pull of the housing. 
The seal, liner and impeller should all come off with the housing, but if not, 
remove them separately. 

4. Remove the 3 water pump plate bolts and carefully pry the plate off 
the adapter housing. 

5. Remove the 4 adapter housing bolts and pry off the housing slowly, 
one corner at a time. 

To Install: 

6. Clean all components in solvent and allow to dry thoroughly. 
7. Clean all sealer from the adapter surfaces, Inspect the O-ring 

grooves and gasket surfaces for nicks or burrs. 
8. Clean all sealer from the pump housing seal recess and the liner 

cavity. Make sure that the vent passage is clear. Check the housing for 
cracks, damage or obvious signs of wear. 

9. Check the contact surfaces on the impeller plate for signs of wear, 
scoring or distortion. If worn, you can turn the plate over and reuse it when 
installing the pump. 

10. The impeller blades should not be set in a bent position or have flat 
edges where they contact the liner. 

11. If the you removed the liner from the pump housing, or if it just came 
out on removal, swab a light coating of OMC Scotch Grip Rubber Adhesive 
1300 on the inside of the housing and then press the liner into the housing 
until it seats itself. Wipe off any excess sealer that may have been squeezed 
into the liner through the ports. 

12. Lubricate the impeller with OMC Ultra-HPF Gearcase Lube, position 
the impeller over the liner so the drive pocket is facing out (toward you) and 
twist the impeller into the liner in a counterclockwise direction. 

13. If the adapter housing was removed, coat the housing bore with 
OMC Ultra-HPF Gearcase ~ u b e  and then position the unit onto the gearcase 
housing. Rotate the U-joint slightly until the gear teeth engage and then 
install the mounting bolts; the long ones go in the lower holes. Tighten all 
bolts to 10-12 ft. Ibs. (14-16 Nm). 

14. Coat both sides of a new adapter gasket with Gasket Sealing 
Compound and position it onto the adapter housing. Make sure that the slot 
in the gasket is facing down and to the left (when looking from the rear of the 
drive) and that there is no sealing compound in the slot. Install the pump 
plate over the gasket and tighten the bolts to 10-12 ft. Ibs. (14-16 Nm). 

15. Cover a new seal ring with OMC Scotch Grip Rubber Adhesive 1300 
and position it into the groove in the pump housing. Reach in with a small 
screwdriver and rotate the impeller (counterclockwise only!) until the narrow 
end of the drive pocket is pointing at the lower bolt hole in the housing. 

16. Now rotate the U-joint shaft until the narrow side of the drive wedge 
is pointing down at the lower mounting bolt hole in the impeller plate. 

17. Position the housing assembly over the shaft until it seats on the 
date. Coat the threads of the mounting bolts with Gasket Sealing Compound . . 

and then tighten them to 9-11 inch lbs:(12-15 Nm). 
18. Reconnect the vent hose to the pump housing. 
19. Install the rear gear housing cover and then tighten the bolts to 9-11 

inch Ibs. (12-15 Nrn). 

Seal 

Plate 
Housing 

Fig. 12 An exploded view of the water pump 
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Belt-Driven 

+ See Figure 13 

If performing the following while boat is in the water, close the seacock. If 
your boat is not equipped with a seacock, disconnect and plug the seawater 
inlet line to prevent water from entering the system. 

The engine should be OFF and cool. 

1. Drain the engine completely as detailed in the Maintenance section. 
2. Loosen the hose clamps on the two water lines at the back of the 

pump. Wiggle the hoses off of their fittings and set them aside. Remember 
that the inside hose (closest to the engine) is the supply hose and goes to 
the inlet. 

3. Loosen the pump mounting bolts at the cylinder block and brace. 
Swivel the pump in until you can remove the drive belt and then pull the bolts 
out and remove the pump assembly. 

To Install: 
4. lnspect the pump assembly for cracks, damage or other signs of 

wear. 
5. Position the pump in the mounting bracket so that the hose fittings 

are horizontal (inlet fitting on the inside) and the cam screw side of the 
housing facing upward-this is very important, reversing the positions will 
cause overheating and damage to the engine. 

6. Attach the entire assembly to the cylinder block, screwing in the bolts 
only finger-tight. 

7. Swivel the pump in until you can fit the drive belt over the pulley and 
then adjust the belt tension, tightening the mounting bolts securely. 

8. Reconnect the water hoses, supply on the inside, and tighten the 
hose clamps securely. 

9. Start the engine and check for leaks. 

COOLING SYSTEM 

DISASSEMBLY & ASSEMBLY 

Stern Drive Unit 

W Due to the nature of the removal process, disassembly procedures 
for the stern drive-mounted water pump are included in the Removal & 
Installation procedures. 

Belt-Driven 

All 1994 Engines And 19 

+ See Figure 14 DERATE 
1. Remove the pump. 
2. Remove the 3 bearing housing-to-impeller housing mounting bolts 

and their washers and separate the two housings. The easiest way to 
accomplish this is to stand the assembly on the pump pulley and hold the 
pulley shaft while lifting and turning the impeller housing counterclockwise. 

DRIVE 
BELT 

Fig. 13 A typical belt-driven raw water pump 

3. The impeller should stay on the shaft, but if it sticks in the housing, 
carefully grasp it with pliers and pull it out. Remove the O-ring and discard it. 

4. Remove the cam screw and its washer. Remove the cam only if 
necessary; otherwise leave it and the screw in place. 

5. If the impeller remained on the pump shaft after splitting the cases, 
lift it off and pull out the shaft key. 

6. Lift off the endplate and its gasket. Use # I  retaining ring pliers and 
pinch out the ring securing the seal assembly. Lift out the seal assembly. No 
further disassembly is necessary-the pulley, shaft, bearings and housing 
are serviced as an assembly only. 

To assemble: 
7. Remove all residual gasket material and then clean all parts with 

solvent. Allow them to dry completely, or use compressed air. 
8. lnspect the impeller housing and cam for wear, cracks or any other 

signs of deterioration; replacing as necessary. 
9. lnspect the end plate for wear, scoring or distortion, particularly the 

side that comes in contact with the impeller. If only wear is evident, turn the 
plate over when you install it; otherwise replace it. 

10. lnspect the impeller for bent, cracked or broken blades. Also check 
out the blade contact surfaces to see that they are not flat. Replace as 
necessary. 

11. Install the ceramic seal into the housing, pressing it and the retaining 
ring in until the ring snaps into the groove. Do not use any grease on the 
seal. 

12. Coat the end plate gasket lightly with Gasket Sealing Compound and 
position it onto the housing, Dropfhe end plate over the shaft and into 
position on the gasket. 

13, Install the shaft key in the slot and then lightly press the impeller onto 
the shaft. 

14. If you replaced the cam, position it into the housing and then slide a 
new washer onto the screw. Coat the threads lightly with Sealing Compound 
and install the screw, tightening it securely. 

15. Coat the impeller surfaces and the O-ring groove lightly with OMC 
Triple Guard grease. Press in a new O-ring and then install the impeller 
housing over the assembly, rotating it counterclockwise while lightly pressing 
it downward. Once in position, rotate the housing slowly until the assembly 
screw next to the boss is aligned with the cam screw. Install the three 
retaining bolts and tighten them securely 

1995 V6/V8 Engines And All 1996-98 Engines 

1. Remove the pump. 
2. Position the pump on a clean, flat surface with the pulley facing 

down. Remove the 3 end cover retaining screws and lift off the cover and 
gasket. Throw away the gasket. 

3. Carefully grab the impeller with needle nose pliers and pull it out of 
the housing. 

To assemble: 
4. Remove all residual gasket material and then clean all parts with 

solvent. Allow them to dry completely, or use compressed air. 
5. lnspect the impeller housing and cam for wear, cracks or any other 

signs of deterioration; replacing as necessary. 

Fig. 14 Exploded view of a belt-driven raw water pump, most 
models will not have the hose fittings opposed as shown 
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11-8 COOLING SYSTEM 
6, lnspect the end cover for wear, scoring or distortion, particularly the 

side that comes in contact with the impeller; replacing as necessary. 
7. lnspect the impeller for bent, cracked or broken blades. Also check 

out the blade contact surfaces to see that they are not flat. Replace as 
necessary. 

8. Coat the impeller surfaces lightly with OMC Triple Guard grease and 
slide it into the housing until it is flush with the upper housing gasket surface. 

9. Position a new gasket (no sealant) and then install the end cover. 
Tighten the screws securely. 

10. lnstall the pump. 

For all removal and testing procedures, please refer to the Maintenance 
section. 

REMOVAL & INSTALLATION 

GM Engines 

+ See Figure 15 

1. Disconnect the battery cables and then drain all water from the block 
and manifolds. 

2. Drain all waterlcoolant from the cylinder block. 
3. Loosen, but do not remove, the pump pulley mounting bolts. 
4. Loosen the power steering pump and alternator bracket bolts and 

swivel them in until you are able to remove the belt(s). Different engines may 
have different systems, follow the belt back and loosen the appropriate 
components. 

5. Now you can remove the pump pulley bolts along with the 
lockwashers and clamping ring. Pull off the pulley. 

6. Disconnect the water hoses at the pump. 
7. Remove the mounting bolts and lift the pump off of the block. 

To Install: 
8. Carefully scrape any old gasket material off both mounting surfaces. 

lnspect the pump for blockage, cracks or any other damage. lnspect the 
impeller for cracks. Replace either if necessary. 

9. Coat both sides of a new gasket@) with sealant and position on the 
cylinder block. Coat the threads of the pump mounting bolts with sealant, 
install the pump and tighten the bolts to: 

13-17 ft. Ibs. (18-23 Nm) on 4 cyl. engines 
30 ft. Ibs. (41 Nm) on 4.3L V6 and 5.OU5.7Ll7.4L V8 engines 
35 ft. Ibs. (47 Nm) on 8.2L V8 engines. 

10, Reconnect the water hoses and tighten the hose clamps securely. 
11. Position the pump pulley and clamping ring on the boss. Screw the 

mounting bolts and lock washers in and tighten them securely. 
12. lnstall the drive belt@) and adjust them as detailed previously. Start 

the engine and check the system for leaks. 

CYLINDER 
BLOCK 

PUMP 

I Fig. 15 Removing the water circulating pump 

Ford Engines 

+ See Figure 16 

1. Disconnect the battery cables and then drain all water from the block 
and manifolds. 

2. Drain all waterlcoolant from the cylinder block 

3. Loosen, but do not remove, the pump pulley mounting bolts. 

4. Loosen the power steering pump (if equipped) and alternator bracket 
bolts and swivel them in until you are able to remove the belt(s). Different 
engines may have different systems, follow the belt back and loosen the 
appropriate components. 

5. Now you can remove the pump pulley bolts along with the lock 
washers and clamping ring. Pull off the pulley. 

6. Remove the two power steering pump bracket bolts, the brace from 
the alternator bracket, the Torx@ retaining bolt and the pump. 

7. Disconnect the large water hose at the pump. 

8. Tag and disconnect the electrical leads at the alternator and move 
them out of the way. Remove the bracket bolts and lift off the alternator. 

9. Remove the mounting bolts and lift the pump off of the block. There's 
a good chance you will need to persuade the p u m p t a p  it lightly with a 
rubber mallet. 

To Install: 

10. Carefully scrape any old gasket material off both mounting surfaces. 
lnspect the pump for blockage, cracks or any other damage. lnspect the 
impeller for cracks. Replace either if necessary. 

11. Coat both sides of a new gasket with sealant and position on the 
cylinder block. Make sure that all of the holes are lined up. 

12. Position the pump and screw in all bolts except those that attach the 
alternator and power steering pump brackets. Tighten the bolts to 14-21 ft. 
Ibs. (19-28 Nm) on the 2.3L, or 12-18 ft. Ibs. (17-24 Nm) on the V8s. 

13. Reconnect the water hoses and tighten the hose clamps securely. 

14. Position the spacer and the TorxC3 bolt behind the rear power 
steering pump bracket and tighten it securely. Attach the other bracket to the 
pump and tighten the 2 bolts. 

lnstall the alternator and tighten the bracket-to-pump bolts to 18-20 ft. Ibs. 
(24-27 Nm). 

15. Attach the steering pump brace to the alternator and tighten the bolt 
securely. 

16. Position the pump pulley and clamping ring on the boss. Screw the 
mounting bolts and lock washers in and tighten them to 14-20 ft. Ibs. (19-27 
Nm). 

17, lnstall the drive belt(s) and adjust them as detailed previously. Start 
the engine and check the system for leaks. 

Fig. 16 Removing the water circulating pump 
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Fig. 17 1986-88 Cobra stern drive 
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I Fig. 18 1989-93 Cobra stern drive (King Cobra similar) 
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I TO RAW 

WATER 
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I Fig. 19 1994-95 Cobra stern drive 
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Fig. 20 1996-98 SPIDP stern drive 
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Hose- 

T h e r m o s t a t  

Housing - 

Hose- 

Hose 

Fig. 21 1987-90 2.3L Ford engines-raw water system 

Belt ~ i l i n d e r  Block 

Fig. 22 1986-89 2.5L13.OL GM engines-raw water system 

INSERT A WATER FLOW WITH WARM ENGINE 

BYPASS PASSAGE 

INSERT B WATER FLOW WITH COLD ENGINE 
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Belt Bypass 

Fig. 23 1990-92 3.OL GM engines-raw water system 

A Water in From 

PUMP . 
V-BELT 

Fig. 24 1993 3.OL GM engines-raw water system 
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Fig. 27 1986-90 4.3L1262 V6 engines-raw water system 
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Fig. 28 1991-93 4.3L V6 engines-raw water system 
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qli'Drive ~ ~ i i n d e r  
Belt Block 

Fig. 31 1996 4.3L V6 engines (TBI)-raw water system 

4CI Warm water 

Fig. 32 1997-98 4.3L V6 engines (TBI)-raw water system 
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AND SEAL 

Fig. 43 1994-96 5.OLl5.8L Ford V8 engines (EFI)-raw water system 

Oil 
C o o l e r  
/ \ From Transom Bracket 

Fig. 44 1990-95 7.4L1454 and 8.2L1502 GM V8 engines (carburetor)-raw water system 
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I Fig. 47 1996-98 7.4L18.2L GM V8 engines (MFI)-raw water system 

Circulating ~ l ~ ~ k  

Fig. 48 1996-98 7.5Ll460 Ford V8 engines-raw water system 
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w Circulating Pump 

:ig. 49 V6 and V8 engines (carburetor)-closed cooling system 
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kirculatiing 
Pump 

Fig. 50 V6 and V8 engines (fuel injection)--closed cooling system 
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12-2 STERN DRIVE - COBRA AND KING COBRA 

Single propeller drives may have been labeled as Cobra, King 
Cobra, SP, SX or SX Cobra models. Dual propeller drives may have 
been labeled as King Cobra, DP or DP DuoProp models. For the 
purposes of this section, we will frequently refer to all single propeller 
models as SP and all duo prop models as DP. 

That which we refer to as the stern drive is actually a number of individual 
components attached and working together to transfer the power of the 
engine into a viable propulsion system for your boat. All stern drive units can 
be broken down into their component assemblies. 

The transom assembly consists of an inner transom plate, gimbal 
housing, gimbal ring, and a pivot housing-all attached to the transom of the 
vessel. The inner transom plate is, obviously, attached to the inner side of 
the transom. 

On the other side of the transom, and attached to the transom plate, are 
the gimbal housing, gimbal ring and pivot housing. The pivot housing is 
attached to the gimbal ring via roller bearings and is what allows for the up 
and down (trim) movement of the stern drive unit itself. The gimbal ring is 
also attached to the gimbal housing via roller bearings and is what allows for 
side-to-side movement of the unit, or, steering. 

The stern drive unit, or at least that thing that is most visible when viewing 
the stern of the boat, is made up of two component assemblies: the upper 
gear housing and the lower gear housing. 

The upper gear housing, frequently called the driveshaft housing or simply 
the upper unit is attached to the pivot housing at the top and the lower gear 
housing at the bottom. Power from the engine, brought through the transom 
assembly via the splined driveshaft and universal joint is transferred via a 
pinion gear to the forward and reverse gears on the vertical shaft leading to 
the lower unit by means of a set of drive and driven gears. The pinion, 
forward and reverse gears are helical cut and are only available as a 
matched set. 

A cone-type clutch (on all but the Cobra) is splined to the vertical shaft 
and engages the forward and reverse gears whenever the shift lever is 
moved to the appropriate position 

The lower gear housing, or lower unit, is attached to the bottom of the 
upper housing. Power, or propulsion, comes through the vertical shaft from 
the upper unit, is transferred to the propeller shaft via a pinion gear, and 
causes the propeller to rotate. 

On duo prop units, there is a matched set of three gears and dual 
propeller shafts. The lower pinion gear is splined to the vertical shaft and is 
in constant mesh with the two other gears; one on the inner and one on the 
outer propeller shafts. The forward gear is splined to the inner propeller 
shaft, while the aft gear is a machined part of the outer propeller shaft. As 
the vertical shaft rotates, the forward gear and inner shaft is driven in one 
direction while the aft gear and outer shaft are driven in the opposite 
direction. The aft gear is attached to the same pinion gear as the forward 
gear, but 180" opposite, so each shaft and propeller rotates at the same 
speed, but in opposite directions. 

The horizontal and vertical driveshafts are both mechanically connected. 
Therefore, anytime the engine is operating, the horizontal and vertical 
driveshafts are constantly rotating with engine rpm. A double yoke unwersal 
joint assembly in the horizontal driveshaft allows the stern drive to be raised 
or lowered to a required trimltilt position (within limits), while the engine is 
operating. 

The trimltilt system consists of an electrically driven hydraulic pump with 
dual hydraulic cylinders mounted between the transom assembly and the 
lower unit and the controls necessary for efficient operation. 

The following are a list of potential drive unit problems and their possible 
causes: 

GEAR HOUSING NOISE 
Metal particles in the unit oil supply. 

* Propeller incorrectly installed. 
Propeller or propeller shaft bent. 
lncorrect drive gear shimming--gear housing back-lash or pinion gear 

height. 
Worn or damaged gears or bearings. 

DRIVESHAFT HOUSING NOISE 
Steering lever may be contacting the transom cut-out edges when 

turning. 
Flywheel housing on the engine coming in contact with the inner 

transom date or the exhaust pipe. . . 
  ad propeller. 
U-joint cross and bearing assembly O-rings of incorrect size or installed 

wrong. 
* U-joint cross and bearing assemblies have excessive side-play. 

Bearing caps on the U-joint are coming in contact with the center 
socket or the driveshaft housing bearing retainer. 

Rough or scored U-joint cross and bearings. 
Worn or missing O-rings on the U-joint shaft rattling against the gimbal 

bearing. 
Worn or damaged splines on the driveshafts andlor couplers. 
lncorrect engine alignment. 
Damaged, rough, worn or loose gimbal bearing. 
Gimbal bearing seated incorrectly. 
lncorrect clearance between the gimbal housing and plate. 
Bell housing and gimbal housing incorrectly aligned. 
Weak or flexing transom. 
Weak, missing or mis-aligned rear engine mount. 

DRIVE UNlT WlLL NOT SLIDE INTO BELL HOUSING 
U-joint and engine coupler splines not aligned. 
Unit not in Forward gear. - Incorrectly aligned shift shaft coupler. 
Engine out of alignment. 
Incorrectly installed gimbal bearing. 

* Damaged or worn splines on the driveshaft or coupler. 

DRIVE UNlT WlLL NOT SHIFT-SHIFT HANDLE MOVES 
Shift cables not adjusted properly. 
Shift cables not connected. 
Inner wire on cable broken. 
Gear housing crank installed incorrectly. 

DRIVE UNlT WlLL NOT SHIFT-SHIFT HANDLE DOES NOT 
MOVE 

Remote control boxlassembly installed incorrectly. - Broken, worn or damaged linkage. 
Shift shaft or lever stuck. 

* Controls or cables installed or adjusted incorrectly. 

HARD SHIFTING 
Shift cables out of adjustment. 
Shift cut-out switch broken or improperly adjusted. 

* Shift cable too short, or too long. 
Corroded cables. 
Shift shaft bushings corroded or damaged. 

* Shift crank or clutch actuating spool worn or damaged. 
Shaft shaft damaged, worn or broken. 

* Shift cable attaching nuts too tight. 

JUMPS OUT OF GEAR 
lncorrectly adjusted shift cables. 
Worn or damaged clutch or gears. 
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STERN DRIVE - SPlSXlSX COBRA AND DPIDP DUOPROP 12-3 

REMOVAL & INSTALLATION 

1986-93 Cobra And 1988-95 King Cobra Models 

+ See Figures 1 thru 7 ~ T E  
0 All special tool part numbers listed below are OMC factory tool 
numbers-we realize that if you reading this after 2001, they may be 
difficult, if not impossible, to obtain. With the exception of some of the 
earliest tools, the vast majority of these tools should be available from 
a Volvo Penta representative. Although the part numbers themselves 
may be different in many cases, the tool should be the same. 

0 The vessel must be out of the water to perform this procedure. 

1. Disconnect the battery cables. 
2. Lower the drive unit into the full DOWN or IN position. Drain the stern 

drive unit oil as detailed in the Maintenance section-make sure that you 
remove the oil dipstick. Check the drained lubricant carefully to determine if it 
contains any water or metal particles. Rub some of the lubricant between 
your fingers. Any metal particles in the lubricant will thus be evident. Do not 
be mislead if the color of the lubricant is metal colored. This is not a harmful 
condition and is caused by the lubricant used in the unit the first time after 
manufacture. 

3. Remove the propeller(s) if you have not already done so. Although 
not strictly necessary, we strongly suggest removing the propellers as a 
precaution. 

4. Support the stern dr~ve before detaching it from the transom. Use 
either an engineldrive hoist or a dolly. If using the hoist, make sure it is 
capable of a 500 Ib. capacity. Screw a lifting eye (112 x 13 thread, available 
at any home center) into the oil dipstick hole as far as possible and then 
attach the hoist chain to the eye. Tighten the hoist chain just enough to 
relieve the weight of the drive. If using a dolly, slide it under the anti- 
cavitation plate and tighten the two clamps. 

5. Remove the plastic cap on the drive end of each trimltilt cylinder. 
Remove the lock nut and flat washer. Support the hydraulic cylinder and 
lightly tap the pivot rod out of the cylinders with a rubber mallet. Carefully 
lower the cylinders down until they rest against the spray plate. 

6. Loosen and remove the 6 mounting nuts (3 per side) securing the 
upper unit to the transom bracket. Throw the nuts away. 

7. Pull the drive unit backward and away from the transom bracket, 
making sure that you support the U-joints and shaft as they come out of the 
pivot housing bellows. 

On the 1990-95 King Cobra, pull the unit back just far enough to expose 
the shift cable connectors. Pull up the latch, remove the connector pin and 
then pull the drive off all the way. 

8. Support the drive in a suitable holding fixture. 

Fig. 1 Screw in a lifting eye and then attach 
a hoist 

To install: 
The engine must be properly aligned or the input and output shaft splines 

will be destroyed after a short time of engine operation. If the engine has not 
been removed while the drive is out the alignment should still be satisfactory, 
but you must still use the proper alignment tools. 

0 If you've gone through the trouble of removing the stern drive, we 
recommend this as a good time to perform some preventative, although 
not necessary, maintenance--remove the U-joint and exhaust bellows 
and replace them as detailed in the Gimbal Housing section; why not 
do the water hose also? Cheap insurance, so spend a few bucks and 
do it! 

9. Inspect the condition of the water sealing seal and replace with a 
new seal if any doubts as to its condition. 

10. Check the water hose and its fitting. Make sure the clamp nut is 
tightened to 96-120 inch Ibs. (11-14 Nm). 

11. Install a new pivot housing gasket and then coat the lip of the U-joint 
bellows lightly with Triple Guard grease. 

12. Slide an alignment tool (# 912273), splined end first, through the 
bellows and gimbal bearing and into the engine coupler. The tool should 
slide into the coupler very easily; if not, the engine is out of adjustment and 
will have to be moved as detailed in the Engine Alignment procedures given 
in the appropriate section for your engine. 

0 If you are not sure of which way that the engine needs to be 
adjusted, coat the splines of the tool with grease and reinsert i t  again 
until i t  binds and then remove i t  very carefully. The pattern left on the 
alignment tool should tell you which way to adjust the engine. 

13. Once the engine is aligned correctly, remove the tool and shift the 
drive into Neutral; making sure that the shift rod in the drive is also in the 
Neutral position. Coat the shift lever pin liberally with Triple Guard grease. 

14. Coat the 6 mounting studs with Drive Sealing compound. 
15. Coat the splines on the driveshaft liberally with Moly Grease. 

Lubricate 2 new shaft O-rings with clean engine oil and slide them onto the 
shaft until they are seated in their grooves. Do not get grease in the grooves. 

16. Use a grease gun on the U-joint zerk fitting and top out the joints. 
Coat the surface of the U-joint coupler with grease. Coat the mounting stud 
threads with Gasket Sealing compound. 

17. On 1990-95 King Cobras, move the remote control shift handle 
protruding from the pivot housing up and into the Forward position. On the 
port side of the drive (next to the U-joint yoke), pull the shift linkage out and 
flip the connector latch up. 

18. Raise the unit off of the holding fixture with your hoist and move it 
into position in front of the transom. Carefully slide the unit forward while 
guiding the driveshaft into the engine coupler and the drive over the 
mounting studs. Wiggle the propeller slightly once the shaft splines make 
contact with the coupler until they engage properly and then slide the unit all 
the way forward until the case mates with the pivot housing. 

Fia. 2 Remove the ~ las t i c  cao Fig. 3 Loosen the mounting bolts ... 
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12-4 STERN DRIVE - COBRA AND KING COBRA 
On the 1990-95 King Cobras, stop the drive just at the point where its 

possible to connect the shift handle to linkage. Line up the holes, insert the 
pin and press the latch down until it snaps into position. Now finish mating 
the drive to the housing. 

18. Install 6 new locknuts and tighten them with a 518 in. swivel socket to 
25 ft. Ibs. (34 Nm) starting with the center nuts and then working back and 
forth in a criss-cross pattern. Now repeat the same sequence until they are 
tightened to 50 ft. Ibs. (68 Nm). 

19. Press the trimltilt cylinder bushing into the boss on each side of the 
upper unit. Install bushings into the outer side of each cylinder, align the 
cylinder with the boss and press in the pivot pin very carefully. You may have 
to give it a few taps with a rubber mallet. 

20. On cylinders with lock nuts, install the washers and then the nuts 
(new!). Tighten the nuts until there is an equal amount of threads exposed on 
each side of the pin and then tighten both nuts to 32-34 ft. Ibs. (43-46 Nm), 
except on the 1990-95 King Cobras where it is 10-12 ft. Ibs. (14-16 Nm). 
Replace the plastic caps. 

21. Detach the lifting hoist. lnstall the oil level indicator and tighten it to 
48-72 inch Ibs. (5-8 Nm). 

22. Adjust the trim sending unit and the shift mechanism. 
23. Install the shift cover and tighten the boltjs) securely. Fill the unit with 

oil, screw in the dipstick, install the propellerjs) and connect the battery 
cables. 

earliest tools, the vast majority of these tools should be available from 
a Volvo Penta representative. Although the part numbers themselves 
may be different in many cases, the tool should be the same. 

The vessel must be out of the water to perform this procedure. 

1. Disconnect the battery cables. 
2. Lower the drive unit into the full DOWN or IN position. Drain the stern 

drive unit oil as detailed in the Maintenance section-make sure that you 
remove the oil dipstick. Check the drained lubricant carefully to determine if it 
contains any water or metal particles. Rub some of the lubricant between 
your fingers. Any metal particles in the lubricant will thus be evident. Do not 
be mislead if the color of the lubricant is metal colored. This is not a harmful 
condition and is caused by the lubricant used in the unit the first time after 
manufacture. 

3. Remove the ~ro~e l le r i s )  if vou have not alreadv done so. Althouah 
not strictly necessary, w'e strohgly suggest removing t6e propellers as a-  
precaution. 

4. Su~oort the stern drive before detachina it from the transom. Use 
either an eigineldrive hoist or a dolly. If using ;he hoist, make sure it is 
capable of a 500 Ib. capacity. Screw a lifting eye (112 x 13 thread, available 
at any home center) into the oil dipstick hole as far as possible and then 
attach the hoist chain to the eye. Tighten the hoist chain just enough to 
relieve the weight of the drive. If using a dolly, slide it under the anti- 
cavitation plate and tighten the two clamps. 

5. Remove the 3 bolts securing the shift cover to the rear of the unit 
and lift off the cover. Remove the jam nut from the shift cable, pull out the 
cotter pin holding the shift cable end and remove the washer. Remove the 
pivot cube from the end of the cable and unscrew the brass nut if equipped. 

6. Loosen the shift cable anchor clamp screw on the starboard side of 
the drive, slide the anchor over to relieve the cable and then turn the drive 
hard to point before removing the shift cable. 

7. Remove the plastic cap on the drive end of each trimltilt cylinder. 
Remove the elastic lock nut and flat washer; on certain 1998 units, the nut 
mav have been reulaced with an e-cliu so remove the clip and flat washer 

1994-98 Single Propeller Models (SPISXISX Cobra) 

1996-98 Dual Propeller Models (DPIRP DuoProp) 

W + See Figures 1,2,6,7,8,9, 10 and 11 

All special tool part numbers listed below are OMC factory tool 
numbers-we realize that if you reading this after 2001, they may be 
difficult, if not impossible, to obtain. With the exception of some of the 

from the rod. ' 

8. Support the hydraulic cylinder and lightly tap the pivot rod out of the 
cylinders with a rubber mallet. Carefully lower the cylinders down until they 

Fig. 4 ... and then separate the drive from the housing 

I 
Fig. 5 Pop up the connector latch and then 
remove the shift linkage pin-1990-95 King 
Cobra 

rest against the spray plate. 

If the bushings come out with the pivot rod, make sure that you 
keep the two grounding clips. 

9. Loosen and remove the 6 elastic mounting nuts (3 per side) securing 
the upper unit to the transom bracket. Throw the nuts away. 

10. Pull the drive unit backward and away from the transom bracket, 
making sure that you support the U-joints and shaft as they come out of the 
pivot housing bellows. 

11. Support the drive in a suitable holding fixture. 
To install: 
The engine must be properly aligned or the input and output shaft splines 

will be destroyed after a short time of engine operation. If the engine has not 
been removed while the drive is out the alignment should still be satisfactory, 
but you must still use the proper alignmenttools. 

Fig. 6 Use an alignment tool to check 
encline adiustment Fig. 7 Mounting bolt tightening sequence 
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STERN DRIVE - SPISXISX COBRA AND DPIDP DUOPROP 12-5 

Fig. 8 A good shot of the drive unit 

If you've gone through the trouble of removing the stern drive, we 
recommend this as a good time to aerform some preventative, although 
not necessary, maintenance-remove the U-joint and exhaust bellows 
and replace them as detailed in the Gimbal Housing section; why not 
do the'water hose also? Cheap insurance, so spend a few bucks and 
do it! 

12. Inspect the condition of the water sealing seal and replace with a 
new seal if any doubts as to its condition. 

13. Check the water hose and its fitting. Make sure the clamp nut is 
tightened to 96-120 inch Ibs. (11-14 Nm). 

14. Apply a light coating of OMC Triple Guard grease to the tapered end 
of the pinion bearing carrier. Make sure that the rubber sealing ring is seated 
properly in the groove of the pivot housing and then coat the edge of the U- 
joint bellows with grease. 

15. Slide an alignment tool (# 3851083), splined end first, through the 
bellows and gimbal bearing and into the engine coupler. The tool should 
slide into the coupler very easily; if not, the engine is out of adjustment and 
will have to be moved as detailed in the Engine Alignment procedures given 
in the appropriate section for your engine. 

Fig. 9 Remove the 3 shift cover bolts ... 

If you are not sure of which way that the engine needs to be 
adjusted, coat the splines of the tool with grease and reinsert it again 
until it binds and then remove it very carefully. The pattern left on the 
alignment tool should tell you which way to adjust the engine. 

16. Once the engine is aligned correctly, remove the tool and shift the 
drive into gear (either one) by moving the eccentric piston lever up or down. 

17. Coat the 6 mounting studs with Drive Sealing compound. 
18. Coat the splines on the driveshaft liberally with Moly Grease. 

Lubricate 2 new shaft O-rings with clean engine oil and slide them onto the 
shaft until they are seated in their grooves. Do not get grease in the grooves. 

19. Use a grease gun on the U-joint zerk fitting and top out the joints. 
Coat the surface of the U-joint coupler with grease. 

20. Raise the unit off of the holding fixture with your hoist and move it 
into position in front of the transom. Carefully slide the unit forward while 
guiding the driveshaft into the engine coupler and the drive over the 
mounting studs. Wiggle the propeller slightly once the shaft splines make 
contact with the coupler until they engage properly and then slide the unit all 
the way forward until the case mates with the pivot housing. 

21. Install 6 new locknuts and tighten them with a 518 in. swivel socket to 
25 ft. Ibs. (34 Nm) starting with the center nuts and then working back and 
forth in a criss-cross pattern. Now repeat the same sequence until they are 
tightened to 50 ft. Ibs. (68 Nm). 

22. Press the trimhilt cylinder bushing into the boss on each side of the 
upper unit. Install bushings into the outer side of each cylinder, align the 
cylinder with the boss and press in the pivot pin very carefully. You may have 
to give it a few taps with a rubber mallet. 

23. On cylinders with lock nuts, install the washers and then the nuts 
(new!). Tighten the nuts until there is an equal amount of threads exposed on 
each side of the pin and then tighten both nuts to 10-12 ft. Ibs. (14-16 Nm). 
Replace the plastic caps. 

24. Detach the lifting hoist. 
25. Turn the drive over hard to port. Coat the end of the shift cable 

casing with grease and then slide it through the transom sleeve. Make sure 
the large and small seals are still in place on the cable and slide it into the 
housing. Swivel the anchor clamp into place in the groove on the cable and 
tighten the bolt securely. 

26. Thread the cube onto the end of the shift cable about half way. Move 
the remote control handle to Neutral and then position the remote control 
lever on the eccentric piston in its neutral detent (lever should be level. Now 
turn the cube in or out until it is in alignment with the center of the slot in the 
crank. 

27. Push the cube pin through the hole and then install the washer and a 
new cotter pin, Install the jam nut and tighten it securely against the cube. 

28. Adjust the trim sending unit. 
29. lnstall the shift cover and tighten the bolt(s) securely. Fill the unit with 

oil, screw in the dipstick, install the propeller(s) and connect the battery 
cables. 

Fig. 10 ... and then disconnect the shift 
cable I Fig. 11 There are 3 nuts on each side 
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TRIM SENDING UNIT ADJUSTMENT 

+ See Figure 12 TE 

1. Move the trim switch to the DOWN or IN position and confirm that the 
drive unit is in the full down position. 

2. Turn the wheel hard over to port and then loosen the sending unit 
bolts on the starboard side of the gimbal ring. 

3. Disconnect the sending unit plug in the harness, connect an 
ohmmeter and rotate the sending unit until the meter shows a reading of 10- 
12 ohms. 

4. Tighten the sending units screws to 24 inch Ibs. (2.7 Nm) and 
reconnectthe plug. 

Fig. 12 The trim sending unit 

Output power from the engine is connected to the stern drive through a 
horizontal driveshaft. A coupler is bolted to the flywheel and has a splined 
hub in the center. The end of the horizontal driveshaft indexes with, and 
slides into, the center of the hub. Power from the engine is then transmitted 
through the horizontal driveshaft to a pinion gear set where power direction 
is changed from horizontal to vertical. 

The upper driven gear is pressed onto the outside diameter of the upper 
driveshaft. The upper driveshaft is splined on the lower end. When the upper 
gear housing is mated to the lower unit, the end of the lower unit driveshaft 
indexes into the splined end of the upper driveshaft. Engine power is then 
transferred down into the lower gear unit. 

The horizontal and vertical driveshafts are both mechanically connected. 
Therefore, anytime the engine is operating, the horizontal and vertical 
driveshafts are constantly rotating with engine rpm. A double yoke universal 
joint assembly in the horizontal driveshaft allows the stern drive to be raised, 
lowered or turned side-to-side to a required trimltilt position (within limits), 
while the engine IS operating. 

REMOVAL & INSTALLATION 

1986-93 Cobra Models DERATE 
+ See Figures 13,14,15 and 16 

W The upper gear housing may be removed after removing the entire 
stern drive unit from the vessel. 

1. Disconnect the battery cables. 
2. Remove the stern drive as previously detailed and position it in a 

support fixture. 
3. Make a note of the of where the index mark is in relationship to the 

grid on the bottom of the trim tab and then remove the trim tab bolt and the 
tab. Make sure that you write the tab mark down somewhere! 

4. Remove the bolt that was partially covered by the trim tab and then 
remove second bolt forward of this one. The middle bolt is for the anode and 
does not need to be removed. 

5. Remove the 4 mounting bolts (2 on each side) from the sides of the 
lower unit. 

6. Lift the housing off of the lower unit until the shift rod disengages the 
guide pin and then swivel it 90 degrees to port while lifting it completely off. 
Move it to an appropriate stand. 

To install: 
7. Thoroughly clean the upper case-to-lower housing mating surfaces. 

8. Make sure that the nylon plug is positioned at the base of the splines 
inside the lower driveshaft. Coat the splines at both ends of the intermediate 
shaft with clean engine oil and insert the shaft into the lower driveshaft. 

9. Rotate the shift rod head 90 degrees to port. 
10. Install the plastic water tube into the recess in the bottom of the 

upper unit. 
11. Position the upper unit over the lower unit and then slowly lower it 

while guiding the water tube and shaft into place. As the shift rod head 
begins to appear in the exhaust opening, swivel it forward until it can engage 
the guide pin. Wiggle the propeller shaft until the shaft splines engage those 
in the coupler and then lower the unit fully until it sits on the lower unit. 

There may be a yellowish-green substance in the threads of the 
mounting bolts-this helps the bolts from coming loose and if not 
evident, they will need to be replaced with new ones. 

12. Coat the threads of all bolts with Gasket Sealing compound. Install 
the bolts,4 short ones (on the sides) and 2 longer ones (in the rear). Tighten 
them all to 22-24 ft. Ibs. (30-33 Nm). 

13. Position the trim tab so that the index mark lines up with the correct 
mark on the grid and then tighten the bolt to 28-32 ft. Ibs. (38-42 Nm). 

14. Install the drive unit. 

1988-95 King Cobra Models 

+ See Figure 17 E M  TE 

The upper gear housing may be removed after removing the entire 
stern drive unit from the vessel. 

1. Disconnect the battery cables. 
2. Remove the stern drive as previouslv detailed and position it in a 

support fixture. 
3. Remove the 6 mounting bolts (3 on each side) from the sides of the 

lower unit and the 1 bolt at the rear of the date. 
4. Lift the housing off of the lower unii and move it to an appropriate 

stand. The water tube andlor shaft coupler may come off (or fall out) with the 
upper unit, so watch for them and reinstall them in the lower unit if 
necessary. 

To install: 
5. Thoroughly clean the upper case-to-lower housing mating surfaces. 
6. Slide the small nylon support ring over the top of the driveshaft and 

into position in the recess. 
7. Coat the new O-rings for the driveshaft retainer and oil passage with 

OMC Hi-Vis oil and then press them into their respective grooves. 
8. Make sure that the tabs on the driveshaft retainer are aligned and in 

place with the nearest slots. 
9. Install the intermediate shaft onto the driveshaft. Press the water 

supply tube into the grommet on the bottom of the housing. 
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TERN DRIVE - SPISXISX COBRA AND DPIDP DUOPROP 12-7 

Fig. 13 Remove the side bolts ... I Fia.14 ... the aft bolts I I Fig. 15 Don't forget to note the trim tab 
position before removing it 

10. Position the upper unit over the lower unit and then slowly lower it 3. Remove the 4 mountins bolts (2 on each side) from the sides of the 
while guiding the water tube and intermediate shaft into place. Feed the lower unit and the 2 bolts at the rear d the plate. DP drives units may use 
impeller housing vent tube into the exhaust chamber on the lower unit. studs on the sides. so thev will have nuts if this is the case. 
Wiggle the propeller shaft until the upper shaft splines engage those in the 
coupler and then lower the unit fully until it sits on the lower unit. 

11. Coat the threads of all bolts with Gasket Sealing compound. Install 
the bolts and tighten them to 32-40 ft. Ibs. (43-54 Nm). 

12. Install the drive unit. 

1994-98 Single Propeller Models (SPISXISX Cobra) 

1996-98 Dual Propeller Models (DPIDP Duoprop) 

DERATE 

+ See Figures 8,11, 12, 13, 14, 15 and 18 thru 22 

The upper gear housing may be removed after removing the 
entire stern drive unit from the vessel. 

1. Disconnect the battery cables. 
2. Remove the stern drive as previously detailed and position it in a 

support fixture. 

Fig. 16 Separating the upper gear housing 

4. Lift the housing off of the lower unit and move it to an appropriate 
stand. The water tube andlor shaft coupler may come off (or fall out) with the 
upper unit, so watch for them and reinstall them in the lower unit if 
necessary. 

To install: 
5. Thoroughly clean the upper case-to-lower housing mating surfaces. 
6. Clean the oil screen thoroughly. Coat a new O-ring lightly with clean 

engine oil and press it into the groove. Install the oil screen. 

- 
Fig. 17 Make sure that everything is lined up correctly when 
mating the upper and lower units 
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7. Make sure that the intermediate shaft coupler is installed correctly on 
the shaft with the groove facing upward. 

8. lnstall the plastic water tube guide into the recess in the lower unit. 
Check the oositionina of the uooer and lower arommets on the tube, coat the 

Fig. 18 Remove the two bolts on each 
side ... 

lower grommet with sealing compound and it into the recess and 
over the guide. Certain early models may use a retainer that is held in place 
with 4 screws, if you have one, tighten them to 10-12 ft. Ibs. (14-16 Nm). 

9. Replace any O-rings. 
10. Position the upper unit over the lower unit and then slowly lower it 

while guiding the water tube and shaft coupler into place. Wiggle the 
propeller shaft until the upper shaft splines engage those in the coupler and 
then lower the unit fully until it sits on the lower unit. 

11. Coat the threads of all bolts for studs) with sealina comoound. Install 
the bolts (or nuts) and tighten the 4 short ones (on the sizes) to 22-24 ft. Ibs 
(30-33 Nm) and the 2 longer ones (aft) to 32-40 ft. lbs. (43-54 Nm). 

12. Install the drive unit. 

Fig. 19 ... the two rear bolts ... 

Fig. 21 Make sure you install the shaft sleeve with the groove 

Fig. 20 ... and then separate the cases and 
lift off the upper unit 

facing the upper unit 

Fig. 22 Position the water tube before moving the upper unit into 
dace 

DISASSEMBLY & ASSEMBLY 

1986-93 Cobra Models 

1988-89 King Cobra Models 

LED + See Figures 23 thru 50 

E All special tool part numbers listed below are OMC factory tool 
numbers-we realize that if you reading this after 2001, they may be 
difficult, if not impossible, to obtain. With the exception of some of the 
earliest tools, the vast majority of these tools should be available from 
a Volvo Penta representative. Although the part numbers themselves 
may be different in many cases, the tool should be the same. 

OMC makes a special spline socket (# 311875) and holding fixture (# 
912278) to hold and support the upper housing-we strongly 
recommend using these tools, as the unit must be held securely 
throughout the disassembly process. 

1. Remove the upper housing and install it into an appropriate support 
fixture. 

2. Remove the 3 mounting bolts and lift off the rear cover. Remove the 
4 upper cover bolts and lift off the cover. Throw away the Large O-ring, but 
make sure that you keep the 4 bolts separate as they are the longest bolts in 
the upper unit and are important for securing the cover during drive lifting 
operations. 

3. Remove the water pump and adapter as detailed in the Cooling 
System section. 

4. Loosen and remove the 4 bearing carrier bolts. Insert 2 small prybars 
between the carrier and the housing and then lever the U-jointicarrier 
assembly out of the housing-have a friend or assistant help you by pulling 
out on the driveshaft. Save any shim material that is not damaged. Remove 
the 2 O-rings on the shaft and the one on the inner flange of the carrier and 
throw them away. Please refer to the U-Joints section for service procedures 
on the U-joints. 

Be very careful not to press or strike the impeller shaft while 
removing the assembly. 

5. Separate the U-joint shaft from the driveshaft at the yoke closest to 
the bearing carrier (see U-Joints section). 

6. Clamp the flat side of a universal bearing separator below the small 
bearing on the shaft and position the assembly into a press. Slide a bearing 
remover (# 912269) over the impeller shaft so the small side is toward the 
bearing and then press off the bearing. Make sure you catch the shaft. 

7. Cut a 2-718 in. length of 1 in. diameter pipe and press the piece 
through the yokes on the end of the shaft. Position the yoke (with support 
pipe) into a vise so the shaft is pointing up, Install a spanner wrench (# 
912272) over the spanner nut, attach a breaker bar and remove the nut. This 
nut is secured with Ultra-Lock adhesive, so it may be necessary to heat the 
nut in order to break it loose. 

8. lnstall a remover tool (# 912269) over the impeller shaft so the small 
end is toward the gear. Support the bearing carrier and press the shaft out. If 
the large bearing requires replacement, install a bearing separator between 
the gear and bearing so the curved side is facing the bearing. Insert a cup 
remover (# 912291) into the gear and remove the race. 
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Removal of the impeller shaft will damage the shaft-never remove 11. Sit the recessed side of a holding block on the top side of the carrier. 

the shaft unless necessary due to damage or wear. Lav the base date on the block and then install the puller (see pinion bearincl 

9. The impeller shaft is pressed into the driveshaft. Remove requires 
drilling a hole through the shaft and installing a puller. On replacement, coat 
the new shaft lightly with engine oil, position the large end of an installer (# 
912269) over the U-joint shaft and insert the new shaft into the tool. Press 
the shaft in until it is flush with the end of the tool. 

10. Remove the O-ring from the bearing carrier if you didn't already do it 
while removing the assembly. Position the forward face of the carrier (the 
side the U-joint comes out of) down on a press. Insert the nose of an 
installer (# 912287) through the seal and then press it out of the carrier. 
Make sure that the carrier is face down, or you will damage the carrier during 
the removal process. 

cakier steps for part numbers) and remove the bearhg race. ~ a k e  sure that- 
this is necessary, because you will damage the race on removal. 

12. Insert a spanner tool (# 984330) into the upper bore and secure the 
arm to the mating surface with 2 of the upper cover bolts. Tighten them 
alternately until the tool is secure and seated in the retainer ring around the 
upper driven gear. Attach a breaker bar and loosen the ring; once loosened 
sufficiently, remove the tool and unscrew the ring. Remember that the tool 
will be under considerable tension so loosen the bolts a little at a time. 

13. Wrap a wooden dowel or broom stick with a rag and insert it into the 
bore from the bottom (you may have to turn the unit over). Carefully tap the 
dowel with a rubber mallet until the pinion bearing carrier comes loose; 
remove the carrier. Remove all shim material from the lip of the carrier and 
inside the housing. 

Fig. 23 Exploded view of the upper gear housing-1986-93 Cobra and 1988-89 King Cobra units 
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12-10 STERN DRIVE - COBRA AND KING COBRA 
14. Turn the carrier over and bend back the locking tab holding the 

spanner nut in position. Clamp a spline socket (# 314438) in a vise and then 
slide the carrier onto it, gear side first. Position a spanner wrench (# 912272) 
over the nut, connect a 112 x 314 in. adapter to a 112 in. breaker bar and 
remove the nut, retainer and washer. 

15. The gear and shaft are one piece and are pressed into the lower 
bearing. Position a holding block (# 912278) over 2 plates on your press so 
the recessed side is facing up. Position the retainer ring over the block and 
then sit the carrier on the assembly with the gear facing down. Press the 
shaft and gear free of the carrier. 

16. If the pinion shaft bearing requires replacement, position the shaft 
into a universal bearing separator so the curved side of the tool is between 
the bearing and the gear. Place the assembly in a press and remove the 
bearing. 

17. Position the carrier on a flat surface so the small bearing race is 
facing up. Sit a holding block (# 912278) on the carrier with the recessed 
side facing up. Lay the retainer ring over the block and then lay a base plate 
on the ring. Assemble a bridge assembly (#432127) and puller jaws (# 
432129), install it on the components so the jaws are under the race, expand 
the jaws and remove the bearing race. 

18. Now flip the carrier over and position a holding block so the recessed 
side is facing down. Lay a base plate on the block. Install the puller tool so 
the jaws are under the race, expand the jaws and remove the bearing race. 

To assemble: 
19. Replace all O-rings, gaskets and seals with new ones whenever 

poss~ble. Clean all parts (except rubber or plastic) ~n solvent and dry them 
with compressed air. 

20. Coat all metallic components with clean engine oil. 
21. Check all gears and gear teeth carefully to be sure they are not 

chipped, cracked, nicked or otherwise damaged in any manner. 
Replacement gears always come in matched sets, so when you find a bad 
one, replace them all. 

22. Inspect all bearings and bearing races for pits, grooves, burns or 
signs of uneven wear. Replace as necessary. 

23. Check all shafts and shaft splines carefully to be sure they are not 
chipped, cracked, nicked or otherwise damaged in any manner. 

24. Check the thrust plate dimensions again as detailed previously. Add 
shim mater~al as necessary. 

25. Coat both sides of a new water tube cover gasket with Gasket 
Sealina comoound and then ~osition into the housina so that the round 
opening is o i  the port side as you look at the housi6 from the rear. Install 
the cover and tighten the bolts to 12-14 ft. Ibs. (16-19 Nm). Finally, press a 
new seal into the cover and then twist the water tube in until it seats. 

26. Set the pinion bearing carrier on a press so the wider side is facing 
up. Position a new bearing race into the carrier and then lay an installer (# 
912276) over the race so the A side is facing up. Press the race in until it 
seats completely. 

I Fia. 26 ... ow or oull the carrier awav from I 
. a  . 

Fig. 24 Removing the top cover Fig. 25 Loosen and remove the 4 bolts ... I I thhousin g... 

material I I Fig. 28 Remove the spanner nut I 
Fig. 29 The pinion bearing retainer ring has 
notches ... 
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27. Turn the carrier over and repeat the previous step for the smaller 

bearing race. 
28. If you removed the large pinion bearing, lay the A side of the installer 

on a press. Coat the inside of the bearing with oil, position it on the installer 
and insert the shaft. Press in the shaft until the gear seats itself on the 
bearing. If you removed the smaller bearing, turn the carrier over and repeat 
the procedure for this one. 

29. Thread in the spline socket used during disassembly and mount the 
carrier assembly in a vise. Spray the shaft and spanner nut threads with 
Locquic Primer and allow them to dry completely. Slide the washer and tab 
retainer over the shaft. Apply OMC Ultra-Lock adhesive to the threads of the 
nut and then screw it on so the beveled edge is facing the carrier. Finger- 
tight only at this point please. 

30. Install the spanner wrench and breaker bar and then tighten the nut 
while rotating the carrier body until there is no shaft end play evident. 
Remove the unit, install a holding block (# 912278) into the vise and insert 
the carrier with the gear side facing up. Connect a torque wrench to the top 
of the soline socket and check that the rollina toraue is 3-9 inch Ibs. (0.3-1.0 

retainer and washer. Turn the assembly over and position it in press so that 
you can exert enough pressure to move the shaft (just barely) slightly. Re- 
install the hardware and repeat the procedure until you can bring the rolling 
torque measurement into range. 

31. Bend at least one locking tab over and into a recess on the spanner 
nut. 

32. If you removed the drive gear bearing on the upper carrier, a new 
one must be installed. Coat the inside of the bearlng lightly with oil and 
position it onto the gear. Move the assembly to a press and press the 
bearing onto the gear using an installer (#912276) with side A facing the 
bearing. If you also remove the race, coat the outer side of a new one with 
oil and press it in using the same procedure. 

33. Install a new seal onto the stepped side an installer (# 912286) so 
that the protruding lip is facing away. Coat the metal casing of the seal with 
Gasket Sealing compound and then press the seal in until it seats fully. Coat 
the lip with Triple Guard grease. Once this is done, insert the carrier into the 
housing as a quick check for out-of-roundness-it should slide in freely, 
otherwise it will reauire reolacement. 

Nm) wlth 6 inch Ibs (0 7 Nm) being the Idear If rolhng torque is too low, 34 S t  the geai/bear~ng assembly on a press (gear s~de down) and 
t~ghten the spanner nut until a recess in the nut has lined up with the next posrtion the carrier onto the bearlng Coat the U-joint shaft spllnes and the 
locking tab Recheck the torque and continue this procedure until ~t falls rollers wlth engine 011 and then Insert the shaft lnto the gear, pressing ~t In 
with~n spec~f~cations. If the torque readng is too hlgh, remove the nut, untd fully seated Carr~er movement of up to 118 ~n IS not unusual, so don't 

Fig. 30 ... insert the tool so it seats in 
them ... 

Fig. 33 Once the pinion bearing carrier is 
out, remove the shim material I 

be concerned if the bearing is not tight in the carrier. 

Fig. 31 ... and then loosen the ring ... Fig. 32 ... until you can remove it 

Fig. 34 Bend back the lock tabs ... I I Fig. 35 ... and remove the spanner nut I 
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35. Spray the threads of the spanner nut and shaft with OMC Locquic 

Primer and allow to air dry completely. 
36. Find the piece of pipe you cut earlier and reinstall it into the yoke so 

that you can clamp the assembly in a vise with the gear side facing up. Slide 
the centering cone down over the shaft and set fully into the gear with a drift 
and plastic mallet. 

37. Coat the exposed shaft threads evenly with OMC Ultra Lock 
adhesive and then thread on the spanner nut so the beveled edge is against 
the gear. Install the spanner wrench and a 90 " torque wrench and tighten 
the nut to 200 ft. Ibs. (271 Nm). 

38. Install a bearing installer (# 912269) into the base of a press so the 
large opening is facing up. Coat the inside of the impeller bearing with 
engine oil and sit it in the opening on the tool. Now coat the impeller shaft 
lightly with Extreme Pressure grease and press the assembly into the 
bearing until it seats itself on the shaft. 

39. Determining shimming needs for the carrier assembly will require a 
shim aauae kit (# 984329). Remove the 0-rina from the carrier if vou haven't 

40. Position the assembly into the fixture frame, rotating the carrier until 
the bolt holes align and then install the 3 bolts provided with the kit. Tighten 
them securely. Tighten the pre-load screw on the end of the fixture until it just 
reaches the reference groove in the adaptor, thus setting the preload. 
Tighten the lock nut securely and then rotate the shaft at least 4 times to set 
the rollers. 

41. Clamp the frame in a vise so the gear is pointing up. Check the 
carrier for a stamped gear ratio rating and then select the appropriate gauge 
rod from the kit. Attach the rod to the inner hole in the center adaptor and 
tighten the bolt securely. 

42. Measure the clearance between the rod and a flat on top of one of 
the gear teeth; subtract this figure from 0.020 in. to determine the shim 
thickness needed behind the rear bearing race. Now remove the gauge rod 
and install the long gauge rod in the outer hole on the adaptor. Measure the 
clearance between the end of the rod and the carrier flange, add this figure 
to the shim thickness you decided on for the rear bearing and then 
SUBTRACT 0.020 in. This will provide you with the correct shim thickness 

already dine so, slide the race over the rear 6earing and then insert the kit's for bearing pre-load. 
center adaptor. Do not install any of the original shims. 

Fig. 39 Forcing out the impeller shaft 
bearing race 

Fig. 36 Press out the gear and sha ft... 

I Fig. 40 Installing the water tube cover 
Fig. 41 A good shot of the pinion bearing 
carrier 

Fig. 37 ... and then separate the bearing 
from the gear 

Fig. 38 Removing the small bearing race 
from the pinion carrier 
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43. OK, now that we've assembled all of the parts, let's put it all back 

together! Position a shim gauge onto the gear teeth flats on the pinion 
bearing carrier and measure the clearance between the arm of the gauge 
and the underside of the carrier rim. Subtract, you guessed it, 0.020 in. from 
this measurement. To determine the shim thickness needed for the carrier. 

