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HOW TO USE THIS MANUAL

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 engine/drive 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.

Can You Do It? :

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 engine/drive system yourselfis
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 savingsin doing the job yourself might be readily apparent
at this point.

Of course, if even you're already a seasoned Do-lt-Yourselfer or a
Professional Technician, you'll find'the procedures, specifications, special tips
as well as the schematics and illustrations helpful when tackling 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 present. the
number of wrench& designateshow difficult we feel the procedure to
be on a 1-4 scale. For more details on the wrench icon rating system.
please refer to the information under Skill Levels at the beginning of
this manual.

Where to Begin . ‘ N

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
Iogiﬁally and all procedures thoroughly understood before attempting any
work.

Avoiding Trouble )

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 componentis 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.

Maintenance or Repair?

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 neglected. As a conscientious boat owner, set aside a
Saturday morning, at least once a month, to perform a thorough check of
items that could cause oroblems. Keep your own personal log to iot down
which services you performed, how much