44. Install the appropriate amount of shims (previous step) onto the 
carrier seat in the housing and then install the carrier assembly. There are 
lugs on the side of the carrier housing which must align with the locating 
slots in the housing bore-the oil circulation slot visible inside the carrier is 
directly in line with one of the lugs so it makes for a good reference while 
sliding the carrier into the housinq bore. Turn the housina on its side and 

45. Spin the housing back into the upright position and then coat the 
retainer ring threads lightly with oil before tightening it down by hand. Once 
in place, install the spanner tool used during disassembly and t~ghten the 
ring to 145-165 ft. Ibs. (197-224 Nm). 

46. Slide a 518 in. ID flat washer onto a 518 in. x 3 in. bolt. Position the 
correct amount of shim material (as determined previously) into the bearing 
race seat, coat the rear bearing race with oil and then install it into the seat. 
Position a puller head (# 307636) into the water pump adapter housing 
recess so the flat side is against the case. Now position the installer (# 
314429) into the race, insert the bolt through the puller and thread it into the 
installer. Tiahten the bolt until the race seats itself fullv. 

then hsert the carrier using the intermediate shaft to puih it into place until 47. ~sskmble the U-joints to the inner yoke and then slide the correct 
the gear teeth tops are 3.10 in. (78.7mm) below the cover surface of the amount of shim material (as determined previously) over the shaft and 
gear housing. You should also be able to see all of the retainer ring threads. against the inner flange of the carrier so the notches are all in alignment. 

Fig. 42 Securing the shaft 

Fig. 45 The gear ratio should be etched on 
the carrier housing 

Fig. 43 Be sure to coat the forward bearing 
carrier seal with grease 

Fig. 46 A good shot of the Shim Gauge Kit 

Fig. 44 Pressing in the U-joint shaft 

Fig. 47 Determining rear bearing race shim 
thickness 
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I Fig. 48 Use this shim gauge to determine 
pinion bearing carrier shim thickness ... 

Fig. 49 ... and then install the carrier and 
shims 

Coat a new O-ring with Gasket Sealing compound and install it into the 
groove on the carrier. 

48. Slide the entire assembly into the housing until the O-ring seats itself. 
Coat the threads of the 4 mounting bolts with Gasket Sealing Compound, 
install them and tighten to 12-14 ft. Ibs. (16-19 Nm) in a crosswise pattern. 
Rotate the shafts at least 4 times to seat the bearing. Endplay must be Zero 
(0); if not, recheck all shimming measurements. 

49. Attach a dial indicator to a stand of the front of the housing so that 
the indicator pin is resting against one of the forward gear teeth at a radius 
of about 1.580 in. from the centerline. Slowly rotate the shaft back and forth 
so that the teeth on the two gears just make contact in one direction and 
then again in the other direction. The dial indicator should read 0.009-0.015 
in. (0.23-0.38mm). If outside this range, an equal amount of shim material 
will have to be added or removed at the rear bearing race, the upper bearing 
carrier and the pinion bearing carrier, Subtract the desired lash (0.012 in. is 
the mid-point of the range) from your actual lash reading (0.020 in.) to arrive 
at the amount of shim change that it necessary (0.020 - 0.012 = 0.008). Half 
of this figure (0.008 divided by 2 = 0.004) is the shim thickness that will have 
to be added or removed from the three locations. If you wish to decrease the 
lash, you would remove 0.004 in. of shims from the rear bearing race and 
the upper bearing carrier, and then you would add 0.004 in. of shim material 
to the pinion bearing carrier. If you had to increase the lash, you would add 
the figure to the first two locations and then remove that amount from the 
pinion bearing carrier. Always remember that no matter how you need to 
change the lash (increase or decrease) the upper carrier and the rear 
bearing race always have the same action, while the pinion bearing carrier 
will always be the opposite of those two-add to the first two, remove from 
the last one, or vice versa. 

50. Almost done! Rotate the housing in the stand so the front edge is 
now down and the U-joint shafts are hanging (the bottom of the unit is now 
on the side). Insert the intermediate shaft into the bottom of the pinion 
bearing carrier. Slide on the spline socket and attach a torque wrench. 
Rotate the driveshaft fast enough so that you can get a steady reading on 
the torque wrench and check that it is 6-21 inch Ibs. (0.7-2.4 Nm). This is the 
rolling torque; if it is out of the range, check the backlash again. If backlash 
is still OK, change the shim thickness under the upper bearing carrier; 
adding shims lower the rolling torque, while removing them will raise the 
figure. 

51. Install the water pump and adapter. 
52. Coat a new O-ring with Gasket Sealing compound, press it into the 

groove in the top cover and then install the cover. Coat the threads of the 
mounting bolts (remember these are unique!) with Gasket Sealing compound 
and then tighten them to 12-14 ft. Ibs. (16-19 Nm). 

53. Install the rear cover and tighten the bolts to 108-132 inch Ibs. (12-15 
Nrn). 

54. Install the upper housing to the lower unit. 

Fig. 5 0  Checking backlash with a dial 
indicator 

1990-95 King Cobra Models 

LLED 
+ See Figures 51 thru 74 

All special tool part numbers listed below are OMC factory tool 
numbers-we realize that if you reading this after 2001, they may be 
difficult, if not impossible, to obtain. With the exception of some of the 
earliest tools, the vast majority of these tools should be available from 
a Volvo Penta representative. Although the part numbers themselves 
may be different in many cases, the tool should be the same. 

OMC makes a special spline socket (# 3850598) and holding fixture 
(# 3850605) to hold and support the upper housing-we strongly 
recommend using these tools, as the unit must be held securely 
throughout the disassembly process. 

1. Remove the upper housing and install it into an appropriate support 
fixture. 

2. Loosen and remove the 4 u-joint bearing carrier bolts. Insert 2 small 
prybars between the carrier and the housing (there should be 2 slots) and 
lever the carrier assembly out of the housing-have a friend or assistant help 
you by pulling out on the driveshaft. Save any shim material that is not 
damaged. Remove the 2 O-rings on the shaft and the one on the inner 
flange of the carrier and throw them away. Please refer to the U-Joints 
section for service procedures on the U-joints. 

3. Disconnect the bearing carrier yoke from the U-joint as detailed in the 
U-Joint section. Position the shaft and joint assembly out of the way. 

4. Obtain a 1 in. diameter piece of pipe from your local home center 
and cut a piece 2 718 in. (73mm) long. Slide this piece of pipe through the 
holes in the end of the carrier yoke and then install the assembly in a vise so 
that the jaws are bearing on the ends of the pipe and the yoke. 

5. The retaining bolt is a E l 6  Torx bolt and will be difficult to break 
loose. Once loosened, remove the bolt and retainer and then lift the carrier 
and pinion gear assembly off of the yoke. You may have to use a press and 
bearing separator if the yoke shaft does not come out freely. 

6. Position a support tube (# 914747) into a press and stuff a small rag 
down into the tube. Lay the carrier on top of the tube so the gear is facing 
into the tube, insert the hex end of a bearing installer (# 914701) into the 
gear hub and press out the gear and bearing. 

7. Examine the roller bearing and the race. Check for discoloration, 
chipped of damaged rollers, gouges or rough spots in the race. If both the 
bearing and race are in good shape, there is no need to separate the 
bearing and the gear. If there is a problem, or it must be removed for some 
other reason, use a universal bearing puller positioned between the bearing 
and gear. Put the unit in a press and press the gear off of the bearing. Be 
warned that you will probably damage the bearing during the removal 
process, so do not remove it unless necessary. 
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Fig. 52 Exploded view of the upper gear housing-1990-95 King Cobra units 
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12-16 STERN DRIVE - COBRA AND KING COBRA 
8. Reach inside the carrier with a pair of snap ring pliers and remove 

the retaining ring. Position the carrier in a support tool (#914683) and place 
them on a press. Lay the large side of the removal tool (# 914748) on the 
bearing and press it and the seal out of the carrier. 

9. Using a conventional 3-jawed puller, remove the inner bearing race 
from the u-joint side of the carrier. Now turn the carrier over, position it in the 
earlier support tool (# 914747) and place them on a press. Insert the larger 
side of a removal tool (# 914685) into the carrier so that it rests on the 
remaining race and then press out the race. 

10. Remove the 3 mounting bolts and lift off the rear cover. Carefully pull 
the small drain hose off of the water pump housing nipple and tuck it out of 
the way, Remove the water pump and adaptor as detailed in the Cooling 
System section. 

11. Remove the 6 mounting bolts for the port side cover and lift off the 
cover. Reach in with needle nosed pliers and pull out the cotter pin holding 
the shift lever link to the lever. Pull the link off of the lever, remove the 3 
mounting bolts and carefully pull out the shift lever housing assembly. 

12. Pull the shift shoe and spring out of the inner side of the housing. 
Remove and discard the O-ring. Carefully grab the roll pin and pull it out of 
the housing, then pull the roller and shaft tube out as well. Now you should 
be able to remove the shift lever. You should be able to pry out the inner seal 
with an awl, but if necessary, use the special bridge (# 431227) and puller (# 
432129). 

13. Pivot the bellcrank (below the shifter bore) forward as far as it will go 
without forcing it, lift up the clasp and remove the linkage pin. Pry the clasp 
off of the shift lever. 

Not all models will use the linkage pin. 

14. Now pivot the bellcrank as far back as it will go; rotate the bellcrank 
clockwise until the pivot pin is at the 6 o'clock position and pry it (carefully!) 
off the stud. Pull out the cotter pin and disconnect the link from the bellcrank, 
remove the washer. Remove the spring and retainer from the stud. Finally, 
remove the dvot  in cotter   in and disconnect the shift lever from the , , 
bellcrank. 

15. Remove the 4 mounting bolts and lift off the upper housing top 
cover-again, you will probably have to tap it a few times with a rubber 
mallet and then pry it apart from the housing. Save any undamaged shim 
material and the oil deflector, but discard the cover seal (flat O-ring). 

16. Fabricate a t-shaped removal tool using 318-16 x 1 112 in. threaded 
stock. Thread the tool into the top of the output gear housing and pull the 
housing out of the gearcase. If you have difficulty getting the housing out, 
use a slide hammer. 

17. Lift out the driveshaft extension tube and then reach into the bore 
and remove all shim material; save them if they look to be in good shape. 

18. Secure a spline socket (# 914699) in a vise and then slide the 
housing assembly into the socket. Attach a six-point socket and breaker bar 
to the upper retaining nut and remove the nut. THIS NUT HAS LEFT HAND 
THREADS, so turn it clockwise to loosen it. Lift off the nut and any shims 
underneath it. 

29. Lift the housing and upper gear assembly off of the driveshaft and 
then reach into the upper gear and remove the needle bearings (2) and 
sQacer. If you do not intend to replace the bearinas, make sure you note their 
pbsitions before removing them,'as used bearin& must be reinstalled in 
exactlv the same ~ositions relative ot the driveshaft and each other. 

20: Slide the bearing collar off of the end of the shaft and remove the 
shims from the base of the housing (or the top of the lower bearing retainer). 

21. If you are going to reuse the clutch cone, it will need to go back in 
the same position from which it was removed so mark the top of the cone 
with ari indelible marker. Spin the clutch cone up and off of the shaft. 

22. Pull the lower gear assembly up and off the shaft and then spin the 
cone spring off of the shaft. Remove the 2 lower needle bearings and thrust 
washer, remembering to take note of their orientation if you intend to reuse 
them, 

23. Pull off the remaining bronze thrust washer and remove the 
driveshaft from the spline socket. 

24. If the upper or lower gearlbearing assemblies are to be 
disassembled, install a support tool (# 914747) in an arbor press and stuff a 
small rag into the tube. Position the assembly into the tube so the gear is 
facing down and then lay a removal tool (# 914707) onto the gear hub with 
the large diameter opening facing DOWN. Press the gear out of the bearing. 

25. Some bearings are slip-fit, so see if you can remove the bearing from 
the retainer by hand. If not, then yours is pressed in and will require pressing 
it off for removal. Turn the bearing carrier over and place it back in the 
support tool on the press. So that the curved side of the retainer is facing 

Fig. 53 A cross section of the King cobra upper gear housing 

UP. Position a removal tool (# 914693) on the bearing and press the bearing 
out of the retainer. Remember that you will most likely damage the bearing 
during this process, so don't do it unless absolutely necessary. 

26. Repeat the previous two steps if upper gear and bearing removal is 
necessary. 

To assemble: 

It is imperative that the upper and lower gears are installed in the 
correct positions, relative to one another if they are being reused. 
Correct backlash adjustment and tooth contact will spread the load 
over a larger area of the gear tooth; preventing breakdown and 
abnormal wear and also ensuring quieter operation. 

27. Replace all O-rings, gaskets and seals with new ones whenever 
possible. Clean all parts (except rubber or plastic) in solvent and dry them 
with compressed air. 

28. Coat all metallic components with clean engine oil. 
29. Check all gears and gear teeth carefully to be sure they are not 

chipped, cracked, nicked or otherwise damaged in any manner. 
Replacement gears always come in matched sets, so when you find a bad 
one, replace them all. 

30. Inspect all bearings and bearing races for pits, grooves, burns or 
signs of uneven wear. Replace as necessary. 

31. Check all shafts and shaft splines carefully to be sure they are not 
chipped, cracked, nicked or otherwise damaged in any manner. 

32. Check the cone clutchlsliding sleeve for wear, heat or any other 
damage. 

33. Coat the outside of a new lowers bearing's case and the inner 
surface of the bearing retainer liberally with Ultra-HPF Gearcase Lube. If 
your bearing is a slip-fit, simply press it into the retainer so the side with a 
notch is facing UP, If press-fit, set the retainer on the base of a press and lay 
the bearing into it so the side with a notch is facing UP. Place the installer 
tools (# 914692 and # 914693) on top of the bearing (in that order) and then 
press it into the retainer. 

34. Lay the recessed side of the special tool (#914691) on the base of a 
press. Turn over the assembly and place it on the tool with the bearing side 
down. Coat the hub of the lower gear and the inner surface of the bearing 
liberally with Ultra-HPF Gearcase Lube and then position the gear over the 
bearing. The beveled (closed) end of the retainer must be facing UP toward 
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BEAR l NG 
CARR l ER 

BOLT 

Fig. 57 Remove the port side cover to 
access the shift linkaae 

- 

Fig. 55 ...p ry 
housinu ... 

the flange away from the 

BEARING 
CARR 1 ER 

BEARING 
CARRIER 

Fig. 56 ... and remove the assembly from the 
housing 

the bottom of the gear. Lay the larger end of the installer tool (# 914748) 
over the gear and press it into the bearing. Perform the Output Gear 
Shimming procedures. 

35. Sit the bearing housing on the base of a press so the tapered side is 
facing UP. Coat the outside of a new upper bearing case and the inside of 
the housing bore liberally with Ultra-HPF Gearcase Lube and position the 
bearing on top of the housing so the side with the small notch is facing UP. 
Now lay the installer plate (# 914692) on the bearing so the stepped side is 
against the bearing and sit the other tool (# 914693) on top. Carefully press 
the bearing in until it just seats in the housing being careful not to apply too 
much pressure with the press. 

36. Place the tool (# 914691), recessed side down, on the base of a 
press. Turn the bearing housing over so that the bearing is resting on the 
tool. Coat the gear hub and inner diameter of the bearing liberally with Ultra- 
HPF Gearcase Lube and position the gear in the bearing. Set an installer (# 
914748) on the gear and press it in until it is fully seated. Perform the Output 
Gear Shimming procedures. 

37. Clamp the spline socket in the vise again, insert the driveshaft and 
slide the bottom bronze washer over the shaft. Lubricate the lower needle 
bearing with Ultra-HPF Gearcase Lube and slide the lower bearing onto the 
shaft, followed by the small spacer and the upper bearing. Remember if you 
are using the old bearings that they must be installed in the same positions 
as they were removed; new bearings may be installed in any order you wish. 

38. Position the tapered end of the cone spring over the top of the shaft 
and then pull out on the lower end while feeding the spring down and over 
the shaft until the bottom end is sitting in the recess above the bearing. Do 
this slowly and it will go much easier. 

39. Slide the lower bearing assembly onto the shaft and slowly lower it 
down over the spring, retainer side down. Lift the bearing slightly while 
wiggling it back and forth until the spring is visible through the top of the 
bearing-once in place, the spring should lift and spin freely, 

Fig. 58 A good look at the shifter and 
linkage 

40. Install the clutch cone over the shaft. If reusing the old one, make 
sure that the marks made during disassembly are correct. If using a new 
clutch, there should be a T stamped in one of the valleys and this should be 
on the top. 

41. Install the correct amount of shims onto the rim of the retainer as 
determined in the Upper Output Gear Shimming section. Slide the bearing 
collar onto the shaft and then lower the bearing housing into place so it rests 
on the shims. 

42. Install the 2 upper needle bearings, separating them with the small 
spacer. Be careful that they are not damaged by catching the shaft shoulder. 
Remember if you are using the old bearings that they must be installed in the 
same positions as they were removed; new bearings may be installed in any 
order you wish. Use a small screwdriver and press down around the edge of 
the upper bearing to make sure they are fully seated. 

43. Remove the arm from a shift fixture (# 986631) and position it upside 
down on top of the bearing. Measure the depth from the top of the arm to the 
top of the gear hub with a micrometer and record it as A. Next, measure the 
depth from the top of the arm to the top of the bearing collar. Record this as 
R 

Fig. 59 Pull out the shift shoe and spring ... 

-. 
44. Subtract dimension A from dimension B and record the new figure as 

dimension C. Compare your figure to the accompanying chart to determine 
the needed shim thickness. Coat the shim with Ultra-HPF Gearcase Lube 
and stick it to the bottom of the bearing retaining nut. lnstall the nut and 
shim, tightening to 140-160 ft. Ibs. (190-217 Nm). If the lock patch on the nut 
has worn away, make sure you use a new nut. THE NUT IS LEFT HAND 
THREAD, so be sure that you tighten it in a counterclockwise direction. 

45. Check your shimming by placing the bearing housing, splined shaft 
down, in a press support. Hold the retaining nut with just enough force to 
keep the shaft from turning. Attach a dial indicator in a manner that will allow 
the needle access to the upper bearing's case. Force the housing down until 
the indicator zeroes and then lift up on the housing while checking vertical 
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Fig. 60 ... remove the roll pin ... 

I Fig. 63 ... and lift off the shims and oil 
deflector I 

SHAFT 

Fig. 61 ... and then the shaft 

Fig. 64 Remove the O-ring and then ... 

movement. If you figured your shims correctly in the previous steps, there 
will be 0.005-0.010 in. (0.13-0.25mm) of movement. If this is the case, you're 
done. If your check shows vertical movement outside the range, perform the 
next step. 

46. To change the endplay, subtract 0.0075 in. (midpoint of the desired 
range) from theactual reading in the previous step to determine dimension 
C. Reducino endolav reouires increasina the shim thickness, while 
increasing endplay ;equiies decreasing>him thickness. If your vertical 
movement measurement was greater than the range, add dimension C to 
the shim thickness you originally installed. If the measurement was less than 
the desired range, subtract dimension C from the shim thickness you 
originally installed. Either way, check this figure against the chart to find the 
correct new shim, remove the retaining nut and original shim, and then install 
the nut with the new shim. 

47. Install the driveshaft extension into the housing bore and then thread 
your fabricated tool into the top of the output gear housing assembly. Coat 
the housing case with Ultra-HPF Gearcase Lube and then lower the 
assembly into the bore so that the notches at the front are in alignment after 
you have engaged the driveshaft tube. The housing is a slip-fit in the bore 
and should not be forced, when correctly seated and aligned, the shift 
access hole on the port side of the housing will be lined up with the 
corresponding hole in the gearcase housing. Remove the T-handle. 

48. Install the deflector on top of the output gear housing and then 
position the correct amount of shim material as determined in the Top Cover 
Shimming procedure. Coat a new top cover O-ring with Ultra-HPF Gearcase 
Lube and insert it into the groove in the top of the housing. Install the cover 
and tighten the bolts to 32-40 ft. Ibs. (43-54 Nm), alternately and in a 
crosswise pattern. 

49. Coat the hub of the pinion gear with Ultra-HPF Gearcase Lube. 
Support the bearing in the tool (# 914687), position the gear in the bearing 
and press it in with the installer tool (# 914708) until fully seated. 

50. Position the nose of the U-joint bearing carrier in a support tool (# 
914683) on the base of a press. Coat the outer case of the large bearing 
race with gear lube and place it on the carrier. lnsert the small end of the 
installation tool (# 914690) into the cup and press in the race until fully 
seated. Turn the carrier over, coat the outer surface of the small bearing race 
with gear lube, and then place it into the carrier. lnsert the smaller side of the 
installation tool into the race and press it into the carrier until fully seated. 

51. Thread a nut onto an appropriately sized bolt, insert it through one of 
the flange bolt holes in the carrier (it doesn't matter which one) and then 
thread on another nut. Cinch the nuts against each side of the flange until 
the bolt is secure. 

Fig. 62 Unbolt the top cover... I 

Fig. 65 '...thread in the T-handle to remove 
the bearing carrier 

52. Position a support tool (# 914707) on the base of a press and then 
insert the gear and bearing assembly into the tool, gear side down. Coat the 
pinion gear hub with gear lube. Now drop the carrier onto the bearing and 
insert the yoke bearing so that it is resting on the end of the end of the gear 
inside the carrier. Lay the installation tool (#914687) over the top of the 
bearing and then cover the tool with a flat plate or something similar. 

53. Connect a torque wrench to the bolt that you installed on the carrier 
and then slowly begin to press on the bearing until you get a rolling torque 
figure of 1-4 inch Ibs. (0.11-0.45 Nm). Relieve the pressure from the press, 
hold the gear and recheck rolling torque. Although it is normal for the torque 
to decrease slightly when pressure is released, the rolling torque figure 
should still stay within the suggested range. If it does, remove the assembly 
and remove the bolt; if out of range on the low side, press the bearing again 
and recheck. 

Never press the bearing too far. If your rolling torque measurement 
is outside the range on the high side, remove the bearing, reinstall it 
and repeat the procedure. 

54, lnsert a depth gauge into the carrier and measure the distance 
between the back of the bearing and the end of the gear. This measurement 
will determine the correct amount of shims to use behind the U-joint coupler 
shaft; measure each shim separately and make sure that you use at least 
one, but not more than seven. 

55. Coat the inner lip and outer case of a new oil seal with gear lube and 
insert it onto the installer (# 914689) so the side with the silver insert is 
facing up. Place the carrier, gear side down, onto a support tool (# 914707), 
insert the seal and installer and then press in the seal until it bottoms in the 
carrier. 

56. Place the pinion bearing carrier on a workbench or other flat surface 
so the gear is facing upward. Install a shim gauge (# 914688) over the 
carrier so it is resting on the gear. 

57. Use a flat blade feeler gauge and measure the gap between the 
gauge and the carrier. This figure is to be used when adding shims behind 
the carrier. 

W Do not take measurements at the corners of the carrier. 

58. Coat the U-joint coupler shims lightly with oil and slide them over the 
shaft and up against the back of the coupler. Coat the shaft splines liberally 
with gear lube. 
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Fig. 66 Install the bearing carrier assembly Fig. 67 ... remove the retaining nut and 
in a spline socket ... shims ... 

ROLLER 
BEAR l NG 

Fig. 69 Remove the needle bearings and 
make sure that you identify them for reuse ... 

I Fig. 72 ... and then spin off the spring 

I Fig. 70 ... and then slide up the cone clutch 

End Play Shim Chart 

Dimension C Shim # Size 

UPPER 
GEAR 

Fig. 68 ... and then pull the carrier and upper 
gear off of the lower gear and shaft 

Fig. 71 Remove the lower gear ... 

Shifter Shim Chart 
I 

Clearance Number of 
Measurement Shims R'qd. 
0.000-0.008 2 
0.009-0.01 8 3 
0.01 9-0.028 4 
0.029-0.038 5 

Fig. 73 Fig. 74 

59. Place a support tool on the base of a press, rest the carrier on the 
tool with the gear down and then insert the coupler shaft into the gear hub. 
Press the shaft in until it seats fully. 

60. Slide the support tube that you created previously in the disassembly 
procedure into the yoke holes and clamp the yoke in a vise. Slip the retainer 
into the end of the gear and then install the bolt, tightening it to 80-90 ft. Ibs. 
(108-122 Nm). 

61. Assemble and install the U-joints and drive shaft. 
62. Slide the correct amount of shims over the pinion gear and up 

against the carrier flange so that the notches in the shims and housing are 
lined up. Coat the assembly lightly with oil and then slide it into the housing. 
The bolt holes are not symmetrical, so use the oil circulation holes in the 
carrier and the housing to line everything up. Tap the carrier lightly with a 
rubber mallet to seat everything and then install the mounting bolts. Tighten 
them to 12-14 ft. Ibs. (16-19 Nm) in cross-wise pattern. 

63. Coat the metal case of a new shift housing seal with Gasket Sealing 
compound and place the seal on the large end of an installer tool (# 914685) 
so the open side of the tool is facing away from the tool. Rest the housing in 
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12-20 STERN DRIVE - COBRA AND KING COBRA 
a support on the base of a press and then position the seal and tool over the 
housing bore. Place a socket of sufficient size on the installer tool and press 
the seal in until the tool seats itself. 

64. lnsert the shift shaft all of the way into the housing and then rotate 
the lever until the tip is pointing at the upper index mark on the housing. 
Press in a new roll pin until it is protruding about 118 in. (3.2mm) above the 
shifter. Coat a new O-ring with gear lube and slide it into position around the 
base of the housing. lnsert the spring and then the shift shoe into the shift 
shaft, making sure that the spring is fully seated inside the bore. 

65. lnstall the water pump adaptor and water pump as detailed in the 
Cooling System section. lnstall the rear cover and tighten the bolts to 9-11 ft. 
Ibs. (1 2-1 5 Nm). 

66. Check the thrust plate dimensions as detailed in the Shimming 
section found later. Add shim material as necessary. 

67. Remove the upper gear housing from the support tool and then 
install is on the lower unit. 

68. Make sure that the small reference dot on the shift shoe is facing 
upward and the shift arm is at the upper index mark. Slide the housing into 
the bore and tighten the bolts to 12-14 ft. Ibs. (16-19 Nm). 

69. Wedge a small pry bar between the shift lever and one of the 
housing mounting bolts. Remove the lever bolt and any shim material. 
Remove the pry bar and move the lever until the end is pointing at the lower 
index mark on the housing. 

70. lnstall the bolt and then slowly begin to tighten it as you rotate the 
propeller shaft. When you just begin to feel the eccentric high spot on the 
clutch cone, stop tightening the bolt and then check the clearance between 
the bolt head and shifter housing with a flat bladed feeler gauge. Record 
your measurement. 

II If you have difficulty finding the high spot on the clutch cone, 
connect a torque wrench to the propeller shaft and use it to turn the 
shaft. When you notice the highest reading on the torque wrench, 
you've found the high spot. 

71. Shims are available in 0.010 in. (0.25mm) size only so compare your 
measurement to the accompanying chart to determine the correct amount of 
shims. You must use a minimum of 2 shims, but no more than 7. Rotate the 
propeller shaft until the clutch cone is off of the high spot and then remove 
the bolt. 

72. Clean the threads of the bolt thoroughly, slide on the shim material 
and then coat the threads with Teflon pipe sealant. Thread in the bolt, secure 
the lever with the pry bar again and then tighten the bolt to 15-20 ft. Ibs. (20- 
27 Nm). 

73. Make sure that the lever is still pointing at lower index mark and 
rotate the propeller shaft again. If you can still feel the eccentric high spot on 
the clutch, the bolt will require more shims. 

74. Coat the slot on the shifter bellcrank and the pivot pin lightly with 
gear lube grease and then insert the pin through the shift lever and bellcrank 
so that the flat head of the pin will be on the gearcase side of the bellcrank 
when installed. lnstall the washer and cotter pin. 

75. Connect the spring to the retainer and then to the pivot pin. Coat the 
linkage pivot pin with grease and then connect the shift link to the bellcrank 
with the pin and a new cotter pin. 

76. Coat the small bronze bushing in the bellcrank with Tripleguard 
grease. lnsert the shift lever into the housing with the bellcrank linkage pin 
pointing straight down and slide the bellcrank onto the stud. 

77. Slide the spring retainer over the stud and tighten the nut so that the 
retainer tab engages the notch in the bellcrank. Pivot the bellcrank all of the 
way forward and press the clasp onto the end of the shift lever, making sure 
that it snaps into position on both sides and pivots freely. 

78. Dab a little grease on the bellcrank and shift lever pivot pins and also 
the overstroke slot. Connect the shift link to the shift lever with the washer 
and a new cotter pin. 

79. Coat the inner edge of the side cover and a new foam seal with 
Scotch Grip Rubber Adhesive and then position the seal into the cover. 
Press the seal into place firmly so that the ribs on the seal and cover engage 
fully. lnstall the cover and tighten the bolts to 9-11 ft. Ibs. (12-15 Nm) in a 
cross-wise pattern. 

80. lnstall the drive unit. 

Backlash And Shim Adjustments 

The following procedures cover backlash and shim adjustments for the 
upper gear housing on 1990-95 King Cobra models only. The sequence of 
instructions is divided into sections and they all must be performed in the 
order given to ensure efficient and long life operation of the upper gear 
housing. 

Output Gear Shimming 

UL T 

1. Position the lower gearibearing assembly on a shim fixture (# 
986631) so that the bearinglretainer is down and the end of the fixture arm is 
over the top of the gear teeth. Tighten the knob on the fixture securely. 

2. Measure the clearance between the bottom of the arm and the top of 
the gear teeth with a flat bladed feeler gauge. This figure is the thickness of 
shim material to be positioned on the seat inside the housing. 

3. Lay the upper gearibearing assembly on a flat surface with the 
bearinglretainer facing down. Position a shim gauge (# 914721) over the 
gear. 

4. Make sure that all previous shim material has been removed from the 
edge of the retainer and the lip inside the lower edge of the output gear 
housing. Position the gear housing over the gauge so that it is resting on the 
bearing retainer and then measure the clearance between the top of the 
shim gauge and the gear teeth. Note this measurement and then subtract it 
from 0.040 in.-this is the amount of shims you will need, gather them and 
set aside until called for in the assembly procedure. 

T ~ D  Cover Shimmina - 
MODERATE - + See Figures 75,76 and 77 

1. Position the deflector on top of the output gear housing and then lay 
a 0.096 in. (2.44mm) lower gearcase shim ring (# 913865) on top of the 
deflector. 

2. lnstall the top cover (no bolts), thread a washer and nut onto your T- 
handle, insert it through the oil level hole in the top of the cover and thread it 
into the output housing shaft. Tighten the nut to 3-5 inch Ibs. (0.3-0.6 Nm). 

3. Measure the clearance between the bottom of the cover and the top 
of the gear housing at: a) the front of the housing as close to the center of 
the cover as you can, and b) the rear of the housing at the center of the 
cover. Take the average of these two readings and subtract it from the 
thickness of the lower gearcase shim ring (0.096 in.); call it A. Now add a 
pre-determined preload figure of 0.004 (0.lOmm) to the result (A). This is the 
shim material thickness required to pre-load the output gear housing. 

Backlash 
CULT 

+ See Figures 78,79,80 and 81 

This test will determine the relative clearance between the pinion and 
drive gears. We assume that you have already assembled the components 
as detailed up to this point in the Assembly procedures and that the unit is 
still in the holding fixture. 

1. Mount a dial indicator holding bracket onto the support plate (or 
upper unit itself) and install a dial indicator so that the indicator needle is 
resting directly on the mid-point of a tooth on the lower gear. Zero the 
indicator and then wiggle the gear very slowly while observing the reading on 
the gauge. Do not wiggle the gear far enough so that the pinion gear begins 
to rotate the U-joint; just far enough so that the tooth on the lower gear 
comes in contact with the corresponding tooth on the pinion gear from either 
direction. Move the gauge away from the tooth, rotate the gear 180" and 
then set the indicator needle up as you did the last time. Wiggle the gear 
again and observe the reading. 

2. Pull the gauge back away from the gear and slide it up the holding 
bracket so that you can perform the same sequence of measurements on 
the reverse (upper) gear. Observe and record each reading. 

3. Backlash should be is equal to the number stamped on the gear 
sleeve, plus or minus 0.002 in. (0.05mm). Remember that lash differences 
between the two gears are OK as long as they fall within the appropriate 
range. Shim calculations should be determined by subtracting the mid-point 
of the range (this is the number stamped on the gear) from the reading taken 
with the gauge; or, by subtracting the reading from the midpoint. Lash 
measurements that are out of specification will require multiple shimming 
changes-please refer to the Drive Gear Backlash Table when determining 
how to correct any shimming discrepancies. When using the table, pay close 
attention to the notes and remember that you must always follow the order of 
the positions as indicated. 
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Fig. 75 Use the T-handle to load the top 
cover... 

Fig. 78 Check backlash on the lower gear ... 

mP OF ' UPPER 
GEAR 

HOUSING 

I Fig. 76 ... and then take a measurement at 
the front ... 1 

Fig. 79 ... and then the upper Oear 

The shim thickness-to-backlash ratio is approximately 2:1, therefore 
each 0.002 in. of backlash will be offset by 0.004 in. of shim material. 

Any change to the bearing carrier shim (position 4) will affect lash 
on both drive gears. Any change to the upper bearing shim (position 2) 
will only impact lash on the upper bearingigear, while any changes to 
the lower bearing shims will impact the lower both gears. 

Thrust Plate Shimming 

ERA TE 
I) See Figures 82 and 83 

1. Use a vernier caliper and measure the width across the thrust plates 
on the sides of the forward portion of the housing. Make sure there are not 
gaps between the thrust plates and housing before taking this measurement. 
Total width of this dimension should be 5.591-5.620 in. (14.20-14.27 cm). If 
your measurement is within this range, there is no reason to remove the 
thrust plates; if not, the thrust plates will need to be removed and shims 
material added or removed. 

- 
Fig. 77 ... and at the rear 

Fig. 80 When determining backlash shim 
changes, refer to this illustration for 
positioning when using the chart 

2. Pry out the retaining rings (2lside) and lift off the thrust plates. There 
should be a minimum of one shim under each olate and no more than four 
on either side. If there are more than 4 shims side (or your measurement 
calls for adding more than 4), the thrust plates have been worn and will 
require replacement. 

3. Shim material must be equal on each side-when adding or 
removing from one side, you must do the same on the opposite side. Shims 
are only available in thicknesses of 0.015 in. (0.38mm) and since they must 
be installed or removed in pairs (llside), you will always be impacting the 
dimension by 0.030 in. (0.76mm). 

4. Never exceed the maximum width (5.620 in.) as this will lead to 
interference between the upper housing and the transom assembly. 

5. Once you have added (or removed) the correct amount of shim 
material, slip the thrust plate into position so the tab goes through the 
housing and then install the retainer rings over the stud with the concave 
sides facing the housing. Hold the inner side of the ring with a 112 in. wrench 
and then tap the plate with a rubber mallet until everything seats into the 
housing. 
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I Fig. 82 Measure the housing dimension at the thrust plates 

Drive Gear Backlash Table 
(Please refer to the illustration for shim positions) 

Positions Requiring Shim Changes 
Condition 1 2 3 4 5 

One Gear In Spec, One Gear Out Of Spec O 
Lower gear less than range, 
Upper gear within range Remove shims Add shims NC NC Reshim 
Lower gear above range, 
Upper gear within range Add shims Remove shims NC NC Reshim 
Upper gear less than range, Remove 
Lower gear within range NC Add shims shims NC Reshim 
Upper gear above ranQe, Add . .  - 

Lower gear within range NC Remove shims shims NC Reshim 

Both Gears Out Of Spec By Same Amount 00 
Upper gear above range, Add 
Lower gear less than range Remove shims NC shims NC NC 
Lower gear above range, Remove 
Upper gear less than range Add shims NC shims NC NC 
Lower gear less than range, 
Upper gear less than range NC NC NC Add shims NC 
Lower gear above range, 
Upper gear above range NC NC NC Remove shims NC 

Both Gears Out Of Spec By Different Amounts 
Upper gear above range, 
Lower gear less than range Remove shims A/R Reshirn NC Reshim 
Lower gear above range, 
Upper gear less than range Add shims AIR . Reshim NC Reshim 
Lower gear less than range, 
Upper gear less than range Remove shims Add shims Reshim NC Reshim 
Lower gear above range, 
Upper gear above range Add shims Remove shims Reshim NC Reshim 

NC No change to shims required 
AIC Add or remove shims as necessary 
O Add or remove the same amount of shim material at each position indicated 
@ Add or remove the same amount of shim material at each position indicated 
@ A change to shim 1 affects lash at both gears. A change to shim 2 affects lash at upper gear only. 
@ Add or remove different amounts of shim material at each position indicated 

Fig. 81 

Fig. 83 Installing the thrust plate shim retaining ring I 
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1994-98 Single Propeller Models (SPISXISX Cobra) 

1996-98 Dual Propeller Models (DPIDP DuoProp) 

+ See Figures 84 thru 125 
LED 

H All special tool part numbers listed below are OMC factory tool 
numbers-we realize that if you reading this after 2001, they may be 
difficult, if not impossible, to obtain. With the exception of some of the 
earliest tools, the vast majority of these tools should be available from 
a Volvo Penta representative. Although the part numbers themselves 
may be different in many cases, the tool should be the same. 

OMC makes a special spline socket (# 3850598) and holding fixture 
(# 3850605) to hold and support the upper housing-we strongly 
recommend using these tools, as the unit must be held securely 
throughout the disassembly process. 

1. Remove the upper housing and install it into an appropriate support 
fixture. 

2. Disconnect the shift link at the eccentric lever and then remove the 
shift mechanism as detailed in the Shift Mechanism section. Make sure that 
you take note of the position of the shift shoe as you are pulling out the 
assembly because you will need to know this during assembly. 

3. Loosen and remove the 4  ini ion bearing carrier bolts. Insert 2 small 
prybars between the carrier and the housing acd lever the U-jointicarrier 
assemblv out of the housina-have a friend or assistant helo vou bv ~ull ina 
out on the driveshaft, saveany shim material that is not damaged. k'emove 
the 2 O-rings on the shaft and the one on the inner flange of the carrier and 
throw them away. Please refer to the U-Joints section for service procedures 
on the U-joints. 

4. Remove the 4 mounting bolts and lift off the upper housing top 
cover-again, you will probably have to tap it a few times with a rubber 
mallet and then pry it apart from the housing. The aft bolts may be difficult to 
remove because of the lip on top of the cover. Save any undamaged shim 
material, but discard the cover seal (flat O-ring). 

5. Secure the upper shaft if the unit is not already in the special fixture 
and then remove the upper shaft nut with a 30mm wrench. Remember, this 
nut is a LEFT HAND THREAD, so it is turned CLOCKWISE to loosen it- 
there should be an arrow with the loosening direction embossed in the top of 
the nut also. 

This upper shaft nut also acts as a shim, thus it is available in 4 
different sizes indicating the shoulder thickness of the particular nut. 

6. Use a magic marker and mark a reference line across the top of the 
needle bearing cage and upper bearing so they may be installed with 
identical orientation. Pull out the needle bearing and then lift out the upper 
gearlbearing; you may want to reach into the bearing carrier bore and push it 
up from the bottom. Pull out any shim material and set it aside if it is 
undamaged. 

7. Reach into the top of the housing and pull out the cone clutch and 
spring. 

8. Removing the bearing retainer ring cannot be done without the use of 
OMCIVolvo's special tool (# 3850604); a spanner wrench. Insert the tool into 
the top of the housing, over the shaft, and onto the retainer ring, rotating it 
slowly until the flange indexes with the cut-outs along the perimeter of the 
ring. Rotate the top flange to line up its holes with two on the top of the 
housing and then secure it with 2 top cover bolts, alternately tightening each 
bolt two turns at a time until it is tight. 

9. Position a socket over the top of the tool and use a good sized 
breaker bar to loosen the retainer ring. Once loosened, loosen the top flange 
bolts slowly and alternately, and then remove the tool. Reach in and lift out 
the ring. 

10. Now reach in and pull out the upper shaft and lower gearlbearing 
assembly, setting it aside temporarily. Use a small pick and pry out any 
remaining shim material left in the bore. 

11. The 2 lower bearing C-clips and spacer may have fallen out when 
you lifted out the shaft; if they did, remove them. If not, turn the assembly 
upside down and push up on the shaft until you can pop out the clips and 
then slide off the spacer. 

12. Use a magic marker and mark reference lines across the needle 
bearing and roller bearing, and across the gear and bearing where they 
mate-if being re-used, they must be re-installed at the same orientation. 
Remove the needle bearing and the roller bearingllower gear from the shaft. 

13. If the upper or lower gearlbearing assemblies are to be 
disassembled, install a bearing tool (# 3850606) in an arbor press with the 
large diameter opening facing UP. Position the bearing into the tool so it 
rests on the ring of the bearing sleeve and the gear is facing UP. Position the 
drift tool (# 884263) and press the sleeve off of the bearing. 

14. Pull out the bearing assembly and position it back into the tool so the 
gear is facing down. Position the drift tool again and now press the gear off 
of the bearing. Repeat the procedure for the other gearlbearing assembly. 

15. Examine the spring retainer on the upper shaft. If everything is in 
good shape, skip this step. Otherwise, remove the circlip with a pair of circlip 
pliers and slide the retainer off the shaft. 

16. Disconnect the pinion bearing carrier yoke from the U-joint as 
detailed in the U-Joint section. Position the shaft and joint assembly out of 
the way. 

17. Obtain a 1 in. diameter piece of pipe from your local home center 
and cut a piece 2 718 in. long. Slide this piece of pipe through the holes in 
the end of the carrier yoke and then install the assembly in a vise so that the 
jaws are bearing on the ends of the pipe and the yoke. 

18. The retaining bolt is a #50 Torx bolt and will be difficult to break 
loose. Once loosened, remove the bolt and retainer and then lift the carrier 
and pinion gear assembly off of the yoke. 

19. Turn the carrier over and remove the C-clip with a pair of snap-ring 
pliers. Hold a cloth over the opening while compressing the ring, as it can 
cause damage if it slips off the pliers accidentally. 

20. Position the special sleeve (# 884938) in a press with the larger 
diameter side facing upward. Position the carrier into the sleeve so the gear 
is facing down, place the driver tool (# 884266) on top of the gear and then 
press out the gear and roller bearing. Remove and discard the crush sleeve. 

21. Examine the roller bearing and the race inside the carrier. Check for 
discoloration, chipped of damaged rollers, gouges or rough spots in the race. 
If both the bearing and race are in good shape, there is no need to separate 
the bearing and the gear. If there is a problem, or it must be removed for 
some other reason, use a universal bearing puller positioned between the 
bearing and gear. Put the unit in a press and press the gear off of the 
bearing. 

22. Remove the small oil screen from the housing. 
23. Although you would not normally remove the water passage plate 

unless looking for blockage or debris causing a restricted coolant flow, 
remove the 4 bolts and pry off the plate. 

To assemble: 

H It is imperative that the drive and shifl gears are installed in the 
correct positions, relative to one another. Correct backlash adjustment 
and tooth contact will spread the load over a larger area of the gear 
tooth; preventing breakdown and abnormal wear and also ensuring 
quieter operation. 

24. Replace all O-rings, gaskets and seals with new ones whenever 
possible. Clean all parts (except rubber or plastic) in solvent and dry them 
with compressed air. 

25. Coat all metallic components with clean engine oil. 
26. Check all gears and gear teeth carefully to be sure they are not 

chipped, cracked, nicked or otherwise damaged in any manner. 
Replacement gears always come in matched sets, so when you find a bad 
one, replace them all. 

27. Inspect all bearings and bearing races for pits, grooves, burns or 
signs of uneven wear. Replace as necessary. 

28. Check all shafts and shaft splines carefully to be sure they are not 
chipped, cracked, nicked or otherwise damaged in any manner. 

29. Check the cone clutchlsliding sleeve for wear, heat or any other 
damage. 

30. Clean the oil screen thoroughly and press it into the recess until it 
seats completely and is flush with the housing surface. 

31, lnspect the water passage for signs of blockage or debris; check the 
cover for distortion or corrosion and then replace the cover with a new 
gasket. Coat both sides of the gasket with sealing compound and tighten the 
screws to 60-84 inch Ibs. (6.8-9.5 Nm). 

32. Check the thrust plate dimensions as detailed in the Shimming 
section found later. Add shim material as necessary. 

33. Position the bearing carrier into the special tool (#884938) with the 
large diameter upward. Lightly coat the outside surface of the small bearing 
race with synthetic gear lubricant and then position it into the carrier. Install 
the driver handle (# 9991801 and mandrel (# 884932) with the small side 
down and press the race into the carrier. 
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Fig. - 
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84 Exploded view of the upper gear housing-SPISXISX Cobra and DPlDP DuoProp units 
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34. Turn the carrier over and install the bearing race for the large 

bearing. Coat the outside surface with synthetic gear oil and then press it 
into position with the tools from the previous s t e p  this time though, the 
large side should face down. 

35. Lubricate the outer diameter of the pinion gear hub with GL5 
synthetic gear oil and then set it in a press. Position a new roller bearing 
over the hub, taper facing upward, and press it onto the gear with the 
installer tool (# 884263) until it seats against the gear. 

36. With the gearlbearing still in place, slide a new crush sleeve over the 
input shaft. Lubricate both bearings again with the synthetic lube and then 
position the carrier (large opening up) over the gear and bearing. 

37. Position the small bearing into the carrier and over the shaft. Use the 
driver (# 884263) and press it into place until there is approximately 0.040- 
0.060 in. (1 .O-1.5mm) of end play in the bearing box. Be very careful not to 
press the bearing on so far as to distort the crush sleeve. 

38. Coat the outside circumference of a new carrier seal with Gasket 
Sealing compound and then position the seal into the installation tool (# 
3850607) so that the protruding lip fits into the recess in the tool. Press the 
seal into the carrier until it fully seats itself. 

39. Carefully squeeze the retaining clip with circlip pliers and position it 
over the seal and into the recessed groove. Be very careful when releasing 
the ring from the pliers because if it slips, or is not in the groove, it will come 
out with extreme force. Make sure you are wearing eye protectors! Coat the 
exposed edge of the seal with water resistant grease 

40. Position the yoke shaft back into the vise so the shaft is pointing up 
and the vise jaws are clamped on the pipe support. Bring the carrier 
assembly down and over the shaft while feeding the shaft through the seal 
and into the splines on the pinion gear. 

41. Once the shaft and gear splines are engaged correctly, coat the 
threads of a new pinion gear retainer bolt with Loctite Primer and allow it to 
dry completely. Install the retainer into the recess on the gear and then coat 
the bolt threads with Loctite. Thread the bolt in until it is finger-tight-its now 
time to check rollina toraue. DO NOT HURRY THESE NEXT STEPS! Fiaure 

a.) With the assembly still secured in the vise by the yoke, tighten the 
pinion bolt while turning the carrier to seat the bearings. Do not turn the bolt 
more than 1116 of a turn at any one time! 

b.) Remove the assembly from the vise and carefully clamp the vise 
jaws over the carrier body. 

c.) Install a torque wrench on the pinion bolts and check to see at what 
reading the yoke shaft begins to rotate as you apply torque to the bolt. 
Optimum rolling torque should be 9-14 inch Ibs. (1 .O-1.6 Nm), although on 
new assemblies, we'd like to see it up around 13-14 inch Ibs. 

d.) Loosen the vise jaws and remount the assembly so the vise has the 
yoke again. Tighten the bolt another 1116th of a turn (or less) while rotating 
the carrier. Reposition the assembly in the vise and check the rolling torque 
again. Repeat these few steps, slowly, until you are confident the proper 
torque has been achieved and the crush sleeve has not been prematurely 
distorted. Bearing pre-load is now set. 

42. Install the driveshaftill-joint assembly into the yoke as detailed in the 
U-Joint section. 

43. Position the lower gear into a press or holding tool so the gear is 
facing down. Coat the inside of the lower bearing with GL-5 synthetic gear 
lube and slide it over the flange and onto the gear so the numbered side is 
facing UP. Use the special drift (#884168) and press the bearing onto the 
flange until it is fully seated. 

44. Repeat the previous step for the upper gear and bearing. 
45. Place the support tool (# 884938) into a press so the large diameter 

opening is facing upward. Coat the mside of the adapter ring with GL-5 
synthetic gear lube and sit the ring on top of the support so the flange is 
facing upward. Now position the upper gear into the tools so the gear is 
facing down, position a piece of flat stock over the assembly and then drive 
the sleeve into place with the installer tool (# 3850606). 

46. Repeat the previous step for the lower gear. 

Although they look identical, the upper and lower bearing sleeves 
are actually different thicknesses. Do not mix the two sleeves up. 

on at least a half hour and 6-8 separate checks befor 
go too fast, or too tight, you will distort the crush sleel 
the entire assembly again. 

Fig. 85 Remove the mounting bolts and pull 
out the shift mechanism 

IOU get it right. lfyou 
and have to rebuild 

Fig. 86 Loosen and remove the 4 bolts ... 
Fig. 87 ...p ry the carrier away from the 
housing ... 

Fig. 89 Remove the 4 mounting bolts ... 
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Fig. 91 Save any undamaged shims ... 

Fig. 94 Remove the shaft nut 

Fig. 97 Remove any old shim material ... 

Fig. 100 Notice the cut-outs on the retainer 
ring flange 

Fia. 92 ... but discard the flat O-ring seal 

Fig. 95 Lift out the needle bearing ... 

Fig. 98 ... lift out the cone clutch ... 

Fig. 101 Insert the special tool ... 

Fig. 93 The shaft nut should be marked with 
a shoulder size code and with a directional 
arrow 

Fig. 96 ... and the upper bearinglgear 
assembly 

Fig. 99 ... and then the spring 

Fig. 102 Tighten the top flange with bolts 
from the cover 
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I Fig. 103 Remove the retainer ring 
Fig. 104 Lift out the lower gear and 
bearing ... 

Fig. 106 Remove the C-clip and spacer ... 

Fig. 108 Press off the bearing ring.., 

Fig. 105 ... and pry out the shims 

Fig. 107 ... and then slide the needle bearing and lower gear 

Fig. 109 ... and then separate the bearing 
from the gear 

Fig. 110 Remove the circlip and retaining 
ring 

©PDF Manual Master 2006



12-28 STERN DRIVE - COBRA AND KING COBRA 

Fig. 111 Disconnect the U-joint assembly 
from the yoke ... I I Fig. 112 ... and then install the piece of pipe 

before clamping the assembly in a vise 1 I Fig. 113 Loosen the retaining bolt ... 

Fig. 117 Pressing off the gear and bearing 

Fig. 114 ... and then remove it and the 
retainer 

Fig. 118 Pull out the small oil screen Fig. 119 Remove the water passage plate 

Fig. 115 Lift off the carrier assembly ... Fig. 116 ... and then remove the circlip 
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47. Slide the spring retainer onto the splined end of the vertical shaft so 

that the recessed side is facing the helix (spiral on the shaft). Use a pair of 
snap-ring pliers and install the circlip in the groove above the retainer. Make 
sure you wear safety glasses and do not release the pliers until the circlip is 
fully seated in the groove. 

48. Slide the splined end of the vertical shaft through the lower gear from 
the gear side, making sure that the groove in the shaft is on the side of the 
bearing. Coat needle bearings lightly with GL5 synthetic gear lube and then 
slide them onto the shaft and into the bearing and gear assembly. New 
bearings can be installed without concern for their orientation to one another; 
but if you are re-using the old ones, make sure the marks made during 
disassembly are in alignment. 

49. Slide the ring spacer over the splined end of the shaft until is seats 
itself on the top of the lower bearing. Install the 2 circlips into the groove on 
the shaft and then pull the shaft down and through the gearlbearing until the 
clips seat into the recess in the ring. Hold the shaft on the helix side and 
shake it lightly a few times to confirm that the clips are seated correctly in the 
ring. 

50. Reach into the top of the upper housing bore and clean off the shim 
ledge at the bottom of the bore. Position the correct amount of shim material 
on the ledge as determined in the Drive Gear Shimming section. 

51. Insert the shaft and gear assembly through the bore, splined end 
first, until the bearing is sitting on the shim material. There is a chance that 
the vertical shaft can slide out of the gear, so adjust your support fixture so 
that it is supporting the shaft. Even a slight downward slide of the shaft will 
release the circlips, so be careful about not letting the shaft fall out. 

52. Coat the bearing retaining ring with GL5 synthetic gear lube and then 
thread the ring in until it is hand-tight and fully seated-the top of the ring 
must be below the lower edge of the pinion bearing carrier bore. Install the 
spanner tool (# 3850604) into the bore so it mates with the ring, position the 
tension arm over two of the tor, cover holes and tiahten it securelv with 2 of 
the top cover bolts. Tighten the ring to 145-165 ft.?bs. (197-224 ~ m )  and 
then remove the tool. 

Fig. 120 Make sure the square step on the 
lower bearing faces the lower gear on 1998 
and later drives 

Fia. 123 ... and then install the circlios 

53. Slide the clutch spring over and down the shaft until it is seated on 
the ring spacer. Slide the cone clutch over the shaft so that the TOP marking 
is facing upward. When the clutch hits the helix, rotate it clockwise so that it 
spins down the shaft until it is resting on the spring. 

54. Position the correct amount of shim material (as determined in the 
Drive Gear Shimming procedures) onto the top mating surface of the upper 
housing so that it fits around the opening of the shaft bore. Position the 
upper gear and bearing assembly over the top of the vertical shaft and then 
press it into the housing bore until it seats on the top of the housing and over 
the shim material. Be very careful not to disturb the shims while centering 
the bearing in the housing bore; in fact, you may wish to loosen the support 
fixture so that centering the shaft assembly and bearing is easier. 

55. Coat needle bearings lightly with GL5 synthetic gear lube and then 
slide them onto the shaft and into the bearing and gear assembly. New 
bearings can be installed without concern for their orientation to one another; 
but if you are re-using the old ones, make sure the marks made during 
disassembly are in alignment. 

59. Install the shaft nut and tighten it to 96-110 ft. Ibs. (130-149 Nm). 
Remember that the vertical shaft end play is controlled by the size of the 
shoulder on this nut, so perform the Vertical Shaft End Play procedure prior 
to installing the nut. Remember, this is a LEFT HAND thread nut and is 
tightened by turning it COUNTERCLOCKWISE. 

57. lnstall the correct amount of shim material (as determined in the 
Pinion Bearing Carrier Shimming procedure) over the pinion gear and 
against the carrier flange. lnstall the carrier into the upper housing and 
tighten the bolts to 12-14 ft. Ibs. (16-19 Nm). Do not install the O-ring at this 
time. 

The shim material will only fit onto the carrier so that they align with 
the mounting bolt holes in one direction. Do not force them, or allow 
mis-alignment of the holes. 

Fig. 121 Slide the vertical shaft through the 
lower bearing and then press in the needle 
bearings 

Fig. 124 Position the lower gear shims in 
the upper housing ... 

Fig. 122 Slide the spacer onto the sha ft... 

Fig. 125 ... and then insert the shaft and gear 
assembly 
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58. Coat a new cover gasket with Gasket Sealing compound and 

position it on the upper unit mating surface so the tab with the hole in it is 
over the bolt hole with the oil circulating passage. Install the correct amount 
of shim material as determined in the Top Cover Shimming procedure. Install 
the top cover and tighten the cover bolts, alternately, to 16-18 ft. Ibs. (22-24 
Nm). Make sure that you coat the bolt threads with sealing compound also. 

59. Loosen the mounting bolts and carefully pull the pinion bearing 
carrier out of the upper housing. Coat a new O-ring with GL5 synthetic gear 
lube and slide it onto the carrier flange so that it seats into the groove. Make 
sure that the shim material is positioned correctly and then install the 
assembly into the housing. Coat the mounting bolt threads with sealing 
compound and then tighten them to 12-14 ft. Ibs. (16-19 Nm). 

60. Install the shift mechanism. 

Backlash And Shim Adjustments 

The following procedures cover backlash and shim adjustments for the 
upper gear housing on 1994-98 Single Propeller Models and 1996-98 Dual 
Propeller Models only. The sequence of instructions are divided into sections 
and they all must be performed in the order given to ensure efficient and 
long life operation of the upper gear housing. 

Thrust Plate Shimming A 

+ See Figure 126 
TE 

1. Use a vernier caliper and measure the width across the thrust plates 
on the sides of the forward portion of the housing. Make sure there are not 
gaps between the thrust plates and housing before taking this measurement. 
Total width of this dimension should be 5.007-5.036 in. (12.72-12.79 cm). If 
your measurement is within this range, there is no reason to remove the 
thrust plates; if not, the thrust plates will need to be removed and shims 
material added or removed. 

2. Pry out the retaining rings (2lside) and lift off the thrust plates. There 
should be a minimum of one shim under each plate and no more than four 
on either side. If there are more than 4 shims per side (or your measurement 
calls for adding more than 4), the thrust plates have been worn and will 
require replacement. 

3. Shim material must be equal on each side-when adding or 
removing from one side, you must do the same on the opposite side. Shims 
are only available in thicknesses of 0.015 in. (0.38mm) and since they must 
be installed or removed in pairs (Ilside), you will always be impacting the 
dimension by 0.030 in. (0.76mm). 

4. Never exceed the maximum width (5.036 in.) as this will lead to 
interference between the upper housing and the transom assembly. 

5. Once you have added (or removed) the correct amount of shim 
material, slip the thrust plate into position so the tab goes through the 
housing and then install the retainer rings over the stud with the concave 
sides facing the housing. Hold the inner side of the ring with a 112 in. wrench 
and then tap the plate with a rubber mallet until everything seats into the 
housing. 
Output Gear Shimming - 

CULT 
+ See Figures 127 and 128 

All special tool part numbers listed below are OMC factory tool 
numbers-we realize that if you reading this after 2001, they may be 
difficult, if not impossible, to obtain. With the exception of some of the 
earliest tools, the vast majority of these tools should be available from 
a Volvo Penta representative. Although the part numbers themselves 
may be different in many cases, the tool should be the same. 

1. Both the upper and lower gears will have a factory etching on the 
collar which must be used in determining the proper shim thicknesses. This 
etching will have a t  (plus) or - (minus) sign followed by a number-this 
number must be read in thousandths of an inch. In example, a t12 should 
be converted to 0.012 in., while a -5 should be read a -0.005 in. Check each 
gear for this number and mark it down for reference. 

2. Lay the lower gear onto a clean, level surface so that the gear if 
facing down. Install a shim tool (# 3850701) over the gear, making sure that 
the tool is in full contact with the end of the gear. Use a flat blade feeler 
gauge and measure the gap between the outer edge of the bearing and the 
tool. Record this measurement. 

3. The value shown on the etching must now be added or subtracted 
from the gap recorded in the previous step. A positive etched marking should 
be subtracted, while a negative number should be added. If our measured 
gap was 0.021 in. and the etching was +12, the shim thickness would be 
0.009 in. (0.021 in. - 0.012 in. = 0.009 in.). If the etched mark was -5, the 
shim thickness would be 0.026 in. (0.021 in. + 0.005 in. = 0.026 in.). When 
selecting your shim material, make sure that it is clean and undamaged; and 
remember that you must use at least one shim and cannot use more than 
four shims. 

If the etched marking on the gear's collar is 0, then the measured 
gap will be the shim thickness that you need to add. Sounds obvious, 
but you'd be surprised ... 

4. Repeat the previous two steps on the upper gear, taking your 
measurement this time between the tool and the lower edge of the adapter 
rtng. 

Pinion Bearing Carrier Shimming 

CULT + See Figure 129 

All special tool part numbers listed below are OMC factory tool 
numbers-we realize that if you reading this after 2001, they may be 
difficult, if not impossible, to obtain. With the exception of some of the 
earliest tools, the vast majority of these tools should be available from 
a Volvo Penta representative. Although the part numbers themselves 
may be different in many cases, the tool should be the same. 

1. Just like the drive gears, the pinion gear has a number etched into it 
which must be used in determining the proper shim thicknesses, This etching 
will have a t (plus) or - (minus) sign followed by a number-this number 
must be read in thousandths of an inch. In example, a t12 should be 
converted to 0.012 in., while a -5 should be read a -0.005 in. Check each 
gear for this number and mark it down for reference. 

2. Position the pinion bearing housingicarrier in a vise and secure it 
carefully with the gear facing upward. 

3. On 1994-96 drives, use a depth gauge and measure the distance 
from the top of the teeth on the gear to the flange on the housing-take a 
few measurements in different positions and then average each of the 
readings to get your actual figure. Record this figure. 

4. On 1997 and later drives, install a shimming fixture tool (# 3850600) 
onto the top of the gear and then use a depth gauge and measure the 
distance from the top of the tool to-the flange on the housing-take a few 
measurements in different positions and then average each of the readings 
to get your actual figure. On 1995-98 models, subtract 0.500 in. from this 
figure and record the resulting figure. 

5. On all models, the value shown on the etching must now be added or 
subtracted from the depth recorded in the previous step. A positive etched 
marking should be added, while a negative number should be subtracted. If 
our measured depth (minus the 0.500) was 2.045 in. and the etching was 
t12, the figure would be 2.057 in. (2.045 in. + 0.012 in. = 2.057 in.). If the 
etched mark was -5, the figure would be 2.040 in. (2.045 in. - 0.005 in. = 
2.040 in.). 

If the etched marking on the gear's collar is 0, then the measured 
depth will be the figure that you need to use. 

6. Now, subtract the factory's nominal figure from the figure arrived at in 
the previous step. Use 1.898 in. for all drives with 1.973 ratios; all other 
ratios should use a nominal figure of 1.971 in. If our measured depth was 
2.057 in. and the nominal figure being used was 1.971 in., the shim 
thickness would be 0.086 in. (2.057 in. - 1.971 in. = 0.086 in.). If the nominal 
figure was 1.898 in., the shim thickness would be 0.159 in. (2.057 in. - 1.898 
in. = 0.159 in.). 

Shims should only be placed between the bearing carrier and the 
upper housing. When selecting your shim material, make sure that it is 
clean and undamaged; and remember that you must use at least one 
shim and cannot use more than five shims. 
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Fig. 126 Measure the housing dimension at 
the thrust plates 

Fig. 127 Measure the distance between the 
tool and the top of the bearing ... 

Vertical Shaft End Play 

CULT 
+ See Figures 130 and 131 

Vertical movement (end play) of the upper shaft must fall within certain 
parameters and is controlled by the size of the shoulder on the upper 
driveshaft nut. There are 4 nuts available, each with a different thickness 
shoulder on the bottom of the nut. Each nut will have a number etched into 
the top surface that corresponds to the shoulder thickness. 0 has no 
shoulder; 2 has a shoulder thickness of 0.008 in.; 4 is 0.016 in. thick; and 6 
is 0.024 in. thick. Another thing to remember is that this nut is a LEFT HAND 
THREAD, meaning it is tightened in a COUNTERCLOCKWISE direction. You 
should notice an arrow indicating this etched into the top of the nut also. 

1. Lubricate the threads on the shaft with GL5 synthetic gear oil and 
spin the nut on in a counterclockwise direction. Make sure that the lower end 
of the shaft is clamped in the holding fixture and then tighten the nut to 96- 
110 ft. Ibs. (130-149 Nm). 

2. Once the nut is tight, push up on the shaft from the lower end and 
then insert a feeler gauge between the bottom of the nut's shoulder and the 
top of the upper bearing. Clearance should be 0.002-0.010 in. (0.05-0.25mm) 
and is adjusted by means of changing the nut. If the clearance is greater 
than specified, change to a nut with a thicker shoulder; if clearance is too 
low, install a nut with a thinner shoulder. After determining the correct nut, 
remove the old one and install a new one, t~ghtening it to the correct torque 
figure. 

3. If you are unable to bring the clearance into specifications with one of 
the 4 nuts, confirm that the upper gear, bearing and support ring are 
assembled correctly. If they are, the bearing is shot and will need to be 
replaced. 

r 

I depth. Later models &st-be measured from 
the top of a special tool I 

Top Cover Shimming 

+ See Figure 132 

Fig. 128 ... and then between the edge of the 
adapter ring and the tool 

1. Position 0.040 in. of shim material onto the top of the upper bearing 
and then install the cover being careful not to disturb the shims. Do not 
install a new cover gasket at this time. 

2. Press down lightly, and evenly, on the cover while using a flat blade 
feeler gauge to check the clearance between the bottom of the cover and the 
top of the upper bearing. Take this measurement in several places and 
record the average of your measurements. 

3. Top cover clearance should be 0.002-0.004 in. (0.05-0.10mm); take 
the midpoint (0.003 in.) and add it to the initial shim thickness that you 
started with (0.040 in.). Record this figure (0.043 in.). 

4. Now, subtract the figure arrived at in Step 2 from the figure in Step 3 
and this will be the shim thickness to add to the existing shim material under 
the cover. You must always use at least one shim, and never more than four. 

5. Lift off the cover and position the new shim material on top of the 
existing one(s). Reinstall the cover without disturbing the shims and tighten 
the bolts to 16-18 ft. Ibs. (22-24 Nm). 

Backlash 

CULT 
+ See Figures 133,134,135 and I36 

This test will determine the rerative clearance between the pinion and 
drive gears. We assume that you have already assembled the components 
as detailed up to this point in the Assembly procedures and that the unit is 
still in the holding fixture. 

Fig. 130 The shaft nut is etched with a 
number corresponding to shoulder 
thickness 

Fig. 131 Checking the vertical shaft end 
olav I 
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Fig. 132 Checking the top cover clearance Fig. 133 Check backlash on the lower gear ... Fig. 134 ... and then the upper gear 

Drive Gear Backlash Table 
(Please refer to the illustration for shim positions) 

Positions Requiring Shim Changes 
Condition 1 2 3 4 5 - - . - . . . . - - - - 

One Gear In Spec, One Gear Out Of Spec @ 
Lower gear less than range, Reshim 
Upper gear within range Remove shims NC NC NC whew nut 
Lower gear above range, Reshim 
Upper gear within range Add shims NC NC NC whew nut 
Upper gear less than range, Reshim 
Lower gear within range NC Add shims Reshim NC whew nut 
Upper gear above range, Reshim 
Lower gear within range NC Remove shims Reshim NC whew nut 

Both Gears Out Of Spec By Same Amount @ 
Upper gear above range, Reshim 
Lower gear less than range Remove shims Remove shims Reshim NC whew nut 
Lower gear above range, Reshim 
Upper gear less than range Add shims Add shims Reshim NC whew nut 
Lower gear less than range, 
Upper gear less than range NC NC NC Add shims NC 
Lower gear above range, 
Upper gear above range NC NC NC Remove shims NC 

Both Gears Out Of Spec By Different Amounts @ 
Upper gear above range, Reshim 
Lower gear less than range Remove shims Remove shims Reshim NC whew nut 
Lower gear above range, Reshim 
Upper gear less than range Add shims Add shims Reshim NC whew nut 
Lower clear less than ranne, Reshim 
Upper gear less than range Remove shims Add shims Reshim NC whew nut 
Lower gear above range, Reshim 
Upper gear above range Add shims Remove shims Reshim NC whew nut 

NC No change to shims required 
O Add or remove the same amount of shim material at each position indicated 
O Add or remove the same amount of shim material at each position indicated 
O Add or remove different amounts of shim material at each position indicated 

Fia. 135 
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1. Mount a dial indicator holding bracket onto the support plate (or 

upper unit itself) and install a dial indicator so that the indicator needle is 
resting directly on the mid-point of a tooth on the lower gear. Zero the 
indicator and then wiggle the gear very slowly while observing the reading on 
the gauge. Do not wiggle the gear far enough so that the pinion gear begins 
to rotate the U-joint; just far enough so that the tooth on the lower gear 
comes in contact with the corresponding tooth on the pinion gear from either 
direction. Move the gauge away from the tooth, rotate the gear 180" and 
then set the indicator needle up as you did the last time. Wiggle the gear 
again and observe the reading. 

2. Pull the gauge back away from the gear and slide it up the holding 
bracket so that you can perform the same sequence of measurements on 
the reverse (upper) gear. Observe and record each reading. 

3. Backlash should be 0.006-0.011 in. (0.15-0.28mm) on each gear. 
Remember that lash differences between the two gears are OK as long as 
they fall within the appropriate range. Shim calculations should be 
determined by subtracting the mid-point of the range (0.0085 in.) from the 
reading taken with the gauge; or, by subtracting the reading from the 
midpoint. Lash measurements that are out of specification will require 
multiple shimming changes-please refer to the Drive Gear Backlash Table 
when determining how to correct any shimming discrepancies. When using 
the table, pay close attention to the notes and remember that you must 
always follow the order of the positions as indicated. 

The shim thickness-to-backlash ratio is approximately 2:1, therefore 
each 0.002 in. of backlash will be offset by 0.004 in. of shim material. 

Any change to the bearing carrier shim (position 4) will affect lash 
on both drive gears. Any change to the upper bearing shim (position 2) 
will only impact lash on the upper bearinglgear, while any changes to 
the lower bearing shims will only impact the lower bearinglgear. 

Fig. 136 When determining backlash shim changes, refer to this 
illustration for positioning when using the chart 

REMOVAL & INSTALLATION 

U-joint and driveshaft removal and installation procedures are an 
integral part of the Upper Gear Housing procedures. Please refer to this 
section for complete details on removal and installation of these 
components. 

DISASSEMBLY & ASSEMBLY 

CULT 
7 + See Figures 137 thru 140 

All special tool part numbers listed below are OMC factory tool 
numbers-we realize that if you reading this after 2001, they may be 
difficult, if not impossible, to obtain. With the exception of some of the 
earliest tools, the vast majority of these tools should be available from 
a Volvo Penta representative. Although the part numbers themselves 
may be different in many cases, the tool should be the same. 

Although it is not necessary to remove the pinion bearing carrierlu-joint 
assembly for service, you may find it more convenient to remove it before 
performing the following procedures. Additionally, we recommend using the 
special tool provided by OMC (# T74-4635) when performing this procedure 
because ~t really is easier with the tool. That being said, it is certainly not 
necessary, so we have provided instructions with and without the tool. 

1. Clean the assembly in solvent and allow it to dry thoroughly. 
2. lnspect the splines on both yokes for wear or cracking, replacing 

anything if a problem is found. 
3. Inspect the joints themselves for wear, knocking or too much side 

play. If problems are found, separate the joints. 
4. On the inside of each U-joint arm there is a locking ring (circlip); drive 

each locking ring off the U-joint cross bearing with a small punch and 
hammer. Discard all rings as they are removed--do not consider re-using 
them! The locking rings may come off with considerable force, so hold a 
bunched-up shop cloth over them as you are pressing each one off the 
bearing and don't forget to wear eye protection. 

Without the special tool: 
5. Set the pinion carrier on a vise with the jaws open far enough that 

the bearing cap will be able to pass through. 
6. Position a ball peen hammer with the ball on the top bearing cap and 

then tap it with another hammer until the lower bearing cap begins to come 
out of the yoke. Grab it with a parr of pliers and pull it all the way out of the 
yoke. 

7. Rotate the U-joint assembly 180" and repeat the previous step until 
you can remove the cross-member (spider) from the yoke. Make sure that 
you take note of the positioning of the grease fitting in relation to the yoke. 

8. Press the other bearings out in the same manner, as described in the 
previous steps. 

With the special tool: 
9. Clamp the U-joint in a vise so that one of the bearings is 

north-south. 
running 

Yoke 

Fig. 137 Exploded view of the U-joint assembly 
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Fig. 138 Drive off the locking ring 

10. Install the open adapter from the special tool kit into the open end of 
the removal tool. Position the tool over the bearinglcaps and press the joint 
out of its yoke. 

II Never press a bearing cap all the way through the yoke. As soon as 
the pressure-side cap is most of the way through the yoke, remove the 
tool and pull off the cap with a pair of pliers. 

11. Rotate the joint 180" and then re-clamp it in the vise. Install the tool 
again and repeat the previous step. Remove the bearing and cap. Make sure 
that you take note of the positioning of the grease fitting in relation to the 
yoke. 

12. Press the other bearings out in the same manner, as described in the 
previous steps. 
To assemble: 

Spiders and needle bearings should only be replaced as a set- 
never install new bearing onto a used spider or vise-versa. 

13. Install new seal washers onto each end of the spider and then 
position it into the yoke. Certain models may have spiders with grease 
fittings; make sure that they are facing positioned at a 45" angle to any two 
lobes so they will be accessible after installation. Now is a good time to use 
the fitting and fill it with grease until visible at each lobe. 

14. Lubricate the U-joint bearing caps with a liberal amount of water- 
resistant bearing grease and then install the needle bearing so the grease 
holds them in position. Position two opposing caps and press them in as far 
as possible without forcing them; all you need to do is get it in far enough to 
allow installation of the locking ring. 

15. Once the groove is visible, press in the new locking ring and then ' 
repeat the procedure on the remaining bearings. Always make sure that the 
spider pivots properly in the bearing caps and is not hanging up. 

Never force the bearing caps onto the spider. If you are unable to press 
it in far enough to expose the locking ring groove, there is a good 
chance that one of the needles has come loose and lodged itself in the 
bottom of the cap. Remove the caps and spider, check the bearing 
positioning in the cap and start the process over again. 

16. Install the bearing carrier if you removed it. 

Fig. 139 Tap the bearing through until you can pull off the bearing 
cap 

I Fia. 140 A aood shot of the cap and bearings 

REMOVAL & INSTALLATION 

Please refer to the Gimbal Housing section for complete U-joint 
bellows removal and installation procedures. 

REMOVAL & INSTALLATION 

Please refer to the Gimbal Housing section for complete U-joint 
bellows removal and installation procedures. 

©PDF Manual Master 2006



STERN DRIVE - SPISNSX COBRA AND DPiDP DUOPROP 12-35 

REMOVAL & INSTALLATION 

1994-98 Single Propeller Models (SPISXISX Cobra) 

1996-98 Dual Propeller Models (DPIDP DuoProp) 

DERATE 
-.# + See Figures 141,142 and 143 

1. Using a pair of needle nose pliers, remove the cotter pin securing the 
shift link to the lever on the eccentric piston and move the link out of the way. 
Don't loose the washer. 

2. Loosen and remove the 4 shift mechanism mounting bolts and then 
remove the assembly. Take note of the position of the shift shoe as you 
remove the assembly and make sure that you write it down to retrieve on 
assembly. 

3. Remove and discard the O-ring. 

4. Coat a new O-ring with GL5 synthetic gear lube and press it back 
into the groove on the mechanism. 

5. Install the shift mechanism into the upper housing, making sure that 
the shift shoe is in the same position, and tighten the bolts to 60-84 inch Ibs. 
(6.8-9.5 Nm). 

6. Reconnect the shift lever with a new cotter pin. 

Fig. 141 Disconnect the shift link ... 

Fig.144 Remove the shift shoe and spring 

DISASSEMBLY. ASSEMBLY & SHIMMING 

1994-98 Single Propeller Models (SPISXISX Cobra) 

1996-98 Dual Propeller Models (DPIDP DuoProp) 

ERA TE 

+ See Figures 144,145,146 and 147 

1. Remove the shift cover. 
2. Remove the shift mechanism. It is not necessary to remove the drive 

unit, or even the upper housing to remove the mechanism. 

Be careful that the spring-loaded shift shoe does not fall out during 
removal. 

3. Lift out the shift shoe and spring, making sure that you take note of 
the positioning of each. 

4. Carefully position the assembly in a vise with soft jaws and then drive 
the tension pin into the piston with a small punch until you are able to pull 
out the piston pin with a pair of pliers. 

5. Mark the piston positioning in the housing and then pull the eccentric 
piston out of the housing. 

6. Turn the piston over and tap it a few times until the tension pin pops 
out. 

7. Remove the O-ring from its recess on the inner side of the housing. 
Pry out the seal ring from the other side. 

Fig. 142 ... remove the mounting bolts ... 

Fig. 145 Pry out the O-ring 

Fig. 143 ... and pull out the shift mechanism 

Fig. 146 Coat the stop bolt threads with 
sealant before installincl it 
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To assemble: 

8. Clean all components thoroughly and allow to dry completely. Check 
the piston for signs of scoring or other wear. 

9. Coat a new sealing ring on the outside perimeter with Gasket Sealing 
compound and then press it into position in the housing so that the side with 
the smaller groove faces into the housing. Although it may be possible by 
hand, we suggest using a press and a drift (# 884259); position the drift 
(large diameter down) and press the seal in until the tool seats on the 
housing. Now you can coat the lips of the seal with Triple Guard grease. 

10. Position the piston, through the seal and bushing, into the bore so 
that the offset screw is on the side of the housing with the notch in the top 
(starboard). 

11. lnsert the piston pin into the its hole so that the hole in the pin lines 
up with the tension pin hole. lnsert the tension pin and drive it in until it is 
flush with the piston surface. 

12. Slide the spring over the shift shoe shaft and then insert the shaft 
into the piston. Coat a new O-ring with GL5 synthetic gear lube and press it 
into its groove. 

13. Coat the shift mechanism and housing mating surfaces with 
Permatex and then install the entire mechanism into the housing so that the 
stop bolt hole is on the starboard side and the longer side of the shoe is also 
on the starboard side. Tighten the mounting bolts securely. 

14. Support the piston arm while removing the shift shoe stop bolt along 
with any shims underneath it. 

15. Remove the upper and lower mounting bolts on the starboard side 
and then install the special bracket (#3850057) with the bolts that came with 
it. Tighten the 2 bolts to 60-84 inch Ibs. (6.8-9.5 Nm). 

16. Position the shift system for shimming by moving the piston lever 
until the starboard hole aligns with the hole in the bracket. Install the 
shoulder bolt supplied with the bracket and tighten it securely. 

17. Reinstall the stop bolt (without shims!) and tighten it until you cannot 
rotate the vertical shaft. Now loosen the bolt very slowly, a little at a time, 
until the shaft just begins to turn freely without drag. 

18. lnsert a flat bladed feeler gauge between the underside of the bolt 
head and the piston lever. Record the measurement. Remove the bolt, coat 

Eccentric 
Tension Pi$ton S t o p  Bo l t  I 

P i n  

Hous ing  
. Piston 

P i n  
Washer  Yrz 

k h i f t  b - ~ i n ~  - 
S h o e  

I Fig. 147 Exploded view of the shift mechanism 

the threads with Teflon pipe sealarit, and add as many shims as it takes to 
get as close to this measurement WITHOUT going over it. You must use at 
least one shim, but not more than 4 shims. Install the bolt and tighten it to 
10-12 ft. Ibs. (14-16 Nm) and confirm that the vertical shaft turns freely; if 
not, repeat the procedure. 

Shift shoe stop bolt shims come in only one size. 

19. Reconnect the shift rod and install the shift cover. 

Power from the engine is transferred through a splined driveshaft 
(sometimes called the output shaft) and U-joint assembly to the upper gear 
housing. Splines on the forward end of the U-joint index with matching 
splines of the shaft connected to the engine in the flywheel housing. 

From the U-joint, power is transferred through a pinion gear to the forward 
(lower) and reverse (upper) gears which are in constant mesh with the pinion 
gear. The pinion, forward and reverse gears are all helical cut and sold as a 
matched set. 

As previously mentioned, a cone clutch is splined to the vertical driveshaft 
(except on the Cobra where it is on the propeller shaft) and engages the 
forward and reverse gear whenever the shift lever is moved to the 
appropriate position. When the clutch engages either gear, the power and 
rotational direction is then transferred to the vertical driveshaft. The forward 
and reverse gears change the direction of power 90" through the vertical 
driveshaft and intermediate coupling down to the lower unit. 

On single propeller units, a pinion gear on the lower end of the vertical 
driveshaft transfers power again 90" through a matching gear on the 
propeller shaft. The pinion gear on the lower end of the shaft and the driven 
gear oil the prop shaft may be changed, thus affecting final gear ratio. These 
gears are sold as matching sets only and must always be installed this way. 
Engine power is then transmitted through the propeller shaft and out to the 
propeller. 

Duo-prop units operate similarly to the singles except that they have a 
matched set of three gears and dual propeller shafts. The lower pinion gear 
is splined to the vertical shaft and is in constant mesh with the two prop shaft 
gears. The forward gear is splined to the inner propeller shaft, while the aft 
gear is a machined part of the outer prop shaft. As the vertical shaft rotates, 
the forward gear and inner shaft is driven in one direction, while the aft gear 
and outer shaft is driven in the opposite direction (because it is engaged to 
the same pinion gear, but 180" opposite the inner shaft's gear). The final 
result? Each prop shaft and propeller rotate at the same speed, but in 
opposite directions. 

Dual propellers provide a larger blade area than a stern drive with a single 
propeller. The counter-rotating propellers also provide a much higher torque 
load and a self-canceling "roll" force. 

REMOVAL & INSTALLATION 

DERATE 

The lower unit may be separated and removed from the upper gear 
housing while the stern drive remains attached to the boat or after the stern 
drive has been removed. 

If you plan on disassembling the unit, remove the propeller from the lower 
gear housing as detailed elsewhere in this section. 

If the unit is still on the boat, drain the drive oil as detailed in the 
Maintenance section. Allow the lubricant to drain into the container; as the 
lubricant drains, check the color. Dark brown to black indicates normal old 
lubricant, while a chalky white to cream color indicates the presence of 
water. The presence of any water in the gear lubricant is bad news. The unit 
must be completely disassembled, inspected, the cause of the problem 
determined and corrected. Close attention should be given to the seals on 
the propeller shaft, driveshaft and the bearing carrier O-ring. Examine the 
magnet on the end of the fillidrain plug for evidence of metal particles. The 
presence of tiny small metal dust like shavings indicates normal wear of the 
gears, bearings and shafts within the lower unit. Large metal chips or heavy 
fillings indicate extensive internal damage is taking place and the lower unit 
must be completely disassembled and inspected. All worn and/or damaged 
components must be replaced. 

1986-93 Cobra Models 

- + See Figures 13,14,15 and 16 

The lower gear housing may be removed without removing the 
entire stern drive unit from the vessel. 
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If the drive has been completely remove from the boat, simply follow the 

upper gear housing removal procedures and lift it off the lower unit, 
otherwise: 

1. Move the drive to the full down position and the drain the oil. 
2. Now move the drive to the full tilt up position. 
3. Position an appropriate support fixture around or under the lower 

unit. 
4. Disconnect the battery cables. 
5. Make a note of the of where the index mark is in relationship to the 

grid on the bottom of the trim tab and then remove the trim tab bolt and the 
tab. Make sure that you write the tab mark down somewhere! 

6. Remove the bolt that was partially covered by the trim tab and then 
remove second bolt forward of this one. The middle bolt is for the anode and 
does not need to be removed. 

7. Remove the 4 mounting bolts (2 on each side) from the sides of the 
lower unit. 

8. Carefully lower the housing down and away from the upper unit until 
the shift rod disengages the guide pin and then swivel it 90 degrees to port 
while lowering it completely away. Move it to an appropriate stand. 

To install: 
9. Thoroughly clean the upper case-to-lower housing mating surfaces. 

10. Make sure that the nylon plug is positioned at the base of the splines 
inside the lower driveshaft. Coat the splines at both ends of the intermediate 
shaft with clean engine oil and insert the shaft into the lower driveshaft. 

11. Rotate the shift rod head 90 degrees to port. 
12. lnstall the olastic water tube into the recess in the bottom of the 

upper unit. 
13. Position the lower unit under the upper unit and then slowly raise it 

while guiding the water tube and shaft into place. As the shift rod head 
begins to appear in the exhaust opening, swivel it forward until it can engage 
the guide pin. Wiggle the propeller shaft until the shaft splines engage those 
in the coupler and then raise the unit fully until it mates with the upper unit. 

0 There may be a yellowish-green substance in the threads of the 
mounting bolts-this helps the bolts from coming loose and if not 
evident, they will need to be replaced with new ones. 

14. Coat the threads of all bolts with Gasket Sealing compound. lnstall 
the bolts,4 short ones (on the sides) and 2 longer ones (in the rear). Tighten 
them all to 22-24 ft. Ibs. (30-33 Nm). 

15. Position the trim tab so that the index mark lines up with the correct 
mark on the grid and then tighten the bolt to 28-32 ft. Ibs. (38-42 Nm). 

16. lnstall the drive unit if removed. 

1988-95 King Cobra Models 

+ See Figure 17 

0 The lower gear housing may be removed without removing the 
entire stern drive unit from the vessel. 

If the drive has been completely remove from the boat, simply follow the 
upper gear housing removal procedures and lift it off the lower unit, 
otherwise: 

1. Move the drive to the full down position and the drain the oil. 
2. Now move the drive to the full tilt up position. 
3. Position an appropriate support fixture around or under the lower 

unit. 
4. Disconnect the battery cables. 
5. Remove the 6 mounting bolts (3 on each side) from the sides of the 

lower unit and the 1 bolt at the rear of the plate. 
6. Lower the housing away from the upper unit and move it to an 

appropriate stand. The water tube and/or shaft coupler may come off (or fall 
out), so watch for them and reinstall them in the lower unit if necessary. 

To install: 
7. Thoroughly clean the upper case-to-lower housing mating surfaces. 
8. Slide the small nylon support ring over the top of the driveshaft and 

into position in the recess. 
9. Coat the new O-rings for the driveshaft retainer and oil passage with 

OMC Hi-Vis oil and then press them into their respective grooves. 
10. Make sure that the tabs on the driveshaft retainer are aligned and in 

place with the nearest slots. 
11. lnstall the mtermediate shaft onto the driveshaft. Press the water 

supply tube into the grommet on the bottom of the upper housing. 

12. Position the lower unit under the upper unit and then slowly raise it 
while guiding the water tube and intermediate shaft into place. Feed the 
impeller housing vent tube into the exhaust chamber on the lower unit. 
Wiggle the propeller shaft until the upper shaft splines engage those in the 
coupler and then raise the unit fully until it mates with the upper unit. 

13. Coat the threads of all bolts with Gasket Sealing compound. lnstall 
the bolts and tighten them to 32-40 ft. Ibs. (43-54 Nm). 

14. lnstall the drive unit if removed. 

1994-98 Single Propeller Models (SPISXISX Cobra) 

1996-98 Dual Propeller Models (DPIDP DuoProp) 

HATE 
+ See Figures 11,12, 13,14,22 and 148 

The lower gear housing may be removed without removing the 
entire stern drive unit from the vessel. 

If the drive has been completely remove from the boat, simply follow the 
upper gear housing removal procedures and lift it off the lower unit, 
otherwise: 

1. Move the drive to the full down position and the drain the oil. 
2. Position an appropriate support fixture around or under the lower 

unit. 
3. Now move the drive to the full tilt up position. 
4. Remove the 4 mounting bolts (2 on each side) from the sides of the 

lower unit and the 2 bolts at the rear of the plate. DP drives units may use 
studs on the sides, so they will have nuts if this is the case. 

5. If your unit utilizes a trim tab, mark its position with a magic marker, 
remove the mounting bolt and then remove the tab. 

6. Lower the lower unit and move it and the stand away from the drive. 
The water tube andlor shaft coupler may come off (or fall out) when the units 
are separated, so watch for them and reinstall them in the lower unit if 
necessary. 

H If the drive unit was already off of the boat, simply remove the 
attaching boltslnuts and lift off the upper unit. 

To install: 
7. Thoroughly clean the upper case-to-lower housing mating surfaces. 
8, Clean the oil screen thoroughly. Coat a new O-ring lightly with clean 

engine oil and press it into the groove. lnstall the oil screen. 
9. Make sure that the intermediate shaft coupler is installed correctly on 

the shaft with the groove facing upward. 
10. lnstall the plastic water tube guide into the recess in the lower unit. 

Check the positioning of the upper a i d  lower grommets on the tube, coat the 
lower orommet with sealina comoound and oosition it into the recess and 
over t<e wide. Certam e a h  mobe~s, usual; 1994, mav use a retainer that is 
held in p k e  with 4 screws:if you have one, tighten them to 10-12 ft. Ibs. 
(14-16 Nm). 

11. Replace any O-rings after first coating them with GL5 synthetic gear 
lube. 

Fig. 148 Make sure you install the anode before mating the two 
cases 
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12-38 STERN DRIVE - COBRA AND KING COBRA 
12. If removed, install the forward anode and tighten the 2 bolts to 60-84 

inchjbs. (6.8-9.5 Nm), 
13. Position the lower unit under the upper unit and then slowly raise it 

while guiding the water tube and shaft coupler into place. Wiggle the 
propeller shaft until the upper shaft splines engage those in the coupler and 
then lower the unit fully until it sits on the lower unit. 

14. Coat the threads of all bolts (or studs) with Gasket Sealing 
compound. lnstall the bolts (or nuts) and tighten the 4 short ones (on the 
sides) to 22-24 ft. Ibs. (30-33 Nm) and the 2 longer ones (aft) to 32-40 ft. Ibs. 
(43-54 Nm). 

15, Install the trim tab, if you removed it, so that the earlier marks are in 
alignment and tighten the bolt to 14-16 ft. Ibs. (19-22 Nm). 

16. Install the drive unit. 

DISASSEMBLY & ASSEMBLY 

1986-93 Cobra And 1988-89 King Cobra Models - Standard Rotation 

11 LED 
+ See Figures 149 thru 182 

All special tool part numbers listed below are OMC factory tool 
numbers-we realize that if you reading this after 2001, they may be 
difficult, if not impossible, to obtain. With the exception of some of the 
earliest tools, the vast majority of these tools should be available from 
a Volvo Penta representative. Although the part numbers themselves 
may be different in many cases, the tool should be the same. 

DO NOT ATTEMPT THIS PROCEDURE WlTHOUT THE SPECIAL 
TOOLS!! We know that most of us, whether professional technicians or 
shade-tree mechanics, hate spending money on special tools. Most of 
us don't want to spend the money, even if we had it, so we find ways to 
fabricate our own version of special tools. Be warned in advance that 
you will NOT be able to create these tools on your own. Please read 
through the following steps beforehand and make a list of the tools that 
you will need to acquire--if you are unwilling, or unable, to get your 
hands on them, take the drive to someone who already has them. 

1. Remove the lower unit and support it in an appropriate stand. 
2. Grasp the intermediate shaft and pull it out of the housing. 
3. Pull out the plastic water tube guide; remove the water tube and seal 

if they came out with the guide. 
4. Remove the 5 locknuts on the water passage housing, throw away 

the nuts but keep the washers. The housing will need to be persuaded, so 
insert a small prybar between the housing and mating surface near one of 
the two forward studs and then lever the housing up while wiggling it back 
and forth. Once loose, pull it up and over the driveshaft housing. Throw away 
the gasket and O-ring. 

5. Remove the 4 driveshaft bearing housing mounting bolts, but do not 
remove the housing yet. 

6. Remove the propeller if you haven't already done so. On all models 
but the 460 King Cobra and 1991-93 Cobra, remove the 4 propeller shaft 
bearing housing bolts and throw them away. On the 1991-93 Cobra and the 
460, remove the 2 bolts running through the bearing housing, being careful 
to catch the retainers on the inside of the housing lip as they fall off of the 
end of the bolts. 

7. On 2.3L and 3.OL engines, connect 2 puller bolts (# 316982) to a 
puller head (# 307636), insert the bolts through the head and then thread 
them into the bearing housing. Tighten the large center bolt in the puller 
head so that it presses against the propeller shaft and then continue 
tightening it to remove the bearing carrierlhousing. On all other 1986-90 
engines, attach 2 puller legs (# 330278) to the same puller head and then 
position it so the legs are underneath the cross bars in the carrier housing. 
Tighten the center bolt and remove the carrier housing. 

On 1991 -93 engineldrives, assemble two 10 in. 511 6-1 8 threaded rods 
with flat washers and nuts to a puller body (# 307636). Attach a press bolt (# 
307637) and handle (# 307638) and then position the assembly so that you 
can threads the other end of the long rods into the bearing housing. With the 
press bolt on the end of the propeller shaft, tighten it against the shaft, 
pulling the carrier out of the housing. 

8. Inspect the bearing carrier anode for signs of deterioration. If the 
anode appears to be less than 50% in size, replace it. Why not replace it 
while you've got the carrier out anyway? Cheap insurance. 

9. Carrier housing bearing should be replaced only if necessary. lnsert 
a small prybar or awl and remove the 2 oil seals. Use the special tools (on 
1986-90 drives, #391259 and #39l 01 0 - small bearing, or #391012 - large 
bearing; on 1991-93 drives, #432127 and # 432130) if you don't want to 
damage the bearings. But if you followed our advice at the start of this step, 
you wouldn't be removing the bearings unless they were already damaged, 
so the easy way is to insert a large drift or punch and drive each bearing out 
of the carrier. 

10. Reach in and remove the 2 retaining rings with circlip pliers (# 
331045) and then lift out the retaining plate, reverse gear, thrust bearing and 
thrust washer. Note that the 460 King Cobra and 1991-1993 Cobra do not 
utilize the 2 retaining rings or the retaining plate. 

11. Getting a wrench on the pinion nut is tough-rotate the propeller 
shaft and at the same time pull upward on the shift rod, this will engage 
forward gear and provide a bit more clearance. Now reinsert the intermediate 
shaft into the top of the unit and install a spline socket (# 311875) over it. 
lnsert a pinion nut holder (# 334455) into the propeller shaft bore and over 
the nut, connect a breaker bar to the spline socket and then turn the 
driveshaft to loosen the pinion nut. Remove the nut, socket and intermediate 
shaft. Lift off the driveshaft bearing housing (you removed the nuts already). 

12. Remove all of the driveshaft housing O-rings and throw them away. 
lnsert your finger and rotate the needle bearings to ensure freedom of 
movement. Check for any damage or corrosion. If you notice a problem of 
any kind, replace the housing as an assembly. 

13. Wiggle the lower driveshaft back and forth while pulling it up and out 
of the gearcase; the thrust bearing,~washer and shims should come out with 
it but if not, remove them also. 

14. Removal of the lower driveshaft bearing will destroy the bearing, so 
refrain from this step unless you suspect a problem with the bearing. 
Remove the small Phillips screw from the starboard side of the gearcase 
near the water inlets on all but the 1990-93 Cobra. On the 1990-93 Cobra, 
the bearing is held in place by a small retaining ring that rides in a groove 
above the bearing; insert a small prybar through the looped end of the ring 
and pop it out of the groove. Assemble the special tool (# 391257) as 
detailed in the illustrations and then drive the bearing down and out the 
bottom on the 2.3L and 3,OL engines, or pull the bearing up and out the top 
on all other engines. 

Make sure that all loose needles are properly positioned in the 
bearing cage BEFORE attempting to remove the lower bearing. 

15. Reach into the propeller shaft bore and remove the pinion gear and 
nut. Check to see if any needle bearings may also have fallen loose and 
remove them too. 

16. Back on top of the case, remove the 2 anode bolts and lift it off of the 
case. Press down on the shift rod to allow the detent lever clearance inside 
the gearcase when the propeller shaft is removed. Unscrew the shift rod until 
it is free, but do not remove it from jhe cover yet. Remove the 6 shift rod 
cover mounting bolts and then lift off the cover and rod as an assembly. 
Remove and throw away the gasket. Do not remove the shift rod from the 
cover unless you intend to replace the small O-ring and wiper as they will be 
damaged by the rod's threads while pulling it through. 

17. Pull out the propeller shaft with the forward gear and bearing housing 
assembly. Make sure that the fluid drain plug is removed or you may break 
the plug's tip during removal of the shaft. 

18. lnsert a small awl under one end of the clutch dog spring and pry it 
out of the groove while feeding it up and over the top of the clutch dog. Push 
the small pin out of the clutch dog, allowing the bearing housing assembly to 
separate from the clutch and both assemblies to come off of the propeller 
shnft -, .-... 

19. If ~t hasn't a ready fa1 en off. pull the forward gear, thrust bear~ng and 
washer out of [he bearina housma. Push down on the derenr snlfter \arm, 
unt~l it is all the way dowi  and then pull out the shifter shaft and cradle. Now 
pull back up on the detent shifter until it pops back into the Neutral position. 
Push the pin out of the housing with a small pick and then reach into the 
front of the housing, remove the shifter from the detent and then remove the 
shifter through the bearing opening. Turn the detent shifter 90" in either 
direction and remove it from the housing 

W On 2.3L and 3.OL engines, rotate the detent shifter 90" to either side 
and then lift the shifter out through the top of the housing. Remove the 
shift lever through the same opening 

©PDF Manual Master 2006



I Fig. 149 Exploded view of the lower unit-1986-90 Cobra 
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Fig. 150 Exploded view of the lower unit-King Cobra and 1991-93 Cobra 
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12-40 STERN DRIVE - COBRA AND KING COBRA 

Be careful, the detent ball and spring can come out of the housing with 
surprising force once the detent is removed. 

20. By now, the needle bearings have probably fallen out on all units 
except those mated with the 2.3L and 3.OL engine (because they utilize 
captive needles)-make sure you have all 25 of them! 

To assemble: 
21. Wash all parts in solvent and blow them dry with compressed air. 

Remove all traces of seal and gasket material from all mating surfaces. Blow 
all water, oil passageways and screw holes clean with compressed air. After 
cleaning, apply a light coating of gear lubricant to the bright surfaces of all 
gears, bearings, and shafts as prevention against rusting and corrosion. 

22. Use a fine file to remove burrs. Replace all O-rings, gaskets, and 
seals to ensure satisfactory service from the unit. Clean the corrosion from 
inside the housing where the bearing carrier was removed. 

23. Check to be sure the water intake is clean and free of any foreign 
material. 

24. lnspect the gear case, housings, and covers inside and out for 
cracks. Check carefully around screw and shaft holes. Check for burrs 
around machined faces and holes. Check for stripped threads in screw holes 
and traces of gasket material remaining on mating surfaces. 

25. Check O-ring seal grooves for sharp edges, which could cut a new 
seal. Check all oil holes. 

Fig. 151 Remove the water passage housing bolts ... 

Fig. 153 ... and then remove the housing 
and gasket 

26. lnspect the bearing surfaces of the shafts, splines, and keyways for 
wear and burrs. Look for evidence of an inner bearing race turning on the 
shaft. Check for damaged threads. Measure the run-out on all shafts to 
detect any bent condition. If possible, check the shafts in a lathe for out-of- 
roundness. 

27. lnspect the gear teeth and shaft holes for wear and burrs. Hold the 
center race of each bearing and turn the outer race. The bearing must turn 
freely without binding or evidence of rough spots. Never spin a ball bearing 
with compressed air or it will be ruined. lnspect the outside diameter of the 
outer races and the inside diameter of the inner races for evidence of turning 
in the housing or on a shaft. Deep discoloration and scores are evidence of 
overheating. 

28. lnspect the thrust washers for wear and distortion. Measure the 
washers for uniform thickness and flatness. 

29. Replace ALL seals, O-rings, and gaskets to ensure maximum service 
after the work is comeleted. 

30. Coat the detent ball and spring lightly with Needle Bearing grease, 
insert the spring into the forward gear bearing housing, followed by the 
detent ball. 

31. On 2.3L and 3.OL models, insert the detent shifter through the detent 
opening and into the housing. On all others, position the shifter end toward 
either side of the housing, depress the ball and spring and press the shifter 
into the housing. Once the shifter is past the detent ball, rotate the end of the 
lever to the back of the housing and then move it until the Neutral position is 
engaged. 

I Fig. 152 ... carefully pry the housing loose ... 

I Fig. 154 Remove the driveshaft bearing 
housing bolts I 

Fig. 155 Removing the bearing carrier 
housing on the 2.3L and 3.OL (others 
similar) 
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STERN DRIVE - SPISXISX COBRA AND DPiDP DUOPROP 12-41 
Do not push the detent shifter all of the way in at this time or you 

will jam it in the housing. 

32. On models with loose needles, coat all 25 bearings with grease and 
install them into the cage if the bearing has not been replaced with a new 
one (in which case the new one is most likely a caged bearing with no loose 
needles). 

33. Insert the shift lever so the side with the narrow arms is facing the 
detent shifter. Attach it to the neck on the detent shifter, align the pivot holes 
with those in the housing and then insert the pivot pin. 

34. On 2.3L and 3.OL engines, rotate the detent shifter 90" to either side 
of the housing and then insert the shifter through the top of the housing. 
Install the shift lever and pivot pin as detailed in the previous step. 

35. Press the detent shifter to its full down position, lay the cradle on the 
shifter shaft and then attach them both to the wider arms on the shift lever. 
While still holding the shift shaft in place, pull the detent shifter back up into 
the Neutral position. 

36. Lay the thrust bearing on the back side of the forward gear and then 
position the washer on the bearing. Carefully insert the assembly into the 
bearing housing without disturbing the thrust bearing or any of the needle 
bearings. 

37. Take a look at the clutch dog and identify the end with the part 
number embossed on it (it should also have "Prop end" etched on this same 
side); this is the end of the dog that must face the rear of the propeller shaft, 
that is to say it must face the propeller. Once located, slide this end onto the 
inner (forward) end of the propeller shaft so that the splines index properly 
and the retaining pin holes line up. Now insert the shift shaft ~nto the 
propeller shaft until the retaining pin hole lines up with the other two holes 
and then press in the pin. Slide a new retaining spring down over the 
propeller shaft and posltion it so that at least 3 coils are covering each end of 
the retaining pin WITHOUT overlapping one another. 

38. Obtain a driveshaft holding socket (# 314438) and clamp it in a vise. 
Slide the driveshaft into the socket and then set the pinion gear on the end 
of the shaft. Tighten the nut to 70-75 ft. Ibs. (95-102 Nm), except on the 460 
King Cobra models where it should be 100-110 ft. Ibs. (136-149 Nm). 
Remove the shaft from the holder. 

39. Position the thrust bearing, washer and driveshaft bearing housing on 
the other end of the driveshaft without any shims. Face the stepped side of 
an alignment plate (part of the shim gauge kit # 984329) away from the 
bearing housing, slide the plate over the shaft and seat it against the 
housing. Move the entire assembly into a shim fixture (# 984329). Tighten 
the tension screw on the fixture against the end of the driveshaft until the 
screw sleeve reaches the groove in the pointed end of the screw. Tighten the 
tension screw lock nut on the outside of the fixture until it is tight against the 
frame. 

Fig. 156 A good look at the bearing carrier 

Fig. 159 Remove the retaining rings (except 
on the 460 and 1991-93 Cobra) 

I 

Fig. 157 Prying out the two oil seals Fig. 158 Drive the bearings out with a drift 

Fig. 160 Rotate the driveshaft to remove the 
pinion nut 

Fig. 161 Lift off the bearing housing ... 
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12-42 STERN DRIVE - COBRA AND KING COBRA 

Fig. 162 ... and pull out the lower driveshaft 

Fig. 165 Unscrew the shift rod ... I 

Fig. 168 Remove the bearing retaining 
screw (except 1990-93 Cobra) ... 

Fig. 163 The shims and thrust bearing 
should come out with it 

I Fig. 166 ... and then remove the cover I 

4 - 20 x 112 Hex Bolt 

1 in. O.D. Washer 

Plate (#391260) 

. Rod (#326582) 

4-d Remover (#326574) 

j 114 - 20 x I12 Hex Bolt 

Fig. 169 ... and then install the removal tool 
like this on the 2.3L and 3.OL engines ... 

Fig. 164 Reach in and remove the pinion 
gear 

Fig. 167 Pull out the propeller shaft, forward 
gear and bearing housing 

lange Nut (#326586) 

-Plate (#391260) 

a-- Rod (#326582) 

Remover (#326579) 

I Fia. 170 ... or like this on all others I 

PIN 

Fig. 171 Remove the pin from the clutch I I Fig. 172 Exploded view of the bearing I I Fig. 173 Press down on the detent shifter to 
docl carrier shift assembly remove the shift sha ft... I 
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STERN DRIVE - SPISXISX COBRA AND DPlDP DUOPROP 
40 T~lt the entire f~xture back unt~l it IS restmg on the support lugs Select 

the followmg gauge bars dependmg upon your particular applcatlon 
2 3L and 3 OL englnes.4 328366 
V6 and V8 englnes except the 460 Kmg Cobra--# 328367 
460 K~ng Cobra--# 330224 

41 Pos~t~on the correct gauge lnto the f~xture so the curved head IS up 
and behmd the prnlon gear and the base IS restmg agalnst the bearmg 
housing Hold the gauge tlghtly against the bearmg hous~ng and measure the 
clearance between the other end and the plnlon gear Make sure that you 
rotate the shaft a few times and take a few read~ngs ~n d~fferent places Take 
an average of your readmgs and then subtract th~s f~gure from 0 020 In to 
determme the correct amount of shuns requ~red to properly posttlon the 
plnlon gear On 460 King Cobra models, use 0 030 in as the f~gure you 
subtract from 

42 Check your measuring accuracy by lnstalling the sh~ms and then 
check~ng the clearance agam If you come up w~th 0 020 In (0 030 In for the 
460), then you measured correctly Otherw~se, repeat the last step and try ~t 
agam Once correct, remove the shaft from the f~xture and d~sassemble the 
~nd~v~dual  components 

43 If you removed the lower dr~veshaft bearrng, use the same group of 
tools to press ~t back Into the houslng bore Coat the outs~de of the bearmg 
case hahtlv w~th Needle Bearma arease and then shde the bearma onto the 

over the small bearing retaining bolt and spray the threads with LocQuic 
Primer. Once dry, coat them with Nut Lock, install the bolt and tighten it to 
48-84 inch Ibs. (5-9 Nm). 

45. Press down on the detent lever in the forward gear bearing housing 
until it engages the Reverse position (this is the lowest position in its travel). 
Tilt the top of the lower unit forward so that the propeller shaft bore is raised 
slightly and then insert the propeller shaft assembly into the bore so that the 
locating pin on the front side of the bearing housing engages the recess in 
the nose of the gear housing. Once the pin is properly fit into the recess, the 
detent lever will be centered (front to back) on the shift rod cavity. 

46. Coat both sides of a new shift rod cover gasket with Gasket Sealing 
compound and lay it on the gear housing mating surface. Take a look down 
the bore to gauge the distance to the detent lever and slide the shift rod 
through the cover far enough so that you will be able to begin threading it 
into the detent without having the cover touch the new gasket. Position the 
cover and rod over the bore and thread the rod into the detent 4-5 full turns. 
Now you can position the cover on the gasket! Coat the threads of the 
mounting bolts with Gasket Sealing compound and tighten them alternately 
to 60-84 inch Ibs. (7-9 Nm). 

47. Slowly rotate the propeller shaft while pulling up on the shift rod so 
that you engage Forward gear. Look down through the driveshaft bore and 
confirm that the clutch doa is fullv enaaaed with the luas on the forward aear. 

tool so-thislde wlth letters on I: facrng the ~nstaller. Positlon theassembly 48 Install the anode &d tlg6ten Thebolts securely 
Into the bore and dr~ve it In untd the drlvlng rod 1s seated on the spacer 49 Reach Into the propeller shaft bore and hold the plnion gear under 

44 On 1990-93 units, shde the retalnlng ring Into the bore and make the lower drweshaft bearmg whlle an ass~stant Inserts the drweshaft Into the 
sure that ~t 1s fully seated Into the recess On all others, shde a new 0-ring gear from the top Install the rntermed~ate shaft and then shde a spllne 

Fig. 174 ... and then press out the shifter pin I 

Fig. 177 Checking shim thickness on the 
pinion 

Fig. 175 Remove the detent shifter I 

Fig. 178 Make sure that the locating pin 
lines up with the hole in the nose of the 
housing 

Fig. 176 lnstalling the pinion gear to the 
driveshaft 

Fig. 179 Center the detent under the shift 
rod bore 
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Fig. 180 Hold the pinion nut while turning 
the driveshaft from the top 

Fig. 181 Install the reverse gear and 
bearing ... 

socket (# 311875) over the top splines. Position the pinion nut into a nut 
holder (# 334455) and hold it in place while rotating the shafts with a torque 
wrench attached to the spline socket. Tighten the nut to 70-75 ft. Ibs. (95-102 
Nm) except the 460 King Cobra which must be tightened to 100-110 ft. Ibs. 
(136-149 Nm). Remove the socket and intermediate shaft. 

50. Position the thrust bearing, thrust washer and shim material over the 
top of the driveshaft. Coat the small (new) O-ring with oil and slide it over the 
base of the driveshaft bearing housing. Next, coat the 3 larger exterior rings 
with Gasket Sealing compound and slide them over the top of the housing 
and into their recesses; position the upper ring firs! and then work down with 
the other two. 

51. Coat the entire exterior surface (very lightly) of the housing with 
Gasket Sealing compound to reduce corrosion. Position the housing over the 
shaft so the bolt holes line up properly and then install the bolts and tighten 
them alternately to 14-16 ft. Ibs. (19-22 Nm). Don't forget to coat the bolt 
threads with sealing compound. 

52. Coat both sides of a new water passage cover gasket with Gasket 
Sealing compound and slide the gasket over the studs and into place on the 
mating surface. Position the cover itself over the studs and lightly tap it into 
place. Install new lock nuts and tighten them to 9-11 ft. Ibs. (12-15 Nm). 

53. If you replaced the large bearing on the propeller shaft bearing 
carrier, coat the outside of the case with oil. Position the housing in a holding 
fixture and then slide the bearing onto an installer (# 326562) so the side of 
the bearing with lettering is facing the large diameter side of the tool. Press 
the bearing into the housing until it is fully seated. 

54. Repeat the previous step for the smaller bearing, but face the 
lettered side toward the smaller end of the tool. On V6 and V8 engines, you 
will need another installer (# 321517). 

55. Coat the outer casing of 2 new seals with Gasket Sealing 
Compound. Position the inner seal on the stepped side of the installation tool 
so the lip is facing the housing. Turn the tool over and install the outer seal 
so the lip is facing away from the housing. Use # 326551 for the 2.3L and 
3.OL models, and # 326690 or # 336311 (1990-93 Cobra) for all other 
engines. Make sure that the seal lips and inner cavity are coated with 
grease. 

56. Make sure that the carrier anode is tightened to 5-7 ft. Ibs. (7-9 Nm). 
57. Lay the thrust bearing and then the washer over the hub in the back 

of the reverse gear. Slide the gear over the propeller shaft and into the bore. 
Don't foraet the smaller forward washer on 1990-93 which rides on the face 
of the 

58. On all models except the 460 King Cobra and 1990-93 Cobra, slide 
the retainer plate over the propeller shaft and up against the reverse gear. 
Carefully grab a retaining ring with the appropriate pliers, position it over the 
inner groove and then release it so it seats fully in the groove. Repeat this 
with the second ring. Choose two holes in the retainer plate that are 180" 
apart and then thread in 2 guide pins (# 383175)-114 in. threaded rods of 
sufficient length will also work here. 

59. On all models, install new O-rings coated with Triple Guard grease 
into their respective grooves on the carrier and then coat the O-ring flanges 
with Gasket Sealing compound. 

60. On all models except the 460 King Cobra and the 1990-93 Cobra, 
slide the carrier housing onto the 2 guide pins and into the gear housing bore 
so that the UP marking on the rear flange of the carrier is, you guessed 
it ... on top, positioning the drain slot at the bottom. Tap the carrier softly with a 
rubber mallet until it is seated below the hydrostatic rings. Coat the threads 
(and seals) of 4 new carrier bolts with Gasket Sealing compound, install 2 of 
them, remove the guide pins and the install the remaining 2 bolts. Tighten all 
four, alternately, to 10-12 ft. Ibs (14-16 Nm). 

Fig. 182 ... and then the retainer plate (not all 
models) 

61. On 460 King Cobra models, slide the carrier over the shaft and into 
the bore so the anode is on the bottom and the mounting bolt holes are in 
the vertical position. Tap the carrier lightly with a rubber mallet to seat the 0 -  
rings. Position a retainer behind the bolt hole and hold it there while 
threading in the bolt; repeat for the remaining bolt. The large end of the 
retainer must fit into the recess inside the propeller shaft bore, while the 
smaller end should fit between the bosses on the carrier housing. Tighten 
the bolts to 18-20 ft. Ibs. (24-27 Nm). 

rn If the bolt retainers on the 460 King Cobra have one side with 
rounded edges, make sure that the rounded edge is facing outward, 

62. On 1990-93 Cobra models, slide the carrier over the shaft and into 
the bore so the anode is on the bottom and the mounting bolt holes are in 
the vertical position. Tap the carrier lightly with a rubber mallet to seat the 0 -  
rings. Install the 2 retaining tabs, thread in the bolts and then tighten the 
bolts to 20-24 ft. Ibs. (27-33 Nm). Make sure that you coat the bolt threads 
with Locquic Primer and then UltraLock before installing them. 

63. Position a shift rod height gauge (# 912277) on the upper mating 
surface of the gear housing. Now screw the rod (in or out) until the top of the 
shift rod head just contacts the upper arm of the gauge (about 7-13/64 in.). 
The notched side of the head must be facing forward, so it is acceptable if 
you have to turn the rod and additional 112 turn in either direction. That's it. 

64. Make sure that the small nylon plug is in place inside the lower 
driveshaft. Coat the splines on each end of the intermediate shaft with gear 
oil and then insert the shaft into the top of the lower driveshaft. 

65. Spin the shift rod head 90" to the port side and then install the water 
tube into the guide on top of the gear case. 

66. Install the upper gear housing as detailed in the appropriate section 
and then install the drive unit if it was removed. Fill the drive unit with oil. 

1986-93 Cobra And 1988-89 Kina Cobra Models - Counter-Rotation 

+ See Figures 151,152,153,154,160,161,162,163,164,165,166,170, 
176,177 and 183 

Procedures have changed on the 1993 Cobra lower unit, please refer 
to 1994-98 Single Propeller Unit section for disassembly and assembly 
on this unit. 

All special tool part numbers listed below are OMC factory tool 
numbers-we realize that if you reading this after 2001, they may be 
difficult, if not impossible, to obtain. With the exception of some of the 
earliest tools, the vast majority of these tools should be available from 
a Volvo Penta representative. Although the part numbers themselves 
may be different in many cases, the tool should be the same. 

DO NOT ATTEMPT THIS PROCEDURE WITHOUT THE SPECIAL 
TOOLS!! We know that most of us, whether professional technicians or 
shade-tree mechanics, hate spending money on special tools. Most of 
us don't want to spend the money, even if we had it, so we find ways to 
fabricate our own version of special tools. Be warned in advance that 
you will NOT be able to create these tools on your own. Please read 
through the following steps beforehand and make a list of the tools that 
you will need to acquire-if you are unwilling, or unable, to get your 
hands on them, take the drive to someone who already has them. 
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1. Remove the lower unit and support it in an appropriate stand. 
2. Grasp the intermediate shaft and pull it out of the housing. 
3. Pull out the plastic water tube guide; remove the water tube and seal 

if they came out with the guide. 
4. Remove the 5 locknuts on the water passage housing, throw away 

the nuts but keep the washers. The housing will need to be persuaded, so 
insert a small prybar between the housing and mating surface near one of 
the two forward studs and then lever the housing up while wiggling it back 
and forth. Once loose, pull it up and over the driveshaft housing. Throw away 
the gasket and O-ring. 

5. Remove the 4 driveshaft bearing housing mounting bolts, but do not 
remove the housing yet. 

6. Remove the propeller if you haven't already done so. Remove the 2 
bolts running through the bearing housing, being careful to catch the 
retainers on the inside (460) or outside (Cobra) of the housing lip as they fall 
off of the end of the bolts. 

7. Thread an adapter (# 432398) onto a slide hammer (# 432128) until 
it is fully seated and then thread the other end of the adapter onto the end 
of the propeller shaft. Use the hammer to back the bearing carrier and 
propeller shaft out of the housing bore. 

8. lnspect the bearing carrier anode for signs of deterioration. If the 
anode appears to be less than 509 in size, replace it. Why not replace it 
while you've got the carrier out anyway? Cheap insurance. 

9. Pull the O-rings off of the bearing carrier and carefully clamp the 
carrier in a vise. Fit a spanner wrench (# 432400 - Cobra, # 432399 - 460 
King Cobra) into the small recesses and loosen the forward gear assembly. 

The forward assembly is serviced as a unit only, no disassembly i s  
possible. 

10. Push the propeller shaft out of the carrier (from the aft side) and then 
reach in and remove the thrust bearing and washer if it did not come out with 
the shaft. Discard the thrust bearing. 

11. Position a puller (# 432129) and bridge (#432127) over the carrier so 
that the jaws of the puller are underneath the lower oil seal and then remove 
the two seals. Obviously, if you intend to replace the seals anyway, you can 
get away without the special tools and just pry them out (carefully!). 

12. Neither bearing should be removed unless you intend to replace 
them, as they will be damaged during the removal process. A bridge (# 
432127) and puller (# 432129) are the special tools required, but if the 
bearing is already worn or damaged ...j ust drive it out with a drift. 

13. Getting a wrench on the pinion nut is tough-rotate the propeller 
shaft and at the same time pull upward on the shift rod, this will engage 
forward gear and provide a bit more clearance. Now reinsert the intermediate 
shaft into the top of the unit and install a spline socket (# 311875) over it. 
lnsert a pinion nut holder (# 334455) into the propeller shaft bore and over 
the nut, connect a breaker bar to the spline socket and then turn the 
driveshaft to loosen the pinion nut. Remove the nut, socket and intermediate 
shaft. Lift off the driveshaft bearing housing (you removed the nuts already). 

14. Remove all of the driveshaft housing O-rings and throw them away. 
lnsert your finger and rotate the needle bearings to ensure freedom of 
movement. Check for any damage or corrosion. If you notice a problem of 
any kind, replace the housing as an assembly. 

15. Wiggle the lower driveshaft back and forth while pulling it up and out 
of the gearcase; the thrust bearing, washer and shims should come out with 
it but if not, remove them also. 

16. Removal of the lower driveshaft bearing will destroy the bearing, so 
refrain from this step unless you suspect a problem with the bearing. 
Remove the small Phillips screw from the starboard side of the gearcase 
near the water inlets. Assemble the special tool (# 391257) as detailed in the 
illustrations and then pull the bearing up and out the top on all other engines. 

Make sure that all loose needles are properly positioned in  the 
bearing cage BEFORE attempting to remove the lower bearing. 

17. Reach into the propeller shaft bore and remove the pinion gear and 
nut. Check to see if any needle bearings may also have fallen loose and 
remove them too. 

18. Back on top of the case, remove the 2 anode bolts and lift it off of the 
case. Press down on the shift rod to allow the detent lever clearance inside 
the gearcase when the propeller shaft is removed. Unscrew the shift rod until 
it is free, but do not remove it from the cover yet. Remove the 6 shift rod 
cover mounting bolts and then lift off the cover and rod as an assembly. 
Remove and throw away the gasket. Do not remove the shift rod from the 
cover unless you intend to replace the small O-ring and wiper as they will be 
damaged by the rod's threads while pulling it through. 

19. lnsert a long piece of stock (or a handle of some sort) into the shift 
rod bore from the top until you can depress the shift detent. Once the detent 
is held down sufficiently, grasp the clutch shaft and pull it (and the bearing 
housing) out of the propeller shaft bore. 

20. lnsert a small awl under one end of the clutch dog spring and pry it 
out of the groove while feeding it up and over the top of the clutch dog. Push 
the small pin out of the clutch dog, allowing the bearing housing assembly to 
separate from the clutch and both assemblies to come off of the clutch shaft. 

There are detent balls in  the end of the shaft-these are not 
serviceable, and if damaged will necessitate replacement of the entire 
shaft. 

21. Remove the reverse gear, thrust bearing and washer from the end of 
the bearing housing. There is a small bearing inside of the reverse gear 
which is not serviceable and should not be removed. 

22. On all units but the 460 King Cobra, press the shifter pivot pin out of 
the housing and then pull out the shift shaft, cradle and shifter. Remove the 
shifter and cradle from the shift shaft. 

On the 460, remove the shift shaft and cradle from the housing. Pull out 
the pivot pin and then lift out the shifter. 

23. Remove all 25 needles from the bearing housing and then use a 
small awl or pick to press the detent out of the housing. Remove the detent 
ball and spring. On the 460, wrap a rag around the housing, rotate the detent 
90" in either direction and then pull it out of the housing. Be careful here, as 
the detent ball and spring can pop out of the housing with considerable force 
while removing the detent. 

To assemble: 
24. Wash all parts in solvent and blow them dry with compressed air. 

Remove all traces of seal and gasket material from all mating surfaces. Blow 
all water, oil passageways and screw holes clean with compressed air. After 
cleaning, apply a light coating of gear lubricant to the bright surfaces of all 
gears, bearings, and shafts as prevention against rusting and corrosion. 

25. Use a fine file to remove burrs. Replace all O-rings, gaskets, and 
seals to ensure satisfactory service from the unit. Clean the corrosion from 
inside the housing where the bearing carrier was removed. 

26. Check to be sure the water intake is clean and free of any foreign 
material. 

27. lnspect the gear case, housings, and covers inside and out for 
cracks. Check carefully around screw and shaft holes. Check for burrs 
around machined faces and holes. Check for stripped threads in screw holes 
and traces of gasket material remaining on mating surfaces. 

28. Check O-ring seal grooves for sharp edges, which could cut a new 
seal. Check all oil holes. 

29. lnspect the bearing surfaces of the shafts, splines, and keyways for 
wear and burrs. Look for evidence of an inner bearing race turning on the 
shaft. Check for damaged threads. Measure the run-out on all shafts to 
detect any bent condition. If possible, check the shafts in a lathe for out-of- 
roundness. 

30. lnspect the gear teeth and shaft holes for wear and burrs. Hold the 
center race of each bearing and turn the outer race. The bearing must turn 
freely without binding or evidence of rough spots. Never spin a ball bearing 
with compressed air or it will be ruined. lnspect the outside diameter of the 
outer races and the inside diameter of the inner races for evidence of turning 
in the housing or on a shaft. Deep discoloration and scores are evidence of 
overheating. 

31, lnspect the thrust washers for wear and distortion. Measure the 
washers for uniform thickness and flatness. 

32. Replace ALL seals, O-rings, and gaskets to ensure maximum service 
after the work is completed. 

33. Coat the detent ball and spring lightly with Needle Bearing grease, 
insert the spring into the reverse gear bearing housing, followed by the 
detent ball. 

34. On 460 models, position the detent arm toward either side of the 
housing and then depress the detent ball and spring with a punch while 
pushing the detent into the housing. Once past the ball, rotate the lever 
toward the rear of the housing and then move it until the Neutral position is 
engaged. lnsert the shifter so the side with the narrow arms is facing the 
bearing opening, reach inside and connect the shifter to the neck of the 
detent. Align the pivot holes with those in the housing and then insert the 
pivot pin. 

35. On all other models, insert the detent into the housing and press it in 
until it is next to the detent ball-making sure that the ball is resting on the 
spring. lnsert a small pick into the other end of the detent bore and press in 
the detent ball while pushing the detent in until it pops into the Neutral 
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position. Position the cradle onto the shift shaft and lay the shifter in place on 
the cradle. Slide the shaft into the housing and insert the shifter tip into the 
pocket on the detent. Align the pivot holes with those in the housing and 
then insert the pivot pin. 

36. Coat all 25 bearings with grease and install them into the cage if the 
bearing has not been replaced with a new one (in which case the new one is 
most likely a caged bearing with no loose needles). 

37. On the 460, confirm that the detent is still in Neutral, rest the cradle 
on the shift shaft and then connect the cradle to the shifter arms. Depress 
the detent until it holds the shaft and cradle in place. 

38. Insert the shift lever so the side with the narrow arms is facing the 
detent shifter. Attach it to the neck on the detent shifter, align the pivot holes 
with those in the housing and then insert the pivot pin. 

39. Lay the thrust bearing on the back side of the reverse gear and then 
position the washer on the bearing. Carefully insert the assembly into the 
bearing housing without disturbing the thrust bearing or any of the needle 
bearings. 

40. Take a look at the clutch dog and identify the end with the part 
number embossed on it (it should also have "Prop end" etched on this same 
side); this is the end of the dog that must face the rear of the clutch shaft, 
that is to say it must face the propeller. Once located, slide this end onto the 
inner (forward) end of the shaft so that the splines index properly and the 
retaining pin holes line up. Now insert the shift shaft into the clutch shaft until 
the retaining pin hole lines up with the other two holes and then press in the 
pin. Slide a new retaining spring down over the propeller shaft and position it 
so that at least 3 coils are covering each end of the retaining pin WITHOUT 
overlapping one another. 

41. Obtain a driveshaft holding socket (# 314438) and clamp it in a vise. 
Slide the driveshaft into the socket and then set the pinion gear on the end 
of the shaft. Tighten the nut to 70-75 ft. Ibs. (95-102 Nm), except on the 460 
King Cobra models where it should be 100-1 10 ft. Ibs. (1 36-1 49 Nm). 
Remove the shaft from the holder. 

42. Position the thrust bearing, washer and driveshaft bearing housing on 
the other end of the driveshaft without any shims. Face the stepped side of 
an alignment plate (part of the shim gauge kit # 984329) away from the 
bearing housing, slide the plate over the shaft and seat it against the 
housing. Move the entire assembly into a shim fixture (# 984329). Tighten 
the tension screw on the fixture against the end of the driveshaft until the 
screw sleeve reaches the groove in the pointed end of the screw. Tighten the 
tension screw lock nut on the outside of the fixture until it is tight against the 
frame. 

43. Tilt the entire fixture back until it is resting on the support lugs. Select 
the following gauge bars depending upon your particular application: - V6 and V8 engines except the 460 King Cobra--# 328367 

460 King Cobra-+ 330224 
44. Position the correct gauge into the fixture so the curved head is up 

and behind the pinion gear and the base is resting against the bearing 
housing. Hold the gauge tightly against the bearing housing and measure the 
clearance between the other end and the pinion gear. Make sure that you 
rotate the shaft a few times and take a few readings in different places. Take 
an average of your readings and then subtract this figure from 0.020 in. to 
determine the correct amount of shims required to properly position the 
pinion gear. On 460 King Cobra models, use 0.030 in. as the figure you 
subtract from. 

45. Check your measuring accuracy by installing the shims and then 
checking the clearance again. If you come up with 0.020 in. (0.030 in. for the 
460), then you measured correctly. Otherwise, repeat the last step and try it 
again. Once correct, remove the shaft from the fixture and disassemble the 
individual components. 

46. If you removed the lower driveshaft bearing, use the same group of 
tools to press it back into the housing bore. Coat the outside of the bearing 
case lightly with Needle Bearing grease and then slide the bearing onto the 
tool so the side with letters on it is facing the installer. Position the assembly 
into the bore and drive it in until the driving rod is seated on the spacer. Note 
that the 460 King Cobra uses 19 needle bearings, while all others use 18. 

47. Slide a new O-ring over the small bearing retaining bolt and spray 
the threads with LocQuic Primer. Once dry, coat them with Nut Lock, install 
the bolt and tighten it to 48-84 inch Ibs. (5-9 Nm). 

48. Press down on the detent lever in the reverse gear bearing housing 
until it engages the Reverse position (this is the lowest position in its travel). 
Tilt the top of the lower unit forward so that the propeller shaft bore is raised 
slightly and then insert the shift shaft assembly into the bore so that the 
locating pin on the front side of the bearing housing engages the recess in 
the nose of the gear housing. Once the pin is properly fit into the recess, the 
detent lever will be centered (front to back) on the shift rod cavity. 

49. Coat both sides of a new shift rod cover gasket with Gasket Sealing 
compound and lay it on the gear housing mating surface. Take a look down 
the bore to gauge the distance to the detent lever and slide the shift rod 
through the cover far enough so that you will be able to begin threading it 
into the detent without having the cover touch the new gasket. Position the 
cover and rod over the bore and thread the rod into the detent 4-5 full turns. 
Now you can position the cover on the gasket! Coat the threads of the 
mounting bolts with Gasket Sealing compound and tighten them alternately 
to 60-84 inch Ibs. (7-9 Nm). 

50. Slowly rotate the clutch shaft while pushing down on the shift rod. 
Look down through the driveshaft bore and confirm that the clutch dog is 
fully engaged with the lugs on the reverse gear. 

51. Install the anode and tighten the bolts securely. 
52. Reach into the propeller shaft bore and hold the pinion gear under 

the lower driveshaft bearing while an assistant inserts the driveshaft into the 
gear from the top. lnstall the intermediate shaft and then slide a spline 
socket (# 311875) over the top splines. Position the pinion nut into a nut 
holder (# 334455) and hold it in place while rotating the shafts with a torque 
wrench attached to the spline socket. Tighten the nut to 70-75 ft. Ibs. (95-102 
Nm) except the 460 King Cobra which must be tightened to 100-110 ft. Ibs. 
(136-149 Nm). Remove the socket and intermediate shaft. 

53. Position the thrust bearing, thrust washer and shim material over the 
top of the driveshaft. Coat the small (new) O-ring with oil and slide it over the 
base of the driveshaft bearing housing. Next, coat the 3 larger exterior rings 
with Gasket Sealing compound and slide them over the top of the housing 
and into their recesses; position the upper ring first and then work down with 
the other two. 

54. Coat the entire exterior surface (very lightly) of the housing with 
Gasket Sealing compound to reduce corrosion. Position the housing over the 
shaft so the bolt holes line up properly and then install the bolts and tighten 
them alternately to 14-16 ft. Ibs. (19-22 Nm). Don't forget to coat the bolt 
threads with sealing compound. 

55. Coat both sides of a new water passage cover gasket with Gasket 
Sealing compound and slide the gasket over the studs and into place on the 
mating surface. Position the cover itself over the studs and lightly tap it into 
place. Install new lock nuts and tighten them to 9-11 ft. Ibs. (12-15 Nm). 

56. If you replaced the large bearing on the propeller shaft bearing 
carrier, coat the outside of the case with oil. Position the housing in a holding 
fixture and then slide the bearing onto an installer (# 432401) so the side of 
the bearing with lettering is facing the large diameter side of the tool. Press 
the bearing into the housing until tool is seated. 

57. Repeat the previous step for the smaller bearing, but face the 
lettered side toward the smaller end of the tool. 

58. Coat the outer casing of 2 new seals with Gasket Sealing 
Compound. Position the inner seal on the stepped side of the installation tool 
so the lip is facing the housing. Turn the tool over and install the outer seal 
so the lip is facing away from the-housing. Use tool # 326690. Make sure 
that the seal lips and inner cavity are coated with grease. 

59. Secure the carrier housing in a vise and then insert the thrust washer 
and a new thrust bearing into place. Coat the bearing surfaces of the 
propeller shaft with gearcase oil and then slide it into and through the 
housing until it is resting on the thrust bearing. 

60. Coat the threads of the forward gear lightly with oil and then thread it 
into the housing as far as you can by hand. Use a spanner (# 432400, or # 
432399 on the 460) and tighten the gear to 100 ft. Ibs. (136 Nm). 

61. Make sure that the carrier anode is tightened to 60-84 inch Ibs. (7-9 
Nm). 

62. Install new O-rings (3 on the 460 and 1 on the others) coated with 
Triple Guard grease into their respective grooves on the carrier and then 
coat the O-ring flanges with Gasket Sealing compound. 

63. Install the intermediate shaft and then shift the gearcase into 
Reverse, making sure that the clutch dog and gear are fully engaged. 

64. Slide the carrierlshaft into the bore so the anode is on the bottom 
and the mounting bolt holes are in the vertical position. Once the carrier 
assembly seats in the bore, hold the intermediate shaft and then wiggle the 
propeller shaft until the internal splines on the two shafts engage. Pres the 
carrier in further by hand until the retaining tab slots are flush with those in 
the gearcase bore. In stall the retaining tabs and then tighten the bolts to 18- 
20 ft. Ibs. (24-27 Nm). 

65. Position a shift rod height gauge (# 912277) on the upper mating 
surface of the gear housing. Now screw the rod (in or out) until the top of the 
shift rod head just contacts the upper arm of the gauge (about 7-13164 in.). 
The notched side of the head must be facing forward, so it is acceptable if 
you have to turn the rod and additional 112 turn in either direction. That's it. 
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66 Remove the ~ntermed~ate shaft and make sure that the small nylon 
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the ~ntermed~ate shaft w~th gear 011 and then lnsert the shaft into the top of 
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1990-95 King Cobra And 1994-98 SPlSXlSX Cobra Single Propeller 
Models 

LED 
+ See Figures 184 thru 206 

Please note that although not mentioned in the above head, the 
1993 Cobra counter-rotating unit is also covered in this section. 

All special tool part numbers listed below are OMC factory tool 
numbers-we realize that if you reading this after 2001, they may be 
difficult, if not impossible, to obtain. With the exception of some of the 
earliest tools, the vast majority of these tools should be available from 
a Volvo Penta representative. Although the part numbers themselves 
may be different in many cases, the tool should be the same. 

DO NOT ATTEMPT THIS PROCEDURE WITHOUT THE SPECIAL 
TOOLS!! We know that most of us, whether professional technicians or 
shade-tree mechanics, hate spending money on special tools. Most of 
us don't want to spend the money, even if we had it, so we find ways to 
fabricate our own version of special tools. Be warned in advance that 
you will NOT be able to create these tools on your own. Please read 
through the following steps beforehand and make a list of the tools that 
you will need to acquire--if you are unwilling, or unable, to get your 
hands on them, take the drive to someone who already has them. 

1. Remove the propeller if not already removed. Install the lower unit in 
an appropriate holding fixture. 

2. Reach into the propeller shaft opening and remove the retainer screw 
on the upper starboard side. Lift out the retainer securing the bearing 
housing to the lower unit. 

3. Use a T27 Torx bit and remove the propeller shaft bearing housing 
set screw on the upper port side of the aft end of the propeller shaft housing. 

4. Remove the 3 Torx bolts securing the anode retainer to the propeller 
shaft bearing housing-tho small bolt is a T30 bit and the 2 larger bolts are 
T40 bits. Grasp the retainer and pull it and the internal anode out of the 
housing. Replace the anode if it has deteriorated by more than a third. 

5. Connect a bearing housing removal tool (# 914684) to the bearing 
housing and turn it counterclockwise, using a ratchet and breaker bar, until 
the housing is loosened and you can spin it all the way out of the case. Once 
out of the lower unit, remove the tool and carefully pull off any shim material. 
Remove the O-ring and throw it away. 

6. Use a small punch or drift and pry out the small oil seal in the end of 
the bearing housrng. The seal will be damaged during removal, so be sure 
that you throw it away now. 

7. Turn the housing over and install the special bearing puller (# 
432129), rod (# 432127) and guide plate (# 914700). Slide the guide plate 
over the rod so the stepped side facing upward and insert the assembly into 
the housing. Expand the jaws of the puller so they are tightly behind and 
under the bearing cup (race) and then pull out the cup. 

8. Carefully pull the propeller shaft out of the housing bore. Reinstall the 
propeller nut to protect the threads and position the shaftibearing into a 
bearing knife. Press off the bearing. 

9. If you did not remove the intermediate shaft sleeve during case 
separation, remove it now and inspect the splines. If you did not already 
remove it, and you can't find it, look in the bottom of the upper housing 
where is sometimes get stuck. Same thing with the water tube, grommets 
and retainer; if you haven't already removed them, do it now. 

Early SP models and most King Cobra models may use a 
retainerlguide that is attached with 4 small screws. 

10. Remove and discard any remaining O-rings on the top of the lower 
unit mating surface. 

11. Install the special spanner tool (# 3850601- SP, # 914696 - KC) over 
the driveshaft and onto the retainer so that it indexes with the slots in the 
edge of the retainer. Back out the retainer, disconnect the tool and throw 
away the O-ring. 

12, Install the special spline socket (# 3850598 - SP, # 914699) onto the 
upper end of the driveshaft. Slide the special handle (# 311880) through an 
alignment plate (# 914686) and then thread a pinion nut holder (# 914694 
1993-94 SP or # 3854864 for 1995-98 SP and all KC) onto the end of the 
handle. lnsert the assembly into the propeller shaft bore while wiggling the 
driveshaft back and forth until the holder slides onto the pinion nut. Turn the 
driveshaft counterclockwise with a wrench on the spline socket until the 
pinion nut is completely unthreaded from the bottom of the shaft. 

13. Remove the tools and the pinion nut. Reach into the housing bore 
and put your hand under the pinion gear while someone else pulls upward 
on the shaft-you'll want to catch the gear and needle bearings while they 
are removing the shaft. The upper bearing race will probably come out with 
the bearing. 

If you have long arms, you can probably accomplish this step alone; but 
it's really much easier with an assistant. 

14. Reach into the bore again and remove the propeller shaft 
gearlbearing and needle bearings (which will fall out if they didn't already 
when you removed the pinion). 

15. lnsert a 3-armed puller into the housing bore and remove the bearing 
race (cup) at the back of the bore. Reach in and remove any shim material; 
which will have been damaged, so discard it. 

Do not remove the propeller shaft bearing and oil slinger from the gear 
unless it is defective and you plan on replacing it. 

16. Position the assembly in a universal bearing separator tool so the 
tool edge is between the bearing and the oil slinger. Place the separator onto 
a suitable support and press off the bearing with a bearing remover (# 
914708) and handle (# 378737). 

17. Repeat the previous procedure to remove the oil slinger, positioning 
the tool edge between the slinger and the gear. Remember the earlier 
Warning: if you do not intend to replace the oil slinger, do not remove it. 

18. On 1993-94 SP drives and all King Cobra drives, assemble a 2- 
armed puller (# 432129) into a deck bridge (# 432127) and position them 
over the driveshaft bore so that it sits on a suitable support. lnsert the arms 
of the puller through the lower driveshaft bearing race and under the shim 
material. Expand the arms out and under the race and then tighten the puller 
nut to remove the race (cup) and shims. Check the bore to be sure there are 
no additional shims left; throw away all shims, as they will have been 
damaged in the removal process. 

On 1995-98 SP drives, assemble the race remover tip (# 3855859), the 
rod, nut and washer (# 3855860) and the guide plate (# 914700). lnsert the 
remover tip into the driveshaft bore until the guide plate seats itself, tighten 
the nut and remove the lower bearing race and shims. Check the bore to be 
sure there are no additional shims left; throw away all shims, as they will 
have been damaged in the removal process. 

19. Coat the 19 pinion bearing needles with Needle Bearing Grease and 
then assemble them back into the bearing case. Assemble a bearing puller 
(# 914706), guide plate (# 914700) and remover (# 914704) and then insert 
the tools into the top of the driveshaft bore until the remover rests on the top 
of the bearing and the guide plate is seated in the bore recess. Lay a small 
shop towel under the bearing in the propeller shaft bore and then tap the top 
of the special tool with a hammer until it forces the bearing out of its seat. 
Remove the tools, rag, bearing and needles. 

Do not attempt to remove the pinion bearing without re-installing the 
needles. Without the needle bearing in place, the cage will distort 
during the removal process and require replacement. 

Do not remove the driveshaft bearings unless itithey are defective and 
you plan on replacing them. 

20. Lift the loose upper bearing race off of the driveshaft. Position a 
universal bearing separator into an arbor press so the curved face is facing 
up and then insert the driveshaft so the lower bearing is sitting on the tool. 
Carefully press the shaft down and through the bearing until they are loose 
and then lift the bearings off of the shaft. Be sure that you take note of which 
bearing went in which position; they look alike but are not and cannot be 
interchanged. 
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12-50 STERN DRIVE - COBRA AND KING COBRA 
To assemble: 
21. Wash all parts in solvent and blow them dry with compressed air. 

Remove all traces of seal and gasket material from all mating surfaces. Blow 
all water, oil passageways and screw holes clean with compressed air. After 
cleaning, apply a light coating of gear lubricant to the bright surfaces of all 
gears, bearings, and shafts as prevention against rusting and corrosion. 

22. Use a fine file to remove burrs. Replace all O-rings, gaskets, and 
seals to ensure satisfactory service from the unit. Clean the corrosion from 
inside the housing where the bearing carrier was removed. 

23. Check to be sure the water intake is clean and free of any foreign 
material. 

24. lnspect the gear case, housings, and covers inside and out for 
cracks. Check carefully around screw and shaft holes. Check for burrs 
around machined faces and holes. Check for stripped threads in screw holes 
and traces of gasket material remaining on mating surfaces. 

25. Check O-ring seal grooves for sharp edges, which could cut a new 
seal. Check all oil holes. 

26. lnspect the bearing surfaces of the shafts, splines, and keyways for 
wear and burrs. Look for evidence of an inner bearing race turning on the 
shaft. Check for damaged threads. Measure the run-out on all shafts to 
detect anv bent condition. If possible, check the shafts in a lathe for out-of- 
roundness. 

27. lns~ect the oear teeth and shaft holes for wear and burrs. Hold the 
center race of eachlbearing and turn the outer race. The bearing must turn 
freely without binding or evidence of rough spots. Never spin a ball bearing 
with compressed air or it will be ruined. lnspect the outside diameter of the 
outer races and the inside diameter of the inner races for evidence of turning 
in the housing or on a shaft. Deep discoloration and scores are evidence of 
overheating. 

28. lnspect the thrust washers for wear and distortion. Measure the 
washers for uniform thickness and flatness. 

29. Replace ALL seals, O-rings, and gaskets to ensure maximum service 
after the work is completed. 

30. All bearings utilize an assembly notch, this notch must always be 
facing AWAY from the respective gear when installed. 

31. Coat the inside of the smaller driveshaft bearing with GL5 synthetic 
gear lube. Thread the pinion nut into the lower end of the driveshaft for 
protection and then slide the bearing onto the splined end (top) of the shaft 
so that the tapered side is facing the bottom of the shaft (the end with the 
pinion nut). lnstall a bearing installer (# 914698) over the end of the shaft so 
that the raised lip on the tool contacts the backside of the bearing. Now rest 
the entire assembly (pinion nut UP) on an arbor press and press the bearing 
into place on the shaft. 

32. Repeat the previous step for the remaining bearing, with the tapered 
side of the bearing facing the top of the shaft this time. Press the bearing 
into position until it seats against the lower bearing. 

33. Clamp a spline socket (# 3850598 - SP or # 914699 - KC) in a vise 
with the spline end facing UP. lnsert the upper end (splined) of the shaft into 
the socket and slide the bearing race down over the smaller bearing-this is 
the lower bearing, but it will be on top at the moment. Now slide a pinion 
shim fixture tool (# 3855098 - SP or # 986617 - KC) over the shaft and 
against the race so that the side of the tool with 3 slots is facing up toward 
the pinion end of the shaft. 

34. Install the pinion gear and nut, tightening the nut to 150-160 ft. Ibs. 
(203-217 Nm) on SP drives or 60-80 ft. Ibs. (81-109 Nm) on King Cobras. 
Rotate the shim fixture tool through a few revolutions until the bearing seats 
itself and then insert a flat bladed feeler gauge into each of the 3 slots, 
measuring the clearance between the top of the inner hub on the tool and 
the bottom of the pinion gear. Mark each measurement down, add them up 
and divide by three to determine the average clearance. Round off this figure 
to the nearest thousandth of an inch (3 places after the decimal point) and 
record this figure. This figure is the shim thickness needed on King Cobra 
drives; on all others, proceed to the next step. On the King Cobra, you must 
always use at least one shim, and never more than three shims. 

35. Remove the pinion nut and gear; throw away the nut. Locate the 
shim allowance number etched onto the backside of the gear and convert it 
to a decimal equivalent in thousandths of an inch-& translates to 0.005 in., 
-2 translates to -0.002 in. Add this figure to the one arrived at in the previous 
step and record it as your pinion gear shim thickness. When adding shim 
material later on, remember that in arriving at this thickness, you must 
always use at least one shim, and never more than three shims (1993-94 SP 
drives), or never more than five shims (1995-98 SP drives). 

Not to be silly, but please remember that if the etching of your 
pinion gear is a negative number (-2), you will then SUBTRACT this 
number from the pinion gear clearance figure rather than adding it. 

36. Assemble the correct amount of shim material for the pinion gear and 
position it onto the bearing shoulder in the top of the driveshaft bore. 

37. Coat the outer surface of the bearing race with GL5 synthetic gear 
lube and position it squarely into the driveshaft bore so that the taper, or 
large opening, is facing upward. Now assemble the race driver (# 914706), 
guide plate (# 914700) and installer (# 914703) so the stepped end of the 
guide plate faces the threads on the driver and the stepped end of the 
installer is also facing the threads. lnsert the tool into the bore and push 
down on the plate until it indexes with the bore. Tap the end of the driver with 
a hammer until the races seats against the shim material on the shoulder. 

38. Coat the propeller shaft gear and oil slinger lightly with GL5 synthetic 
gear lube. Place the gear (teeth down) on a universal bearing separator for 
support and slide the oil slinger over the hub so that the pins align with the 
holes in the gear. Install a support plate (# 914698) and bearing installer (# 
914687) over the hub and press the slinger into place on the gear. Make 
sure that the pins and holes are aligned BEFORE pressing the slinger into 
place. 

39. With the gear and oil slinger still sitting in the separator tool, coat the 
inner race of the bearing with GL5 synthetic gear lube and slide the bearing 
over the gear hub so the tapered side is facing UP. Press the bearing into 
place with the installer tool (# 914707) until it is seated against the oil slinger. 

40. On the King Cobra, place the gear and bearing on the race and 
rotate the gear to properly position the rollers. Set the bearing in the groove 
of a shim fixture tool (# 986631). Rotate the arm of the fixture over the gear 
and tighten the set screw. Slide a feeler gauge between the bottom of the 
arm and the top of the gear. Record your measurement as this is your shim 
thickness. You must always use at least one shim, and never more than 
three. 

41. On SP drives, with the gear and bearing assembly still sitting in the 
separator tool, slide the bearing race into position over the bearing and then 
turn it a few revolutions until the bearings are fully seated. Position a 
shimming fixture (# 3850600) onto the bearing so its recessed side faces the 
bearing. Install a depth gauge over the shim fixture and measure the depth 
from the top of the fixture to the end of the gear hub; subtract 0.5 in. 
(thickness of the fixture) and record the resulting figure. 

42. Locate the shim allowance number etched onto the backside of the 
gear and convert it to a decimal equivalent in thousandths of an inch-+5 
translates to 0.005 in., -2 translates to -0.002 in. Add this figure to the one 
arrived at in the previous step and record it. OMC suggests a nominal 
dimension of 0.106 in., so subtract the figure you just recorded from this 
number and record the new number as your propeller shaft gear shim 
thickness. When adding shim material later on, remember that in arriving at 
this thickness, you must always use at least one shim, and never more than 
three. 

43. Turn the lower unit over so that it can rest on its forward edge (use a 
piece of wood to support it). Select the correct number of shims and insert 
them into the propeller shaft bore so that they sit in the bearing race recess 
at the forward end. Coat the outer surface of the bearing race with GL5 
synthetic gear lube and position squarely into the bore as far as it will go so 
that the larger opening is facing out or aft. Assemble the same tools used 
during the removal procedure and the press the race into the recess until it is 
fully seated. 

44. If the needle bearings are not still in the pinion bearing cage, coat 
them with grease and re-install all 19 of them ... again! Coat the outside of the 
cage with GL5 synthetic gear lube and install the bearing into the bottom of 
the driveshaft bore with the same tools used during removal. lnsert the tool 
through the top of the driveshaft bore and then position the pinion bearing 
into the installer and thread the installer onto the bottom of the rod through 
the propeller shaft bore. Once the guide plate is seated in the top of the 
bore, tighten the nut until the bearing is pulled up into its recess and fully 
seated against the shoulder in the bottom of the bore. 

If the bearing appears to be spinning in the installer, insert the 
pinion nut holder into the propeller shaft bore to hold it in place. 

45. Install the propeller shaft gearlbearing into the bore so that is seats 
into the bearing race with the gear teeth facing aft. lnsert the driveshaft into 
the top of the bore and feed it carefully through the pinion bearing without 
disturbing the needles. When the shaft is in far enough that the lower 
bearing seats into the race, install the pinion gear onto the shaft and then 
screw in the new pinion nut until it is finger-tight. You may have to lift the 
driveshaft slightly in order to get the pinion gear teeth to engage the teeth on 
the propeller shaft gear. 
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Fig. 186 Remove the retainer and screw ... 

Retainer I 

w& / 
Washer 

Fig. 189 ... and then pull out the retainer with 
the anode 

Fig. 187 ... and then remove the bearing 
housing set screw 

Drift 

Fig. 190 Pry out the oil seal ... 

Fig. 188 Remove the 3 retainer screws... 

WIDE 

Fig. 192 If you haven't done it already, 
remove the shaft sleeve ... 

Fig. 193 ... and the water tube (some models 
may have a different retainer) 

Fig. 194 After removing the driveshaft 
retainer ... 
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STERN DRIVE - COBRA AND KING COBRA 
46. Coat the upper bearing race with synthetic gear lube and press it into 

place until it seats over the bearing. lnstall a new O-ring (coated with clean 
oil) and then thread in the shaft retainer. lnstall the spanner tool over the 
retainer and screw it in all the way until it seats on the upper bearing race. 

47. lnstall the spline socket over the top of the driveshaft. Carefully 
remove the pinion nut and coat the threads with Loctite Primer. Once the 
primer has dried, coat the threads again, this time with Loctite locking 
compound and then thread the nut into the shaft. lnstall the nut holder tools 
and then tighten the nut to 150-160 ft. Ibs. (203-217 Nm) on SP drives or 
175-185 ft. Ibs. (237-251 Nm) on King Cobra drives by turning the driveshaft. 

48. With the spline socket still installed on the upper end of the 
driveshaft, turn the lower unit over so that it can rest on its forward edge (use 
a piece of wood to support it). Attach a breaker bar to the socket and rotate 
the driveshaft a few times to ensure that the bearings are seated fully. 
Remove the bar and install a dial torque wrench; pull on the wrench and 
observe the gauge reading as the driveshaft just begins to rotate. The 
driveshaft rolling torque should be 2-4 inch Ibs. (0.22-0.45 Nm) on SP drives 
or 1-4 inch Ibs. (0.11-0.45 Nm) on King Cobras; if not, remove the wrench 
and install the spanner wrench so you can tighten or loosen the driveshaft 
retainer until the rolling torque comes into specification. Do this slowly, a little 
at a time, checking the torque in between each time you tighten or loosen 
the retainer. Record the actual setting. 

49. Sit the propeller shaft bearing housing on a flat surface with the aft 
side facing down. Assemble the special seal installer tool (bolt # 914706, 
guide # 914700, and installer # 915970) so that the tapered side of the guide 
is facing the threads. Slide the bearing housing seal onto the bolt so that the 
lip is facing the guide. Coat the outside casing (metal) of the seal with 
Gasket Sealing compound and then position the assembly into the housing 
so that the guide seats itself into the housing. Tap the end of the bolt until the 
seal is seated fully. Remove the tool and coat the seal lip with grease. 

50. Coat the outside of the housing bearing race with GL5 synthetic gear 
lube and then press it into the housing using the same tools as for the seal 
except that the race must use a different installer (# 914703). 

51. Coat the threads of the propeller shaft bearing housing with GL5 
synthetic gear lube and then coat a 0.160 in. shim ring (# 914720) with 
Needle Bearing grease. Position the shim ring on the housing and thread the 
housing into the bore. Do not use an O-ring yet. Connect a housing installer 
(# 914684) so that the slots align with the ribs and then tighten the housing 
to 80 ft. Ibs. (108.5 Nm). 

52. Use a depth gauge and measure the depth from the edge of the 
propeller shaft housing bore to the top of each of the 3 ribs on the bearing 
housing. Make sure that the gauge pointer is well away from the hole in each 
rib to avoid a false reading from the slight indentation around each hole. Add 
the 3 measurements together and divide them by three-round the results 
off to thousandths of an inch. Record this figure and then add 0.160 in. to it 
(thickness of the shim ring). Record the final figure for the initial propeller 
shaft bearing preload shim thickness; although it is not necessarily the actual 
shim thickness you will end up using, read on. 

53. Remove the bearing housing again and pull off the shim ring. lnstall 
the propeller shaft into the bore and then re-install the bearing housing again 
(without the shim ring or the O-ring) until it is hand-tight. lnstall the housing 
installer tool and re-install the spline socket to the top of the driveshaft if you 
had already removed it. In order to set the final rolling torque, you'll need to 
turn the driveshaft with the torque wrench while turning the housing installer 
tool with a breaker bar at the same time, until the torque wrench shows a 
reading of: 

14-23 inch Ibs. (1.58-2.60 Nm) on SP drives with drive ratios of 1 .43:l, 
1.51:1, 1.60:1, 1.79:l and 1.89:l 

* 11-18 inch Ibs. (1.24-2.03 Nm) on SP drives with gear ratios of 1.663, 
l.85:1, 1 %:I, 1 %':I and 2.183 

It's a little different on the King Cobra, final rolling torque should be set 
based on your figure taken earlier for the initial rolling torque. If your initial 
rolling torque figure was: 

1 inch Ib. - set the final rolling torque to 2-5 inch Ibs. (0.23-0.57 Nm) 
2 inch Ib. - set the final rolling torque to 3-6 inch Ibs. (0.34-0.68 Nm) 
3 inch Ib. - set the final rolling torque to 4-7 inch Ibs. (0.45-0.79 Nm) 
4 inch Ib. - set the final rolling torque to 5-8 inch Ibs. (0.57-0.90 Nm). 

54. lnstall your propeller without the thrust washer. lnstall the brass pacer 
and then tighten the propeller nut BY HAND until the propeller will no longer 
rotate freely. lnstall a gear lash extension (# 986616 - KC, # 3850602 - all 
others) over the upper end of the driveshaft. Now rig a support bracket with a 
dial indicator so that the indicator needle runs parallel to the case mating 
surface and contacts the groove in the arm on the special tool. Grab the tool 
and attempt to rotate it while confirming that the indicator reads 0.009-0.013 
in. (0.23-0.33mm) on the King Cobra, or 0.005-0.012 in. (0.13-0.30mm) on 
all others. 

55. If gear lash is within specifications, remove the tool and gauge. Gear 
lash is controlled by the amount of shim material under the lower bearing 

Fig. 195 ... and the O-rings I I Fig. 196 Turn the spline socket and ... I / the pinion nut 

Fig. 198 Catch the pinion gear ... I Fig. 199 ... while removing the driveshaft 
Fig. 200 Pull out the propeller shaft gear 
and bearing ... 
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race on the driveshaft and behind the propeller gear bearing race; if backlash 
is less then the minimum fioure in the ranae or more than the maximum 
figure in the range, ALL shhming proced;res MUST be performed again. 
Recheck all of your shimming measurements; if you find differences in your 
calculations, recheck the backlash. If it is still out of specification, or if all of 
your shim measurements came out the same the second time around, move 
to the next two steps. 

56. If backlash was less than 0.009 in. on King Cobra drives, subtract 
your actual figure from 0.011 in. (which is the upper limit of correct backlash) 
and then divide the result by two and round it off to thousandths of an inch. 
THlS figure is the shim thickness that will have to be ADDED under the lower 
bearing race, and REMOVED from behind the propeller shaft bearing race. 

57. If backlash was less than 0.005 in. on 1993-94 SP drives, subtract 
your actual figure from 0.012 in. (which is the upper limit of correct backlash) 
and then divide the result by two and round it off to thousandths of an inch. 
THlS figure is the shim thickness that will have to be ADDED under the lower 
bearing race, and REMOVED from behind the propeller shaft bearing race. 

58. If backlash was less than 0.005 in. on 1995-98 SP drives, subtract 
your actual figure from 0.0085 in. (which is the optimum backlash) and then 
divide the result by two and round it off to thousandths of an inch. THlS 
figure is the shim thickness that will have to be ADDED under the lower 
bearing race, and REMOVED from behind the propeller shaft bearing race. 

59. If backlash was more than 0.013 in. on King Cobra drives, subtract 
0.011 in. (which is the lower limit of correct backlash) from your actual figure 
and then divide the result by two and round it off to thousandths of an inch. 
THlS figure is the shim thickness that will have to be REMOVED from under 
the lower bearing race, and ADDED behind the propeller shaft bearing race. 

60. If backlash was more than 0.012 in. on 1993-94 SP drives, subtract 
0.005 in. (which is the lower limit of correct backlash) from your actual figure 
and then divide the result by two and round it off to thousandths of an inch. 
THlS figure is the shim thickness that will have to be REMOVED from under 
the lower bearing race, and ADDED behind the propeller shaft bearing race. 

WTS IDE 1 SLIDE 

Fig. 201 ... and then remove the bearing race I 
W I D E  
P U q ,  

Fig. 204 ... and then pull in the pinion 
bearing 

61. If backlash was more than 0.012 in. on 1995-98 SP drives, subtract 
0.0085 in. (whtch is the optimum backlash) from your actual figure and then 
divide the result by two and round it off to thousandths of an inch. THlS 
figure is the shim thickness that will have to be REMOVED from under the 
lower bearing race, and ADDED behind the propeller shaft bearing race. 

62. Reinstall the propeller shaft bearing housing. Use a depth gauge and 
measure the depth from the edge of the propeller shaft housing bore to the 
top of each of the 3 ribs on the bearing housing. Make sure that the gauge 
pointer is well away from the hole in each rib to avoid a false reading from 
the slight indentation around each hole. Add the 3 measurements together 
and divide them by three-round the results off to thousandths of an inch. 
Record this figure and then subtract it from the figure determined when 
calculating the initial propeller shaft bearing preload shim thickness a few 
steps ago. The result will be the thickness of shims that need to be added to 
the forward edge of the housing; lightly coat it with needle bearing grease 
and then position it on the housing. 

63. Coat the housing threads and a new O-ring with GL5 synthetic gear 
lube, install the O-ring and then thread the assembly into the bore. 

64. Install the housing installation tool again, making sure the slots and 
ribs line up and then connect a torque wrench at a 90" angle to the tool. 
Tighten the housing to 200-225 ft. Ibs. (271-305 Nm) and then re-check the 
rolling torque. 

a. If the final rolling torque is too HIGH (as per the specifications 
detailed previously), remove the bearing housing and install the next size 
LARGER shim ring. 

b. If the final rolling torque is too LOW (as per the specifications 
detailed previously), remove the bearing housing and install the next size 
SMALLER shim ring. 

c. Re-install the housing (again!!) and confirm that rolling torque is now 
within specification. 

Depth 
Gauge 

: 'a 

' 8  
him 
ixture 

I Fig. 202 Measuring the propeller shaft 
aearibearina shim thickness I 

Breaker 
Bar 

Fig. 205 Checking the rolling torque 

Arbor 

I Fig. 203 Install the propeller shaft bearing 
race. .. I 

Gear Lash 
Extension 

Fig. 206 Checking the backlash. If a puller 
is not available, install the propeller 
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65. Coat the threads of the bearing housing set screw with Loctite 

Primer. After the primer dries, coat the threads with Loctite locking compound 
(or OMC Ultra Lock) and install the screw into the lower unit casing. Tighten 
it to 42-60 inch Ibs. (4.8-6.8 Nm), do not tighten the screw more than 
recommended or you will distort the lip of the bearing housing. 

66. Coat the threads of the housing retainer screw with Gasket Sealing 
compound. Position the thicker edge of the retainer toward the handle of the 
retainer installation tool (# 3850603) while compressing the spring-loaded tip. 
lnsert the tool into the exhaust bore on top of the lower unit and lower it until 
it lines up with the hole in the housing. Use a 114 in. drive ratchet with a 318 
in. socket and an extension to install the retainer screw. Tighten it to 20-25 ft. 
Ibs. (27-34 Nm). Push the tool toward the rear of the chamber until it pops off 
the retainer and then remove it. 

67. lnstall the water tube retainer into the recess on top of the unit; 
remember that some drives may secure this retainer with 4 small screws-if 
yours is one of these, tighten the screws to 10-12 ft. Ibs. Coat the grommet 
with gasket sealing compound and position it into the recess over the 
retainer. 

68. Coat new driveshaft retainer and oil passage O-rings with synthetic 
gear lube and install them into their respective grooves. 

69. lnstall the anode and tighten the 2 bolts to 60-84 inch Ibs. (6.8-9.5 
Nm). 

lnstall the intermediate driveshaft sleeve over the driveshaft so that the 
groove is facing UP. 

70. lnstall the water tube and upper seal into the lower grommet. Make 
sure that the oil filter screen is clean and debris-free, and then install it. 

71. Move the lower unit underneath the drive and raise it into position 
while guiding in the water tube and indexing the sleeve to the upper housing. 
You may have to wiggle the propeller shaft to get the sleeve to index with the 
upper shaft splines. Coat the threads of the mounting bolts with gasket 
sealing compound and then install the 4 short ones on the side and the 2 
long ones at the rear. On SP drives, tighten the side (short) bolts to 22-24 ft. 
Ibs. (30-33 Nm) and the aft (long) bolts to 32-40 ft. Ibs. (43-54 Nm). On King 
Cobra drives, tighten all 7 bolts to 32-40 ft. Ibs. (43-54 Nm). 

72. lnstall the trim tab so that the marks made previously are in 
alignment and then tighten the bolt to 14-16 ft. Ibs. (19-22 Nm). 

73. lnstall the propeller as detailed elsewhere in this section. Fill the unit 
with lubricant. 

1996-98 Dual Propeller Models (DPIDP DuoProp) 

LED 
4 See Figures 207 thru 22 

W DO NOT ATTEMPT THIS PROCEDURE WITHOUT THE SPECIAL 
TOOLS!! We know that most of us, whether professional technicians or 
shade-tree mechanics, hate spending money on special tools. Most of 
us don't want to spend the money, even if we had it, so we find ways to 
fabricate our own version of special tools. Be warned in advance that 
you will NOT be able to create these tools on your own. Please read 
through the following steps beforehand and make a list of the tools that 
you will need to acquire--if you are unwilling, or unable, to get your 
hands on them, take the drive to someone who already has them. 

1. Remove the propellers if not already removed. The outer propeller 
bearing may remain on the outer shaft; if so, make sure that you remove it 
also, lnstall the lower unit in an a ~ ~ r o ~ r i a t e  holdina fixture. 

2. We're sure that you've al;eady drained theoil, but if you happened to 
replace the drain plug, you'll need to remove it again. Use an 8mm Allen . . 

wrench. 
3. Pull the shaft sleeve (sometimes called the intermediate shaft) off of 

the upper end of the driveshaft; if not there, look in the bottom end of the 
upper housing. 

4. Pull the water tube out of the recess in the top of the lower unit. 
Discard the upper seal and pry out the retainer in the bottom of the recess. 

5. Remove the anode from the forward edge of the unit. If more than 
113 of the anode has deteriorated, replace it. Certain models may utilize a 
cover over the anode. 

6. Position a spanner tool (# 3855877) over the propeller shafts and on 
the retaining ring so that the waves in the tool match those on the inside of 
the ring. lnsert a breaker bar into the cut-out in the tool, loosen the retaining 
ring and then remove it and the 2 O-rings. Throw away the O-rings. 

7. Lift out the bearing housing retainer ring and then pull out the O-ring 
and throw it away. 

8. Thread a puller tool (# 884789) onto the end of the outer propeller 
shaft. Tighten the 518-11 in. bolt on the end of the tool against the inner shaft 
and slowly let the tool remove the outer shaft and bearing housing. Remove 
the tool once the assembly is out of the lower unit and then press the outer 
shaft out of the housing. Remove the 2 O-rings on the housing and throw 
them away. 

9. Assemble the pusher tip (# 3855921) to the tube (# 3855922) and 
tighten the set screw securely. Thread a shaft adaptor (# 3855919) into the 
end of the inner propeller shaft and then slide the tool over the adapter and 
shaft until the notch in the end of the pusher slides over the pinion nut and 
seats on the forward gear-you will probably need to wiggle the driveshaft 
slightly until the nut and notch line up correctly. 

10. lnstall a spline socket (# 3850598) onto the upper end of the 
driveshaft. lnsert a breaker bar into the socket and turn the shaft a few times 
to loosen (but NOT remove!) the pinion nut, which you are holding with the 
pusher tool. 

11. Coat the shaft adaptor in the end of the inner shaft with wheel 
bearing grease and then thread on the special nut (# 3855920). Position a 
wrench on the flats at the end of the tube and then tighten the special nut 
(while holding the tube) until the inner shaft pulls out of the forward gear. 
Remove the tools and pull the shaft out of the bore. 

12. Loosen the screw and remove the pusher tip from the tube. Set the 
pusher tip in a press so that the notch is facing down and then insert the 
propeller shaft into the top of the tip with the tapered side of the bearing 
facing up. Thread an old propeller nut onto the end of the shaft, to protect 
the threads, and then press the bearing off of the shaft, Remove any shim 
material. 

13. Reach into the propeller shaft bore and unscrew the pinion nut; do 
not throw it away yet. 

14. lnstall a spanner wrench (# 3850601) over the upper end of the 
driveshaft and onto the retainer so that the ridges in the tool index with the 
notches in the retainer. Loosen and remove the retainer. If the O-ring does 
not come out with the retainer, reach in and pull it out; either way, throw it 
away. While you're at it, pull out the O-ring for the oil screen also. 

15. Slide a driveshaft puller (# 3855923) over the upper end of the shaft 
and tighten the 2 Allen screws on the sides until it clamps securely onto the 
shaft. Now tighten the 2 bolts alternately and a little at a time until the shaft is 
pulled out of the pinion gear. Make sure that you have a rag in the bore 
under the gear so it doesn't damage the case when it drops. Remove the 
tool and pull the shaft out of the bore. 

16. Reach into the propeller shaft bore and remove the pinion and 
forward gears. 

17. Assemble a race remover (# 3855859) to one end of a special rod (# 
3855860), slide on a guide plate (# 914700) so the stepped side is facing the 
remover and then install a washer and nut on top of the plate. lnsert the tool 
into the driveshaft bore so the remover is under the lip of the lower bearing 
race. Slide the guide plate down the rod so it sits in the recess at the top of 
the bore and then tighten the nut slowly until the race breaks free. Remove 
any shim material that does not come out with the tool and race. 

The pinion bearing will be damaged during removal so do not remove it 
unless vou intend to reolace it. 

18. If the pinion bearing needles fell out when removing the gear and 
shaft, coat them with grease and re-install them into the bearing case. 
Remove the race remover tip from the tool used in the previous step and 
insert the rod down through the driveshaft bore, carefully feeding it through 
the pinion bearing. Reach into the propshaft bore and thread a pinion 
removal tip (# 3855868) onto the end of the rod. Seat the guide plate into the 
recess at the top of the bore and tighten the nut until the pinion bearing 
breaks free. Remove the tool and bearing. 

19. Carefully turn the lower unit over and support is on a piece of wood 
so that the propeller shaft bore is facing upward. Assemble a race remover 
(# 3855862) onto the end of a special rod (# 3855860) ), slide on a guide 
plate (# 3855863) so the stepped side is facing the remover and then install 
a washer and nut on top of the plate. lnsert the tool into the propshaft bore 
and then push the remover into the forward bearing race until it locks into 
place behind the race. Slide the guide plate down the rod so it sits in the 
recess at the top of the bore and then tighten the nut slowly until the race 
breaks free. Remove any shim material that does not come out with the tool 
and race, 
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The propeller bearing will be damaged during removal so do not 
remove it from the housing unless you intend to replace it. 

20. Lay a support base (# 3855926) on a press so the notched side is 
facing up and then position the bearing housing into the support so the aft 
side is down. Insert a seal and bearing removal tool (# 3855924) into the 
housing and press out the bearing and seals. Throw them all away. 

21. Push a race remover (# 3855862) into the housing so that it snaps 
into place behind the bearing race. Sit the housing back into the support 
base with the aft side facing up and then use a puller (# 884789) to press out 
the race. 

The outer propeller bearing will be damaged during removal so do not 
remove it unless you intend to replace it. 

22. Thread a puller (# 884789) onto the end of the outer propeller shaft 
and position the assembly in a press with the gear facing up. 

23. Slide a dismantling tool (# 884803) and a drift (# 884143) into open 
end of the gear and then press the seals and bearing out of the gear. Now 
position a puller tool (# 884832) into the gear opening so that the flanges on 
the tool grip the inner lip of the bearing race, insert a drift (# 884143) through 
the shaft and remove the race. 

24. Clamp a universal bearing separator in between the bearing and the 
gear and thread the puller (# 884789) onto the end of the shaft. Support the 
assembly in a press and remove the bearing and the sleeve. 

You will probably need to heat the sleeve to get it off--do this 
carefully and slowly. Do not create any hot spots on the shaft. 

I Fig. 208 Lift off the shaft sleeve ... 

Fig. 211 Loosen the retaining ring with the 
spanner wrench ... 

The forward gear andlor driveshaft bearings will be damaged during 
removal so do not remove it unless you intend to replace it. 

25. Install a universal bearing separator between the forward gear and 
bearing and then position the unit is a press with the gear side down. 
Position a suitably sized mandrel on the gear hub and press the gear out of 
the bearing. 

26. Thread the pinion nut into the end of the driveshaft and then install a 
universal bearing separator between the two bearings. Position the assembly 
on a press with the nut facing upward and then press off the two bearing. 
Move the separator to the sleeve and repeat the procedure, paying attention 
to the previous Note with regard to applying heat. 

27. Reach into the propshaft bore and loosen the mounting bolt for the 
magnets. Remove the 2 magnets and 3 spring washers. 

28. If necessary, remove the 2 bolts and pull down the exhaust cover. 
Discard the seal. 

To assemble: 
29. Wash all parts in solvent and blow them dry with compressed air. 

Remove all traces of seal and gasket material from all mating surfaces. Blow 
all water, oil passageways and screw holes clean with compressed air. After 
cleaning, apply a light coating of gear lubricant to the bright surfaces of all 
gears, bearings, and shafts as prevention against rusting and corrosion. 

30. Use a fine file to remove burrs. Replace all O-rings, gaskets, and 
seals to ensure satisfactory service from the unit, Clean the corrosion from 
inside the housing where the bearing carrier was removed. 

31. Check to be sure the water intake is clean and free of any foreign 
material. 

32. Inspect the gear case, housings, and covers inside and out for 
cracks. Check carefully around screw and shaft holes. Check for burrs 
around machined faces and holes. Check for stripped threads in screw holes 
and traces of gasket material remaining on mating surfaces. 

Fig. 209 ... and then pull out the water tube 

Fig. 212 ... and then remove the ring 

Fig. 210 Remove the drain screw 

Fig. 213 Lift out the bearing housing 
retainer 
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33. Check O-ring seal grooves for sharp edges, which could cut a new 

seal. Check all oil holes. 
34. lnspect the bearing surfaces of the shafts, splines, and keyways for 

wear and burrs. Look for evidence of an inner bearing race turning on the 
shaft. Check for damaged threads. Measure the run-out on all shafts to 
detect any bent condition. If possible, check the shafts in a lathe for out-of- 
roundness. 

35. lnspect the gear teeth and shaft holes for wear and burrs. Hold the 
center race of each bearing and turn the outer race. The bearing must turn 
freely without binding or evidence of rough spots. Never spin a ball bearing 
with compressed air or it will be ruined. lnspect the outside diameter of the 
outer races and the inside diameter of the inner races for evidence of turning 
in the housing or on a shaft. Deep discoloration and scores are evidence of 
overheating. 

36. lnspect the thrust washers for wear and distortion. Measure the 
washers for uniform thickness and flatness. 

37. Replace ALL seals, O-rings, and gaskets to ensure maximum service 
after the work is completed. 

38. Coat the inside of the smaller driveshaft bearing with GL5 synthetic 
gear lube. Thread the pinion nut into the lower end of the driveshaft for 
protection and then slide the bearing onto the splined end (top) of the shaft 
so that the tapered side is facing the bottom of the shaft (the end with the 
pinion nut). Install a bearing installer (# 3850617) over the end of the shaft 
so that the raised lip on the tool contacts the backside of the bearing. Now 
rest the entire assembly (pinion nut UP) on an arbor press and press the 

39. Repeat the previous step for the remaining bearing, with the tapered 
side of the bearing facing the top of the shaft this time. Press the bearing 
into position until it seats against the lower bearing. 

40. Clamp a spline socket (# 3850598) in a vise with the spline end 
facing UP. Insert the upper end (splined) of the shaft into the socket and 
slide the bearing race down over the smaller bearing-this is the lower 
bearing, but it will be on top at the moment. Now slide a pinion shim fixture 
tool (# 3855870) over the shaft and against the race so that the side of the 
tool with 3 slots is facing up toward the pinion end of the shaft. 

41. Install the pinion gear and nut, tightening the nut to 72-87 ft. Ibs. (98- 
118 Nm). Rotate the shim fixture tool through a few revolutions until the 
bearing seats itself and then insert a flat bladed feeler gauge into each of the 
3 slots, measuring the clearance between the top of the inner hub on the tool 
and the bottom of the pinion gear. Mark each measurement down, add them 
up and divide by three to determine the average clearance. Round off this 
figure to the nearest thousandth of an inch (3 places after the decimal point) 
and record this figure. 

42. Loosen the pinion nut a few turns (don't remove it), clamp the upper 
portion of the shim fixture in a vice and then strike the nut and shaft with a 
mallet until the pinion comes loose from the shaft. 

43. Remove the pinion nut and gear; throw away the nut. Locate the 
shim allowance number etched onto the backside of the gear and convert it 
to a decimal equivalent in thousandths of an inch-t5 translates to 0.005 in., 
-2 translates to -0.002 in. Add this figure to the one arrived at previously and 
record it as your pinion gear shim thickness. When adding shim material 
later on, remember that in arriving at this thickness, you must always use at 

bearing into place on the shaft. least one shim, and r 

Fig. 214 Use the tool to pull out the outer Fig. 215 ... and then press the shaft out of 
shaft and housing.. the housing 

Fig. 217 ... and then turn the driveshaft to 
loosen the pinion nut the d in ion nut? 

ver more than five shims. 

Fig. 216 Slide the special tool over the inner I sha ft... 

Fig. 219 Remove the retainer ... 
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Not to be silly, but please remember that if the etching of your 

pinion gear is a negative number (-2), you will then SUBTRACT this 
number from the pinion gear clearance figure rather than adding it. 

44. Assemble the correct amount of shim material for the pinion gear and 
position it onto the bearing shoulder in the top of the driveshaft bore. 

45. Coat the outer surface of the bearing race with GL5 synthetic gear 
lube and position it squarely into the driveshaft bore so that the taper, or 
large opening, is facing upward. Now assemble the race driver (# 3850623), 
guide plate (# 3850619) and installer (# 385021) so the stepped end of the 
guide plate faces the threads on the driver and the stepped end of the 
installer is also facing the threads. lnsert the tool into the bore and push 
down on the plate until it indexes with the bore. Tap the end of the driver with 
a hammer until the races seats against the shim material on the shoulder. 

46. If the needle bearings are not still in the pinion bearing cage, coat 
them with grease and re-install all of them. Coat the outside of the cage with 
GL5 synthetic gear lube and install the bearing into the bottom of the 
driveshaft bore with the same tools used during removal. lnsert the tool 
through the top of the driveshaft bore and then position the pinion bearing 
into the installer and thread the installer onto the bottom of the rod through 
the propeller shaft bore. Once the guide plate is seated in the top of the 
bore, tighten the nut until the bearing is pulled up into its recess and fully 
seated against the shoulder in the bottom of the bore. 

If the bearing appears to be spinning in the installer, insert the 
pinion nut holder into the propeller shaft bore to hold it in place. 

47. Coat the forward gear and the inner race of the bearing lightly with 
GL5 synthetic gear lube. Place the gear (teeth down) on a universal bearing 
separator for support and slide the bearing over the gear hub so the tapered 
side is facing UP. Press the bearing into place with the installer tool (# 
3855861) until it is seated. 

48. Remove the separator tool and sit the gearlbearing on a flat surface 
with the gear teeth facing down. Slide the bearing race into position over the 
bearing and then turn it a few revolutions until the bearings are fully seated. 
Position a shimming fixture (# 3850600) onto the bearing so its recessed 
side faces the bearing. Install a depth gauge over the shim fixture and 
measure the depth from the top of the fixture to the end of the gear hub; 
subtract 0.5 in. (thickness of the fixture) and record the resulting figure. 

49. Locate the shim allowance number etched onto the backside of the 
gear and convert it to a decimal equivalent in thousandths of an inch-+5 
translates to 0.005 in., -2 translates to -0.002 in. Add this figure to the one 
arrived at in the previous step and record it. OMC suggests a nominal 
dimension of 0.055 in., so subtract the figure you just recorded from this 
number and record the new number as your forward gear shim thickness. 
When adding shim material later on, remember that in arriving at this 
thickness, you must always use at least one shim, and never more than 
three shims. 

50. Thread a puller (# 884789) onto the end of the outer shaft to protect 
the threads and position the unit onto a press with the puller side resting on 
the press surface. Coat the inner surface of the bearing race with GL5 
synthetic gear lube, position it over the end of the shaft and then press it into 
position with a race installer (# 3855865) until it seats fully in the gear. 

51. Remove the shaft and tool and then position the race installer on the 
on the press with the gear side of the shaft sitting in it. Lightly coat the inner 
surface of the bearing with synthetic gear lube and slide it over the end of 
the shaft so the tapered side is facing upward. Press the bearing into place 
with an installer tool (# 3855866) until it seats fully on the back of the gear. 

52. Coat the inside of the sleeve and the area on the shaft where it rides 
with Loctite Primer; once dry, coat the shaft area with Loctite 609. Slide the 
sleeve over the shaft and then use the installer to press it into position. 

53. Coat the outside of the needle bearing cage with GL5 synthetic gear 
lube and position the bearing into the end of the shaft. Press the bearing all 
of the way into the shaft with a bearing installer (# 3855928). 

54. Position the double lipped seal into the installer tool so that the 
rubber case faces the stepped side on the installer, coat the outside surface 
with gasket sealing compound and then press it into the shaft until the tool 
seats on the upper edge of the shaft. Position the single lip seal into the 
installer so the open side is facing the tool and then press it into the shaft 
until the tool seats itself. Coat the seal lips with water repellant grease. 

55. Position a bearing installer (# 3855861) into a press so that the 
recessed side is facing upward. Center the forward gear on top of the tool so 
the bearing is facing down. Lubricate the splined end of the inner shaft with 
synthetic gear lube and slip the shaft into the gear. Thread a propeller nut 
into the end of the shaft and lightly tap the shaft into the gear until it is 
seated. 

56. Position a shim fixture tool (# 3855872) onto a flat surface and then 
place the forward gear bearing race into the tool so the tapered side faces 
up and the race rests on the 3 feet in the tool. 

57. lnsert the shaft and gear into the tool so the bearing is resting in the 
race. Slide a different shim fixture (# 3855871) down and over the shaft until 
it seats on the bearing flange. Now slide the outer gear bearing over the 
shaft until it seats on the top of the fixture tool. 

58. Position a protection sleeve (# 884976) over the seals in the end of 
the outer shaft and then slide the shaft down and over the inner shaft and 
into the outer fixture tool. Remove the seal protector. 

59. Rotate each of the shaft a few times to ensure that the gears are 
seated. Press down on the assembly to load it and then tighten each of the 3 
set screws to stabilize the assembly. Use a depth gauge to measure the 
distance between the top edge of the shim fixture and the small ridge on the 
back of the outer aear; take three measurements, each one over the set 
screws in the tool r~ound your measurements off to thousandths of an inch, 
add them up and divide by three to reach an average measurement and 
record the figure 

60. Subtract the forward gear shim figure arrived at earlier from the 
average figure in the previous step and record this figure. Locate the shim 
allowance number etched onto the backside of the outer gear (or on the 
outside of the outer shaft) and convert it to a decimal equivalent in 
thousandths of an inch-t5 translates to 0.005 in., -2 translates to -0,002 in. 
Add this figure to the one arrived at in the previous step and record it as your 
outer aear shim thickness. When addina shim material later on, remember 
that inarriving at this thickness, you mist always use the least amount of 
shim material possible to get to the figure. 

61. Turn the lower unit over so that it can rest on its forward edge (use a 
piece of wood to support it). Select the correct number of shims (as 
determined earlier) and insert them into the propeller shaft bore so that they 
sit in the forward gear bearing race recess at the forward end of the bore. 
Coat the outer surface of the bearing race with GL5 synthetic gear lube and 
position squarely into the bore as far as it will go. Assemble the same tools 
used during the removal procedure and the press the race into the recess 
until it is fully seated. 

62. Lightly coat the forward gear bearing with GL5 synthetic gear lube 
and then install it into the bore so that is seats into the bearina race with the - . - ~ -  ~ 

gear teeth facing aft. lnsert the driveshaft into the top of the &re and feed it 
carefully through the pinion bearing without disturbing the needles. When the 
shaft is in far enough that the lower bearing seats into the race, install the 
oinion aear onto the shaft and then screw in the new pinion nut until it is 
iinger-ight. We recommend using a pinion nut installation tool (# 3855930). 
You may have to lift the driveshaft slightly in order to get the pinion gear 
teeth to engage the teeth on the forward gear. 

63. Coat the upper bearing race with synthetic gear lube and press it into 
place until it seats over the bearing. Thread in the shaft retainer hand-tight 
after coating its threads with gear lube. 

64. Thread a propeller shaft adaptor onto the end of the inner shaft and 
then slide a pusher tip and tube over the shafts so that the notch lines up 
around the pinion nut. Thread the special nut (# 3855920) onto the adaptor 
and tighten it just enough to secure the tools to the shaft, but not so much as 
to pull the shaft out of the forward gear. 

65. Install the spline socket over the top of the driveshaft and then 
tighten the nut to 72-87 ft. Ibs. (98-118 Nm) by turning the driveshaft. 

66. With the spline socket still installed on the upper end of the 
driveshaft, turn the lower unit over so that it can rest on its forward edge (use 
a piece of wood to support it). Attach a beaker bar to the socket and rotate 
the driveshaft a few times to ensure that the bearings are seated fully. 
Remove the bar and install a dial torque wrench; pull on the wrench and 
observe the gauge reading as the driveshaft just begins to rotate. The 
driveshaft initial rolling torque should be 2-4 inch Ibs. (0.22-0.45 Nm); if not, 
remove the wrench and install the spanner wrench so you can tighten or 
loosen the driveshaft retainer until the rolling torque comes into specification. 
Do this slowly, a little at a time, checking the torque in between each time 
you tighten or loosen the retainer. Record the actual setting. 

67. Select the correct amount of shim material for the outer gear, 
remembering that you must use as few as possible to arrive at the proper 
thickness and that the thinnest shims should be positioned in between the 
thickest ones. Slide the shims over the inner shaft and into position. 

68. Coat the inner race of the outer gear bearing lightly with GL5 
synthetic gear lube and slide it over the inner shaft and up against the shims 
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Fig. 220 ... and remove these two O-rings Fig. 221 Lift out the driveshaft 

Fig. 223 Installing the inner propeller shaft 1 Fig. 224 Installing the pinion nut 

69. Thread the shaft adaptor onto the inner shaft again and then slide 
the special tube (# 3855922)'over the shaft until it is resting on the outer 
gear bearing. Coat the threads on the end of the tube with wheel bearing 
grease and thread the special nut (# 3855920) onto the adaptor. Tighten the 
nut slowly until the bearing seats itself. 

70. Coat the gear teeth on the outer gear with marking dye. Install a seal 
protector (# 884976) onto the end of the outer shaft and then slide the shaft 
into place over the inner shaft. Remove the protector. 

71. Install another seal protector sleeve (# 884807) over the bearing 
housing seals and then slide the housing into position over the shafts-no 0 -  
rings yet. Seat the housing in the bore so that the oil drain hole is facing the 
skeg on the bottom of the case. lnstall the bearing housing retainer over the 
housing so that the tab on the retainer fits into the hole in the side of the 
bore. 

72. Coat the threads of the retaming ring with synthetic gear lube and 
then spin it into the case and against the retainer; once again, no O-rings 
yet. 

73. Reinstall the spline socket to the top of the driveshaft and the 
spanner tool to the retaining ring and set the final rolling torque by turning 
the driveshaft while tightening the retaining ring. Set the rolling torque to 18- 
27 inch Ibs. (2-3 Nm) on 1.95:l and 2.309 drives, or 27-35 inch Ibs. (3-4 
Nm) on 1.68:l and 1.783 drives. Record your actual measurement. 

Before attempting to check backlash, you must first verify that there 
is 0 (zero) endplay at any of the shafts. 

74. Install the driveshaft puller tool (# 3855923) and lock it down on the 
shaft to prevent it from turning. Install a lash tool (# 3855873) on the inner 
propeller shaft (but not on the splines) and then connect a dial indicator so 
that the tip is resting on the outer line on the arm of the tool. Wiggle the inner 
shaft back and forth while checking the indicator gauge-forward gear lash 
should be 0.006-0.012 in. 0.15-0.30mm). Record the actual measurement. 

Fig. 222 A nice look at how the shafts and 
gears are oriented in the case 

Fig. 225 Gear tooth contact patterns 

I Fig. 226 Shim locations used to change 
tooth contact aatterns I 
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75. Reposition the lash tool so that it is on the outer shaft, position the 

needle of the dial indicator on the inner line and then wiggle the outer shaft 
while observing the indicator gauge-outer gear lash should be 0.006-0.014 
in. (0.15-0.35mm). Record the actual measurement. 

76. If backlash is within specifications, remove the tool and gauge. If not 
within the correct range, you must first confirm that the gear teeth contact 
patterns are correct. 

77. Wrap a thick rag around the propeller shafts and hold the shafts 
tightly while turning the driveshaft slightly to load the gears. Remove the 
bearing housing and outer shaft as detailed previously and check the tooth 
contact pattern made in the dye you applied during installation against the 
illustration. 

a. Correct contact should look like A in the illustration. 
b. If the contact pattern looks like B in the illustration, you will need to 

remove shims from locations 1 and 2 in the illustration. You will also need to 
add shims to location 3 in the illustration. There is no set formula, so you'll 
have to try it a few times in small increments until the patterns look good. 

c. If the contact pattern looks like C in the illustration, you will need to 
add shims to locations 1 and 2 in the illustration. You will also need to 
remove shims from location 3 in the illustration. There is no set formula, so 
you'll have to try it a few times in small increments until the patterns look 
good. 

Backlash and contact pattern must always be corrected in 
consecutive steps; contact pattern must be correct BEFORE finalizing 
any backlash issues. If it is determined that shims need to be added or 
removed to correct the contact pattern, then you must recheck the 
backlash and then recheck the contact pattern again. 

78. If the forward gear backlash must be increased (your lash reading 
was less than the specifications) without changing the contact pattern, 
remove shims from location 1 in the illustration and then add an equal 
amount of shims to locations 2 and 3 in the illustration. 

79. If the forward gear backlash must be decreased (your lash reading 
was higher than the specifications) without changing the contact pattern, add 
shims to location 1 in the illustration and then remove an equal amount of 
shims from locations 2 and 3 in the illustration. 

80. Reinstall the outer shaft and bearing housing using new O-rings 
coated with synthetic gear lube. 

81. Reinstall the retaining ring and recheck the final rolling torque--use 
the spline socket and spanner wrench to tighten the ring until the actual 
rolling torque figure has been achieved. Make sure that the oil drain holes 
are aligned and then install the drain screw with a new O-ring. Tighten the 
screw to 10-15 ft. Ibs. (14-20 Nm). 

82. Run a bead of yellow Loctite around the exhaust cover seal groove 
and then install a new seal into the groove. Coat the mounting bolt threads 
with Loctite 242, install the cover and tighten the bolts to 14-17 ft. Ibs. (19.5- 
22.5 Nm). 

83. lnstall the water tube retainer into the recess on top of the unit; 
remember that some drives may secure this retainer with 4 small screws-if 
yours is one of these, tighten the screws to 10-12 ft. Ibs. Coat the grommet 
with gasket sealing compound and position it into the recess over the 
retainer. 

84. Coat new driveshaft retainer and oil passage O-rings with synthetic 
gear lube and install them into their respective grooves. 

85. lnstall the anode and tighten the 2 bolts to 60-84 inch Ibs. (6.8-9.5 
Nm). 

86. Install the intermediate driveshaft sleeve over the driveshaft so that 
the groove is facing UP. 

87. lnstall the water tube and upper seal into the lower grommet. Make 
sure that the oil filter screen is clean and debris-free, and then install it. 

88. Move the lower unit underneath the drive and raise it into position 
while guiding in the water tube and indexing the sleeve to the upper housing. 
You may have to wiggle the propeller shaft to get the sleeve to index with the 
upper shaft splines. Coat the threads of the mounting boltslstuds with gasket 
sealing compound and then install the 4 nuts on the side and the 2 bolts at 
the rear. Tighten the nuts to 22-24 ft. Ibs. (30-33 Nm) and the aft bolts to 32- 
40 ft. Ibs. (43-54 Nm). 

89. lnstall the trim tab (if equipped) so that the marks made previously 
are in alignment and then tighten the bolt to 14-16 ft. Ibs. (19-22 Nm). 

90. lnstall the propeller as detailed elsewhere in this section. Fill the unit 
with lubricant. 

REMOVAL & INSTALLATION 

SP Single Prop Models 

DERA TE 
+ See Figures 227,228 and 229 

All SP drives are shipped from the factory as standard right hand rotation 
propellers; which is to say that they rotate clockwise when viewed from the 
behind the vessel. As mentioned elsewhere in this section, it is possible to 
switch the unit to a left hand rotation. A different propeller is required 
depending on the direction of rotation-you can't just switch it back and forth 
at your whim! In fact, OMC suggests that a counter-rotation propeller should 
be used ONLY in twin engine configurations, and ONLY on the Port engine. 
Most propellers will be marked with an R or an L. 

1. Disconnect the negative battery cable to ensure that the engine will 
not start while working on the propeller. 

2. Bend around the ends of the cotter pin and pull it out. Remove the 
keeper over the propeller nut. 

3. Wedge a block of wood between the propeller and the anti-ventilation 
date. Loosen and remove the ~ r o ~ e l l e r  nut and thrust washer 

4. Grasp the propeller and pull it from the shaft. Lift off the thrust 
bushing. 

The rubber hub inside the propeller is serviceable, but only by an 
authorized OMC facility. 

To install: 
5. Clean the splines and threads on the propeller shaft thoroughly. 

Check for nicks, burrs or other obvious signs of damage. 
6. Check for and remove any fishing line that may be entangled. 
7. Coat the splines on the propeller shaft lightly with OMC Triple Guard 

grease. Slide the thrust bushing onto the shaft so that inner taper is toward 
the gearcase and matches the taper on the shaft. 

8. Slide the propeller onto the shaft so that it engages the bushing and 
then seats against the taper on the shaft. 

9. Slide on the thrust washer and then move the control lever to the 
FORWARD position to lock up the propeller shaft. Install the nut and tighten 
it to 70-80 ft. Ibs. (95-108 Nm), 

10. Position the keeper over the nut so that the cotter pin holes line up 
and then push in a new pin and bends the ends back against the keeper. 

11. Shift the control into NEUTRAL and confirm that the propeller turns 
freely. 

Bearing 

Fig. 227 Exploded view of an SP propeller 
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Fig. 228 Remove the propeller nut and washer (keeper not 
shown) ... 

DP Duo Prop Models 

ERATE 
O See Figure 230 

1. Disconnect the negative battery cable to prevent accidental starting 
of the engine while working on the propeller. 

2. Position a small block of wood between the drive and aft propeller to 
keep it from turning. Move the shift lever into FORWARD and then remove 
the propeller nut with a 30mm wrench. 

3. Grasp the propeller and slide it aft and off of the shaft. If the propeller 
will not slide off easily, you are going to need to apply heat from a torch-we 
do not recommend persuading it with a mallet. Use your torch sparingly, 
heating the hub only so much as to allow removal. There is a good chance 
that when it finally comes off, the rubber hub will stay with the shaft; if so, cut 
the hub off of the shaft with a saw and replace it with a new one. In fact, we 
highly recommend replacing the rubber hub after using a torch even if it does 
come off with the propeller. 

W OMC suggests that although the hub is serviceable, is may only be 
serviced by an authorized OMC facility, so try to avoid using the torch if 
at all possible. 

4. Now wedge the block of wood in between the forward propeller and 
the housing and move the remote control lever to the REVERSE position. 
Remove the inner nut with the special tool (# 3855876) and then pull off the 
propeller, paying attention to the comments in the previous step regarding 
'stuck' propellers. 

Most later models utilize a plastic nut on the forward propeller-we 
suggest replacing it whenever you remove it. 

H You can fabricate the special tool for removing the inner nut in less 
than an hour. Purchase a 12 in. length of pipe (2 in. inner diameter) at 
your local building supplies store. Cut three 112 in. deep slots into one 
end of the pipe with a metal-cutting hacksaw blade-each slot should 
be 120" apart, although you can position the pipe over the nut and 
mark the location of each rib on the nut. Slide the pipe over the shafts 
and onto the inner nut and then turn it with a plumber's pipe wrench. 

Fig. 229 ... and then pull off the propeller and bushin2 

To install: 

The two propellers on these units are a matched set. The part 
number and size coding will be marked on the sides of each propeller; 
D for an aluminum propeller or a F for a stainless steel propeller. This 
letter will be followed by a number which indicates the pitch; as the 
number increases, so does the pitch. Propellers for these units come 
only in matched sets, propellers with different part numbers, pitch of 
construction materials should NEVER be used together. 

5. Clean the splines and threads on the propeller shafts thoroughly. 
Check for nicks, burrs or other obvious signs of damage. Check for any 
entangled fishing line and remove it. 

6. Coat the entire length of both propeller shafts with Triple Guard 
propeller shaft grease. Move the control lever into the FORWARD position. 

7. Slide the forward propeller and nut onto the shaft and then tighten 
the nut to 45 ft. Ibs. (60 Nm). 

8. Move the control lever to the REVERSE position and slide on the aft 
propeller and nut. Tighten the nut to 50 ft. Ibs. (70 Nm). 

9. Reconnect the battery cable. 

Fig. 230 Exploded view of the DP propeller unit 
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+ See Figures 231,232,233 and 234 

The transom assembly consists of four main components: the pivot 
housing, gimbal ring, gimbal housing and the inner transom plate. 

The pivot housing connects to the upper housing of the stern drive unit at 
its aft side and rides in the gimbal ring via pivot bolts. The pivot housing also 
serves as the aft terminus of the exhaust bellows, U-joint bellows and water 
tube. Tilt capability, via the trimhilt cylinders is enabled by the pivot housing. 

The gimbal ring, aside from holding the pivot housing, rides in the gimbal 
housing and allows for side-to-side motion of the drive assembly. The 
steering arm and a lower pivot shaft control this motion. 

The gimbal housing is attached to the vessels transom and the inner 
transom plate. 

REMOVAL & INSTALLATION 

CULT 
+ See Figures 231 thru 241 

1. Remove the stern drive unit as detailed elsewhere in this section. 
2. Turn the steering wheel so the transom assembly is hard over to 

Port. Loosen the shift cable anchor bracket bolt and then slide out the 
bracket, disengaging the shift cable. Push (or pull) the shift cable through the 
pivot and gimbal housings and then pull it all the way through the inner 
sleeve and connector tube. Remove the seals. 

If you only intend to remove the pivot housing and have no need for 
shift cable service, simply push the cable through the pivot housing 
and then secure it out of the way. 

3. Use a magic marker and draw a line across the trim sender and the 
gimbal ring. Remove the 2 mounting screws, but do not pull out the sender 
unit. 

4. Reach into the housing and disengage the U-joint bellows from the 
housing lip and then push the bellows out of the housing. 

5. On all models except the King Cobra, insert a pair of snap-ring pliers 
into the exhaust bore and remove the exhaust bellows retaining ring-wear 
safety glasses and make sure you are very careful when releasing the ring 
from the pliers. Push the bellows out of the housing. 

6. Disconnect the water hose if you haven't already and then the water 
line nipple nut. Press the nipple as far through the case as you able at this 
time. 

7. Turn the steering wheel hard over to Starboard this time and then 
find the ground strap bolt on the side of the gimbal ring. Loosen the bolt and 
remove the ground strapjs). On early models, there may be two bolts; if so, 
remove the strap from the upper bolt. 

8. Straighten out the steering wheel so the housing is centered and 
then remove the pivot pin from each side of the gimbal ring using a 112 in. 
hex drive and ratchet. Although it is unlikely that the housing will fall out of 
the ring on its own, support it while removing the pins just to be safe. 
Otherwise, grasp the bottom of the housing and pull up on it while swiveling 
it free of the gimbal ring. Pull the friction and thrust washers off of the pivot 
pin lugs in the housing. 

If you are simply removing the pivot housing to get to another 
component, ignore the following steps if you wish, but we recommend 
performing them either way-once again, cheap insurance! 

9. Pick the water passage seal (O-ring) out of its recess and throw it 
away. 

10. Unscrew the small water passage drain plug on the port side of the 
housing and throw away the O-ring. 

To install: 
11. Clean the housing thoroughly in solvent and allow it to air dry 

completely. 
12. Carefully remove any sealant or adhesive from the coolant passage 

and bellows openings. Clean all threads and drain holes thoroughly. 

13. Check the ground strap connectors for frayed or loose ends. Inspect 
the friction and thrust washers for any damage and replace them if 
necessary, although it's not a bad idea to do it anyway while you have the 
unit apart-your call. 

14. Coat a new drain screw O-ring with sealing compound, slide it onto 
the screw and then thread in the screw. Tighten it to 50-60 inch Ibs. (6-7 
Nm). 

15. Run a bead of 3M adhesive around the water passage recess and 
then press in a new seal. 

16. Install the friction and pivot washers onto each lug. Coat the thrust 
washer with grease. 

17. Position the housing into the gimbal ring while guiding the water line 
nipple into the housing. Make sure that each bellows is in place directly 
behind the opening in the housing. 

18. Align one side of the housing so that the hole lines up with the hole 
in the gimbal ring. Look through the hole to ensure that the neither of the 
washers has moved and is blocking the hole. Insert the pivot pin and screw it 
in until it just seats itself, but do not tighten it yet. 

19. Repeat the previous step for the other side of the housing. When the 
pin is in place, tilt the housing up and down with your hand to ensure 
freedom of movement. If OK, tighten each pin to 105-120 ft. Ibs. (142-163 
Nm). Make sure that you hold the housing while tightening the pins, because 
it will have a tendency to swivel in fhe direction that you are tightening. 

20. Push, and pull, the nipple all the way through the housing. Make sure 
that the drain hole is facing down and then install the nut and tighten it to 96- 
120 inch Ibs. (11-14 Nm). Ensure that the nipple does not spin while 
tightening the nut and make sure that the nipple threads extend past the end 
of the nut. If they do not, loosen the nut and check the positioning of the 
square nipple collar on the other side of the housing. 

21, Coat the entire surface of the V-shaped lip for the U-joint bellows with 
Gasket Sealing compound. Pull the bellows through the opening in the 
housing and press it'into the groove until it seats around its entire 
circumference. Any flat spots on the bellows will indicate that it has not 
completely engaged the V-groove. 

22. Reach into the exhaust bore and pull the top of the bellows into the 
bore. Tilt the housing, reach around and push the rest of the bellows into the 
bore. Make sure that it seats in the bellows channel around the lip of the 
housing bore and there are no flat spots indicating that the bellows has not 
engaged the lip fully. Reinstall the retaining clip with snap-ring pliers so the 
opening is at the top of the bellows. Don't forget to wear safety glasses. 

23. Reconnect the ground strap(s) on the port side of the gimbal ring. 
24. Feed the shift cable through its opening and install the retainer. 

Install the stern drive. 

REMOVAL & INSTALLATION 

CULT 

+ See Figures 231,232,233 and 242 

1. Remove the stern drive unit and pivot housing as detailed elsewhere 
in this section. If you left the trimltilt cylinders connected to the gimbal ring 
when removing the drive, remove them now. 

2. Turn the steering wheel hard over to port. Use a magic marker and 
draw a small line across the trim sender and gimbal ring on the starboard 
side of the ring. Remove the 2 mounting screws, but do not yet remove the 
unit itself. 

3. Remove the bolt, washer and ground wire on the side of the ring (if 
equipped). 

4. Reach under the gimbal housing and remove the 3 mounting bolts (4 
on the King Cobra) for the steering support bracket. Disconnect any ground 
straos that mav be attached to the bolts and then pry down the bracket-you 
ma); have to it with a few taps on a drifts; be careful. 

5. Working inside the boat, pull the cotter pin out of the steering arm pin 
and then remove the pin. Loosen the bolt on the steering arm and 
disconnect the ground strap. 

6. Remove the 2 bolts and lift off the gimbal housing cover (1998 
models may use 4 bolts). Now remove the 2 bolts and lift off the steering 
cavity cap, throwing away the small foam gasket. 
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I Fig. 231 Exploded view of the transom assembly and related components-1986-94 Cobra, SP, 
SX and SX Cobra models and 1988-89 Kina Cobra models 

Sleeve & 
Connecto 
Assy. 

Seal 

seal \ 
O-ring 

Fig. 232 Exploded view of the transom assembly and related components-1990-95 King Cobra 
models 
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1998 models may not use the inner steering cavity cap, so just pull 

out the inner sealing ring. 
7. Remove the 4 locknuts and lift the retaining plate off of the steering 

arm. Remove the center steering arm bolt. Position a steering arm puller (# 
984146) over the 2 dowels inside the arm and then thread in the removal 
bolt. Tighten the bolt slowly while holding the gimbal ring; when the ring 
comes free, remove the tool and the steering arm. 

8. Lift the thrust washer out of the top of the gimbal housing. 

If you are simply removing the gimbal ring to get to another 
component, ignore the following steps if you wish, but we recommend 
performing them either way-once again, cheap insurance! 

9. Remove the O-ring from the upper steering post and throw it away. 
10. Insert the large diameter end of a removal tool (# 912281) into either 

of the tilt bearing holes on the sides of ring and drive out the bearing. Repeat 
the procedure on the opposite side. 

11. Use a slide hammer and puller tool (# 432130) to pull out the trimitilt 
cylinder nylon bushing on each side of the lower end of the ring. 

12. Insert the smaller end of the removal tool used earlier into the lower 
steerina support shaft bearing and drive out the pivot bearing. 

Fig. 235 The shift cable retainer is located on the starboard side of I 13.-lf the upper steering post bushing appears to be damaged, use a 

the unit small chisel and split one side of it until you can remove it. 

Fig. 236 Disengage the U-joint bellows from Fig. 237 Next, remove the exhaust bellows 
the lip and then push it through retaining clip (except on King Cobras) 

Fig. 239 Find the pivot pin ... 
Fig. 240 ... and then remove it with a hew 
wrench 

Fig. 238 Later models may have more than 
one ground strap attached here 

Fig. 241 Removing the pivot housing 
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Fig. 242 A good look at the lower steering support (except King 
Cobra) 

To install: 
14. Coat the outer surface of a new lower pivot bearing with clean engine 

iil and ~osition it into the bore on the bottom of the rina. Use the removal a 
tool and drive it into the bore from the bottom of the r i k .  

15. Coat the outer surface of two lower bushings and then press them 
into the ring until they seat with the removal tool used earlier. Make sure you 
coat the inside of each bushing with grease. 

16. Coat the outer surface of each new pivot pin bearing lightly with 
clean engine oil and position the bearings into the outside of the gimbal ring. 
Insert the blunt end of the removal tool into the bearing and drive it into the 
ring with a rubber mallet. The bearing must seat somewhere between being 
flush with the INNER edge of the gimbal ring and 0.010 in. (0.254mm) inside 
the edge. 

17. If you had to cut off the upper steering post bushing, lubricate the 
inside of a new one with grease and then position it over the post. Thread 
the center steering arm and bolt in and tighten it until the bushing seats itself. 
Remove the arm and bolt. Coat a new O-ring with grease and install it over 
the post and into the recess at the base. 

18. Coat the thrust washer with grease and position it over the upper 
pivot bearing in the top of the gimbal housing. Move the steering arm into 
position over the washer from inside the boat. Guide the gimbal ring up and 
into the gimbal housing until the post engages the steering arm and then 
install the center bolt so that it is finger-tight. 

A good way to ensure that the ring is centered correctly in the upper 
bearing is to observe the gimbal studs-when the center bolt is still 
only finger-tight, the top of the studs should either flush or above the 
upper surface of the steering arm. If this is case, DO NOT tighten the 
center bolt or you will damage the bearing. 

19 After confrming correct positioning, tighten the center bolt to 64-72 f t  
Ibs (88-98 Nm) Position the plate over the arm and studs and then thread 
on 4 new locknuts. T~ghten them to 13-1 5 R Ibs. (1 8-20 Nm) 

20 On models using a cap, positton a new foam gasket into the cap so 
that the notches align correctly lnstall the cap and t~ghten the bolts to 60-84 
inch Ibs (7-9 Nm) If you have a drive that does not use a cap, run a bead of 
3M adhesive along the seal groove and then press In a new sealmg nng. 

21 lnstall the gimbal housing cover and t~ghten the bolts to 60-84 inch 
Ibs (7-9 Nm). On models with only 2 mounfrng bolts, make sure that the 
dowels under the cover align with the holes in the gimbal housing BEFORE 
t~ghtening the bolts 

22 Working ~ns~de the boat, connect the ground strap to the steermg arm 
and tighten the bolt securely Slide the hydraulic ram assembly over the 
steering arm so that the holes h e  up Coat the steering pin w~th grease and 
Insert rt down through the top of the arm Install a new cotter pin and bend 
back the arms around the pm 

23. Coat a new nylon washer and the lower pivot post with grease. Slide 
the washer between the aimbal rina and housina, ensure that all three holes 
line up and then slide thepivot up through The holes until it is seated. 

24. Now position the lower steering support bracket and seat it by 
tapping it a few times with a rubber mallet. Apply a light upward pressure to 
the bracket and the gimbal ring and then use the thrust washers to estimate 

how many you'll need to fit between the upper surface of the bracket and the 
lower surface of the ring. 

The support bracket will have lip that protrudes from its upper 
surface that fits over the pivot pin. This is where the thrust washer 
estimation must be done, anywhere else will lead to an incorrect 
estimate and the wrong preload. 

25. Add one extra thrust washer to your estimate from the previous step 
and then slide them into position, never using less than one or more than 
five. 

26. Connect the ground straps to the steering support mounting bolts 
and then tighten the bolts (with new lock washers) to 18-20 ft. Ibs. (24-27 
Nm). 

27. Adjust the trim sender as detailed in the Trimflilt section and then 
tighten the screws to 18-24 inch Ibs. (2-3 Nm). 

28, lnstall the pivot housing and stern drive. 

REMOVAL & INSTALLATION 

CULT 
+ See Figures 231,232,233,243 and 244 

It is not necessary to remove the pivot housing and gimbal ring 
when removing the gimbal housingltransom plate assembly, although 
you may find it easier if you do. Because the housing is attached to the 
trim lines and pump, you'll need to decide whether to disconnect the 
lines at the manifold or to disconnect the pump and feed it through- 
neither way is preferred. 

1. Remove the engine, drive unit, lower exhaust pipe and the steering 
cylinder as detailed in their appropriate sections. 

2. Remove the bolt and washer attaching the ground strap to the 
steering arm (if equipped). 

3. Working inside the boat, remove the 2 bolts and 4 nuts (and 
washers) and then lift the transom plate off of the studs. If you are doing 
anything other than laying the plate aside, disconnect the shift cable sleeve 
as detailed in the next procedure. On 1990-95 King Cobra models and 1998 
7.4U8.2L models, there are two additional bolts and washers. 

Remember that the hydraulic lines will be routed ABOVE the upper 
stud on the port side and through a recess in the inner plate. 

4. Pry out the exhaust bore O-ring seal and throw it away. 
5. Remove the 2 remaining nuts and their washers and then pull off the 

transom bearing plate. Lift off the gimbal housing assembly. 
6. Pry the large gimbal housing seal out of the inner mating surface 

recess. 
To install: 

7. Clean the outer transom-to-gimbal housing mating surfaces. Coat the 
entire seal groove in the inner edge of the housing with 3M Scotch Grip 
Rubber Adhesive 1300. Start at the top of the housing and work the seal into 
the groove as you move around the housing. When you get back to the top, 
cut the seal to fit and coat each end with adhesive before ~ressincl them 
together. 

8. lnstall the gimbal housing onto the transom. If you left the pump and 
lines attached, make sure that you feed them through the cut-out in the 
transom first. 

Do not apply sealer between the transom and the housing seal. 

9. If the trim lines had been disconnected, reinstall them at this time as 
detailed in the Disassembly procedure and paying attention to the Note in 
the Removal portion of this procedure regarding line routing. 

10. Coat the threads of each of the housing studs lightly with Gasket 
Sealing Compound. Coat the inside of the transom plate alignment tube 
lightly with grease. 

11. Make sure that the two hydraulic lines are positioned over the upper 
port stud and then install the inner transom plate. 

12. Position the transom bearing plate over the two lowest studs so the 
flat side is against the transom. lnstall the washers and new locknuts; 
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tightening the nuts until they just make contact with the plate. 

13. Install the remaining 4 washers with new locknuts; tightening the nuts 
until they just make contact with the plate. Don't forget the ground strap on 
the upper port stud! 

14. Coat the threads of the 2 upper alignment bolts lightly with Gasket 
Sealing Compound and screw them in until they are finger-tight. 

15. Tighten the 6 locknuts, in the sequence shown, to 20-25 ft. Ibs. (27- 
34 Nm). Now tighten the 2 upper bolts to 12-14 ft. Ibs. (16-19 Nm). On 1998 
7.418.21. models, use the same torque figures, but refer to the second 
illustration for the tightening sequence. 

16. Install the ground strap to the steering arm on models so equipped 
and tighten the bolt securely. 

17. Run a bead of the 3M Scotch Grip around the exhaust bore seal 
recess and then install a new O-ring, lightly pressing it into the groove all the 
wav around the bore. 

18. Install all remaining components 

:ig. 243 Transom plate tightening sequence-all except 1998 
'.4/8.2L models 

Fig. 

SHIFT CABLE SLEEVE REPLACEMENT 

1. Using a crows-foot adapter on your wrench, unscrew the sleeve 
connector at the transom plate, pull away the sleeve and throw away the 0 -  
ring. 

2. Coat a new O-ring with Gasket Sealing compound and then slide it 
onto the connector until it sits against the inner side of the hex head. 

3. Coat the connector threads lightly with sealing compound, thread it 
into the plate and tighten it to 46-52 ft. Ibs. (62-71 Nm). 

DISASSEMBLY & ASSEMBLY 

ULT 

+ See Figures 231,232, and 233 

Disconnect the battery cables. Remove the trimltilt cylinders, pivot 
housing and gimbal ring as previously detailed. Once these procedures are 
accomplished, move through the following procedures as necessary to 
remove or disassemble what is necessary. 

Disassembly of the gimbal housing really consists of removing those 
remaining components that are attached to it and we suggest that you 
perform each of these procedures in the order that they are shown here; 
reverse the order when assembling everything. 

U-Joint & Exhaust Bellows 

+ See Figures 231,232,233,245 and 246 

iE 1990-95 King Cobra models have no exhaust bellows. 

1. Loosen the hose clamp screws and pull out the ground strap. 
2. Pull off the two bellows. 

To install: 
3. Coat the outer surface of the gimbal bearing flange with Gasket 

Sealing Compound. 

iE It is not necessary to coat the exhaust flange with sealer, 

4. Slide a clamp ring over the smaller side of the U-joint bellows and 
then slip the bellows over the bearing flange so that the rib on the inner 
surface of the bellows end rides in the groove on the surface of the flange. 

5. Insert the ground strap under the clamp ring at the 9 o'clock position 
and then spin the clamp until the screw mechanism is between the 1 and 2 
o'clock position; with the screw head facing down. Tighten the clamp ring . . 

securely. 
6. The larger end of the exhaust bellows also has a rib on the inner 

side; slide a clamp ring over this end and then push the bellows onto the 
flange until the rib seats into the groove on the flange. Make sure that the 
exhaust relief cut-out is facing down. 

Fig 245 A close view of the bellows 
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I Fig. 246 Make sure that you slide the clamp on first 

7. Insert the ground strap under the clamp ring at the 9 o'clock position 
and then spin the clamp until the screw mechanism is at the 3 o'clock 
position; with the screw head facing upward. Tighten the clamp ring securely 

Water Hose And Tube 

+ See Figures 231,232,233 and 247 

1. Remove the exhaust and U-ioint bellows. 
2. Working through the two hydraulic lines attached to the trim manifold, 

loosen the water line hose clamp and wiggle the end of the hose off of the 
water tube in the housing. Don't forget to pull off the ground strap and 
position it out of the way. 

3. Working from inside the boat loosen the 2 (or 3) water tube-to- 
transom plate mounting bolts and then pull the tube and its grommet out of 
the housing and through the transom. If you have trouble with the grommet, 
push it through from the gimbal housing side. 

To install: 
4. Check the grommet on the water tube for any cracks or other 

obvious signs of deterioration or wear. If necessary to replace it, slide a new 
one onto the tube so that the tapered end is facing the hooked side of the 
water tube. 

5. Push the water tube and grommet through the transom plate and into 
the gimbal housing so that the hooked end goes in first and is pointing 
upward. Hold the tube in place and insert the 2 bolts, tightening them to 120- 
144 inch Ibs. (14-16 Nm). On the 1990-95 King Cobra, tighten the 3 bolts to 
60-84 inch Ibs. (7-9 Nm). 

6. Check the water hose for any cracks or other obvious signs of 
deterioration or wear; pay particular attention to the hose clamp seating 
areas on each end. 

7. Check the nipple in the aft end of the hose; clean it thoroughly and 
then pull off the O-ring and replace it with a new one. Coat the O-ring with 
grease and make sure that it seats into the groove closest to the square on 
the inner side of the nipple. If the nipple requires replacement, simply loosen 
the hose clamp and pull it from the end of the hose. 

Fig. 247 Note the correct positioning of the water hose and groun 
strap (except King Cobra) 

Make sure that the O-ring is seated in the correct groove. The outer 
groove, the one closest to the threads, is for the drain hole and placing 
an O-ring into this groove will cause big problems. 

8, Slide a new hose clamp over the upper end of the hose and then 
press the hose end onto the water tube. Swivel the hose so that the nipple 
(aft) end is pointing directly outward and to the rear. Slide the ground clamp 
under the hose clamp and then position the screw head on the clamp so that 
it is accessible between the 2 hydraulic lines before tightening it securely. 

The hose clamp screw head must be behind, and between, the 2 
hydraulic lines or else it will come in contact with the pivot housing 
and limit the tilt range. This contact will, obviously, also cause damage 
to the hose and clamp. 

9. Check the nipple at the outer end of the hose and confirm that the 
drain hole is facing down. If not, loosen the hose clamp and rotate the nipple 
in the hose until achieving the correct position. 

Gimbal Housing Anode 

+ See Figures 231,232,233 and 248 

It should not be necessary to remove the lower anode unless you 
determine that it is less than 213 deteriorated and requires replacement. 

1. Working underneath the gimbal hous~ng, reach up and remove the 2 
mounting bolts and their washers. Pull down the anode. 1998 7.4L and 8.2L 
engines may use two smaller anodes with 4 bolts here. 
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STERN DRIVE - SPISXISX COBRA AND DPlDP DUOPROP 12-69 

Fig. 248 1998 7.418.2L models may use two anodes 

2. Clean the mountina surface thorouahlv and then install a new 
anode(s). Use new lock washers and tight& ihe mounting bolts to 12-14 ft. 
Ibs. (16-19 Nm) except on the 1998 7.4U8.2L applications using two anodes 
where they should be tightened to 5-7 ft. Ibs. (6-9 Nm). 

Trim Sender 

+ See Figures 231,232,233 and 249 

Remember that you removed the trim sender during gimbal ring removal 
but, did not disconnect it. 

1. Working inside the boat, disconnect the trim sender harness 
connector at the engine. 

2. Take note of the wire positioning inside of the plug and then use a 
socket removal tool (# 322699) and push the wire terminals out of the 
connector plug. 

3. Now, back outside the vessel, locate the harness grommet where it 
feeds through the transom assembly-just above the water tube in the 
gimbal housing. Carefully pull off the retaining clip with a pair of needle 
nosed pliers. 

4. Grasp the grommet and pull backward on it while prying it out with a 
small screwdriver. Once free of the housing, pull the wires all the way 
through the transom assembly. Cut any plastic ties securing the harness and 
then remove the trim assembly. 

To install: 
5. Coat the harness grommet with grease and then feed the leads 

through the hole in the gimbal housing and press the grommet into place 
until it is seated. Pop the retaining clip into position over the base of the 
grommet. 

Make sure that you do not route the harness leads under the extension 
tube or hvdraulic lines. 

6. Coat the connector plug with alcohol or solvent and then use the 
special tool and press the leads back into the connector plug until they 
seat-make sure they go back in the same positions as they were prior to 
removal. On MOST models, the ribbed black wire goes into the A terminal, 
the white wire into the B terminal and the smooth black wire into the C 
terminal. 

7. Reconnect the harness at the engine. 
8. Use a new plastic tie and secure the harness to one of the hydraulic 

lines. 
9. lnstall the sender unit into the gimbal ring when you install the ring. 

Trim Sender 
Harness Connector 
(Female Half) 

I Tool 

Fig. 249 Use a special tool to pop the leads out of the connector. 

Hydraulic Lines & Manifold 

+ See Figures 231,232 and 233 

1. Loosen and remove the hydraulic line retaining clamps on each side 
of the gimbal housing. 

2:Although no<strictly necessary, we recommend removing the grease 
extension tube in order to aain access to the starboard hvdraulic lines. 
Clamp a pair of vise grips onto the tube (not too tight please) as close to the 
gimbal bearing bore as possible. Insert a small prybar between the pliers and 
the bearing flange and then pry the tube out with the bar while rotating back 
and forth with the pliers. 

3. Loosen each of the hydraulic line nuts at the manifold and carefully 
pull each line out of its recess. Remove each O-ring and throw them away. 
It's a good idea to plug the line ends with a golf tee or something similar to 
minimize fluid leakage. 

4. Move inside the vessel and remove the 2 lines connected to the 
inner side of the manifold. Mark them for installation, plug them and secure 
them out of the way. 

5. Back outside the boat, loosen and remove the mounting nut on the 
upper side of the manifold from the stud. The manifold is a tight fit in the 
housing with an 0-ring-you may be able to pull it right out, but you'll 
probably need to position a small drift on the back (inner) side and force it 
through. 

To install: 
6. Coat a new manifold O-ring with Gasket Sealing compound and slide 

it onto the manifold flange. Coat 2 new O-rings for the inner hydraulic lines 
with hydraulic fluid and slide them over the line tips. 

7. Pull the 2 inside lines through the bore in the housing and then 
position the manifold near the bore so that the inner side is facing to 
Starboard. Route the lines to the manifold so they are parallel and then 
tighten the fittings to 14-18 ft. Ibs. (19-24 Nm). It is imperative that the lines 
get reinstalled on the port from which they were detached! As a check, once 
installed, the lower line should be attached to the UP inlet on the trim pump 
valve body. 

II Yes, we know it is unlikely that you will be able to get a torque 
wrench on the line n u t 4 0  it by feel, its about as tight as a spark plug, 
just don't over-tighten them. 

8. Feed the lines and through the hole in the housing until the manifold 
seats on it's mounting stud. Install a new locknut onto the stud and tighten it 
to 108-132 inch Ibs. (12-15 Nm). 

9. Coat 4 new O-rings with hydraulic fluid and install them on each of 
the outer (gimbal housing side) hydraulic line tips. Attach the lower of the 2 
Port lines and then the upper. The shorter of the 2 Starboard lines should be 
connected to the lower of the two fittings on the starboard side of the 
manifold and then connect the remaining (longer) line to the upper fitting. 
Tighten all lines to 14-18 R. Ibs. (19-24 Nm)-see the previous Note. 

10. Route each pair of lines together and then install the retaining clamp 
on each side. Tighten the bolts securely. 

11. If you removed the grease extension tube, pull the grease fitting off 
of the outer end of the tube. Coat the last 114 in. of the tube on the fitting 
side with Gasket Sealing compound and then insert the tube through the 
outer wall of the housing. 
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12-70 STERN DRIVE - COBRA AND KING COBRA 
12. Spray the tapered end of the tube and the hole in the housing with 

Loctite primer and allow it to dry completely. Once dry, coat the tapered end 
with Loctite and then drive the end of the tube into the bearing flange. Wipe 
off any excess Loctite and then install the grease fitting to the opposite end 
of the tube. 

Gimbal BearinglSeal & Steering Bearing 

+ See Figures 231,232 and 233 

Gimbal and steering bearing removal is not necessary to remove the 
gimbal housing and transom plate. Do not remove these bearing unless 
absolutely necessary. 

1. Insert a standard 3-jawed puller (Owatonna # OEM-4184 or the 
equivalent) into the gimbal bearing bore and position the jaws between the 
bearing and the inner seal. Expand the jaws tightly and then remove the 
bearing. The bearing will be damaged during removal so throw it away. 

2. Reinsert the puller into the bearing bore again and position the jaws 
under the seal this time. Tighten the jaws and remove the seal. 

3. Remove the thrust washer from the steering bearing in the top of the 
gimbal housing. Install a driver tool (# 912270) into a remover tool (# 
912287) and position the tools underneath the bearing. Work the driver and 
press the bearing up and out of the housing bracket. 

To install: 
4. Position a new gimbal bearing seal onto the installer tool (# 912279) 

so the open end is facing the tool. Coat the metal casing with Gasket Sealing 
compound. 

5, Thread the installer (and seal) onto a driver handle (# 311880) and 
then drive the seal into the bore until it seats. Remove the tools and coat the 
lip of the seal with grease. 

6. Rotate the outer band of the gimbal bearing until the slot is aligned 
with the lubrication hole and scribe a reference mark across the bearing 
case. 

7. Coat the exterior of the bearing with clean engine oil and then 
position it into the bore so that the reference mark is facing the extension 
tube opening. 

8. Thread the raised side of a gimbal housing seal installer (# 912279) 
onto the driver handle (# 311880) and then drive the bearing in until it seats 
fully. Lubricate the bearing with grease through the grease fitting on the end 
of the extension tube-starboard side of the gimbal housing. 

9. Slide a steering bearing installer (# 912287) onto the rod (# 326582) 
and then position the bearing over the rod and onto the installer. Coat the 
outside of the bearing lightly with clean engine oil. 

10. Position a stopper (# 91 2286) over the bearing so the recessed side 
is against the bearing and the rod is threaded into the tool so that it's flush 
with the top of the stopper. Insert the tools and bearing into the steering 
cavity from inside the vessel, hold the rod and tighten the nut until the 
bearing seats fully. 
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STERN DRIVE - SPISXISX COBRA AND DPIDP DUOPROP 12-71 

TORQUE SPECIFICATIONS 

-- 
Component Ft. Lbs. inch Lbs. Nm 
Anode Gimbal Housing All Except 12-1 4 16-19 

Lower Unit 60-84 6.8-9.5 
Gimbal Ring Bolts To Pivot Housing 105-120 142-1 63 

Support Bracket 18-20 24-27 
Lower Unit - DPIDP DuoProp 

Drain Plug 10-1 5 14-20 
Exhaust Plate 14-17 19 5-77 5 
Fill Plug 4-6 5.4-8.1 
Pinion Nut 72-87 98-1 18 
Propeller Nut 

Front 45 ~ 60 
Rear 50 70 

Upper Unit Bolts 
318 22-24 30-33 
7/16 32-40 43-54 

Upper Unit Nuts 22-24 30-33 
Lower Unit - SP, SX 
SX Cobra, King Cobra Anode 60-84 6.8-9.5 

Anode Retainer 12-14 16-1 9 

Upper Unit Bolts - King Cobra 32-40 43-54 
Upper Unit Bolts - SPISWSX Cobra 

7/16-14 32-40 43-54 
Set Screw 47-6n 4 8-6 8 - - ..- -.- 

Trim Tab 19-22 
Water Tube Guide 10-12 14-16 

MP .- ' ' . .  ' 1 1  I K  ...- I L -  I d  

Pivot Housing Bolts To Gimbal Ring 105-1 20 142-163 
Drain 50-60 6-7 

Shift Cable Slee - - -  62-71 
Steering Arm Bolt 65-72 88-98 

Cover 60-84 7-9 
-- 

Studs 13-15 - .. -1 8-LU 

Transom Plate Nuts 20-25 
- .. 

27-34 
Bolts 12-14 16-1 9 

Transom Shield Cover XI-84 7-9 
Trim Line Nut 1990-Q! 

c -  - .  . - 
. . - - 5 King Cobra 14-1 8 19-24 
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12-72 STERN DRIVE - COBRA AND KING COBRA 

TORQUE SPECIFICATIONS (Cont'd) 

Torque 
Component Ft. Lbs. Inch Lbs. Nm 
TrimITilt Pivot Pin 120-144 14-16 
Upper Housing Bearing Retainer Ring 145-165 197-224 

Bellcrank King Cobra 
Drain Screw 

DPIDP DuoProp 10-1 5 14-20 
All Others 60-84 6.8-9.5 

Fill Screw 60-84 6.8-9.5 
Impeller Plate 10-1 2 14-16 
Lower Unit Bolts - DPIDP DuoProp 

. .  . -  

Lower Unit Bolts - King Cobra 32-40 43-54 
Lower Unit Bolts - SPISXISX Cobra 
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DRIVE MODEL APPLICATIONS 

Model Gear 

DRIVE MODEL APPLICATIONS 

SP Single Prop 
DP Duo Prop 
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12-74 STERN DRIVE - COBRA AND KING COBRA 
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POWER TRIM AND TILT - 1989-98 COBRA. TILT-UP RELIEF VALVE . . . . . . . . .  
TRIM-INKILT-DOWN CHECK VALVE . . . . . . . . .  KlNG COBRA, SP(SX) AND DP 

DESCRIPTION . . . . . . . . . . . . . . . . . . . . .  
FILTER SCREEN . . . . . . . . . . . . . . . . .  

TRIM-IN RELIEF VALVE . . . . . . . . .  
TRIM-OUTITILT-UP CHECK VALVE . 
VALVE BODYIMANIFOLD . . . . . . . .  HYDRAULIC PUMP.. . . . . . . . . . . . . . .  

INLET CHECK BALLS . . . . . . . . . . . . . .  
MANUAL RELEASE CHECK BALL & 

SERVICE PRECAUTIONS . . . . . . . . .  
SYSTEM BLEEDING . . . . . . . . . . . . .  

TRIM CYLINDERS . . . . . . . . . . . . .  RETAINER . . . . . . . . . . . . . . . . . . . . . . . .  
MANUAL RELEASE VALVE . . . . . . . . . .  
PUMP CONTROL PISTON . . . . . . . . . .  
PUMP FILTER & COUPLER . . . . . . . . .  
RESERVOIR . . . . . . . . . . . . . . . . . . . . .  
THERMAL EXPANSION RELIEF VALVE 
TILT-UP RELIEF VALVE . . . . . . . . . . . .  
TRIM-IN RELIEF VALVE . . . . . . . . . . . .  
TRIM-INITILT-DOWN CHECK VALVE . . 
TRIM-INITILT-DOWN OUTLET PORT . . 
TRIM-OUTITILT-UP CHECK VALVE. . . .  
TRIM-OUTITILT-UP OUTLET PORT . . .  
VALVE BODYIMANIFOLD . . . . . . . . . . .  

. . . . . .  HYDRAULIC LINES & MANIFOLD 
REMOVAL & INSTALLATION . . . . . . . . .  

SERVICE PRECAUTIONS . . . . . . . . . . . .  
SYSTEM BLEEDING . . . . . . . . . . . . . . . .  

FILLING AND BLEEDING A 
DRYSYSTEM . . . . . . . . . . . . . . . . . . . .  

SYSTEM TESTING.. . . . . . . . . . . . . . . . .  
TRIM LIMITER . . . . . . . . . . . . . . . . . . . . .  
TRIM SENDER . . . . . . . . . . . . . . . . . . . . .  

ADJUSTMENT . . . . . . . . . . . . . . . . . . .  
REMOVAL & INSTALLATION . . . . . . . . .  

TRlMfllLT CYLINDER . . . . . . . . . . . . . . .  
DISASSEMBLY & ASSEMBLY . . . . . . . .  
REMOVAL & INSTALLATION . . . . . . . . .  

. . . . . . . . .  TRlMITlLT PUMP ASSEMBLY 
DISASSEMBLY & ASSEMBLY . . . . . . . .  
PRESSURE TESTING THE 
MANIFOLD . . . . . . . . . . . . . . . . . . . . . .  
REMOVAL & INSTALLATION . . . . . . . . .  

TROUBLESHOOTING . . . . . . . . . . . . . . .  
DIAGNOSTIC CHART . . . . . . . . . . . . . .  
DETERMINE IF PROBLEM 
IS ELECTRICAL OR MECHANICAL . . .  
ELECTRICAL PROBLEMS . . . . . . . . . .  
HYDRAULIC AND MECHANICAL 

TRIM MOTOR & PUMP . . . . . . . . . .  
SYSTEM TESTING. . . . . . . . . . . . . . .  
TRIM SENDER . . . . . . . . . . . . . . . . . .  

ADJUSTMENT . . . . . . . . . . . . . . . .  
TRIMKILT CYLINDER . . . . . . . . . . . .  

DISASSEMBLY & ASSEMBLY . . . . .  
REMOVAL & INSTALLATION . . . . . .  

TRlMITlLT PUMP ASSEMBLY . . . . . .  
DISASSEMBLY & ASSEMBLY . . . . .  
REMOVAL & INSTALLATION . . . . . .  

TROUBLESHOOTING . . . . . . . . . . . .  
DIAGNOSTIC CHART . . . . . . . . . . .  
DETERMINE IF PROBLEM IS 
ELECTRICAL OR MECHANICAL . 
ELECTRICAL PROBLEMS . . . . . . .  
HYDRAULIC AND MECHANICAL 
PROBLEMS . . . . . . . . . . . . . . . . . .  

WIRING SCHEMATICS . . . . . . . . . . . .  
RELAY CONTROL BOX . . . . . . . . . . .  
1986-88 

FORD ENGINES . . . . . . . . . . . . . . .  
GM ENGINES . . . . . . . . . . . . . . . . .  

1989 
FORD ENGINES . . . . . . . . . . . . . . .  
GM ENGINES . . . . . . . . . . . . . . . . .  

1990 
COBRA WIGM ENGINES . . . . . . . .  
KING COBRA. ALL ENGINES . . . . .  

1991-92 . . . . . . . . . . . . . . . . . . . . . . .  
1993-95 

FORD ENGINES . . . . . . . . . . . . . . .  
1993 GM ENGINES. . . . . . . . . . . . .  
1994-95 7.4GL . . . . . . . . . . . . . . . .  
7.4L EFI . . . . . . . . . . . . . . . . . . . . .  
COBRA WIGM ENGINES . . . . . . . .  

1996-98 
SP WI3.0GS, 4.3GUGS, 5.OGL 
AND 5.7GUGS GM ENGINES PROBLEMS . . . . . . . . . . . . . . . . . . . . .  

SELECT (POWER) TRlM AND 
TILT - 1986-88 COBRA AND KlNG COBRA 

SP WI5.0FLAND 5.8FL FORD 
ENGINES AND 7.4GL GM ENGINES 
SP Wl5.OFI AND 5.8FSI FORD 
ENGINES . . . . . . . . . . . . . . . . . . . .  
SP W14.3G1, 5.7GlIGS1, 7.4GIlGSI 
AND 8.2GSI GM ENGINES . . . . . . .  
DP MODELS WIFORD ENGINES . . 
DP MODELS WIGM ENGINES . . . .  

DESCRIPTION . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  FILTER VALVE 

HYDRAULIC PUMP. . . . . . . . . . . . . . . .  
. . . . . . . . . .  MANUAL RELEASE VALVE 
. . . . . . . . . .  PUMP CONTROL PISTON 

RESERVOIR . . . . . . . . . . . . . . . . . . . . .  
THERMAL EXPANSION RELIEF VALVE 
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13-2 TRIM AND TILT 

HYDRAULIC PUMP 

+ See Figure 1 

Not all models use all components in all years. 

This power trimltilt system is a hydro-mechanical, electrically controlled 
system allowing the stern drive to be raised when moving through the water 
at idle speed, when approaching the beach or shore, and when trailering the 
boat. The drive can also be adjusted through-out its trim range while the boat 
is underway and at any speed. Thus enabling the helmsman to maintain the 
best bow position for maximum speed, efficiency and ride for any water or 
throttle conditions. 

An electric motor, controlled by a switch and relays, provides the power 
for a hydraulic pump. The pump, in turn, forces fluid through a set of 
hydraulic hoses to a set of hydraulic cylinders. Depending on the motor's 
direction, fluid will flow into one end of the cylinders to raise or lower the 
drive unit. 

A control switch may be mounted on the remote control handle or on the 
control panel. When activated, the UP or DOWN relay is energized. Current 
to the motor rotates the motor in one of two directions, thus raising or 
lowering the drive unit. 

The power trimltilt system consists of a valve body (manifold), hydraulic 
reservoir, electric motor, up and down solenoids, trimltilt switch, trim sending 
unit, trim indicator gauge, trim limit switch, two hydraulic trim cylinders, and 
the necessary hydraulic lines and electrical harnesses for the system to 
function efficiently. 

The manifold, hydraulic reservoir, electric motor, and upidown solenoids 
make up a single unit known as the pump assembly that is mounted inside 
the boat. Two hydraulic trim cylinders are mounted, one on each side, of the 
stern drive unit. One end of the cylinder is connected to the gimbal housing 
and the opposite end is attached to the drive housing. 

The trim sender unit is mounted on the starboard side of the gimbal ring 
and is connected to the trim gauge on the control panel through the wiring 
harness. When the stern drive is trimmed IN or OUT the gauge moves to 
indicate the stern drive's position. 

A trim limit switch may be connected to the UP solenoid on the trimltilt 
hydraulic pump. This limit switch allows the stern drive to be trimmed out 
only to a preset position. If the stern drive is moved out past the support 
brackets under high throttle setting could impose high stress loads on the 
boat transom and possibly loss of steering control. There may also be a 10 
amp circuit breaker or fuse serving the same purpose. 

The relationship of the various units in the trimltilt system are discussed in 
the following paragraphs. 

VALVE BODYIMANIFOLD 

+ See Figure 1 

The valve body, or manifold, is the central mounting point for the pump, 
valves, reservoir and electric motor. The hydraulic pump is capable of 
creating pressure up to 3000 psi. Internal pressure relief valves set at the 
factory control the output pressure in the UP and DOWN circuits. A system 
thermal relief valve protects the pump, valves, lines, and cylinder packing 
from thermal expansion of the hydraulic fluid in the system when operating or 
sitting in the hot sun. The pump, pressure and thermal relief valves are all 
set at the factory and adjustments are not possible. If any of these 
components are found to be defective during troubleshooting or disassembly, 
they must be replaced with identical items. A replaceable filter is mounted on 
the inlet opening to the pump. 

All models utilize a manual release valve. If the pump or motor fails, 
manually raising or lowering the stern drive would require the appropriate 
hydraulic line be loosened on the manifold external fitting. 

RESERVOIR 

All models utilize an integrated reservoir. A large screw-on cap and 
opening provides for easy servicing of the reservoir. The cap vents the 
reservoir to atmosphere pressure when the fill neck seal is removed inside 
the cap. 

The hydraulic fluid pump (valve body) is a gear- type pump, very similar to 
an engine oil pump. The pump is attached to the manifold with four fasteners 
and cannot be disassembled. If the pump fails, it must be replaced as an 
assembly. The reservoir must be drained and removed to gain access to the 
Pump. 

MANUAL RELEASE VALVE 

+ See Figure 2 

The manual release (or relief) valve is used on all models and is located 
on the base of the manifold. This valve allows the drive unit to be raised or 
lowered manually without the use of electric or hydraulic power. By rotating 
the valve counterclockwise, the drive unit will lower under its own weight; 
closing the valve will stop the process. The valve must be fully open to raise 
the unit, and it must be tightly closed in order to hold a trim or tilt position 
while static or moving forward. 

TRIM-INITILT-DOWN CHECK VALVE 

+ See Figure 1 

The trim-inltilt-down check valve is located in the valve body. This valve 
opens under pressure to allow hydraulic fluid from the pump to the aft 
chambers during the Down cycle. The aft chamber with the rod is identified 
as the chamber behind the cylinder. 

The valve also allows fluid to return from the aft chambers to the pump 
during the Up cycle, after the valve has been opened by the pump control 
piston. 

In addition to the above, the valve prevents the drive unit from raising 
during operation in Reverse, acting as a reverse lock; and prevents fluid flow 
from the high volume side of the cylinders during a high pressure impact 
condition. 

PUMP CONTROL PISTON 

+ See Figure 1 

The pump control piston is located directly behind the trim-inltilt-down 
check valve inside the valve body. A spring at both ends of the piston tends 
to keep the piston centered in the valve body bore. The piston is moved via 
pressure acting on the trim-inltilt-down check valve as the drive is moved UP 
or DOWN. 

TRIM-OUTRILT-UP CHECK VALVE 

+ See Figure 1 

This valve is located externally at the bottom of the valve body. It opens 
under pressure to allow fluid to flow from the forward chambers (in front of 
the piston) back to the pump. The valve serves to maintain oil pressure in 
both cylinders so that the drive unit will hold a particular trim or tilt position 
while moving forward. It will return fluid to the pump during the Down cycle 
after having been opened by the pump control piston. 

TILT-UP RELIEF VALVE 

4 See Figure 1 

This valve is located externally on the back of the valve body. It functions 
to control maximum pressure in the circuit during the UP cycle. It also limits 
pressure at the full tilt-up 'stall' position to a maximum of 1200-1600 psi. 

TRIM-IN RELIEF VALVE 

+ See Figure 1 

This valve controls pressure in the system during the DOWN cycle. Due 
to rod volume, more fluid returns from the high volume side of the trim 
cylinders than the low volume side can handle; excess fluid passes through 
the valve which will keep pressure on the Down side at 400-800 psi. 
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RESERVO lR 

\ 

TRIM- IN  
T I LT-DOWN 

TILT-UP RELIEF 

ELECTR l C 

CHECK VALVE 

Fig. 1 Exploded view of the trimltilt motor and pump assembly-most models similar 
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FILTER VALVE 

+ See Figure 1 

This valve is located in the center of the valve body. It permits fluid to be 
drawn into the aft chambers behind the piston when the drive is lowered by 
using the manual release valve. The check ball behind the filter prevents any 
fluid from returning to the reservoir. 

THERMAL EXPANSION RELIEF VALVE 

See Figure 1 

5. If the pump motor operates, but the stern drive does not move, the 
problem is most likely a hydraulic or mechanical problem. Refer to 
hydrauliclmechanical troubleshooting. 

6. On early models, check the manual release valve- it MUST be 
closed and tightened to 45-55 inch Ibs. (5-6 Nm). 

HYDRAULIC AND MECHANICAL PROBLEMS 

DERA TE 

This valve is located inside the valve body and it prevents hydraulic lock- 
up when the drive is in the full TlLT UP position, which can be caused by 
heat-related expansion of the fluid (thermal expansion). The valve will open 
only when it senses unusually high pressure (approx. 2250-2750 psi). 

Trim-InKrim-Out Creep 
DERA TE 

Fig. 2 A good look at the manual release valve 

+ See Figure 3 

The electric pump motor must operate to drive the mechanical hydraulic 
pump, The hydraulic pump will convert the electrical energy into mechanical 
energy. The mechanical energy moves the hydraulic fluid to extend and 
retract the trim cylinders. Use the following troubleshooting procedures to 
determine if the problem is electrical or mechanical. 

DETERMINE IF PROBLEM IS ELECTRICAL OR MECHANICAL 

1. Verify that the battery is fully charged before continuing the 
troubleshooting procedure. If the battery is not fully charged, the system 
could give a false indication of a problem when none actually exists. 

2. Verifv the fluid level in the reservoir is ur, to the MAX mark on the 
side of the reservoir; or the bottom of the filler hole on earlier models. 

3. Depress the UP or DOWN button on the control panel and listen for 
the pump motor to operate or the solenoid to click. 

4. If the pump motor does not operate, and the solenoids do not "click, 
the problem is electrical. 

All testing procedures should be performed using a OMC Trimnilt In-Line 
Pressure Tester (# 983977) consisting of a pressure gauge, adapter, tester 
body, shut-off valve and hydraulic line. 

To install the tester: 
1. Raise the stern drive up to its full tilt-up position and block it securely 

with wood. 
2. Open the manual release valve one complete turn. 
3. The body of the tester has two ports (marked A and 8). Port A is 

always connected to the gauge, while port B can be shut off by closing the 
valve on the tester. The A port must always be the one that is connected to 
the component or circuit thus allowing the circuit to be isolated when the 
vessel's line is connected to port B and the valve is closed. 

This condition is frequently caused by an internal leak at thztrim 
cylinders-the internal piston seals or the impact relief valves may be dirty or 
damaged, causing fluid to slowly leak from one side of the piston to the 
other. 

Trim-Outffilt-Out Creep In Reverse 

DERATE 

1. Check to see if the pump control piston is sticking. Look for dirt under 
the check balls or in the small oil passages in the piston itself. Check the 
piston and its bore for scuffing or other signs of damage. Check the ball seat 
for signs of wear. 

2. The trim-inhilt-down check valve may be sticking due to a damaged 
seal tip. Check for dirt under the seal, leaking O-ring or a damaged spring. 

3. Check the manual release check ball and seat for leakage or 
damage (if equipped). 

4. Check all components for external leaks or damage. 
5. Confirm that the UP and DOWN hydraulic hoses are connected to 

the correct ports on the manifold. 

No Tilt-Down From Full Tilt-Up Position 

DERATE 

Check the O-ring and seal on the thermal expansion valve. Confirm that 
the valve is not sticking and that the spring is not damaged. 

No Or Slow Trim-OutKilt-Up With Motor 

DERATE 

1. Check the hydraulic fluid level in the reservoir. Fill if necessary and 
bleed the system. 

2, If equipped with a manual release valve, confirm that it is tight and 
not leaking. Tighten the valve to 45-55 inch Ibs. (5-6 Nm). If leaking, drain 
the system and move the drive unit to the full Down position. Remove the 
valve and check the plastic seal, O-ring and seat. 

3. Check the thermal expansion valve and O-ring. Look for sticking, 
damage to the spring or dirt under the check ball. 

4. Check the trim-outltilt-up check valve for damage, Check the seal tip, 
dirt under the seal, leaking O-ring or a damaged spring. 

5. Check to see if the pump control piston is sticking. Check the 
condition of the piston and the O-ring. Poor piston performance may also be 
affected by an internal leak in the trim cylinders-the cylinder piston seals or 
impact relief valves may be damaged. 

6. The trim-inltilt-down check valve may be sticking due to a damaged 
seal tip. Check for dirt under the seal, leaking O-ring or a damaged spring. 

7. Check the tilt-up relief valve for sticking, damaged spring or a dirty 
seal tip. Check that the manifold O-ring is not distorted. 
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Power Trim Diagnostic Chart 
1986-88 

SymptomIProblem Possible Cause 
Static leak-down and/or trim-in creep in Forward gear 000@0 
Trim-outltilt-upcreep in Reverse gear (no reverse lock) @ @ @ O  
Leaking, Up and Down (trim-inlout creep) 0 
Slow or no trim-outltilt-up while motor running 0 0 0 0 @ 0 @ 0 O @  
No trim-outltilt-up, motor does not run @ @ @ @  
Slow or no trim-inltilt-down while motor running 00@88@ 
No trim-inltilt-down, motor does not run @8@@ 
No trimltilt Up or Down, motor runs @a@ 
No trimltilt Up or Down, motor runs fast 42 
No trimltilt Up or Down, motor does not run Of@@@ 
No tilt-down from full tilt-up position, motor stalls 0 
Erratic operation, jumpy motion, pulsinglhissing fluid sounds @ 
Continual use or loss of hydraulic fluid 0 

@Air or lowlno oil in reservoir. Fill reservoir and cycle pump 
@Air in hydraulic system. Cycle pump through range 3-5 times. Fill reservoir 
O Manual release valve loose or leaking. Check seal ring, O-ring and seats. 

Tighten valve to 45-55 inch Ibs. (5-6 Nm). 
@I Thermal expansion valve sticking or damaged spring.Dirt under check ball. 
O Trim-outltilt-up check valve sticking, damaged seal tip, dirt under seal, leaking O-ring, 

damaged spring 
@ Pump control piston sticking, dirt under check balls or in small oil passages. 
0 Trimltilt cylinder internal leak. Check for damaged piston seal impact relief valves, 

or dirt under relief valves 
8 Trim-inltilt-down check valves sticking. Damaged seal tip, dirt under seal, leaking 

O-ring or bad spring 
8 Manual release check ball leaking. Check for damaged or dirty ball or seat. 
@ Trim-in relief valve leaking. Check seal tip, seat or spring. Check for sticking or dirt. 
0 Tilt-up relief valve leaking. Check sticking valve, seal tip, seal or spring. Check 

valve body O-ring. 
Q, Pump coupling broken. 
O 10 or 50 amp circuit breaker tripped 
@ Motor inoperative, replace motor. 
43 Relay control box malfunction. Replace box. 
@ Switch circuit malfunction. 
O External oil leak. Check all lines, connections, cylinders and valve body. 
@ Pump-to-manifold oil line attachment reversed. 
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8. Check the condition of the oil pump. Dirt can be in the pump or the 

coupling may have failed. 
9. Check that the motor output is up to specification. 

No Or Slow Trim-OutRilt-Down With Motor Running . 

CULT 
1. Check the hydraulic fluid level in the reservoir. Fill if nezssary and 

bleed the system. 
2. Check the trim-oufftilt-up check valve for damage. Check the seal tip, 

dirt under the seal, leaking O-ring or a damaged spring. 
3. Check to see if the pump control piston is sticking. Check the 

condition of the piston and the O-ring. Poor piston performance may also be 
affected by an internal leak in the trim cylinders-the cylinder piston seals or 
impact relief valves may be damaged. 

4. The trim-inltilt-down check valve may be sticking due to a damaged 
seal tip. Check for dirt under the seal, leaking O-ring or a damaged spring. 

5. The filter valve, or the check valve behind it, mav be damaaed or 
leaking. 

6. Check the trim-in relief valve for sticking, damaged spring or a dirty 
seal tip. 

7. Check the condition of the oil pump. Dirt can be in the pump or the 
coupling may have failed. 

8. Check that the motor output is up to specification. 

No TrimlTilt, Motor Will Not Run 

More times than not this condition is caused by an electrical problem in 
the switch circuit, relaylsolenoid circuit, or with the motor. Please refer to the 
Electrical Problems section. 

No TrimlTilt, Motor Runs 
DERATE 

1. Check the hydraulic fluid level in the reservoir. Fill if necessary and 
bleed the system. 

2. If equipped with a manual release valve, confirm that it is tight and 
not leaking. Tighten the valve to 45-55 inch Ibs. (5-6 Nm). If leaking, drain 
the system and move the drive unit to the full Down position. Remove the 
valve and check the plastic seal, O-ring and seat. 

3. Check the thermal expansion valve located in the end of the manual 
release valve. Look for sticking, damage to the spring or dirt under the check 
ball. 

4. Check the condition of the oil pump. Dirt can be in the pump or the 
coupling may have failed. 

ELECTRICAL PROBLEMS 

DERATE 

Please refer to the electrical schematics later in  this section. 

Before performing any electrical tests, always verify that the battery has a 
full charge. A low battery can always give a false indication that some other 
problem in the system exists. 

Check the circuit breakers in the main engine electrical box and in the 
trimltilt relay control box have not been tripped for some reason. Push in the 
button and reset the breaker. 

TrimlTilt Switch 
DERATE 

During switch operation, electrical current flows from the in$% terminal 
(redlpurple wire) to the respective output terminals. 

1. Check all electrical connections. Check the trimltilt fuse or circuit 
breaker and the trimltilt pump fuselbreaker. Check the battery. 

2. Connect a test light or a multi-meter as per the manufacturer's 
instructions and touch the probe to the redlpurple wire terminal. The tester 
should light or the meter should indicate battery voltage; if not, recheck the 
fuses or circuit breakers andlor check any related electrical connections. 

3. Move the probe to the greenlwhite wire terminal and move the switch 
to the Down position. The tester should light or the meter should indicate 
battery voltage; if not, confirm that all electrical connections are OK and then 
replace the switch. 

4. Now move the probe to the bluelwhite wire terminal and move the 
switch to the Up position. The tester should light or the meter should indicate 
battery voltage; if not, confirm that all electrical connections are OK and then 
replace the switch. 

5. If all test prove to be good and the pump will still not operate, refer to 
the Pump Relay test later in this section. 

TrimlTilt Motor 

+ See Figures 4 and 5 

A stall-torque test is the only reliable means of checking motor 
performance. Trimltilt motors are not serviceable and must be replaced as a 
unit. 

Never operate the trimltilt motor for any longer than it takes to 
complete the following tests. Always allow the motor to cool 
sufficiently between each test. Performing the two successive tests on 
a hot motor will lead to inaccurate stall-torque readings. 

1. Check all electrical connections. Check the trimltilt circuit breaker or 
fuse and the trimltilt pump fuseibreaker. Check the battery. 

2. Remove the pumpimotor assembly and then remove the motor from 
the valve body. Install it carefully i n a  soft-jawed vise. 

3. Connect an ammeter or multi-meter in series with the B t  terminal on 
the battery (make sure it's fully charged!) and the blue lead at the motor. 
Next connect a voltmeter (or DVOM) so the positive lead is at the motor's 
blue lead and the negative lead is at the motor's green lead. 

4. Install an inch Ib. torque wrench with a suitable adapter to the 
armature shaft on the pump. Have someone study the wrench while you 
move to the next step. 

5. Now complete the circuit by running a jumper wire between the 
negative battery cable and the green lead and then take note of all of the 
readings. The ammeter should show 185 amps, the voltmeter should show 
12 volts (min.) and the torque wrench should show a stall-torque of not less 
than 20.6 inch Ibs. 

6. Disconnect the 2 meters and the jumper and then reconnect the 
ammeter in series between the battery positive terminal and the green lead 
at the motor. 

7. Next, make sure that the motor has cooled down and then complete 
the circuit by connecting the jumper wire between the negative terminal on 
the battery and the blue lead. This will allow you a stall-torque reading in the 
opposite direction; both the stall-torque reading and the ammeter reading 
should be the same as in the earlier step. 

8. A low current reading coupled with a low torque reading indicates 
high resistance in the internal connections or in the brush contacts. 
Conversely, a high current reading and a low torque reading indicates a bad 
armature or field windings. Either way, the motor will have to be replaced. 

Ammeter Jumper 
\ Wire 

Voltmeter 
Fig. 4 Performing the first stall-torque test 
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Blue 

Fig. 5 Performing the second stall-torque test 

Trim Sending Unit 

DERATE 

1. Check all electrical connections. Check the trimltilt circuit breaker or 
fuse and the trimhilt pump breakerifuse. Check the battery. 

2. Tag and disconnect the sending unit harness at the connector. 
3. Install an ohmmeter, or multi-meter, as per the manufacturer's 

instructions. Connect the probes to the 2 sender leads and then move the 
sender arm through a full Up and Down cycle while observing the meter. 

4. If the meter does not read 0 to 190-210 ohms through out the cycle, 
the unit must be replaced. 

DERATE 

The following nine points should always be observed when installing, 
testing, or servicing any part of the power trimltilt system. 

1. Coat the threads of all fittings and O-rings with Power TrimlTilt or 
Steering Fluid, or an equivalent product. 

2. Use only clean, new, Power TrimiTilt and Steering fluid when filling 
the hydraulic fluid reservoir. If the Power Trim and Steering fluid is not 
available, substitute with SAE 10W-30 or 10W-40 motor oil in an emergency 
and then drain the system as soon as possible. 

3. The stern drive must be in the full UPIOUT position to relieve 
hydraulic pressure when checking the fluid level or adding fluid to the 
reservoir. Normal fluid level should be maintained between the MIN and 
MAX marks on the side of the reservoir. If the quantity is low, add fluid until 
the level is up to the MAX mark on the side of the reservoir. Obviously, on 
models without the plastic reservoir, the level should be to the bottom of the 
filler hole. 

4. If the pump stops during long use, allow the pump motor to cool at 
least five minutes before starting again. An internal thermal circuit protects 
the p m p  motor from overheating. If the pump still will not operate, the 
system breaker may have tripped or the fuse may have blown. 

5. Keep the work area clean when servicing or disassembling parts. 
The smallest amount of dirt or lint can cause failure of the pump to operate. 

6. The manifold, pump assembly, pressure relief valves, and thermal 
relief valves must be replaced as individual assemblies. There are no piece 
parts available for these components except for the O-rings that are sold in a 
kit. 

7. The motor is protected from internal fluid leaks and external moisture 
by seals, O-rings, and a grommet on the field winding harness. If the motor 
fails due to hydraulic fluid, clean the motor thoroughly and replace the pump 
internal seal and O-ring. If the motor fails from moisture as evidenced by 
internal corrosion, the wire harness grommet is damaged or deteriorated, 
and the pump motor should be replaced. Sometimes liquid neoprene can be 
used on the wire harness grommet to seal minor cracks. Use liquid neoprene 
with care to prevent contaminating the electric motor or hydraulic valves. 

8. Keep the trim cylinders attached to the forward anchor pin during 
servicing and repairs. Do not allow the trim cylinders to hang by their 
hydraulic hoses. Such practice may kink and damage the hoses. Use care 
when handling trim cylinders during removal/installation of the stern drive 
unit. Rough treatment of the hoses could result in a weakened hose, partial 
separation at the fittings, or bending of the metal tubing, any one of which 
could restrict the flow of fluid to the trim cylinders. 

9. Always hold both fittings with a wrench when tightening or loosening 
hydraulic hoses and fittings. When installing flex hoses, be sure there are no 
twists or sharp bends in the flex hose. 

High pressure testing of hydraulic components requires expensive special 
gauges, tools and highly trained personnel to accurately interpret test results. 
A danger to the operator and others in the area always exists during the 
testing process. Therefore, it is highly recommended that the boat, with the 
trimhilt system installed, be taken to a qualified repair facility having the 
necessary equipment to conduct the testing properly and safely. 

Do not attempt to work on hydraulic hose connections without the proper 
tools desianed for that s~ecif ic ourDose. The use of a common box end 
wrench wi l  quite likely result in'"rounding off" the flats on a hydraulic fitting. It 
is imperative that you have a set of "flare" or "line" wrenches that will almost 
guarantee the fitting will not to be damaged. 

TRlM CYLINDERS 

Before installing a new or rebuilt trim cylinder: 
1. Compress the trim cylinders so they are in their fully retracted (Down) 

position. 
2. Unscrew the end caps on each cylinder (use the special spanner 

wrench as detailed in the Disassembly &Assembly procedure) and fill the 
low-volume chamber with OMC Power Trimrrilt & Steering Fluid. Install the 
end caps and tighten to 25-30 ft. Ibs. (34-41 Nm). 

3. Install the cylinders and connect the hydraulic lines. 

TRlM MOTOR & PUMP 

H Please refer to the Maintenance section for procedures on filling the 
pump reservoir. 

Verify that the manual release valve is in the fully closed position and that 
the drive is in the full UP position. 

-- 

Never remove the pump reservoir fil l plug unless the drive is in the full 
UP ~osition. 

Remove the reservoir plug and fill the reservoir with fluid until the level 
reaches the bottom of the hole. Replace the plug. Run the drive unit through 
at least 5 Up/Down cycles to purge any residual air in the system, stop the 
drive in the full Up position and check the fluid level one last time; topping off 
if necessary. 

ADJUSTMENT 

Before adjusting the trim sender, the sender must be installed in the 
gimbal ring and the drive must be installed on the boat. 

1. Turn the drive over hard to port and set it to full negative (Down) trim. 
Turn the ignition switch to the ON position; if the trim gauge shows the drive 
to be in the Full Down position there is no need to proceed with the 
adjustment, if not, move to the next step. 
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2. Loosen the 2 trim sender mounting screws, turn the ignition switch 

back to the ON position and then slowly rotate the sender until the trim 
gauge registers a Full Down position. Obviously, you'll need an assistant for 
this step unless you've got a long neck and great eyes. 

3. Tighten the sender mounting screws to 18-24 inch Ibs. (2.0-2.7 Nm) 
and then recheck the gauge. 

If troubleshooting procedures have isolated a problem to the trimltilt 
cylinders, for example: a leaking oil scraper seal around the rod or a 
defective impact valve, i t is strongly recommended that the cylinder(s) 
be removed and replaced with new ones, rather than attempting to 
disassemble the cylinders. This recommendation is based on the fact 
considerable difficulty may be encountered in removing the end cap 
from the cylinder. Even with the aid of the special tool for this purpose, 
the task is most difficult. 

REMOVAL & INSTALLATION 

+ See Figures 6 thru 12 MODERATE 

1. Remove the plastic cap on the aft (drive) end of each iimltilt cylinder. 
Remove the elastic lock nut and flat washer. 

2. Support the hydraulic cylinder and lightly tap the pivot rod out of the 
cylinders with a rubber mallet-tap on one side while pulling on the other 
side. Carefully lower the cylinders down. 

If the bushings come out with the pivot rod, make sure that you 
keep the two grounding clips. 

3. Grab the pivot ends of each cylinder and pull them out to the fully 
extended position. Loosen the manual release valve on models so equipped 
and then remove the filler plug at the reservoir to relieve any residual 
pressure in the system. Close the valve and install the cap. 

4. Working at the forward end of the cylinder, unscrew the bolt and 
disconnect the ground wire. Remove the cylinder cover retainer and lift off 
the cover. These models will also have a small screw and line retainer over 
the hydraulic line running to the aft end of the cylinder; remove them. 

5. With the stern drive still in the full DOWN position, place a suitable 
drain pan under the hydraulic lines, tag and then disconnect the two 
hydraulic hoses from the end of the cylinder (cover with rag) using the 
correct size "Flare Nut" or "Line Wrench". These wrenches will prevent 
damaging the hex flats on the line or hose fittings if they are extremely tight 
andlor a slight amount of corrosion has built up on the fitting. Most standard 
open-end wrenches will flex under high torque loads, causing the wrench to 
slip, damaging the hex fitting on the hydraulic line. 

6. Remove the O-rings on the end of each line fitting. lnstall plugs into 
the hoses andlor fittings to prevent draining the trimltilt hydraulic system any 
more than necessary. 

7. Pry off (or unscrew) the plastic pivot pin cap (if equipped) on the end 
of the forward pin. Remove the locknut from the end of the pin and then slide 
off the flat washer and then the bushing from the pivot pin. 

8. Pull the pivot pin out of the cylinder and gimbal ring, or grasp the 
cylinder on the inside of each pin and pull it off the anchor pins. Remove the 
flat washer and bushing on the inside surface of the cylinder ends or the 
anchor pins. 

To Install: 

Certain models may come equipped with limited tilt cylinders. They 
will contain a spacer that reduces total tilt rod travel and can be 
identified by the letter L that is stamped on the end of the tilt rod eye. 
Limited tilt cylinders must always be installed in pairs and never mixed 
with standard rods providing full travel. 

9. Press the trimltilt cylinder bushing into the boss on each side of the 
gimbal ring. lnstall bushings into the outer side of each cylinder. Although it is 
not necessary to replace the bushings unless they are worn excessively or 
damaged, you may want to consider replacing them anyway while you have 
everything apart. 

10. Clean the forward pwot pin and then coat it with grease. Apply a light 
coat of Gasket Sealing Compound to the threaded ends of the pin and then 
center it in the ring. 

11. Align the cylinder and then press it on to the pivot pin very carefully. 
You may have to give it a few taps with a rubber mallet. 

12. lnstall the washers and then the lock nuts (new!). Tighten the nuts 
until there is an equal amount of thread exposed on each side of the pin and 
then tighten both nuts to 32-34 ft. Ibs. (43-46 Nm). Replace the plastic caps. 

13. Coat new O-rings with hydraulic fluid and then install them into the 
grooves on the end of each hydraulic line fitting. Remove the plugs and 
attach each line to its respective fitting on the cylinder. Tighten each fitting to 
14-18 ft. Ibs. (19-24 Nm) with a flare wrench. 

14. lnstall the aft line retainer and tighten the bolt securely. Also on these 
models, position and install the cylinder cover. 

15. Install the retainer; and then on all models, install the ground strap 
and tighten the bolt securely. 

16. Clean the aft pivot pin thoroughly and then coat it with grease. 
17. Make sure that the grounding clips are in position and then press the 

bushings into the end of each cylinder and into the bore boss in the drive 
unit. As we did with the forward end bushings, we suggest replacing the 
bushing as preventative maintenance, although it is perfectly acceptable to 
reuse the old bushing as long as they are in good shape. 

18. Align the cylinder ends with the bores on each side of the drive and 
then insert the pivot pin into one end and press it through until it comes out 
the other side-you will probably have to give it a few taps with a mallet. 

19. lnstall the flat washers and lock nuts. Tighten the nuts until there is 
an equal amount of thread showing on each side and then tighten each nut 
to 32-34 ft. Ibs. (43-46 Nm). lnstall the plastic caps. 

20. Fill the reservoir with Power Trimnilt & Steering fluid and run the 
drive through its full range of motion at least 5 times to purge any air in the 
system. 

GROUND 

RETAINER 

Fig. 6 A good look at the trimltilt cylinder and related hardware 
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Fig. 7 Removing the aft nuts 

'ig. 10 Pull of the cylinder cover ... 

Fig. 8 Carefully pull the cylinder off of the 
drive ... 

Fig. 11 ... remove the retainer ... 

DISASSEMBLY & ASSEMBLY 

+ See Figures 6 thru 19 ag-@ -T 

If troubleshooting procedures have isolated a problem to the trimltilt 
cylinders, for example: a leaking oil scraper seal around the rod or a 
defective impact valve, it is strongly recommended that the cylinder(s) 
be removed and replaced with new ones, rather than attempting to 
disassemble the cylinders. This recommendation is based on the fact 
considerable difficulty may be encountered in removing the end cap 
from the cylinder. Even with the aid of the special tool for this purpose, 
the task is most difficult. 

1. Remove the trim cylinder(s) as previously detailed. 
2. Hold the cylinder over a drain pan with the hydraulic line ports facing 

down and into the pan; extend, and then retract the cylinder 2-3 times to 
remove all fluid from the cylinder. 

3. Remove the pivot pin bushings if you intend to replace them. 
4. Place the cylinder in a vise equipped with soft jaws and carefully 

tighten it. 

Fig. 9 ... and then remove the rear nut 

Fig. 12 ... and then disconnect the aR 
hydraulic line 

5. Obtain a spanner wrench (# 912084) or an equivalent tool. Removal 
of the end cap is difficult using the special tool so exercise care. Insert the 
tangs of the spanner into the holes in the end cap. If needed, slide a long 
breaker bar onto the tool so the bar is in the same plane as the tool. This 
nosition will ~rovide maximum mechanical advantaae. Remove the end can. 
?ap the breaker bar, if necessary, but bear in mind>f the holes in the end'of 
the cap become damaged (elongated), the cylinder might as well be given 
the "deep six". Continue to unscrew the end cap until it is held by a single 
thread. Extend the rod, and then continue to remove the end cap and piston . . 
assembly. 

6. Clean and degrease the piston rod thoroughly and then install it in a 
vise using a rod holder (# 983213). Carefully insert the pivot pin through the 
hole in the end piece and spin it off the end of the rod. If you are unable to 
loosen the end piece, heat the shank very carefully with a torch or heat gun 
and then try it again. 

H If you find that the piston rod is slipping in the holder tool while 
trying to spin off the end piece, wrap a piece of paper around the rod 
before inserting it into the tool. 
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Fig. 13 Drain the cylinder into a container Fig. 14 Remove the end cap ... 

SPEC 1 AL 
TOOL n End 

Piece 

Fig. 16 Use the pivot pin to remove the end 
piece Fig. 17 A good look at the piston 

7. Pull the end cap off of the end of the rod and then pry out the 
scraper with a small awl. Do the same with the 2 O-rings, one inside and one 
outside. Discard the scraper and the O-rings. 

8. Move to the end piston and remove the 2 split rings and the O-ring; 
throw them all away. 

9. There are no serviceable components in the assembly, so there is no 
service procedure. This being said though, if you suspect impact valve 
leakage there is a quick procedure to try before replacing everything. Install 
the piston rod in the holder tool again and then loosen the large bolt on the 
end of the piston just enough to allow the relief check balls to unseat 
themselves; but not too much. Clean the piston components with solvent and 
then blow everything dry with compressed air. Tighten the bolt securely until 
the balls seat themselves. 

To Assemble: 

10. Make an effort to keep the work area clean, because any 
contamination on the piston could lead to a malfunction. Inspect the interior 
of the cylinder for any signs of scoring or roughness. Clean all surfaces with 
safety solvent and blow them dry with compressed air. 

11. If the piston has any signs of corrosion or damage it must be 
replaced with a new unit. 

12. Clean the end cap threads with a wire brush until you have removed 
all traces of old sealant. 

13. Lubricate all O-rings and interior components with Power Trimnilt 
and Steering Fluid. 

14. Posit~on a new scraper over the end cap so that the lip is facing 
upward and then use a small seal installer (# 326545), or an appropriately 
sized socket, to press the scraper into the cap. 

15. Coat new O-rings with fluid and then install them into their respective 
grooves in side and outside the end cap. 

16. Coat a new piston O-ring with fluid and roll it into place in the recess 
in the piston. Position new split ring retainers on each side of the O-ring so 
that their ends match but do not overlap. These rings are quite fragile, so be 
careful when installing them into the recess. 

17, Install a seal protector tool (# 326005) over the end of the piston rod 
and slide on the end cap. Make sure that the rod, O-ring and cap are 
thoroughly lubricated with hydraulic fluid. 

Fig. 15 ... and then pull the piston rod out of 
the cylinder 

7rz 
CORRECT 

INCORRECT 

Fig. 18 Snap ring positioning 

18. Make sure that the piston rod threads are free of all old sealant and 
then spray some Loctite Primer on the threads. While waiting for it to dry, 
secure the rod in the holding fixture again and then coat the threads with 
Loctite. Screw on the end piece and tighten it securely. Remove the rod and 
tool from the vise. 

19. Re-clamp the cylinder in the vise and coat the cylinder bore and 
piston thoroughly with fluid. Grab the piston body so that you compress the 
split rings with your fingers and then feed it into the cylinder bore. Push the 
piston and rod all of the way into the cylinder. Once the piston is completely 
in, cap the hydraulic line ports andfill the cylinder with as much hydraulic 
fluid as possible. 

20. Slide the end cap down the rod and thread it into the cylinder. Install 
the spanner wrench and tighten it to 25-30 ft. Ibs. (34-41 Nm). Once there, 
continue rotating the end cap until the two holes are parallel with the pivot 
pin hole in the end piece. 

21. Attach the cylinders, check the fluid level in the reservoir and then 
run the drive through its full range of motion 5 times to purge any remaining 
air in the system. 

Fig. 19 Install a new O-ring on the end cap. 
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TRIM AND TILT 13-1 1 

The pump motor is a 12-volt DC bl-d~rect~onal motor The armature of the 
motor rests inside the f~eld winding and IS energized through brushes 
contactmg the commutator on the end of the armature When the up or down 
sw~tches are closed, current IS d~rected through the motor f~eld in one of two 
drrect~ons causmg the motor to run ~n one desired direct~on 

The opposite end of the armature IS mechancally spl~ned to the hydraulic 
pump The gear rotor actlon of the pump causes the flu~d to flow in e~ther 
direct~on 

The motor case IS sealed with 0-rings and a shaft seal to prevent the 
entry of water or hydraulic flu~d lnto the motor cavlty 

Before gong d~rectly to the pump as a source of trouble, check the battery 
to be sure it IS up to a full charge Inspect the w m g  for loose connections, 
corrosion and damaged wires Take a good look at the control switches and 
connection for ev~dence of a problem 

The control sw~tches may be qulckly elmmated as a source of trouble by 
connecting the pump d~rectly to the battery for testlng purposes 

REMOVAL & INSTALLATION 

+ See Figures 20,21,22 and 23 
OEM TE 

0 Integrated reservoir models are identifiable because they have the 
motor on the bottom and the reservoir on the top. There may be some 
models in this year span that came through with the newer style pump; 
motor on top and clear plastic reservoir on the bottom. 

Fia. 20 Disconnect the hvdraulic hoses at the oumo... I 

Fia. 22 Unolua the trim connector 

1. Using the trim switch, raise the stern drive to the full UP position and 
then support the bottom of the unit with a piece of wood. Remember that 
these models, you can raise the drive even if the system is not working by 
loosening the manual release valve. 

2. Disconnect the battery cables from the battery terminals. 
3. Relieve the pressure in the system by loosening the manual release 

valve one complete turn counterclockwise. 
4. Mark or tag the hydraulic hoses (top or bottom) before disconnecting 

them from the pump. The inlet and outlet ports on the manifold should also 
be stamped (usually) with UP or DN markings identifying each port. Place a 
suitable container under the fittings and then use a line nut wrench to back 
the fitting out of the manifold port. Cap the hoses to prevent fluid leakage 
into the boat and dirt from entering the system. OMC actually sells line and 
port caps if you are interested, otherwise you can improvise with something 
from your shop l~ke taping a baggie around them. 

5. Disconnect the trim harness plug and the battery. 
6. Remove the 3 lag bolts securing the trimltilt pump assembly to the 

boat. Lift the assembly out and free of the boat. 
7. Try to keep the assembly standing uprrght while out of the boat. 

To Install: 
8. Position the trimltilt pump assembly in the boat. Install the lag bolts 

through the pump support bracket and into the transom. Tighten the bolts 
securely. 

9. Connect the hydraulic hoses to their ports in the manifold-make 
sure they thread into the correct port. Tighten the line nuts securely. 

10. Fill the reservoir with OMC Power TrimiTilt and Steering Fluid to the 
bottom of the filler hole. 

11. Connect the trim connector plug. Connect the battery cables and 
then cycle the stern drive Up and Down several (at least 5) times to bleed all 
air from the system. Check the reservoir level after each cycle and service, if 
needed. 

Fig. 21 ... and them plug or bag them to keep out any dirt 

I 

Fig. 23 Make sure that you remove the hydraulic line O-rings 
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DISASSEMBLY & ASSEMBLY 

+ See Figures 24 thru 40 lLED 
1. Remove the pump assembly. 
2. Drain all the remainina fluid in the reservoir into a suitable container. 

Discard the fluid in accordance with any local hazardous waste ordinances. 
3. Remove the 4 reservoir-to-manifold mounting screws (Phillips) and 

then hold the assembly over a suitable container while you separate the two 
units. Remove the O-ring seal from the bottom of the reservoir and throw it 
away. 

4. Turn the remaining assembly over and remove the 3 motor-to- 
manifold mounting screws (Phillips). Separate the motor from the manifold 
and then remove the O-ring and discard it. 

5. Remove the oil pump filter screen from the pump surface. Clean it 
thoroughly and set it aside for assembly. 

6. Pull the drive coupling out of the pump body and check the slotted 
and hex ends for wear or damage-replace as necessary. Check the rubber 
ball in the end of the coupling. 

7. Loosen the 3 pump-to-valve body Allen bolts alternately and only 
ONE TURN at a time until you can lift off the gear housing (pump). There are 
2 short bolts and 1 long bolt. If the pump needs to be flushed, use only new 
hydraulic fluid-never use solvent. Do not remove the pump assembly 
screws; the pump is serviced as an assembly only. 

The mating surfaces of the pump housing and manifold are 
precision machined and do not use a gasket; extreme care should be 
exercised during removal. Be very careful no to gouge, scratch or mar 
either of these services. 

8. Working in the valve body, scrape away any visible staked metal and 
then pull out the filter valve and washer, Confirm that the filter is clean and 
undamaged. Thread in a No. 6 screw or a tap and pull up the screw to 
remove the valve seat. Use a small magnet to remove the check ball and 
check its seat for any damage. Remove the O-rings and throw them away. 

9. Use a small awl or pick and pull out the 2 oil pump O-rings in the 
valve body. 

10. Unscrew and remove the trim-in relief valve springlvalve. Check the 
spring, valve and seal tip for visible signs of damage. If necessary, replace 
the seal tip by pressing on a new tip so the flat side is against the valve and 
the ribbed side is against the seat. 

11. Pull out the thermal expansion valve core and spring. Removing the 
valve body will require fabricating a special tool from a small length of extra 
control cable core wire (or a paper clip). Bend the wire into the shape 
illustrated and make sure that the end is smooth and unfrayed. Insert the tool 
into the valve body and pull on it until the valve pops out. 

12. Use a small (No. 1) pair of circlip pliers to remove the manual release 
valve retaining clip and then unscrew the valve from the valve body. Pull out 
the O-ring and throw it away. Check the sealing surface on the tip of the 

The pump housing contains pistons with springs that exert an upward valve. 
pressure on the unit; it is imperative that when loosening the mounting 13. Remove the tilt-up relief valve plug on the back side of the valve 
screws, they only be turned one complete revolution at a time, body and then pull out the spring and valve core. Removing the valve body 
On the next screw across from it each time until all itself will require the special toof made earlier; insert the tool (or a bent pick) 
pressure has been eliminated. Failure to follow this procedure will into the cross-drilled holes in the body of the valve and pull out firmly. 
result in a waroed housina. 

h PLUG 

I NX-PLUG 
IING I V A L M  & SEAL 

,O-RING 
O I L  

LINE 

- VALVE ASSEflBLY 
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TRIM AND TILT 13-13 
14. lnsert a drag link socket (or equivalent) into the trim-inhilt-down 

check valve and unthread it from the valve body. Pull out the upper spring in 
the bore and then pull out the pump control piston with needle nose pliers. 
Don't forget the lower spring. Leave the 2 O-rings on the check valve for 
now. 

15. Remove the trim-outitilt-up check valve from the bottom (outside) of 
the valve body. 

16. Use a small pin punch to check each check valve for freedom of 
operation-insert the punch into the hole in the bottom of the valve and 
press down on the spring, making sure that it returns freely. 

To Assemble: 
17. Thoroughly clean all components in solvent and blow them dry with 

compressed air. Pay particular attention to drying all manifold passages. 
Keep everything clean and lint-free. 

18. lnspect the pump drive coupling for excessive wear or damage. 
Check all valves and bores for any sign of scoring or corrosion. Check the 
machined mating surfaces of the pump housing and valve body for 
scratches, grooves or other marring. 

19. Coat all components thoroughly with Power Trimfrilt & Steering fluid 
before installation-do not assemble any component dry! 

20. lnspect the tilt-up relief valve seal tip and seat. Coat new O-rings with 
hydraulic fluid and install them on the valve seat and cap. Press the seat into 
the bore on the back of the valve body, insert the spring and valve core and 
then install the cap. Tighten to 50-60 inch Ibs. (5.5-7.0 Nm). 

21. Install new O-rings on the trim-oufftilt-up check valve and then thread 
the valve into the valve body. Tighten to 50-60 inch Ibs. (5.5-7.0 Nm). 

22. lnsert the lower control piston spring into the bore in the valve body. 
Shde a new O-ring onto the piston and position it into the valve body so the 
end with the O-ring is down. Slide a new O-ring onto the trim-inltilt-down 
check valve and then threads it into the piston assembly bore after inserting 
the upper piston spring. Tighten the check valve to 50-60 inch Ibs. (5.5-7.0 
Nm). 

23. Take a look at the small O-rings on the thermal expansion valve body 
and core, if they were removed or look damaged in any way, replace them. 
Install the valve body, core and spring into the main valve body. 

24. Inspect the sealing tip on the trim-in relief valve. If you haven't 
already replaced it, we suggest doing it now as described in the disassembly 
step. Install the valve and spring into the valve body. 

25. Press 2 new O-rings into the filter valve body and press it into the 
main valve body. Install the filter and washer. 

26. Position the oil pump onto the valve body mating surface without 
disturbing the O-rings and insert each of the screws. Tighten the screws to 
25-35 inch Ibs. (2.8-4.0 Nm), one full rotation at a time, in an alternating 
pattern. 

27. lnsert the drive coupling into the drive gear and rotate it slowly by 
hand to make sure there is no binding evident. If you are unable to turn it by 
hand, loosen the pump housing screws a little (remember, one turn at a time) 
and then try it again. If the coupling now turns, you've got a problem in the 
housing; check all components and start over again. 

Fig. 25 Remove the motor mounting bolts ... 

Fig. 28 ..and then lift out the pump 
coupling 

Fig. 26 ... and then lift off the motor 

Fig. 29 Remove the 3 pump mounting 
bolts ... 

Fig. 27 Remove the oil pump filter and 0- 
ring ... 

Fig. 30 ... remember that one is longer than 
the other two ... 
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13-14 TRIM AND TILT 

Fig. 31 ... and then lift the pump from the I I Fig. 32 Remove the filter valve and then the 
valve body 2 O-rings I 

I Fig. 34 Use a small pick or the special tool 
to remove the thermal expansion valve body 

Fig. 37 A good shot of the tilt-up relief 
valve plug 

Fig. 35 Remove the release valve retaining 
clip 

Fig. 38 Unscrew the trim-inltilt-down check 
valve ... 

28. lnstall the round oil pump filter screen onto the pump housing. 
29. Check the small seal on the inner end of the manual release valve 

and then install a new O-ring. Thread the valve into the bore on the outer 
valve body and tighten it to 45-55 inch Ibs. (5-6 Nm). lnstall a new retaining 
ring with circlip pliers. 

30. lnstall a new O-ring onto the motor and then position it to the valve 
body so the mounting holes line up correctly. Now rotate the coupler until the 
slot lines up with the blade on the motor shaft and then install the motor (it 
will only go on one way). Tighten the bolts to 60-84 inch Ibs. (7-9 Nm). 

31. Turn the assembly over and install a new O-ring on the reservoir 
flange. Position the reservoir on the valve body so that the bolt holes are in 
alignment and then tighten the bolts to 60-84 inch Ibs. (7-9 Nm). 

32, Install the assembly in the boat, fill with fluid and test for leaks. 

Fig. 33 Remove the trim-in relief valve and 
thermal expansion springs from the valve 
body 

TOOL 

Fig. 36 Fabricate a small removal tool out 
of a Daoer clio 

Fig. 39 ... and then remove the upper 

Fig. 40 Insert a small punch into the check valve to check return 
spring action 
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RESERVOIR 

+ See Figure 41 

Not all models use all components in all years. 

This power trimltilt system is a hydro-mechanical, electrically controlled 
system allowing the stern drive to be raised when moving through the water 
at idle speed, when approaching the beach or shore, and when trailering the 
boat. The drive can also be adjusted through-out its trim range while the boat 
is underway and at any speed. Thus enabling the helmsman to maintain the 
best bow position for maximum speed, efficiency and ride for any water or 
throttle conditions. 

An electric motor, controlled by a switch and relays, provides the power 
for a hydraulic pump. The pump, in turn, forces fluid through a set of 
hydrqulic hoses to a set of hydraulic cylinders. Depending on the motor's 
direction, fluid will flow into one end of the cylinders to raise or lower the 
drive unit. 

A control switch may be mounted on the remote control handle or on the 
control panel. When activated, the UP or DOWN relay is energized. Current 
to the motor rotates the motor in one of two directions, thus raising or 
lowering the drive unit. 

The power trimltilt system consists of a valve body (manifold), hydraulic 
reservoir, electric motor, up and down solenoids, trimltilt switch, trim sending 
unit, trim indicator gauge, trim limit switch, two hydraulic trim cylinders, and 
the necessary hydraulic lines and electrical harnesses for the system to 
function efficiently. 

The manifold, hydraulic reservoir, electric motor, and upidown solenoids 
make up a single unit known as the pump assembly that is mounted inside 
the boat. Two hydraulic trim cylinders are mounted, one on each side, of the 
stern drive unit. One end of the cylinder is connected to the gimbal housing 
and the opposite end is attached to the drive housing. 

The trim sender unit is mounted on the starboard side of the gimbal ring 
and is connected to the trim gauge on the control panel through the wiring 
harness. When the stern drive is trimmed IN or OUT the gauge moves to 
indicate the stern drive's position. 

A trim limit switch may be connected to the UP solenoid on the trimltilt 
hydraulic pump. This limit switch allows the stern drive to be trimmed out 
only to a preset position. If the stern drive is moved out past the support 
brackets under high throttle setting could impose high stress loads on the 
boat transom and possibly loss of steering control. There may also be a 10 
amp circuit breaker or fuse serving the same purpose. 

The relationship of the various units in the trimltilt system are discussed in 
the following paragraphs. 

All models utilize an integrated reservoir, while some later models may 
use a different reservoir which is a translucent 1 112 quart reservoir that 
attaches to the bottom of the pump manifold. A MIN and MAX mark cast into 
the reservoir makes it easy to check the fluid quantity. A large screw-on cap 
and opening provides for easy servicing of the reservoir. The cap vents the 
reservoir to atmosphere pressure when the fill neck seal is removed inside 
the cap. 

HYDRAULIC PUMP 

The hydraulic fluid pump is a gear- type pump, very similar to an engine 
oil pump. The pump is attached to the manifold with four fasteners and 
cannot be disassembled. If the pump fails, it must be replaced as an 
assembly. The reservoir must be drained and removed to gain access to the 
Pump. 

MANUAL RELEASE VALVE 

1989-96 Models Only 

+ See Figures 41 and 42 

5 There may be some 1997 models that are still utilizing the manual 
release valve; conversely, there may be some 1996 models that are not 
equipped with this component. Simply check the valve body to be sure. 

The manual release (or relief) valve is used on 1989-96 models and is 
located on the port side of the base of the manifold. This valve allows the 
drive unit to be raised or lowered manually without the use of electric or 
hydraulic power. By rotating the valve counterclockwise, the drive unit will 
lower under its own weight; closing the valve will stop the process. The valve 
must be fully open to raise the unit, and it must be tightly closed in order to 
hold a trim or tilt position while static or moving forward. 

MANUAL RELEASE CHECK BALL & RETAINER 

1989-96 Models Only 

+ See Figure 41 

5 There may be some 1997 models that are still utilizing the manual 
release valve; conversely, there may be some 1996 models that are not 
equipped with this component. Simply check the valve body to be sure. 

VALVE BODYIMANIFOLD 

+ See Figure 41 

The valve body, or manifold, is the central mounting point for the pump, 
valves, reservoir and electric motor. The hydraulic pump is capable of 
creating pressure up to 3000 psi. Internal pressure relief valves set at the 
factory control the output pressure in the UP and DOWN circuits. A system 
thermal relief valve protects the pump, valves, lines, and cylinder packing 
from thermal expansion of the hydraulic fluid in the system when operating or 
sitting in the hot sun. The pump, pressure and thermal relief valves are all 
set at the factory and adjustments are not possible. If any of these 
components are found to be defective during troubleshooting or disassembly, 
they must be replaced with identical items. Each of the valves is color coded 
to ensure the correct valve is installed in the correct port. A replaceable filter 
is mounted on the inlet opening to the pump. 

Models through 1996 utilize a maqual release valve. Models after 1997 
offer no provisions for a manual relief valve on the manifold. If the pump or 
motor fails, manually raising or lowering the stern drive would require the 
appropriate hydraulrc line be loosened on the manifold external fitting. 

There may be some 1996 models without a manual relief valve, and 
there will be some 1997 models with a manual relief valve--checking 
your manifold is the only way to tell for sure. 

The manual release check ball and retainer is positioned in a seat next to 
the trim-inltilt-down check valve. The retainer limits the check ball movement. 
The check ball allows fluid to flow directly from the reservoir into the manifold 
when the pump is not operating. This function is required to enable fluid to 
be drawn into the hydraulic cylinders when raising the stern drive unit 
manually. 

TRIM-INITILT-DOWN CHECK VALVE 

+ See Figure 41 

The trim-initilt-down check valve is located in the manifold. This valve 
opens under pressure to allow hydraulic fluid from the pump to the low 
volume side of the cylinders during the Down cycle. The cylinder chamber 
with the rod is identified as the low volume side. 

The valve also allows fluid to return from the low volume side of the 
cylinder to the pump during the Up cycle, after the valve has been opened by 
the pump control piston. 

In addition to the above, the valve prevents the drive unit from raising 
during operation in Reverse, acting as a reverse lock; and prevents fluid flow 
from the high volume side of the cylinders during a high pressure impact 
condition. 
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TRIM-IN 
RELIEF \ 
VALVE 

PUMP CONTROL PISTON 
AND CHECK BALL 

(2 PLCS) 

UNIT 

TILT-UP '1 
J RELIEF I 

VALVE , 
MANUAL RELEASE 

CHECK BALL & RETAINER 

I I PUMP 
r INLET 

TILT-UP 
Fig. 41 Exploded view of the manifold-most models similar 
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Fig. 42 Early models were equipped with a manual release valve 

TRIM-INITILT-DOWN OUTLET PORT 

+ See Figure 41 

The outlet port on the manifold is connected to the rod end (low volume) 
side of the trim cylinders be a combination of hydraulic hoses and lines. It is 
directly in line with the manual relief valve. 

Hydraulic fluid, under pressure, flows through this port to both cylinders 
during cylinder retraction. Return fluid from both cylinders, during cylinder 
extension, will flow back through this port. 

TRIM-OUTITILT-UP CHECK VALVE 

+ See Figure 41 

This valve is located in a seat connected to the UP port in the manifold. It 
opens under pressure to allow fluid flow to the high volume side of the trim 
cylinders during UP operation. The valve serves to maintain oil pressure in 
the high volume chamber of cylinder so that the drive unit will hold a 
particular trim or tilt position while movina forward. It will return fluid to the 
pump during the   own cycle after having been opened by the pump control 
piston. 

TRIM-OUTITILT-UP OUTLET PORT 

+ See Figure 41 

This outlet port on the manifold is marked with the word UP and is 
connected to the cylinder end (high volume side) of the trim cylinders. 
Hydraulic fluid, under pressure, flows through this port to both cylinders 
during trim cylinder extension. Return fluid from each cylinder, during 
retraction, flows back through the port to the pump. 

THERMAL EXPANSION RELIEF VALVE 

INLET CHECK BALLS 

+ See Figure 41 

These check balls rest in seats on either side of the oil pump gears, 
allowing fluid from the reservoir into the pump when they open. When 
closed, obviously, they prevent fluid in the pump from returning to the 
reservoir. 

PUMP CONTROL PISTON 

+ See Figure 41 

Oil pressure in the pump moves the control pistons to open the trim-inltilt- 
down check valve during the UP cycle and the trim-outitilt-up check valve 
during the DOWN cycle. There are two checks balls that either allow or 
restrict fluid movement through the pistons depending on the cycle selection. 

PUMP FILTER & COUPLER 

+ See Figure 41 

A serviceable filter is located between the pump motor and the reservoir; 
filtering all fluid flowing into the pump from the reservoir. A coupler is used to 
connect the motor shaft to the oil pump drive gear. 

FILTER SCREEN 

1989-96 Models Only 

+ See Figure 41 

Certain models may be equipped with a serviceable filter screen between 
the manifold and gear housing that filters fluid returning to the reservoir from 
the manual relief valve passage. 

TILT-UP RELIEF VALVE 

+ See Figure 41 

This valve is located in the gear housing, next to the Trim-in relief valve; it 
is noticeably larger than its companion. It functions to control maximum 
pressure in the circuit during the UP cycle. It also limits pressure at the full 
tilt-up 'stall' position to a maximum of 1200-1600 psi. 

TRIM-IN RELIEF VALVE 

+ See Figure 41 

As mentioned previously, this valve is located in the gear housing next to 
the tilt-up relief valve and is noticeably smaller than its companion. It controls 
pressure in the system during the DOWN cycle. Due to rod volume, more 
fluid returns from the high volume side of the trim cylinders than the low 
volume side can handle; excess fluid passes through the valve which will 
keep pressure on the Down side at 400-800 psi. 

+ See Figures 43 and 44 

The electric pump motor must operate to drive the mechanical hydraulic 
pump. The hydraulic pump will convert the electrical energy into mechanical 
energy. The mechanical energy moves the hydraulic fluid to extend and 
retract the trim cylinders. Use the following troubleshooting procedures to 
determine if the problem is electrical or mechanical. 

DETERMINE IF PROBLEM IS ELECTRICAL OR MECHANICAL 

+ See Figure 41 

This valve is located inside the manual release valve (1989-96) or on the 
gear housing (1997-98) and it prevents hydraulic lock-up when the drive is in 
the full tilt-up position, which can be caused by heat-related expansion of the 
fluid (thermal expansion). The valve will open only when it senses unusually 
high pressure (approx. 2250-2750 psi). 

1. Verify that the battery is fully charged before continuing the 
troubleshooting procedure. If the battery is not fully charged, the system 
could give a false indication of a problem when none actually exists. 

2. Verify the fluid level in the reservoir is up to the MAX mark on the 
side of the reservoir; or the bottom of the filler hole on earlier models. 

3. Depress the UP or DOWN button on the control panel and listen for 
the pump motor to operate or the solenoid to click. 
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Power Trim Diagnostic Chart 
1989-96 

SymptomIProblem Possible Cause 
Static leak-down andlor trim-in creep in Forward gear O @ 0 @ 0  
Trim-outitilt-upcreep in Reverse gear (no reverse lock) @@@me 
Leaking, Up and Down (trim-inlout creep) O 
Slow or no trim-outitilt-up while motor running @ 0 @ 0 @ ( ? 3 @ @ 8 @  
No trim-oufftilt-up, motor does not run @@a@ 
Slow or no trim-inltilt-down while motor running 0 0 0 @ @ @ @ 8  
No trim-inltilt-down, motor does not run @@@@ 
No trimltilt Up or Down, motor runs 000  
No trimltilt Up or Down, motor runs fast 0 
No trimhilt Up or Down. motor does not run @@a@ 
No tilt-down from full tilt-up position, motor stalls @ 
Erratic operation, jumpy motion, pulsinglhissing fluid sounds 0 
Continual use or loss of hydraulic fluid 0 

@Air or lowlno oil tn reservoir. Fill reservoir and cycle pump 
@Air in hydraulic system. Cycle pump through range 3-5 times. Fill reservoir 
O Manual release valve loose or leaking. Check seal ring, O-ring and seats. 

Tighten valve to 45-55 inch Ibs. (5-6 Nm). 
@Thermal expansion valve sticking or damaged spring.Dirt under check ball. 
0 Trim-outltilt-up check valve sticking, damaged seal tip, dirt under seal, leaking O-ring, 

damaged spring 
@ Pump control piston sticking, dirt under check balls or in small oil passages. 
O Trimltilt cylinder internal leak. Check for damaged piston seal impact relief valves, 

or dirt under relief valves 
@ Trim-inltilt-down check valves sticking. Damaged seal tip, dirt under seal, leaking 

O-ring or bad spring 
@Manual release check ball leaking. Check for damaged or dirty ball or seat. 
d Trim-in relief valve leaking. Check seai tip, seat or spring. Check for sticking or dirt. 
@Tilt-up relief valve leaking. Check sticking valve, seal tip, seal or spring. Check 

valve body O-ring. 
8 Pump coupling broken. 
@ 10 or 50 amp circuit breaker tripped 
8 Motor inoperative, replace motor. 
@ Relay control box malfunction. Repllace box. 
@ Switch circuit malfunction. 
O External oil leak. Check all lines, connections, cylinders and valve body. 
O Pump-to-manifold oil line attachment reversed. 

Power Trim Diagnostic Chart 
1997-98 

SvrnntnrnlProblern Possible Cause 

Stat~c leak-down and/or tr~m-tn creep in Forward gear @ @ @ @  
Trim-ouffttlt-upcreep In Reverse gear (no reverse lock) @ @ @ a  
Leaking, Up and Down (trim-inlout creep) @ 
Slow or no trim-oufftilt-up while motor running @ @ @ @ @ ( B @ O @  
No trim-oufftilt-up, motor does not run @ @ @ @  
Slow or no trim-inltilt-down while motor running 0 @ @ @ @ @ 8  
No trim-inltiit-down, motor does not run @ @ @ @  
No trimltilt Up or Down, motor runs 0 0 8  
No trimltilt Up or Down, motor runs fast @ 
No trimltilt Up or Down, motor does not run 086369 
No tilt-down from full tilt-up position, motor stalls 0 
Erratic operation, jumpy motion, pulsinglhissing fluid sounds 0 
Continual use or loss of hydraulic fluid @ 

0 Air or lowlno oil in reservoir. Fill reservoir and cycle pump 
@Air in hydraulic system. Cycle pump through range 3-5 times. Fill reservoir 
O Thermal expansion valve sticking or damaged spring.Dirt under check ball. 
@ Trim-oufftilt-up check valve sticking, damaged seai tip, dirt under seal, leaking O-ring, 

damaged spring 
@Pump control piston sticking, dirt under check balls or in small oil passages. 
@ Trimltilt cylinder internal leak. Check for damaged piston seat impact relief valves, 

or dirt under relief valves 
@ Trim-inltilt-down check valves sticking. Damaged seal tip, dirt under seal, leaking 

O-ring or bad spring 
@ Trim-in relief valve leaking. Check seal tip, seat or spring. Check for sticking or dirt. 
@Tilt-up relief valve leaking. Check sticking valve, seal tip, seal or spring. Check 

valve body O-ring. 
O Pump coupling broken. 
O 10 or 50 amp circuit breaker tripped 
0 Motor inoperative, replacemotor. 
@ Relay control box malfunction. Repllace box. 
63 Switch circuit malfunction. 
8 External oil leak. Check all lines, connections, cylinders and valve body. 

Pump-to-manifold oil line attachment reversed. 
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4. If the pump motor does not operate, and the solenoids do not "click, 
the problem is electrical. 

5. If the pump motor operates, but the stern drive does not move, the 
problem is most likely a hydraulic or mechanical problem. Refer to 
hydrauliclmechanical troubleshooting. 

6. On early models, check the manual release valve- it MUST be 
closed and tightened to 45-55 inch Ibs. (5-6 Nm). 

HYDRAULIC AND MECHANICAL PROBLEMS 

All testing procedures should be performed using a OMC TrimlTilt In-Line 
Pressure Tester (# 983977) consisting of a pressure gauge, adapter, tester 
body, shut-oft valve and hydraulic line. 

To install the tester: 
1. Raise the stern drive up to its full tilt-up position and block it securely 

with wood. 
2. On early models equipped with a manual release valve, open the 

valve all the wav for a few seconds until the pressure eoualizes and then 
close the valve iightly. On later models without the valve, simply open the 
filler caplplug for a few seconds and then close it. 

3. Label the UP hydraulic line at the pump and then disconnect it; make 
sure you have some rags handy, safety glasses on and a suitable pan 
underneath the connection. Once the pressure has been released, reconnect 
the line. 

4. The body of the tester has two ports (marked A and B). Port A is 
always connected to the gauge, while port B can be shut off by closing the 
valve on the tester. The A port must always be the one that is connected to 
the component or circuit thus allowing the circuit to be isolated when the 
vessel's line is connected to port B and the valve is closed. 

Trim-OutITilt-Up-Complete Circuit 

+ See Figure 45 

Performing this test will determine running and stall pressure for the trim 
outltilt-up circuit. 

1. Disconnect the UP hydraulic hose (2) at the outlet (1) on the 
manifold. 

Fig. 45 Trim pump connections 

2. Connect the inlet line from the tester (remember that this is 
connected to the A port on the tester) to the outlet (1) on the manifold. 

3. Connect the UP hydraulic hose (2) to the outlet port (stamped B) on 
the tester and then open the shut-off valve 1-2 turns. 

Opening the valve more than 2 turns may unseat the retaining ring and 
cause fluid to spray or spill. 

4. Run the drive unit through a few Up and Down cycles to purge any 
air that may have entered the system while hooking up the tester. Check the 
fluid level and then move the drive unit to the full trim-outitilt-up position and 
check the running and stall pressure (that point where the drive stops moving 
up, but the pump keeps running). Running pressure should be 225-275 psi, 
while the stall pressure should be 1200-1600. If within specifications, 
proceed to the Trim-lnflilt-Down - Complete Circuit test; if not within 
specifications, move to the Trim-OutTTilt-Up - Pump Isolation test. 

Trim-Outmilt-Up-Pump Isolation 

+ See Figure 45 TE 

Performing this test will isolate the pump manifold trim-outltilt-up 
components from the trim cylinders and will determine whether the manifold 
or the trim cylinders have a problem. 

1. Disconnect the UP hydraulic hose (2) at the outlet (1) on the 
manifold. 

2. Connect the inlet line from the tester (remember that this is 
connected to the A port on the tester) to the outlet (1) on the manifold. 

3. Connect the UP hydraulic hose (2) to the outlet port (stamped B) on 
the tester and then open the shut-off valve 1-2 turns. 

Opening the valve more than 2 turns may unseat the retaining ring and 
cause fluid to spray or spill. 

4. Move the drive unit up to the full tilt position and then flick the trim 
switch for a moment in the DOWN position to relieve pressure. Once 
relieved, close the shut-off valve on the tester. 

5. Run the pump in the trim-outitilt-up direction until the drive stops 
moving but the pump continues to run; record the pressure at the stall. 

6. Release the trim switch and check the leak-down rate as the 
pressure drops for at least 5 minutes. Record this and record the final 
pressure. 

7. Stall pressure should be 1200-1600 psi. Leak-down rate should not 
exceed 200 psi. If the stall pressure is less than specification, or the leak- 
down pressure is greater than the figure, check the manifold. If the leak- 
down rate and stall pressure is within specifications, check each of the trim 
cylinders for leakage. 

8. Flip the trim switch to operate the drive in the opposite direction and 
watch the gauge until all pressure has been relieved. Disconnect the tester 
and reconnect the hose. 

Trim-Inmilt-Down-Com~lete Circuit 

+ See Figure 45 TE 
Performing this test will determine running and stall pressure for the trim- 

inltilt-down circuit. 
1. Disconnect the DOWN hydraulic hose (3) at the outlet (4) on the 

manifold. 
2. Connect the inlet line from the tester (remember that this is 

connected to the A port on the tester) to the outlet (4) on the manifold. 
3. Connect the DOWN hydraulic hose (3) to the outlet port (stamped B) 

on the tester and then open the shut-off valve 1-2 turns. 

Opening the valve more than 2 turns may unseat the retaining ring and 
cause fluid to spray or spill. 
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13-20 TRIM AND TILT 
4. Run the drive unit through a few Up and Down cycles to purge any 

air that may have entered the system while hooking up the tester. Check the 
fluid level and then move the drive unit to the full trim-inltilt-down position 
and check the running and stall pressure (that point where the drive stops 
moving down, but the pump keeps running). Running pressure should be 
400-800 psi, while the stall pressure should be 400-800 psi. If not within 
specifications, move to the Trim-lnflilt-Down - Pump Isolation test. 

Trim-Inmilt-Down-Pump Isolation 

+ See Figure 45 DERATE 

Performing this test will isolate the pump manifold trim-inltilt-down 
components from the trim cylinders and will determine whether the manifold 
or the trim cylinders have a problem. 

1. Disconnect the DOWN hydraulic hose (3) at the outlet (4) on the 
manifold. 

2. Connect the inlet line from the tester (remember that this is 
connected to the A port on the tester) to the outlet (4) on the manifold. 

3. Connect the DOWN hydraulic hose (3) to the outlet port (stamped 8) 
on the tester and then open the shut-off valve 1-2 turns. 

Opening the valve more than 2 turns may unseat the retaining ring and 
cause fluid to spray or spill. 

4. Move the drive unit down to the full tilt position and then flick the trim 
switch for a moment in the UP position to relieve pressure. Once relieved, 
close the shut-off valve on the tester. 

5. Run the pump in the trim-inhilt-down direction until the drive stops 
moving but the pump continues to run; record the pressure at the stall. 

6. Release the trim switch and check the leak-down rate as the 
pressure drops for at least 5 minutes. Record this and record the final 
pressure. 

7. Stall pressure should be 400-800 psi. Leak-down rate should not 
exceed 200 psi. If the stall pressure is less than specification, or the leak- 
down pressure is greater than the figure, check the manifold. If the leak- 
down rate and stall pressure is within specifications, check each of the trim 
cylinders for leakage. 

8. Flip the trim switch to operate the drive in the opposite direction and 
watch the gauge until all pressure has been relieved. Disconnect the tester 
and reconnect the hose. 

Erratic Motion During Operation 
DERATE 

Check the hydraulic fluid level and fill if necessary. Bleed tGsystem. 

Static Leak-down, Trim-In Creep in Forward 

+ See Figures 46,47,48 and 49 ERATE 

1. If equipped with a manual release valve, confirm that it is tight and 
not leaking. Tighten the valve to 45-55 inch Ibs. (5-6 Nm). If leaking, drain 
the system and move the drive unit to the full Down position. Remove the 
valve and check the plastic seal, O-ring and seat. 

2. Check the thermal expansion valve located in the end of the manual 
release valve (1989-96) or in the gear housing (1997-98). Look for sticking, 
damage to the spring or dirt under the check ball. 

3. Check the trim-outitilt-up check valve for damage. Check the seal tip, 
dirt under the seal, leaking O-ring or a damaged spring. 

4. Check to see if the pump control piston is sticking. Check the 
condition of the piston and the O-ring. 

5. Check for external leaks through out the system. 

Trim-lnmrim-Out Creep DERATE 

This condition is frequently caused by an internal leak at the trim 
cylinders-the internal piston seals or the impact relief valves may be dirty or 
damaged, causing fluid to slowly leak from one side of the piston to the 
other. 

Trim-OutiTilt-Out Creep In Reverse 

+ See Figure 45,48 and 49 
DERATE 

1. Check to see if the pump control piston is sticking. Look for dirt under 
the check balls or in the small oil passages in the piston itself. Check the 
piston and its bore for scuffing or other signs of damage. Check the ball seat 
for signs of wear. 

2. The trim-inltilt-down check valve may be sticking due to a damaged 
seal tip. Check for dirt under the seal, leaking O-ring or a damaged spring. 

3. Check the manual release check ball and seat for leakage or 
damage (if equipped). 

4. Check all components for external leaks or damage. 
5. Confirm that the UP and DOWN hydraulic hoses are connected to 

the correct ports on the manifold. 

No Tilt-Down From Full Tilt-Up Position 
A 

+ See Figure 47 
DERATE 

Check the O-ring and seal on the thermal expansion valve. Confirm that 
the valve is not sticking and that the spring is not damaged. 

No Or Slow Trim-Outmilt-Up With Motor Running 
A 

+ See Figures 47,48 and 49 
DERATE 

1. Check the hydraulic fluid level in the reservoir. Fill if necessary and 
bleed the system. 

2. If equipped with a manual release valve, confirm that it is tight and 
not leaking. Tighten the valve to 45-55 inch Ibs. (5-6 Nm). If leaking, drain 
the system and move the drive unit to the full Down position. Remove the 
valve and check the plastic seal, O-ring and seat. 

3. Check the thermal expansion valve located in the end of the manual 
release valve (1989-96) or in the gear housing (1997-98). Look for sticking, 
damage to the spring or dirt under the check ball. 

4. Check the trim-outhilt-up check valve for damage. Check the seal tip, 
dirt under the seal, leaking O-ring or a damaged spring. 

5. Check to see if the pump control piston is sticking. Check the 
condition of the piston and the O-ring. Poor piston performance may also be 
affected by an internal leak in the trim cylinders-the cylinder piston seals or 
impact relief valves may be damaged. 

6. The trim-inltilt-down check valve may be sticking due to a damaged 
seal tip. Check for dirt under the seal, leaking O-ring or a damaged spring. 

7. Check the tilt-up relief valve for sticking, damaged spring or a dirty 
seal tip. Check that the manifold O-ring is not distorted. 

8. Check the condition of the oil pump. Dirt can be in the pump or the 
coupling may have failed. 

9. Check that the motor output is up to specification. 

No Or Slow Trim-Outmilt-Down With Motor Running 

+ See Figures 48,49 and 50 CULT 

1. Check the hydraulic fluid level in the reservoir. Fill if necessary and 
bleed the system. 

2. Check the trim-outltilt-up check valve for damage. Check the seal tip, 
dirt under the seal, leaking O-ring or a damaged spring. 

3. Check to see if the pump control piston is sticking. Check the 
condition of the piston and the O-ring. Poor piston performance may also be 
affected by an internal leak in the trim cylinders-the cylinder piston seals or 
impact relief valves may be damaged. 

4. The trim-inltilt-down check valve may be sticking due to a damaged 
seal tip. Check for dirt under the seal, leaking O-ring or a damaged spring. 

5. The filter valve, or the check valve behind it, may be damaged or 
leaking. 

6. Check the trim-in relief valve for sticking, damaged spring or a dirty 
seal tip. 

7. Check the condition of the oil pump. Dirt can be in the pump or the 
coupling may have failed. 

8. Check that the motor output is up to specification. 

©PDF Manual Master 2006



TRIM ANDTILT 13-21 

Fig. 46 Separating the pump from the 
manifold 

Fig. 47 On early models, the thermal 
expansion valve is located in the tip of the 
manual release valve 

Fig. 49 A good view of the valve body 

No TrimiTilt, Motor Will Not Run 

More times than not this condition is caused by an electrical problem in 
the switch circuit, relayisolenoid circuit, or with the motor. Please refer to the 
Electrical Problems section. 

No TrimiTilt, Motor Runs 

+ See Figure 47 

1. Check the hydraulic fluid level in the reservoir. Fill if necessary and 
bleed the system. 

2. If equipped with a manual release valve, confirm that it is tight and 
not leaking. Tighten the valve to 45-55 inch Ibs. (5-6 Nm). If leaking, drain 
the system and move the drive unit to the full Down position. Remove the 
valve and check the plastic seal, O-ring and seat. 

3. Check the thermal expansion valve located in the end of the manual 
release valve (1989-96) or in the gear housing (1997-98). Look for sticking, 
damage to the spring or dirt under the check ball. 

4. Check the condition of the oil pump. Dirt can be in the pump or the 
coupling may have failed. 

ELECTRICAL PROBLEMS 

ERA TE 

Please refer to the electrical schematics later in this section. 

Before performing any electrical tests, always verify that the battery has a 
full charge. A low battery can always give a false indication that some other 
problem in the system exists. 

Check the circuit breakers in the main engine electrical box and in the 
trimltilt relay control box have not been tripped for some reason. Push in the 
button and reset the breaker. 

Fig. 48 Close up of the gear housing 

I Fig. 50 Checking the filter 

TrimITilt Switch 

DERATE 
During switch operation, electrical current flows from the input terminal 

(redlpurple wire) to the respective output terminals. 
1. Check all electrical connections. Check the 50 amp trimitilt circuit 

breaker and the 10 amp trimltilt pump breaker. Check the battery. 
2. Connect a test light or a multi-meter as per the manufacturer's 

instructions and touch the probe to the redlpurple wire terminal. The tester 
should light or the meter should indicate battery voltage; if not, recheck the 
50 amp and 10 amp circuit breakers andlor check any related electrical 
connections. 

3. Move the probe to the greenlwhite wire terminal and move the switch 
to the Down position. The tester should light or the meter should indicate 
battery voltage; if not, confirm that all electrical connections are OK and then 
replace the switch. 

4. Now move the probe to the bluelwhite wire terminal and move the 
switch to the Up position. The tester should light or the meter should indicate 
battery voltage; if not, confirm that all electrical connections are OK and then 
replace the switch. 

5. If all test prove to be good and the pump will still not operate, refer to 
the Pump Relay test later in this section. 

TrimITilt Motor 

+ See Figures 51 and 52 

DERATE 

A stall-torque test is the only reliable means of checking motor 
performance. Trimltilt motors are not serviceable and must be replaced as a 
unit. 
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Never operate the trimltilt motor for any longer than i t  takes to 
complete the following tests. Always allow the motor to  cool 
sufficiently between each test. Performing the two successive tests on 
a hot motor will lead to inaccurate stall-torque readings. 

1. Check all electrical connections. Check the 50 amp trimltilt circuit 
breaker and the 10 amp trimltilt pump breaker. Check the battery. 

2. Remove the pumplmotor assembly and then remove the motor from 
the manifold. Install it carefully in a soft-jawed vise. 

3. Connect an ammeter or multi-meter in series with the B+ terminal on 
the battery (make sure it's fully charged!) and the blue lead at the motor. 
Next connect a voltmeter (or DVOM) so the positive lead is at the motor's 
blue lead and the negative lead is at the motor's green lead. 

4. lnstall an inch Ib. torque wrench with a suitable adapter to the 
armature shaft on the pump. Have someone study the wrench while you 
move to the next step. 

5. Now complete the circuit by running a jumper wire between the 
negative battery cable and the green lead and then take note of all of the 
readings. The ammeter should show 185 amps, the voltmeter should show 
12 volts (min.) and the torque wrench should show a stall-torque of not less 
than 20.6 inch Ibs. 

6. Disconnect the 2 meters and the jumper and then reconnect the 
ammeter in series between the battery positive terminal and the green lead 
at the motor. 

7. Next, make sure that the motor has cooled down and then complete 
the circuit by connecting the jumper wire between the negative terminal on 
the battery and the blue lead. This will allow you a stall-torque reading in the 
opposite direction; both the stall-torque reading and the ammeter reading 
should be the same as in the earlier step. 

8. A low current reading coupled with a low torque reading indicates 
high resistance in the internal connections or in the brush contacts. 
Conversely, a high current reading and a low torque reading indicates a bad 
armature or field windings. Either way, the motor will have to be replaced. 

Trim Sending Unit 

TE 
1989-95 Models 

1. Check all electrical connections. Check the 50 amp trimltilt circuit 
breaker and the 10 amp trimitilt pump breaker. Check the battery. 

2. Tag and disconnect the sending unit harness at the connector. 
3. Install an ohmmeter, or multi-meter, as per the manufacturer's 

instructions. Connect the probes to the 2 sender leads and then move the 
sender arm through a full Up and Down cycle while observing the meter. 

4. If the meter does not read 0 to 190-210 ohms through out the cycle, 
the unit must be replaced. 

Ammeter 
\ 

Jumper 
Wire 

Voltmeter 

Fig. 51 Performing the first stall-torque test 

1996-98 Models 

1. Check all electrical connections. Check the 50 amp trimltilt circuit 
breaker and the 10 amp trimltilt pump breaker. Check the battery. 

2. Remove the sending unit from the gimbal ring. Tag and disconnect 
the 3-pin sender connector inside the boat. 

3. Install an ohmmeter as per the manufacturer's instructions. Connect 
the meter between the A terminal black lead in the connector and the 
terminal C black lead of the sender. 

4. Rotate the unit control nut counterclockwise very slowly until the 
meter shows infinity. Continue rotating the nut and the meter will jump to 0 
ohms, rotate it more until you achieve the highest reading, which should be 
620-630 ohms on 1996-97 models or 575-625 ohms on 1998 models. 
Disconnect the meter. 

5. Now, connect the meter between the C terminal black lead in the 
connector and the terminal B white lead of the sender. Slowly rotate the nut 
counterclockwise and confirm that the meter reading is steady at 620-630 
ohms on 1996-97 models or 575-625 ohms on 1998 models. Disconnect the 
meter. 

6. Finally, connect the meter between the A terminal black lead in the 
connector and the terminal B white lead of the sender. Slowly rotate the nut 
counterclockwise until the meter shows infinity. Continue rotating the nut and 
the meter will jump to 620-630 ohms on 1996-97 models or 575-625 ohms 
on 1998 models; rotate it more until you achieve the lowest reading, which 
should be 0 ohms. Disconnect the meter. 

7. If the sending unit fails any of the preceding tests, it will require 
replacement. 

TrimlTilt System 

TE 
+ See Figures 53 and 54 

0 On DP units, if the sender or electrical leads see a short or open 
condition, the needle on the trim gauge will show erratic movement. 

1. Check all electrical connections. Check the 50 amp trimltilt circuit 
breaker and the 10 amp trimltilt pump breaker. Check the battery. 

2. Remove the control relay box from the side of the pump. 
3. lnstall a multi-meter as per the manufacturer's instructions. Connect 

the meter leads and confirm that you have battery voltage at the redlpurple 
lead's terminal and a good ground at the black lead's terminal. 

There are two redlpurple leads, the above test involves the terminal 
labeled "redlpurplel" in  the accompanying illustration. 

4. Connect the negative meter lead to a good engine ground. Connect 
the positive lead to the other redlpurple lead terminal. If the meter shows 
battery voltage, the circuit breaker or the 10 amp fuse is good. If not, reset 
the breaker and check it again; if the meter is still not showing the correct 
voltage, replace the circuit breaker or the fuse. 

Ammeter 

Fig. 52 Performing the second stall-torque test 
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I Fig. 53 Removing the control box Fig. 54 Wire colors and their related 
terminals 

Some later models may utilize a 10 amp inline fuse in place of the 10 
amp circuit breaker. 

5. Leave the negative lead connected to the engine ground and connect 
the positive lead to the greenlwhite terminal. Move the trim switch to the 
Down position and check that the meter shows battery voltage. No voltage, 
or very low voltage, indicates you have a problem in the circuit between the 
switch and the box; check all wires and connections. 

6. Now move the positive probe to the green termmal. Move the trim 
switch to the Down position and check that the meter shows battery voltage. 
No voltage, or very low voltage, indicates you have a bad trim-down relay. 
Replace the relay. 

7. Leave the negative lead connected to the engine ground and connect 
the positive lead to the blueiwhite terminal. Move the trim switch to the Up 
position and check that the meter shows battery voltage. No voltage, or very 
low voltage, indicates you have a problem in the circuit between the switch 
and the box; check all wires and connections. 

8. Now move the positive probe to the blue lead's terminal. Move the 
trim switch to the Up position and check that the meter shows battery 
voltage. No voltage, or very low voltage, indicates you have a bad trim-up 
relay. Replace the relay. 

Relay Ohmmeter Test 

+ See Figure 55 

Although the UP and DOWN relays may have different locations and 
orientations on different applications, the terminals will always be connected 
to the electrical system and the motor as follows: 

S blade (switch t or -)-blueiwhite, greenlwhite or black wire 
Bt blade (battery +)-red wire 
8- blade (battery -)-black wire 
M blade (motor)-blue or green wire 

1. Mark each relay and remove them from their sockets. 
2. Install an ohmmeter as per the manufacturer's instructions. Set the 

meter to the High scale. 
3. Connect the meter leads between blades B- and M on the relay. The 

meter must show continuity. 
4. Connect the meter leads between blades B+ and M on the relay. The 

meter must show no continuity. 
5. Now calibrate the meter to the appropriate scale and connect the 

leads between the two S blades on the relay. The meter must show 70-100 
ohms. 

6. Now connect a power source (12 V) to the S blades on the relay and 
then connect the meter leads across the Bt and M blades on the relay. The 
meter must show continuity. 

7. With the power source still connected to the S blades on the relay, 
connect the meter leads across the B- and M blades on the relay. The meter 
must show no continuity. 

8. If the relay fails any of the preceding tests, it will require replacement 

I 
Fig. 55 Relay blade identification 

The following nine points should always be observed when installing, 
testing, or servicing any part of the power trimltilt system. 

1. Coat the threads of all fittings and O-rings with Power TrimRilt or 
Steering Fluid, or an equivalent product. 

2. Use only clean, new, Power Trimnilt and Steering fluid when filling 
the hydraulic fluid reservoir. If the Power Trim and Steering fluid is not 
available, substitute with SAE 10W-30 or 10W-40 motor oil in an emergency 
and then drain the system as soon as possible. 

3. The stern drive must be in the full UPIOUT position to relieve 
hydraulic pressure when checking the fluid level or adding fluid to the 
reservoir. Normal fluid level should be maintained between the MIN and 
MAX marks on the side of the reservoir. If the quantity is low, add fluid until 
the level is up to the MAX mark on the side of the reservoir. Obviously, on 
models without the plastic reservoir, the level should be to the bottom of the 
filler hole. 

4. If the pump stops during long use, allow the pump motor to cool at 
least five minutes before starting again. An internal thermal circuit protects 
the pump motor from overheating.. If the pump still will not operate, the 
system breaker may have tripped or the fuse may have blown. 

5. Keep the work area clean when servicing or disassembling parts. 
The smallest amount of dirt or lint can cause failure of the pump to operate. 

6. The manifold, pump assembly, pressure relief valves, and thermal 
relief valves must be replaced as individual assemblies. There are no piece 
parts available for these components except for the O-rings that are sold in a 
kit. 

7. The motor is protected from internal fluid leaks and external moisture 
by seals, O-rings, and a grommet on the field winding harness. If the motor 
fails due to hydraulic fluid, clean the motor thoroughly and replace the pump 
internal seal and O-ring. If the motor fails from moisture as evidenced by 
internal corrosion, the wire harness grommet is damaged or deteriorated, 
and the pump motor should be replaced. Sometimes liquid neoprene can be 
used on the wire harness grommet to seal minor cracks. Use liquid neoprene 
with care to prevent contaminating the electric motor or hydraulic valves. 

8. Keep the trim cylinders attached to the forward anchor pin during 
servicing and repairs. Do not allow the trim cylinders to hang by their 
hydraulic hoses. Such practice may kink and damage the hoses. Use care 
when handling trim cylinders during removaliinstallation of the stern drive 
unit. Rough treatment of the hoses could result in a weakened hose, partial 
separation at the fittings, or bending of the metal tubing, any one of which 
could restrict the flow of fluid to the trim cylinders. 

9. Always hold both fittings with a wrench when tightening or loosening 
hydraulic hoses and fittings. When installing flex hoses, be sure there are no 
twists or sharp bends in the flex hose. 
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High pressure testing of hydraulic components requires expensive special 
gauges, tools and highly trained personnel to accurately interpret test results. 
A danger to the operator and others in the area always exists during the 
testing process. Therefore, it is highly recommended that the boat, with the 
trimltilt system installed, be taken to a qualified repair facility having the 
necessary equipment to conduct the testing properly and safely. 

Do not attempt to work on hydraulic hose connections without the proper 
tools designed for that specific purpose. The use of a common box end 
wrench will quite likely result in "rounding of f  the flats on a hydraulic fitting. It 
is imperative that you have a set of "flare" or "line" wrenches that will almost 
guarantee the fitting will not to be damaged. 

E Please refer to the Maintenance section for procedures on f i l ihg the 
pump reservoir. 

The power trimhilt system is designed to be self-purging with nothing to 
be done other than raising and lowering the stern drive unit several times. If, 
during service work, components were installed already filled with hydraulic 
fluid, or a line was disconnected and then reconnected, the self-purging 
feature of the system will adequately eliminate the small amount of unwanted 
air. However, if components were removed and installed "dry", the following 
procedures must be performed to adequately purge all air from the system. 

Check to  be sure the vent hole opening in  the reservoir fil l cap i s  free 
and clear. A small amount of air must be allowed to enter the reservoir 
tank as the fluid level drops or vacuum could develop in  the tank 
making i t  difficult for the pump to draw the fluid from the reservoir. 

FILLING AND BLEEDING A DRY SYSTEM 

Trim Cylinders 

DERATE 

Before installing a new or rebuilt trim cylinder: 
1. Compress the trim cylinders so they are in their fully retracted (Down) 

position. 
2. Unscrew the end caps on each cylinder (use the special spanner 

wrench as detailed in the Disassembly &Assembly procedure) and fill the 
low-volume chamber with OMC Power Trimnilt & Steering Fluid. Install the 
end caps and tighten to 25-30 ft. Ibs. (34-41 Nm). 

3. Install the cylinders and connect the hydraulic lines. 

REMOVAL & INSTALLATION 
A 

CULT 
E I t  will be necessary to remove the stern drive unit i n  order to  gain 
access to the inner manifold line connections. 

1. Loosen and remove the hydraulic line retaining clamps on each side 
of the gimbal housing. 

2. Although not strictly necessary, we recommend removing the grease 
extension tube in order to gain access to the starboard hydraulic lines. 
Clamp a pair of vise grips onto the tube (not too tight please) as close to the 
gimbal bearing bore as possible. Insert a small prybar between the pliers and 
the bearing flange and then pry the tube out with the bar while rotating back 
and forth with the pliers. 

3. Loosen each of the hydraulic line nuts at the manifold and carefully 
pull each line out of its recess. Remove each O-ring and throw them away. 
It's a good idea to plug the line ends with a golf tee or something similar to 
minimize fluid leakage. 

4. Move ins~de the vessel and remove the 2 lines connected to the 
inner side of the manifold. Mark them for installation, plug them and secure 
them out of the way. 

5. Back outside the boat, loosen and remove the mounting nut on the 
upper side of the manifold from the stud. The manifold is a tight fit in the 
housing with an 0-ring-you may be able to pull it right out, but you'll 
probably need to position a small drift on the back (inner) side and force it 
through. 

To Install: 
6. Coat a new manifold O-ring with Gasket Sealing compound and slide 

it onto the manifold flange. Coat 2 new O-rings for the inner hydraulic lines 
with hydraulic fluid and slide them over the line tips. 

7. Pull the 2 inside lines through the bore in the housing and then 
position the manifold near the bore so that the inner side is facing to 
Starboard. Route the lines to the manifold so they are parallel and then 
tighten the fittings to 14-18 ft. Ibs. (19-24 Nm) on 1989-97 units, or 84-108 
inch Ibs. (9.5-12.2 Nm) on 1998 units. It is imperative that the lines get 
reinstalled on the port from which they were detached! As a check, once 
installed, the lower line should be attached to the UP inlet on the trim pump 
manifold. 

E Yes, we know it i s  unlikely that you will be able to  get a torque 
wrench o n  the line n u t 4 0  i t  by feel, i ts about as tight as a spark plug, 
just don't over-tighten them. 

8. Feed the lines and through the hole in the housing until the manifold 
seats on it's mounting stud. Install a new locknut onto the stud and tighten it 
to 108-132 inch Ibs. (12-15 Nm). 

9. Coat 4 new O-rings with hydraulic fluid and install them on each of 
the outer (gimbal housing side) hydraulic line tips. Attach the lower of the 2 
Port lines and then the upper. The shorter of the 2 Starboard lines should be 
connected to the lower of the two fittings on the starboard side of the 
manifold and then connect the remaining (longer) line to the upper fitting. 
Tighten all lines to 14-18 ft. Ibs. (19-24 Nm) on 1989-97 units, or 84-108 inch 
Ibs. (9.5-12.2 Nm) on 1998 units-see the previous Note. 

10. Route each pair of lines together and install the retaining clamp on 
each side. Tighten the bolts securely. 

11. If you removed the grease extension tube, pull the grease fitting off 
of the outer end of the tube. Coat the last 114 in. of the tube on the fitting 
side with Gasket Sealing compound and then insert the tube through the 
outer wall of the housing. 

12. Spray the tapered end of the tube and the hole in the housing with 
Loctite primer and allow it to dry completely. Once dry, coat the tapered end 
with Loctite and then drive the end of the tube into the bearing flange. Wipe 
off any excess Loctite and then install the grease fitting to the opposite end 
of the tube. 

Some DP drives utilize a trim limiter system consisting of a limiter module, 
override switch and associated wiring. This system has three set points 
which automatically limit the trim range of the drive unit. These points are set 
at the factory and based on a boat with an average 13 degree transom 
angle. Trim is limited between t 5  degrees and -2 degrees, while tilt is limited 
to 45 degrees. 

These limits, by necessity, may require changing to accommodate 
different transom angles or swim platforms. Although changing the 
parameters is not particularly difficult, it is a serious proposition with strong 
consequences if reset to the wrong figures. 

The boat must be out of the water and in a sling when performing this 
procedure-the hull must be level. You must also know the transom angle- 
consequently, we recommend having this procedure performed at an 
authorized OMC service facility. 

Trim Motor And Pump 

1. Mount the motorlpump assembly on the transom and connezall 
hydraulic hoses. 

2. Remove the reservoir filler ~ l u a  (or cap) and fill the unit with OMC 
Power Trimnilt & Steering Fluid until fie fluid'level reaches the bottom of the 
hole (or the MAX line on the side of the reservoir if you happen to have a 
translucent plastic reservoir). 
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You can also use GM Dexron II ATF fluid if necessary. 

3. Press in the UP button on the trim switch, allow it to raise slightly and 
then stop it. Check the fluid level and add if necessary. Continue this "raise 
and stop" procedure, filling at each stop if necessary, until the drive is in the 
full UPIOUT position and the trim cylinders are fully extended. 

4. Check the fluid level again and then install the filler plug of reservoir 
cap, tightening either on securely. 

5. Run the drive unit through at least 5 UpIDown cycles to purge any 
residual air in the system, stop the drive in the full Up position and check the 
fluid level one last time; topping off if necessary. 

ADJUSTMENT 

1989-92 Models 
DERATE 

Before adjusting the trim sender, the sender must be i tkal led in the 
gimbal ring and the drive must be installed on the boat. 

1. Turn the drive over hard to port and set it to full negative (Down) trim. 
Turn the ignition switch to the ON position; if the trim gauge shows the drive 
to be in the Full Down position there is no need to proceed with the 
adjustment, if not, move to the next step. 

2. Loosen the 2 trim sender mounting screws, turn the ignition switch 
back to the ON position and then slowly rotate the sender until the trim 
gauge registers a Full Down position. Obviously, you'll need an assistant for 
this step unless you've got a long neck and great eyes. 

3. Tighten the sender mounting screws to 18-24 inch Ibs. (2.0-2.7 Nm) 
and then recheck the gauge. 

1993-98 Models 

ERATE 
O See Figures 56 and 57 

1. Turn the drive unit over hard to port and set it to the full Down 
Position. 

2. Loosen the 2 mounting bolts and remove the sending unit from the 
gimbal ring. 

3. Disconnect the sending unit harness connector. 
4. Install an ohmmeter as per the manufacturer's instructions and 

connect the probes between the A and C terminals in the connector; these 
will both have black wires attached to them. Slowly turn the control nut on 
the bottom of the sending unit until the meter reads 10-12 ohms. 

5. Reinsert the sending unit into the gimbal ring and tighten the bolts 
finger-tight. Check the gauge again and slowly rotate the installed unit until 
the figure is achieved once again. 

6. Tighten the bolts to 18-24 inch Ibs. (2.0-2.7 Nm) and then recheck 
the gauge. Remove the ohmmeter and connect the sender lead. 

Fig. 56 Trim sender (SP shown) 

REMOVAL & INSTALLATION 

+ See Figure 58 
TE 

Complete removal of the sending unit will frequently damage the 
wiring harness, so do not remove the unit unless it is absolutely 
necessary. 

1. Turn the drive unit over hard to port and ensure that it is in the full 
Down position. 

2. Loosen the 2 mounting bolts and pull the sender out of the cavity in 
the gimbal ring. 

3. Working inside the boat, disconnect the trim sender harness 
connector at the engine. 

4. Take note of the wire positioning inside of the plug and then use a 
socket removal tool (# 3854350) and push the wire terminals out of the 
connector plug. 

5. Now, back outside the vessel, locate the harness grommet where it 
feeds through the transom assembly-just above the water tube in the 
gimbal housing. Carefully pull off the retaining clip with a pair of needle 
nosed pliers. 

6. Grasp the grommet and pull backward on it while prying it out with a 
small screwdriver. Once free of the housing, pull the wires all the way 
through the transom assembly. Cut any plastic ties securing the harness and 
then remove the trim assembly. 

To Install: 
7. Coat the harness grommet with grease and then feed the leads 

through the hole in the gimbal housing and press the grommet into place 
until it is seated. Pop the retaining clip into position over the base of the 
grommet. 

Make sure that you do not route the harness leads under the extension 
tube or hydraulic lines. 

8. Coat the connector plug with alcohol or solvent and then use the 
special tool and press the leads back into the connector plug until they 
seat-make sure they go back in the same positions as they were prior to 
removal. On certain 1998 models, the ribbed black wire goes into the A 
terminal, the white wire into the B terminal and the smooth black wire into 
the C terminal. 

9. Reconnect the harness at the engine. 
10. Use a new plastic tie and secure the harness to one of the hydraulic 

lines. 
11. Install the sending unit into the gimbal ring and tighten the mounting 

bolts to 18-24 inch Ibs. (2.0-2.7 Nm). Adjust the sending unit if necessary. 

Unit 

Fig. 57 Use the small slot and a pry bar to 
rotate the sending unit for final adjustment. 

Trim Sender 
Harness Connector 
(Female Half) 

Tool 

Fig. 58 Use a special tool to pop the leads 
out of the connector. 
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If troubleshooting procedures have isolated a problem to the trimltilt 
cylinders, for example: a leaking oil scraper seal around the rod or a 
defective impact valve, it is strongly recommended that the cylinder(s) 
be removed and replaced with new ones, rather than attempting to 
disassemble the cylinders. This recommendation is based on the fact 
considerable difficulty may be encountered in removing the end cap 
from the cylinder. Even with the aid of the special tool for this purpose, 
the task is most difficult. 

REMOVAL & INSTALLATION 

+ See Figures 59 thru 64 

1. Remove the plastic cap on the aft (drive) end of each kni t i l t  cylinder. 
Remove the elastic lock nut and flat washer; on certain 1998 units, the nut 
may have been replaced with an e-clip so remove the clip and flat washer 
from the rod. 

2. Support the hydraulic cylinder and lightly tap the pivot rod out of the 
cylinders with a rubber mallet-tap on one side while pulling on the other 
side. Carefully lower the cylinders down until they rest against the spray 
plate. 

If the bushings come out with the pivot rod, make sure that you 
keep the two grounding clips. 

3. Grab the pivot ends of each cylinder and pull them out to the fully 
extended position. Loosen the manual release valve on models so equipped 
and then remove the filler plug at the reservoir to relieve any residual 
pressure in the system. Close the valve and install the cap. On later models 
without the release valve, simply loosen one of the hydraulic hoses at the 
pump and then remove the reservoir cap, but make sure you've got a shop 
towel over it and the hose connection because there may be some spray. 

4. Working at the forward end of the cylinder, unscrew the bolt and 
disconnect the ground wire. Remove the cylinder cover retainer and lift off 
the cover. These models will also have a small screw and line retainer over 
the hydraulic line running to the aft end of the cylinder; remove them. 

5. With the stern drive still in the full DOWN position, place a suitable 
drain pan under the hydraulic lines, tag and then disconnect the two 
hydraulic hoses from the end of the cylinder (cover with rag) using the 
correct size "Flare Nut" or "Line Wrench". These wrenches will prevent 
damaging the hex flats on the line or hose fittings if they are extremely tight 
andior a slight amount of corrosion has built up on the fitting. Most standard 
open-end wrenches will flex under high torque loads, causing the wrench to 
slip, damaging the hex fitting on the hydraulic line. 

6. Remove the O-rings on the end of each line fitting. lnstall plugs into 
the hoses andior fittings to prevent draining the trimltilt hydraulic system any 
more than necessary. 

7. Pry off (or unscrew) the plastic pivot pin cap on the end of the 
forward pin. Remove the locknut or pull the E-Clip from the end of the pin 
and then slide off the flat washer and then the bushing from the pivot pin. 

8. Pull the pivot pin out of the cylinder and gimbal ring, or grasp the 
cylinder on the inside of each pin and pull it off the anchor pins. Remove the 
flat washer and bushing on the inside surface of the cylinder ends or the 
anchor pins. 

To Install: 
9. Press the trimltilt cylinder bushing into the boss on each side of the 

gimbal ring. lnstall bushings into the outer side of each cylinder. Although it is 
not necessary to replace the bushings unless they are worn excessively or 
damaged, you may want to consider replacing them anyway while you have 
everything apart. 

10. Clean the forward pivot pin and then coat it with grease. Apply a light 
coat of Gasket Sealing Compound to the threaded ends of the pin and then 
center it in the ring. 

11. Align the cylinder and then press it on to the pivot pin very carefully. 
You may have to give it a few taps with a rubber mallet. 

12. On cylinders with lock nuts, install the washers and then the nuts 
(new!). Tighten the nuts until there is an equal amount of thread exposed on 
each side of the pin and then tighten both nuts to 32-34 ft. Ibs. (43-46 Nm) 
on 1989-93 models, or 10-12 ft. Ibs. (14-16 Nm) on all others. On models 
using the e-clip, install the washer and then install the e-clip into the groove 
on the pin. Replace the plastic caps. 

13. Coat new O-rings with hydraulic fluid and then install them into the 
grooves on the end of each hydraulic line fitting. Remove the plugs and 
attach each line to its respective fitting on the cylinder. Tighten each fitting to 
14-1 8 ft. Ibs. ( I  9-24 Nm) on 1989-93 models, or 84-1 08 inch Ibs. (9.5-1 2.2 
Nm) on all others, with a flare wrench. 

14. lnstall the aft line retainer and tighten the bolt securely. Also on these 
models, position and install the cylinder cover. 

15. lnstall the retainer; and then on all models, install the ground strap 
and tighten the bolt securely. 

16. Clean the aft pivot pin thoroughly and then coat it with grease. 
17. Make sure that the grounding clips are in position and then press the 

bushings into the end of each cylinder and info the bore boss in the drive 
unit. As we did with the forward end bushings, we suggest replacing the 
bushing as preventative maintenance, although it is perfectly acceptable to 
reuse the old bushing as long as they are in good shape. 

18. Align the cylinder ends with the bores on each side of the drive and 
then insert the pivot pin into one end and press it through until it comes out 
the other side-you will probably have to give it a few taps with a mallet. 

19. lnstall the flat washers and lock nuts or E-clips. On models with nuts, 
tiahten the nuts until there is an eaual amount of thread showina on each 
sGe and then tighten each nut to 32-34 ft. Ibs. (43-46 Nm) on 11989-93 
models, or 10-12 ft. Ibs. (14-16 Nm) on all others. lnstall the plastic caps. 

20. Fill the reservoir with Power Trimflilt & Steering fluid and run the 
drive through its full range of motion at least 5 times to purge any air in the 
system. 

Cover 

Pivot 

Cylinder 

m C 
Nut Bushing /w 

C rl 
\ 

,, ommet Retainer 

Fig. 59 A good look at the trimltilt cylinder and related hardware 

Straps 
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Fig. 60 Most models use a nut on the pivot 
pin ... 

Fig. 61 ... while certain later models may Fig. 62 Tap one end of the pivot pin 
use an E-clip lightly ... 

Fig. 63 ... while pulling on the other end 

DISASSEMBLY & ASSEMBLY 

CULT 

+ See Figures 59 and 65 thru 71 

1. Remove the trim cylinder(s) as previously detailed. 
2. Hold the cylinder over a drain pan with the hydraulic line ports facing 

down and into the pan; extend, and then retract the cylinder 2-3 times to 
remove all fluid from the cylinder. 

3. Remove the pivot pin bushings if you intend to replace them. 
4. Place the cylinder in a vise equipped with soft jaws and carefully 

tighten it. 
5. Obtain a spanner wrench (# 912084) or an equivalent tool. Removal 

of the end cap is difficult using the special tool so exercise care. Insert the 
tangs of the spanner into the holes in the end cap. If needed, slide a long 
breaker bar onto the tool so the bar is in the same plane as the tool. This 
position will provide maximum mechanical advantage. Remove the end cap. 
Tap the breaker bar, if necessary, but bear in mind-if the holes in the end of 
the cap become damaged (elongated), the cylinder might as well be given 
the "deep six". Continue to unscrew the end cap until it is held by a single 
thread. Extend the rod, and then continue to remove the end cap and piston 
assembly. 

6. Clean and degrease the piston rod thoroughly and then install it in a 
vise using a rod holder (# 983213). Carefully insert the pivot pin through the 
hole in the end piece and spin it off the end of the rod. If you are unable to 
loosen the end piece, heat the shank very carefully with a torch or heat gun 
and then try it again. 

If you find that the piston rod is slipping in the holder tool while 
trying to spin off the end piece, wrap a piece of paper around the rod 
before inserting it into the tool. 

Fig. 64 A close-up of the forward end of the cylinder (later model 
shown) 

7. Pull the end car, off of the end of the rod and then ow out the 
scraper with a small awl. Do the same with the 2 O-rings, one inside and one 
outside. Discard the scraper and the O-rings. 

8. Move to the end piston and remove the 2 split rings and the O-ring; 
throw them all away. 

9. There are no serviceable~components in the assembly, so there is no 
service procedure. This being said though, if you suspect impact valve 
leakage there is a quick procedure to try before replacing everything. Install 
the piston rod in the holder tool again and then loosen the large bolt on the 
end of the piston just enough to allow the relief check balls to unseat 
themselves; but not too much. Clean the piston components with solvent and 
then blow everything dry with compressed air. Tighten the bolt securely until 
the balls seat themselves. 

To Assemble: 
10. Make an effort to keep the work area clean, because any 

contamination on the piston could lead to a malfunction. Inspect the interior 
of the cylinder for any signs of scoring or roughness. Clean all surfaces with 
safety solvent and blow them dry with compressed air. 

11. If the piston has any signs of corrosion or damage it must be 
replaced with a new unit. 

12. Clean the end cap threads with a wire brush until you have removed 
all traces of old sealant. 

13. Lubricate all O-rings and interior components with Power TrimlTilt 
and Steering Fluid. 

14. Position a new scraper over the end cap so that the lip is facing 
upward and then use a small seal installer (# 326545), or an appropriately 
sized socket, to press the scraper into the cap. 

15. Coat new O-rings with fluid and then install them into their respective 
grooves in side and outside the end cap. 

16. Coat a new piston O-ring with fluid and roll it into place in the recess 
in the piston. Position new split ring retainers on each side of the O-ring so 
that their ends match but do not overlap. These rings are quite fragile, so be 
careful when installing them into the recess. 
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I Fie. 65 Drain the cylinder into a container 

SPECIAL 

- 

End 
Piece 

Fig. 68 Use the pivot pin to remove the end 

Fig. 66 Remove the end cap ... 

Fig. 69 A good look at the piston 

I Fig. 71 Install a new O-ring on the end cap. I 

17. Install a seal protector tool (# 326005) over the end of the piston rod 
and slide on the end cap. Make sure that the rod, O-ring and cap are 
thoroughly lubricated with hydraulic fluid. 

18. Make sure that the piston rod threads are free of all old sealant and 
then spray some Loctite Primer on the threads. While waiting for it to dry, 
secure the rod in the holding fixture again and then coat the threads with 
Loctite. Screw on the end piece and tighten it securely. Remove the rod and 
tool from the vise. 

19. Re-clamp the cylinder in the vise and coat the cylinder bore and 
piston thoroughly with fluid. Grab the piston body so that you compress the 
split rings with your fingers and then feed it into the cylinder bore. Push the 
piston and rod all of the way into the cylinder. Once the piston is completely 
in, cap the hydraulic line ports and fill the cylinder with as much hydraulic 
fluid as possible. 

20. Slide the end cap down the rod and thread it into the cylinder. Install 
the spanner wrench and tighten it to 25-30 ft. Ibs. (34-41 Nm). Once there, 
continue rotating the end cap until the two holes are parallel with the pivot 
pin hole in the end piece. 

Fig. 67 ... and then pull the piston rod out of 
the cylinder 

7iz 
CORRECT 

INCORRECT 

21. Attach the cylinders, check the fluid level in the reservoir and then 
run the drive through its full range of motion 5 times to purge any remaining 
air in the system. 

The pump motor is a 12-volt DC bi-directional motor. The armature of the 
motor rests inside the field winding.and is energized through brushes 
contacting the commutator on the end of the armature. When the up or down 
switches are closed, current is directed through the motor field in one of two 
directions causing the motor to run in one desired direction. 

The opposite end of the armature is mechanically splined to the hydraulic 
pump. The gear rotor action of the pump causes the fluid to flow in either 
direction. 

The motor case is sealed with O-rings and a shaft seal to prevent the 
entry of water or hydraulic fluid into the motor cavity. 

Before going directly to the pump as a source of trouble, check the battery 
to be sure it is up to a full charge. Inspect the wiring for loose connections, 
corrosion and damaged wires. Take a good look at the control switches and 
connection for evidence of a problem. 

The control switches may be quickly eliminated as a source of trouble by 
connecting the pump directly to the battery for testing purposes. 

REMOVAL & INSTALLATION 

* See Figures 72 and 73 
DERATE 

Integrated reservoir models are identifiable because they have the 
motor on the bottom and the reservoir on the top. There may be some 
models in this year span that came through with the newer style pump; 
motor on top and clear plastic reservoir on the bottom. 
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1. Using the trim switch, raise the stern drive to the full UP position and 
then support the bottom of the unit with a piece of wood. Remember that on 
early models, you can raise the drive even if the system is not working by 
loosening the manual release valve. 

2. Disconnect the battery cables from the battery terminals. 
3. Relieve the pressure in the system. If your pump is equipped with a 

manual release valve, loosen it a few turns; if you have a later model, 
carefully unscrew the reservoir cap very slowly while covered with a rag until 
any residual pressure has escaped. 

4. Mark or tag the hydraulic hoses (right or left) before disconnecting 
them from the pump. The inlet and outlet ports on the manifold are also 
usually stamped with UP or DN markings identifying each port, but the right 
hose (as you face the pump) is the UP circuit and the left hose is for the 
DOWN circuit. Place a suitable container under the fittings and then use a 
line nut wrench to back the fitting out of the manifold port. Cap the hoses to 
prevent fluid leakage into the boat and dirt from entering the system. OMC 
actually sells actual line and port caps if you are interested, otherwise you 
can improvise with something from your shop. 

5. Disconnect the green and blue wires at the terminal board on the 
side of the assembly. Cut the plastic tie securing the wires and the harness 
to the pump body and move them out of the way. 

6. Remove the screw at the top of the control relay box, slide the 
bottom free of the lower mount and then remove the box and lay it out of the 
way. 

7. Remove the lag bolts securing the trimltilt pump assembly to the 
boat. Lift the assembly out and free of the boat. 

8. Try to keep the assembly standing upright while out of the boat. 
To Install: 

9. Position the trimltilt pump assembly in the boat. Install the lag bolts 
through the pump support bracket and into the transom. Tighten the bolts 
securely. 

10. Insert the lower end of the control box into the notch on the pump 
and then secure it with the Phillips screw. Reconnect the blue and green 
leads and secure the harness to the bracket with a new plastic tie. Don't 
forget to coat the screws and terminals with liquid Neoprene. 

11. Connect the hydraulic hoses to their ports in the manifold-make 
sure they thread into the correct port. Tighten the line nuts securely. 

Fig. 72 Disconnect the hydraulic hoses at the pump I 

12. Fill the reservoir with OMC Power TrirnlTilt and Steering Fluid to the 
bottom of the filler hole. 

13. Connect the battery cables and then cycle the stern drive Up and 
Down several (at least 5) times to bleed all air from the system. Check the 
reservoir level after each cycle and service, if needed. 

Fig. 73 Remove the control box 

DISASSEMBLY & ASSEMBLY 

CULT 
+ See Figurea 41 and 74 thru 93 

1. Remove the pump assembly. 
2. Drain all the remaining fluid in the reservoir into a suitable container. 

Discard the fluid in accordance with any local hazardous waste ordinances. 
3. Remove the 4 reservoir-to-manifold mounting screws (Phillips) and 

then hold the assembly over a suitable container while you separate the two 
units. Remove the O-ring from the bottom of the reservoir and throw it away. 

4. Turn the remaining assembly over and remove the 3 motor-to- 
manifold mounting screws (Phillips). Separate the motor from the manifold 
and then remove the O-ring and discard it. 

5. Remove the round mesh filter screen from the manifold. Clean it 
thoroughly and set it aside for assembly. 

6. Pull the drive coupling out of the manifold and check the slotted and 
hex ends for wear or damage-replace as necessary. 

7. Loosen the 4 pump-to-manifold Allen bolts alternately and only ONE 
TURN at a time until you can lift off the gear housing (pump). Make sure that 
both pump control pistons and their check balls stay in the housing. If 
equipped with an oil filter, pull it out of the manifold. 

The pump housing contains pistons with springs that exert an upward 
pressure on the unit; it is imperative that when loosening the mounting 
screws, they only be turned one complete revolution at a time, moving 
on to the next screw diagonally across from it each time until all spring 
pressure has been eliminated. Failure to follow this procedure will 
result in a war~ed housina. 

The matina surfaces of the pump housina and manifold are 
precision machined and do not use a gasket extreme care should be 
exercised durina removal. Be verv careful no to aouae, scratch or mar " - 
either of these services. 
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8. Turn the pump housing over and mark the exposed end of each 

pump gear with an indelible marker so that you know which end of which 
gear goes where. Lift the two gears out of the housing. The gears may not 
always be in the housing as they frequently stay in the manifold after lifting 
off the housing. 

9. Us a pair of needle-nosed pliers and pull the two pump control 
pistons out of their bores in the housing. Reach in and remove the check 
balls. 

10. Turn the housing back over and insert a small piece of stock through 
the hole in the tilt-up relief valve bore. Press the valve out of the bore, 
remove the inner spring and then pull out the O-ring from the groove on the 
valve. If the housing in your application has no hole in the back of the bore, 
carefully drill a 118 in, hole in the housing as indicated in the illustration. 
lnspect the valve, spring and check ball for wear, scoring or other damage, 
replacing as necessary. 

11. Repeat the previous step for the trim-in relief valve (smaller 
diameter). 

12. Although you have probably already done so, remove the pump 
gears from the manifold if this is where they stayed after lifting off the 
housing. Either way, check the excessive wear or chipped teeth. Remove the 
checks balls. 

13. On 1989-96 models, insert a small metal pin into the manual release 
valve check ball hole on the valve body and force out the check ball and 
retainer. Pull the O-ring off of the retainer and discard it. 

14. On 1989-96 models, remove the small inner snap ring in the release 
valve bore and unscrew the valve. Throw away all O-rings. 

The thermal expansion valve i s  located inside the t ip of the manual 
release valve on most 1989-96 models and cannot be serviced 
separately. 

15. On 1997-98 models, remove the thermal expansion valve and then 
pull out the O-ring from the groove in the bore. 

16. Squeeze some grease into the hydraulic line opening adjacent to the 
trim-in or tilt-out check valve until the bore is about 112 full. lnstall a 7116 in. 
fine thread bolt into the opening and slowly tighten it slowly until the check 
valve pops out of the bore. Lift out the valve, seat and spring. If the valve 
does not com out all the way, remove the bolt and squeeze in some more 
grease; then attempt tightening the bolt again. 

To Assemble: 
17. Thoroughly clean all components in solvent and blow them dry with 

compressed air. Pay particular attention to drying all manifold passages. 
Keep everything clean and lint-free. 

18. lnspect the pump drive coupling for excessive wear or damage. 
Check both gears for wear and chipped or damaged teeth. Check all valves 
and bores for any sign of scoring or corrosion. Check the machined mating 
surfaces of the pump housing and manifold for scratches, grooves or other 
marring. 

19. Coat all components thoroughly with Power TrimKilt & Steering fluid 
before installation--do not assemble any component dry! 

20. On 1989-96 models, coat new O-rings and the nylon sealing ring with 
hydraulic fluid and install them onto the manual release valve. Coat the valve 
thoroughly and thread it into the bore in the manifold, tightening it to 45-55 
inch Ibs. (5-6 Nm). Do not over-tighten the valve, lnstall the inner snap ring 
into the groove in the valve bore. 

21. On 1989-96 models, drop the manual release valve check ball into 
the oil passage. lnstall a new O-ring on the retainer, coat them with hydraulic 
fluid thoroughly and then press the retainer into the bore until it is flush with 
the surface of the manifold. Make sure that you do not push the retainer in 
any further than flush or it will restrict check ball movement and affect 
release valve functions. 

22. On 1997-98 models, install the thermal expansion valve after 
inserting a new O-ring into the bottom of the bore and tighten it to 45-57 inch 
Ibs. (5-6 Nm). 

23. Position a check valve spring into each bore in the manifold and 
insert the check valve over the spring so that the tip is facing upward. lnstall 
a new O-ring into the groove in the seat and then carefully install the seat 
over the valve so it is centered, pressing it in until it is fully seated. If you 
encounter difficulty, position an appropriately sized socket over the seat and 
lightly tap it into place. 

24, lnstall a new O-ring into the groove on the trim-in relief valve seat 
(piston) and coat them, and the valve with hydraulic fluid. Invert the pump 
housing and insert the valve spring into the bore, followed by the valve itself. 
Position the seat over the valve and press it in until it seats itself. Repeat this 
procedure for the tilt-up relief valve. 

25. lnsert the check balls for each pump control piston into it's bore in 
the manifold. Position the piston over the ball and press it into the bore. 

26. Coat the teeth of the two drive gears, and their bores, with grease 
and then insert them into their respective bores. Remember the markings 
that you made on each gear during disassembly-the marks must be facing 
away from the housing. 

If you removed the drive gears from the manifold instead of the 
housing during disassembly, then your mark would be facing away 
from the manifold and NOT the pump housing. 

27. lnsert a check ball into each of the reservoir inlet passages. 
28. lnstall the small oil filter into the manifold if your pump was equipped 

with one. 
29. Position the pump housing onto the manifold mating surface and 

insert each of the screws. Tighten the screws to 35 inch Ibs. (4 Nm), one full 
rotation at a time, in the sequence illustrated. 

30. lnsert the drive coupling into the drive gear and rotate it slowly by 
hand to make sure there is no binding evident. If you are unable to turn it by 
hand, loosen the pump housing screws a little (remember, one turn at a time) 
and then try it again. If the coupling now turns, you've got a problem in the 
housing; check all components and start over again. 

31. lnstall the round reservoir filter screen onto the manifold so that the 
foam gasket is facing toward the motor. 

32. Pour hydraulic fluid into the cavity surrounded by the filter screen 
until it reaches the top of the casting. lnsert a screwdriver into the drive 
coupler and rotate it until you no longer see air bubbles coming out of the 
check ball opening. The pump is mow primed. 

33. lnstall a new O-ring onto the motor and then position it to the 
manifold so the mounting holes line up correctly. Now rotate the coupler until 
the slot lines up with the blade on the motor shaft and then install the motor. 
Tiahten the bolts to 35-52 inch Ibs. (4.0-5.9 NmL 

-34. Turn the assembly over andinstall a new O-ring on the reservoir 
flange. Position the reservoir on the manifold so that the bolt holes are in 
alignment and then tighten the bolts to 35-52 inch Ibs. (4.0-5.9 Nm). 

35. lnstall the assembly in the boat, fill with fluid and test for leaks. 

\ 
MANIFOLD & CIRCUIT BREAKER 

PUMP ASSEMBLY ASSEMBLY 

j FILTER 

PUMP b& 
COUPLING -4 /O-RING 

Fig. 74 Exploded view of the trimitilt pump 
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TRIM AND TILT 13-31 

Fig. 75 Drain any residual fluid into an 
appropriate container ... 

Fig. 76 ... keeping the assembly over the 
container when separating the reservoir 

Fig. 77 Separate the motor from the 
manifold ... 

Fig. 78 ... remove the filter screen... I I Fig. 79 ... and then lift out the coupling I I Fig. 80 Loosen the pump housing bolts 
ONE TURN at a time ... I 

Fig. 81 ... and then lift the housing from the 
manifold 

. .. , 
; ., Piston . . , ~. 

Fig. 84 Remove the pump control pistons 

Fig. 82 Pull the drive gears out of the 
housina after thev have been marked.., 

Fig. 85 Removing the relief valves 

Fig. 83 ... and then remove the small oil 
filter from the manifold (if eauiooedl 

4wl Check Ball 

Fig. 86 Press out the manual release valve 
check ball and retainer (1989-96) 
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13-32 TRIM AND TILT 

Fig. 87 Remove the manual release valve 
snap ring on 1989-96 models ... 

Fig. 90 ... and then turn the release valve 
(early models only) 

Fig. 88 ... and then unscrew the valve 

Fia. 91 Installing the relief valve 

Fig. 93 Pump-to-manifold tightening sequence 

Fig. 89 Thread a bolt into each bore ... 

Fig. 92 Installing the manual release check 
valve ball retainer 

PRESSURE TESTING THE MANIFOLD 

1. Thread a 10132 x 112 in. screw with a 5132 in. flat washer into the 
pump housing mounting bolt hole nearest the trim-out-tilt-up check valve, 
making sure that the washer does not cover the small hole in the center of 
the valve seat. 

2. Connect a pressure tester adapter (# 914459) to a Stevens Pressure 
Tester S-34. Lubricate an hydraulic hose O-ring and install it into the groove 
on the end of the adapter. 

3. Thread the adapter end into the UP port on the manifold. Brush 
some soapy water onto the top of the manifold or submerse it in a container 
of Power Trimflilt & Steering fluid and then apply 30 psi to the manifold and 
check for any leaks. 

4. Repeat Steps 1-3 for the trim-initilt-down check valve and manual 
release check ball retainer. 

5. Replace any component showing a leak during the test. 
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Fig. 94 Relay 

Trim 10 Amp Circuit 

Green I White 

Control Box 

control box 

Fig. 95 Power trimitilt 

1 - Red (4 Ga.) 
2- Black (4 Ga.) 
3- Red (10 Ga.) 
4- RedlPurple (10 Ga.) 
5- RedlPurple ( I0  Ga.) 20 Amp 
6- Purple (16 Ga.) 
7- Black (16 Ga.) 
8- BrownWhite (16 Ga.) 

9- GreenWhite (10 Ga.) 
10- BlueWhite (10 Ga.) 
11- Black (10 Ga.) 
12- Green (1 0 Ga.) 
13- Blue (10 Ga.) 
14- BluelWhite (16 Ga.) 
15- GreenWhite (16 Ga.) 

Sender 4 16- RedlPurple (16 Ga.) 
17- RedWhite (16 Ga.) 

-1986-88 models w/GM enaines 
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13-34 TRIM AND TILT 

1- Red 4 Gauge 
2- Black 4 Gauge 
3- Red 10 Gauge 
4- Orange 10 Gauge 
5- Redl Purple 10 Gauge 
6- Redl Purple I 2  Gauge 
7- Purole 16 Gauae 
8- ~ l a e k  16 ~ a u &  
9- BrownWhite 16 Gauge 20 Amp 

\g/  30- BlueWhite 10 Gauge 
11- GreenWhite 20 Gauge 
12- Black 10 Gauae 

7 13- Green 10 ~ a & e  ' ;  Solenoid 14- Blue 10 Gauge 
15- BlueWhite 16 Gauge Battery w Tri 
16- GreenWhite 16 Gauge 

Se 
17- RedlPurple 16 Gauge 
18- RedWhite 16 Gauge 

Fig. 96 Power trimltilt-1987-88 models wlFord engines 

1- Red 4 Gauge 
2- Black 4 Gauge 
3- Red 10 Gauge 
4- Redl Purple 10 Gauge 
5- RedlPuple 12 Gauge 
6- Purple 16 Gauge 
7- Black 16 Gauge 
8- BrownWhite 16 Gauge 

h i  &' Remote 

9- ~ e d ~ % i t e  16 Gauge 
10- RedlPurple 16 Gauge 
11- Black 10 Gauge 
12- Green 10 Gauge 
13- Blue 10 Gauge 
14- BlueWhite 16 Gauge 
15- GreenWhite 16 Gauge 

Fig. 97 Power trimltilt-1989 models wlGM engines 
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TRIM AND TILT 13-35 

Remote 
Control 

TrimlTilt 
k Switch 

Al \ 1 6 Fuse 
F '4 10- Redwhite 16 Ga. 

f ::&p' rW..".. 11- Black 10 Ga. 
8 12- Green 10 Ga. 

Solenoid 
1- Red 4 Ga. 4- Orange 10 Ga. 7- Purple 16 Ga. 
2- Black 4 Ga. 5- RedlPurple 10 Ga. 8- Black 4 C  

3- Red 10 Ga. 6- RedfPurple I 2  Ga. 9- Brow, 

I Trim 13- Blue 10 Ga. 
Sender 14- Bluewhite 16 Ga. 

15- GreenMlhite 16 Ga. 

?/White 16 Ga. 16- RedlPurple 16 Ga. 

Fig. 98 Power trimltilt-1989 models wlFord engines and 1990 Cobra models wlFord engines 

I- Red 4 Ga. 6- Purple 16 Ga. 11-Blue 10 Ga. 
2- Black 4 Ga. 7- Black 16 Ga. 12- Greenwhite 16 Ga. 
3- Red 10 Ga. 8- BrownlWhite 16 Ga. 13- RedfPurple 16 Ga. 
4- RedlPurple $0 Ga. g, Black 10 Ga. 14- Bluewhite 16 Ga. 
5- RedlPurple 12 Ga. $0- Green 10 Ga, 15- RedMlhite 16 Ga. 

I Fig. 99 Power trimltilt-1990 Cobra models wlGM enaines 
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13-36 TRIM AND TILT 

-. Trim Sender 

0 
I - Red 4 Ga. 7- Black 16 Ga. 13- Greenwhite 16 Ga. 
2- Black 4 Ga. 8- Brownwhite 16 Ga. 14- RedlPurple 16 Ga. 
3- Red 10 Ga. 9- Red 10 Ga. 15- Bluewhite 16 Ga. 
4- RedlPurple 10 Ga. 10- Black 10 Ga. 16- Redwhite 16 Ga. 
5- RedlPurple 12 Ga. 11- Green 10 Ga. 
6- Purple 16 Ga. 12- Blue 10 Ga. 

Fig. 100 Power trimltilt-1990 King Cobra models, all engines 

Connector Switch 

I - Black 6- Green 
2- Red 7- Blue 
3- RedlPurple 8- Greenwhite 
4- Purple 9- BlueWhite 
5- Brownwhite 10- Redwhite 

Fig. 101 Power trimltilt-1991-92 models, 1993 GM models and 1994-95 7.4GL GM models 
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- Ignition 

8 

TrirnlTilt Connector 

Motor 
1- Black 6- Green 
2- Red 7- Blue 
3- RediPurple 8- GreenlWhite 
4- Purple 9- BlueWhite 
5- BrownMlhite 10- RedWhite 

I Fig. 102 Power trimltilt-1993-95 Ford models 

Motor Starter 

1- Red 6- BrownWhite 
2- Black 7- GreenMfhite 
3- RedWhite 8- BlueWhite 
4- RedlPurple 9- Blue 
5- Purple 10- Green 

Fig. 103 Power trimitilt-1995 7.4L EFI GM models 
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13-38 TRIM AND TILT 

TRIM 

TRIM 
SENDINI 

I - Black 
2 - Red 
3 - Red1 Purpl 
4 - Purple 
5 - Brownwhite 
6 - Green 
7 - Blue 
8 - Greenwhite 
9 - Bluewhite 
10- RedWhite 

MOTOR 

Fig. 104 Power trimltilt-1994-95 Cobra models wlGM engines 

Fig. 105 Power trimltilt-1996-98 SP models wl3.0GS, 4.3GL/GS, 5.OGL and 5.7GLIGS GM engines 
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TILT 13-39 

-ig. 106 Power trimltilt-1996 SP models wl5.015.8L FL Ford engines and 7.4GL GM engines 
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13-40 TRIM AND TILT 

Relay 
Control 

Fig. 108 Power trimltilt-1996-98 SP models wl4.3Gi, 5.7GilGSi, 7AGilGSi and 8.2GSi GM engines 
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B- Mack 
BL- Blue 

Fig. 109 Power trimltilt-1996-98 DP models w1GM engines 
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13-42 TRIM AND TILT 

Fig. 110 Power trimitilt-1996 DP models wiFord engines 
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14-2 STEERING SYSTEMS 

The manual steering system on your boat is very simple-a steering 
wheel, a steering cable and a steering tubellever in the stern drive unit. 
Please refer to the Drive Systems sections for Steering Lever procedures. 

The jacketed steering cable is connected on the one end to the helm 
(steering wheel) rack and pinion assembly. The opposite end of the outer 
jacket is connected to the steering tube at the transom plate. The inner cable 
passes through the tube and is connected to the steering arm coming from 
the stern drive unit. The tube and cable are connected to the transom via an 
anchor block, which provides the mechanical adjustment capabilities for 
centering of the steering system. When the steering wheel is rotated, the 
inner cable extends or retracts, moving the drive unit to port or starboard. 

An adjustable trim tab on most models is located on the lower unit and is 
positioned to off-set the torsional steering (centered position) when operated 
at mid-range and full power settings. 

REMOVAL & INSTALLATION 

1986 Models 

DERA TE 
+ See Figures 1 ,2  and 

The steering cable is serviced as an assembly only. 

1. Locate the end of the steering cable at the transom. Pull out the 
cotter pin securing the bottom of the clevis pin holding the cable ram to the 
steering lever (arm). Remove the steering arm clevis and disconnect the 
cable ram from the steering lever. On dual engine installations, support the 
tie bar and then repeat the procedure on the opposite side. 

2. Remove the steering lever bushings (if equipped). 
3. Turn the helm hard over to port until it reaches the full lock position 

and then loosen the cable anchor nut at the steering tube. Disconnect the 
cable. 

4. Disconnect the cable at the helm and remove it. 

The steering tube position in the anchor block is preset at the 
factory--do not loosen the jam nut or attempt to change the centering 
position of the steering tube. 

To Install: 
5. Clean the steering tube and steering lever thoroughly and inspect 

carefully for cracks, wear or other damage. 
6. Connect the new cable to the helm as per the cable manufacturer's 

instructions and run it back through the boat. 
7. Turn the steering wheel until the steering cable ram is extended to its 

full length and then coat the ram liberally with OMC Triple Guard Grease 
over its entire length. 

8. Retract the steering cable ram completely while turning the steering 
wheel. Count the exact number of turns (yes, of the steering wheel) it takes 
until the ram is fully retracted. 

9. Feed the cable ram through the steering tube and then position the 
steering lever at its center position of travel. 

10. Now, turn the steering wheel in the other direction exactly half of the 
amount of turns you noted in the previous step-this will center the steering 
cable ram. 

11. Position the steering cable end against the steering tube, loosen the 
lock nut and then turn the steering tube until the hole in the cable ram is 
lined up with the hole in the steering arm. Use your hand, not pliers or vise 
grips! 

12. Move the steering tube jam nut so that it is next to the anchor block. 
Attach a 1-5/16 in. (34mm) 90 deg. crows foot wrench to a torque wrench 
and then tighten the jam nut to 20-25 ft. Ibs. (27-34 Nm). 

13. Position the steering ram in the steering lever so the holes line up 
and then insert the clevis pin from the top. Install a new cotter pin and bend 
over the arms. 

14. Turn the steering wheel from lock-to-lock, extending and retracting 
the cable ram. The steerinq lever should move from stop-to-stop without 
coming in contact with thecut-out in the transom. check that the steering 
arm has eaual clearance at each s t o ~  and that it is centered when the wheel 
is centered. 

1987-98 Models 

DERATE 
+ See Figures 1,2 and 

The steering cable is serviced as an assembly only. 

1. Locate the end of the steering cable at the transom. Pull out the 
cotter p ~ n  securing the bottom of the clevis pin holding the cable ram to the 
steering lever (arm). Remove the steering arm clevis and disconnect the 
cable ram from the steering lever. On dual engine installations, support the 
t ~ e  bar and then repeat the procedure on the opposite side. 

2. Remove the steering lever bushings. 
3. Turn the helm hard over to port until it reaches the full lock position 

and then loosen the cable anchor nut at the steering tube. Disconnect the 
cable. 

4. Disconnect the cable at the helm and remove it. 

The steering tube position in the anchor block is preset at the 
factory-do not loosen the jam nut or attempt to change the centering 
position of the steering tube. 

To Install: 
5. Clean the steering tube and steering lever thoroughly and inspect 

carefully for cracks, wear or other damage. 
6. Connect the new cable to the helm as per the cable manufacturer's 

instructions and run it back throuah the boat. 
7. Turn the steering wheel until the steering cable ram is extended to its 

full length and then coat the ram liberally with OMC Triple Guard Grease 
over its entire length. 

8. Feed the cable ram through the steering tube and then thread on the 
anchor nut (while holding the cable in the tube) until it bottoms against the 
end of the tube. Attach a 90 deg. crows foot wrench to a torque wrench and 
then tighten the anchor nut to 120 inch Ibs. (14 Nm). 

9, Install the steering lever bushings into the lever. It is not necessary to 
replace these bushings unless they are worn or damaged; we recommend 
replacing them anyway as preventative maintenance although it is by no 
means imperative. 

10. Position the steering ram in the steering lever so the holes line up 
and then insert the clevis pin from the top. Install a new cotter pin and bend 
over the arms. 

11. Turn the steering wheel from lock-to-lock, extending and retracting 
the cable ram. The steering lever should move from stop-to-stop without 
coming in contact with the cut-out in the transom. Check that the steering 
arm has equal clearance at each stop and that it is centered when the wheel 
is centered. 

MAINTENANCE 

The steering cable should be lubricated with water repellent (OMC 
Triple Guard) every 60 days during your boating season, although depending 
on your particular local conditions it may be necessary to shorten the 
interval. 

REMOVAL & INSTALLATION 

DERA TE 

+ See Figures 4 and 5 

The steering tube position in the anchor block is preset at the 
factory-although we are providing the appropriate service procedures 
here, we do not recommend removing the assembly unless you are a 
skilled technician. 

1. Disconnect the steering cable from the steering tube as detailed in 
the previous section. 
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STEERING SYSTEMS 14-3 

Steering 
Arm 

Fig. 1 Pull the cotter pin out of the steering 
lever clevis 

Fig. 2 Pop out the steering lever bushings 

2. Locate the anchor block at the transom, loosen the jam nut and 
thread the steering tube out of the block. Remove the jam nut from the tube. 

3. Remove the cotter pins (if equipped) and then the 2 mounting bolts 
and lift the anchor block out of the transom plate. 

To Install: 

4. Clean the anchor block and steering tube thoroughly. 

5. Thread the jam nut all of the way onto the steering tube. Measure 3 
114 in. (82.55mm) in from the threaded end of the tube. Now measure in an 
additional 1 114 in. (31.80mm) from that mark and spray Loctite primer on the 
1 114 inch area of threads. Allow the primer to dry completely and coat the 
same area of threads with Loctite sealer or OMC Nut Lock. 

6. Thread the anchor block onto the tube until the outer edge of the 
block is 3-5132 in. (80.2mm) from the end of the tube. This should position 
the steering tube for accurate centering of the system. 

7. Thread the jam nut up against the anchor block and then tighten it to 
35-40 ft. Ibs. (47-54 Nm). It is very important that the anchor block does not 
change position during the final tightening of the jam nut! 

8. Coat the bushings LIGHTLY with grease and position the assembly 
into the transom bracket. Install the original mounting bolts and tighten them 
to 40-45 ft. Ibs. (54-61 Nm). Insert new cotter pins into the holes and bend 
over the arms. 

It is imperative that when greasing the bushings, you squeeze only a 
little grease into them-filling the bushing can cause the bolts to 
hydraulically lock and break the transom plate bracket. 

9. Reconnect the steering cable to the steering tube. 

Cable Anchor 
Nut 

Fig. 3 Use a crowsfoot wrench at 90 deg. to 
the torque wrench when tightening the 
anchor nut 

ADJUSTMENT 

+ See Figure 6 

The trim tab should be pre-set at the factory and should normally require 
no adjustment. To confirm the setting, measure from the very end of the trim 
tab directly over to the port side of the anti-cavitation plate so that you 
measurement is taken at a point perpendicular to the centerline of the drive 
unit. Left-hand rotation units should measure 3 114 in. (83mm) (5 degrees to 
port of the centerline), while right-hand units should measure 2 114 in. 
(57mm) (30 degrees to port of the centerline). 

If the measurement is not within specifications, loosen the trim tab bolt 
and re-position the tab to meet the correct dimension. Tighten the bolt to 28- 
32 ft. Ibs. (38-43 Nm) on drives through 1994; for 1995-98 drives, tighten the 
bolt to 14-16 ft. Ibs. (19-22 Nm). 

In spite of the fact that the tab is pre-set at the factory, the boat may still 
steer more easily in one direction or another. If this is the case, confirm that 
the tab setting is correct as per factory recommendations and then perform 
the following test while running the boat in a straight line, with a balance 
load, in an area where current and wind will be as little a factor as possible. 

10. While running the boat in a straight line, turn the wheel in one 
direction and then the other direction a few times while determining which 
direction requires the least amount of effort to complete the turn. 

11. The trim tab will need to be moved SLIGHTLY in the direction that 
requires the LEAST effort. If boat is easier to turn to port, loosen the tab 
mounting bolt and move the tab just a bit toward the port side. If the boat 
turns easier to starboard, do the same, but move the tab to the starboard 
side. Tighten the trim tab bolt to 28-32 ft. Ibs. (38-43 Nm) on drives through 
1994; for 1995-98 drives, tighten the bolt to 14-16 it. Ibs. (19-22 Nm). 

1 On boats with twin engines, the trim tab on each engine must be 
moved the same amount and in the same direction. 

12. Recheck the steering effort after making the adjustment. Repeat the 
procedure until you are confident that the boat steers with the same amount 
of effort in each direction. 

1 114 in. 
Steering I Tube 

Jam Nut 

I Fig. 4 Positioning of the steering tube ... I 

Steering 3 5132 in. 
Tube 

Anchor 
Block 

Fig. 5 ... is important for accurate centering I I- Left Hand 
2- Right Hand 

1 Fig. 6 Trim tab adiustment 1 
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14-4 STEERING SYSTEMS 

+ See Figure 7 

All OMC power steering systems utilize an engine-driven, vane-type 
hydraulic pump supplying fluid and pressure, via hoses, to a control or servo 
valve. The valve controls flow and pressure to a steering cylinder, the two of 
which make up the power steering assembly. There are three basic power 
steering modes: Neutral, left turn and right turn. The control valve, activated 
by the steering wheel via a steering cable controls all three modes. 

The hydraulic pump is mounted on the front of the engine and is belt- 
driven by the crankshaft pulley. Some models have a separate fluid reservoir, 
but most utilize a reservoir contained within the pump housing. On the 
integrated models, the fill cap has a dipstick attached. 

The control valve and steering cylinder are usually a single unit and are 
mounted to the transom plate at the back of the boat. This assembly is 
connected to the pump by means of hydraulic lines, with an oil cooler being 
incorporated into the low pressure return line. The assembly is also 
connected to the helm by means of a standard mechanical steering cable, 
which along with the steering ram, is connected to the steering arm on the 
drive unit. 

When there is no steering input from the helm, the control valve is kept 
centered by a spring. Hydraulic fluid from the pump enters the valve at the 
pressure point, flows by each of the cylinder ports with almost no restriction 
and then through the return port, oil cooler and back to the pump reservoir. 

When the helm is turned over to port, the system pulls the steering arm to 
starboard. The casing on the steering cable pushes the valve spool to port, 
fluid enters the valve and is routed to the rod-end outlet and then on to the 
low volume side of the cylinder. Pump pressure then moves the piston and 
steering arm to starboard. Fluid in the high volume side of the cylinder is 
forced through the valve, out the return port and back to the pump reservoir. 

When the helm is turned over to starboard, the system pushes the 
steering arm to port. The casing on the steering cable pulls the valve spool 
to starboard, fluid enters the valve and is routed to the piston-end outlet and 
then on to the high volume side of the cylinder. Pump pressure then moves 
the piston and steering arm to port. Fluid in the low volume side of the 
cylinder is forced through the valve, out the return port and back to the pump 
reservoir. 

Even when the power assist is not working for the steering system, the 
boat may still be steered, albeit not quite so easily. When turned to port at 
the wheel, the steering cable will still move the steering arm to starboard. 
This, in turn, causes the cable casing to press against the valve spool to port 
and against the stop at about 0.125 in. (3.18mm). The cable is now 
transmitting full manual effort to the steering arm. Fluid ahead of the piston is 
manually forced out of the cylinder through the outlet and into the valve, then 
through the return port and back to the pump reservoir. Additionally, fluid will 
be drawn out of the reservoir through the pressure inlet and back to the 
opposite side of the piston. 

During normal operation, dual intake ports in the pump draw fluid from the 
reservoir. Pump output is also via ports. Vanes on the pump are held against 
the pump bore by pressure against the back of the vanes. Pump output 
should always be sufficient to perform quick boating maneuvers at idle. 
Pump output, flow-restricted to a maximum of 2.3 gallonsimin., is always 
determined by resistance to flow found in the system. With no steering input, 
pressure should be 50-100 psi. Steering input increases the pressure, 
dependant upon boat attitude, trim position, throttle position and speed of 
maneuver. 

A pressure relief valve located in the body of the pump protects against 
exceedingly high pressure and limits output pressure to 1000-1100 psi. 

PUMP LEAKAGE 

- + See Figures 8,9 and 10 
Over-filling the pump reservoir is frequently the cause of leaks. Hydraulic 

fluid expands as it heats up during usage and the level then rises in the 
reservoir. Excess fluid is expelled through the breather hole in the filler cap 
where it can then be sprayed over the engine by the drive belt. 

When using a torque wrench on line fittings, you will need the use 
of a 90 " crowsfoot wrench. 

1. Remove the lower hose fitting (1) with a flare wrench and install a 
new O-ring. Make sure you have opened the filler cap and have plenty of 
rags on hand. Tighten the fitting to 40 ft. Ibs. (54 Nm) on 1986-89 models or 
15-26 ft. Ibs. (20-32 Nm) on 1990-98 models. If leakage continues, replace 
the hose or pump as necessary. 

2. Check the torque on the lower fitting port nut (2). If the port is already 
tightened to 35 ft. Ibs. (48 Nm) on 1986-89 models or 37-75 ft. Ibs. (50-102 
Nm) on all others, replace the pump; otherwise tighten the port to bring it into 
specifications. 

3. Check the fluid level in the reservoir. If leakage continues with the 
fluid at the correct level and the cap on tightly, replace the cap or the pump. 

4. Refer to the illustration for other likely areas of leakage. If detested in 
any of these areas, replace the pump. 

PUMP PRESSURE 

DERATE 
+ See Figures 10 and 11 

This test will require the use of a power steering system pressure gauge 
kit. 

1. Ensure the power steering fluid is at the correct level in the 
reservoir(s). 

2. Turn off the engine and connect a pressure gauge (Kent Moore #J- 
5176) to the high pressure hose. Disconnect the lower hose at the rear of the 
pump with a flare wrench. Connect the end of the hose to the pressure 
gauge on the shut-off valve side and then connect a spare hose between the 
other side of the gauge and the rear pump connection port. Open the shut- 
off valve. 

The shut-off must be downstream from the gauge, 

3. Remove the filler cap from the pump reservoir and check the fluid 
level, making sure the fluid is at the FULL line on the dipstick. 

4. Start the engine and turn the wheel hard over (either way) until it is at 
full lock. Check the connections atthe tool for any leaks. 

5. Bleed the system as detailed in the Maintenance section. 

6, Insert a thermometer (Kent Moore # J-5421) into the filler opening on 
the reservoir. Start the engine and move the steering wheel back and forth 
from lock-to-lock several times until the thermometer indicates a temperature 
of 150-190". F (65-88 "C); this is normal operating temperature. 

7. Check the fluid level and add if necessary. While the fluid is at 
normal operating temperature, the pressure with the valve open should be 
80-125 psi on 1986-89 models or 50-100 psi on 1990-98 models. If pressure 
is higher, check all hoses for obstructions. 

8. Close the shut-off valve momentarily and read the gauge. Open the 
valve immediately once you have noted the pressure. Relief valve pressure 
should be 1000-1100 psi. 

9. Remove the gauge and spare hose. Connect the high pressure hose 
to the pump and tighten the fitting nut to 40 ft. Ibs. (54 Nm) on 1986-89 
models or 15-26 ft. Ibs. (20-32 Nm) on 1990-98 models. 

10. Replace the pump if the specified temperature or either of the 
pressures were outside of their ranges. 

Please refer to the Maintenance section for fluid level checking, 
system bleeding and drive belt adjustment procedures. 
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PRESSURE 
____t 

POWER STEERING 

CLEVIS - 
LOW PRESSURE 

STEERING CABLE 

STEERING CONTROL 
VALVE AND CYLINDER 

Fig. 7 Exploded view of the power steering cylinder-1990-98 models 

Fig. 8 Common fluid leak points on the hydraulic pump-1986-89 I models I 

Fig. 10 Close look at the lower (high pressure) line connections 
(later models shown) I 

i 

Fig. 9 Common fluid leak points on the hydraulic pump-1990-98 
models 

High ~ r e k u r e  Hose 

Fig. 11 Pressure test gauge hook-up 
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14-6 STEERING SYSTEMS 

REMOVAL & INSTALLATION 

1986-89 Models Only 

+ See Figure 12 

1. Remove the steering cylinder as detailed elsewhere in this section. 
2. Loosen and remove the guide lock nut and washer. Lift off the valve 

guide and steering tube as an assembly. 
3. Carefully clamp the assembly in a soft-jawed vise and remove the 

bracket-to-valve bolt (and washer). 
4. Spin two 112-13 nuts onto the bracket-to-valve bolt and then thread it 

into the bracket bushing. Tighten the inner nut against the bushing (firmly) 
and then cinch the other nut up against the inner nut. Remove the bushing 
clamp bolt and throw it away. Now turn the bracket-to-valve bolt 
counterclockwise and remove the bushing. 

5. Aside from removal of the grease fitting nipple on the housing, no 
further service is possible on the actuator valve. 

6. Bend a piece of cardboard around the cylinder rod so that it butts up 
against the inner edge of the clevis fork and then clamp a pair of Vise Grips 
around the cardboard and rod. Working inside the fork in the clevis, remove 
the cylinder lock nut and washer while holding the rod with the pliers. 

7. Remove the cotter pin on the bracket and then remove the 2 cylinder 
trunnion pins by threading in a 2 in. long bolt-the pins have internal 10-24 
threads. 

8. Separate the bracket and the cylinder. Remove the remaining cotter 
pin on the bracket and pull out the cylinder bushing. The cylinder is serviced 
as an assembly, no further service is possible. 

To Install: 
9. Clean all components thoroughly and inspect everything for cracks 

and other visible signs of damage. 
10. Press the cylinder rod bushing into the bracket so that the grooved 

end lines up with the cotter pin hole. Insert the pin and bend over the ends. 
11. Slide the bracket onto the power cylinder so that the hydraulic line 

ports are exposed and then install the trunnion pins so the threaded end is 
on the outer side. Slide in a new cotter pin for the lower trunnion. 

12. Slide the clevis over the end of the cylinder rod and then grasp the 
rod with Vise Grips as detailed in the removal procedure. Tighten the lock 
nut to 23-28 ft. Ibs. (31-38 Nm). 

13. Thread the bushing into the valve until the outer edge of the bushing 
is 1116-3132 in. BELOW the outer edge of the bore in the valve- this will 
allow the clamp bolt to pass through the groove between the bushing 
threads. lnstall a new clamp bolt and tighten it to 24-30 ft. Ibs. (33-41 Nm). 

14. Position the bracket against the valve assembly so that the slot on 
the valve mating surface lines up with the small rise on the bracket mating 
surface. lnstall the bracket bolt and tighten it to 50-60 ft. Ibs. (68-81 Nm). 

15. lnstall the steering tube and valve guide as an assembly. If the tube 
lock nut was removed, or even loosened, position the tube so that 718 in. 
(22mm) of thread is protruding on the cylinder end. Tighten the lock nut to 
25-30 ft. Ibs. (34-40 Nm). 

16. Position the steering tube over the power cylinder and set the guide 
on the actuator stud. Slide a new internal toothed lock washer onto the nut 
and thread it onto the stud. Tighten the nut to 40-50 ft. Ibs. (54-68 Nm). 

17. lnstall the cylinder as detailed elsewhere in this section. 

All engines covered here utilize a raw-water cooled steering cooler on the 
low pressure (return) side of the power steering system; located in-line 
between the control valve and the power steering pump. 

REMOVAL& INSTALLATION 

+ See Figures 13,14,15,16 and 17 TE 

1. Locate the cooler. It can generally be found at the rear of the engine, 
although certain engines will have it tucked in at the front of the engine on 
the port side. If it's not readily visible, just follow the lines from the pump. 

2. Drain the cooling system as detailed in the Maintenance section. 
3. Loosen the hose clamps and wiggle off the cooling hoses on each 

end of the unit. Have some rags and a container handy as there will still be 
some residual water in the cooler and lines. Tie the hoses up and out of the 
way. 

W Although not absolutely necessary, we recommend draining the 
power steering system before attempting this procedure. 

4. Loosen the hydraulic lines running into and out of the cooler unit. 
Most will simply use a hose clamp, but a few applications will use a screw-in 
fitting. Have some rags and a container handy as there will still be some 
residual fluid in the cooler and lines. Tie the hoses up and out of the way. 
Plug the openings to prevent contamination. 

5. Loosen and remove the mounting brackets-usually just hose 
clamps, and lift out the cooler. 

To Install: 
6. Clean the cooler thoroughly and inspect it for cracks, wear or other 

damage. 
7. Position the cooler and tighten the mounting hardware. 
8. Slide the cooling hoses over the end flanges and tighten the hose 

clamps securely. Check the hose ends for cracks, crimping or bulges. 
9. Install the hydraulic lines onto their original fitting and tighten the 

hose clamps or nuts securely. 
10. Refill the cooling and power steering systems. 

REMOVAL & INSTALLATION 

E R A  TE 
+ See Figures 14,15,16, 

1. Relieve drive belt tension as detailed in the Maintenance section and 
remove the belt. Loosen the mountingladjusting brackets and swivel the 
pump in so you can pull the belt off. 

W On certain engine applications you may have to remove the pump 
before disconnecting the hydraulic lines. 

2. Make sure to have a suitable container and some rags available. 
Loosen the pressure line fitting (lower) on the rear of the pump housing with 
a flare wrench and remove the line. Plug the line and tie it up so the plugged 
end is facing upward. Drain the fluid reservoir and then plug the port. 
Remove and discard the O-ring. 

3. Loosen the hose clamp on the return line (upper) and pull the line off 
the fitting on the pump housing. Plug the line and secure it somewhere with 
the plugged end facing up. Plug the port on the pump. 

4. Loosen the pump-to-brace bolt (if you haven't already) and 
disconnect the pump from the engine brace. If necessary, remove the brace 
from the engine. 

5. Remove the two pump bra~ket mounting bolts and lift out the pump 
assembly. 

W On dual engine installations there may be a remote reservoir 
connected by hoses to the top of each pump reservoir. Remove the 
hose if necessary. 

6. Remove the pump pulley with the appropriate puller (# 982270) and 
then remove the mounting bracket if necessary. 

7. With the exception of the pump pulley, the power steering pump is a 
non-serviceable item and is replaced as a unit; overhaul is not possible. 

To Install: 
8, lnstall the mounting bracket and pulley if removed (use installer tool 

#982271 if necessary). 

W On certain engines applications you may have to connect the 
hydraulic lines prior to installing the pump. 

9, lnstall the pump and bracket assembly onto the brace and tighten the 
bolts just tight enough to hold the pump in position. 

10. If removed, attach the pump brace to the engine and tighten it to 30 
ft. Ibs. (41 Nm). 

11. Connect the pump to the engine brace (if equipped) and tighten the 
bolt securely. 

12. Connect the pressure line to the lower fitting and tighten it to 40 ft. 
Ibs. (54 Nm) on 1986-89 models and 15-26 ft. Ibs. (20-35 Nm) on all others; 
be sure to use a new O-ring coated with power steering fluid. Slide the return 
line over the pump fitting and tighten the hose clamp to 12-17 inch Ibs. (1.4- 
2.0 Nm). 
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STEERING SYSTEMS 14-7 

ACTUATOR b 
VALM ASSY. 

Fig. 12 Exploded view of the steering cylinder assembly-1986-89 models 

Fig. 13 Power steering cooler 

13. Install and adjust the drive belt. 
14. Fill the reservoir with power steering fluid and bleed the system. 

REMOVAL & INSTALLATION 

,7 + See Figures 19,20 and 21 

The steering cable is serviced as an assembly only. 

1. Turn the steering wheel hard over to port until it reaches full lock. 
2. Locate the end of the steering cable at the control valveicylinder on 

the transom. Pull out the cotter pin securing the bottom of the clevis pin 
holding the cable ram to the guide tube. Remove the clevis pin. 

There are two clevis pins in the guide clevis-the larger one in the 
center cut-out is for the steering arm, while the smaller one on the port 
side end is for the cable ram. 

3. Secure the steering tube with a wrench (22mm) and then loosen the 
cable anchor nut at the control valve. Disconnect the cable and pull it out of 
the valve. 

4. Disconnect the cable at the helm and remove it. 
To Install: 

5. Clean the control valve assembly thoroughly and inspect carefully for 
cracks, wear or other damage. 

6. Connect the new cable to the helm as per the cable manufacturer's 
instructions and run it back through the boat. 

7. Turn the steering wheel until the steering cable ram is extended to its 
full length and then coat the ram liberally with OMC Water Repellent Grease 
over its entire length. 

8. Now retract the ram into the cable casing, feed the end of the ram 
through the valve while holding the anchor nut back so that the cable seats 
into the end of the valve. 

9. Press the cable tightly against the valve and then thread on the 
anchor nut until it bottoms against the end of the tube. 

10. Hold the cable guide tube at the flat near the valve with a 22mm 
wrench. Attach a 90 deg. crowsfoot wrench to a torque wrench and then 
tighten the anchor nut to 120 inch Ibs. (14 Nm). 

On 1986-89 models hold the jam nut, not the tube itself. 

11. Position the steering ram eyelet so it lines up with the hole in the 
assembly and then insert the clevis pin from the top. Install a new cotter pin 
and bend over the arms. 

12. Turn the steering wheel from lock-to-lock, extending and retracting 
the cable ram. The steering lever should move from stop-to-stop without 
coming in contact with the cut-out in the transom. Check that the steering 
arm has equal clearance at each stop and that it is centered when the wheel 
is centered. 

13. Center the steering wheel and confirm that the steering lever is 
centered in the drive unit. 

14. Check the fluid level and bleed the system. 
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14-8 STEERING SYSTEMS 

Retaining Coolant 

Fig. 14 Power steering pump and related components-3.01 engines (typical) 

Fig. 15 Power steering pump and related components--V61V8 GM engines (typical) 
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Retaining 
Clamp Return 

Line 

rig. 16 Power steering pump and related components-carbureted Ford engines (typical) 

Pump 

=ig. 17 Power steering pump and related components-EFl Ford engines (typical) 
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14-10 STEERING SYSTEMS 

I Fig. 18 A good shot of a typical power steering pump I 

MAINTENANCE 

The steering cable should be lubricated with water repellent grease (OMC 
Triple Guard) every 60 days during the boating season, although depending 
on your particular local conditions it may be necessary to shorten the 
interval. 

The steering cylinder assembly consists of the steering power cylinder 
and the control valve (actuator valve on early models. A piston rod clevis at 
the end of the guide tube provides connection points for the steering cable 
ram and the drive unit steering arm. The steering cable casing is connected 
to the other side of the control valve, while the entire assembly is mounted in 
the transom plate. 

The steering cylinder is serviced as an assembly. With the exception 
of removing the cylinder rod clevis, no other overhaul procedures are 
possible. 

REMOVAL & INSTALLATION 

+ See Figures 7,12,22 and 23 

1. Disconnect and remove the steering cable as detailed previously. 
2. Remove the cotter pin from the bottom of the remaining clevis pin 

(steering arm pin) and pull the pin out. 

Fig. 19 Disconnect the cable at the control 
valve 

There are two clevis pins in the guide clevis-the larger one in the 
center cut-out is for the steering arm, while the smaller one on the port 
side end is for the cable ram. 

3. Position a small pan under the hydraulic hose connections and then 
loosen the line nuts with a flare wrench; it's a good idea to cover the fitting 
with a rag while loosening it to protect against any fluid spill or spray. Plug 
the hoses and valve ports immediately. Move the hoses out of the way. 

Do not move the cylinder rod until you have drained it completely. 
Aside from the possible resulting fluid spray being potentially 
dangerous, you'll create quite a mess in the engine bay. 

4. Pull out the cotter pins running through the mounting bracket bosses 
on the transom plate and then remove the 2 mounting bolts. Lift off the 
assembly. 

5. If the steering arm bushings require replacement, or if you wish to 
replace them anyway since you've got the unit out, carefully drill two 1116 in. 
(1.5mm) holes in each and pull them out with a small bent-tip awl. 

6. If the clevis needs service on 1990-98 models, extend the rod fully 
and wrap it with heavy paper. Clamp the rod in a soft-jawed vise being very 
careful not to scratch or damage the rod's surface. OMC offers special 
clamping blocks for this (# 983213) if you are so inclined. Loosen the 19mm 
locknut in the end of the rod and remove the clevis. 

To Install: 

7. Clean all components thoroughly in solvent and dry with compressed 
air. 

8. Clamp the guide tube rod carefully in a vise as discussed previously. 
Position the clevis on the end of the rod and tighten locknut to 23-38 ft. Ibs. 
(31 -38 Nm). 

9. Coat new bushings very lightly with Triple Guard grease and then 
press them into their bores until they seat themselves; you may have to tap 
them lightly with a small mallet. 

10. Thread the two mounting bolts back into the transom plate bracket 
until the ends are just flush with the inside surface of the bracket. 

11. Squeeze a small dab of grease into each bushing and them position 
the steering cylinder into the transom bracket so the holes of each line up. 
Thread the mounting bolts in by hand until they sufficiently engage their 
respective bushings in the cylinder and then tighten them to 40-45 ft. Ibs. 
(54-61 Nm). Continue turning the bolts until the cotter pin holes in the bolt 
and the boss are in alignment. Insert new cotter pins into each hole and 
bend over the ends. 

12. Remove the plugs and connect the hydraulic hoses to the cylinder. 
Tighten the line nut on the pressure hose (inner) to 10-12 ft. Ibs. (14-16 Nm). 
Tighten the return line nut (outer) to 15-17 ft. Ibs. (20-23 Nm). On 1986-89 
models, coat the threads with Teflon Pipe Sealant (do not use Teflon tape!) 
and tighten the fittings to 95-105 inch Ibs. (11-12 Nm). 

13. Move the steering arm into position in the lower portion of the clevis 
so the pin holes line up correctly and then install the pin from the top side. 
Insert a new cotter pin and bend over the ends. 

14. Connect the steering cable. Check the fluid level in the pump 
reservoir and bleed the system. 

Anchor Nut &,- 1 

Fig. 20 Remove the anchor nut 

Anchor 
Nut control ~ s s y  

Fig. 21 Hold the guide tube while tightening 
the anchor nut (1990-98) 
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Clevis 
Clevis Pin Cotter Pins 

Mountina 
\ Cotter 

Washers 

v' Fittings 

ADJUSTMENT 

Fig. 23 Hydraulic hose connections 

+ See Figure 24 

Models utilizing power steering should not have been equipped with 
a trim tab, but if your boat IS equipped with one, confirm that the tab 
has been set correctly at the factory as follows. 

The trim tab should be preset at the factory and should normally require 
no adjustment. To confirm the setting, measure from the very end of the trim 
tab directly over to the port side of the anti-cavitation plate so that you 
measurement is taken at a point perpendicular to the centerline of the drive 
unit. Left-hand rotation units should measure 3 114 in. (83mm) (5 degrees to 
port of the centerline), while right-hand units should measure 2 114 in. 
(57mm) (30 degrees to port of the centerline). 

If the measurement is not within specifications, loosen the trim tab bolt 
and re-~osition the tab to meet the correct dimension. Tiahten the bolt to 28- 
32 R. lbs. (38-43 Nm) on drives through 1994; for 1994-$8 drives, tighten the 
bolt to 14-16 R. Ibs. (19-22 Nm). 
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1- Left Han 
2- Right 

Fig. 24 Trim tab adjustment 
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The following listing contains all engines covered in this manual 

Coverage 
Enginelcylinder Years 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  140 CID. 4 cyl . I 98  7.90 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  153 CID. 4 cyl 1986 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  181 CID. 4 cyl . I 98  6.98 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  181 CID. 4 cyl . I 99  0.93 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  262 CID. V6 . I 98  6.98 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  262 CID. V6 . I 99  0.93 
302 CID. V8 (Ford) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I 98  9.96 
302 CID. V8 (Ford) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I 99  0.93 
305 CID. V8 (GM) . . . . . . . . . . . . . . . . . . . . . . . . .  1986.88. 1998 
350 CID. V8 (GM) . . . . . . . . . . . . . . . . .  1986.92. 1994 & 1996-98 
350 CID. V8 (GM) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I 99  0.92 
351 CID. V8 (Ford) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1989-96 
351 CID. V8 (Ford) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1995 
351 CID. V8 (Ford) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I 99  1.93 
454 CID. V8 (GM) . . . . . . . . . . . . . . . . . . . . . . . . .  1988.199 0.98 
460 CID. V8 (Ford) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I 98  7.90 
502 CID. V8 (GM) . . . . . . . . . . . . . . . . . . . . . . . . .  1992%. 1998 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  262 CID. V6 1989 
350 CID. V8 (GM) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1989-91 
351 CID. V8 (Ford) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1992-94 
454 CID. V8 (GM) . . . . . . . . . . . . . . . . . . . . . . . . .  1988.199 0.93 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  454 CID. V8 (GM) 1991-93 
460 CID. V8 (Ford) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1988-90 
502 CID. V8 (GM) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1992-93 
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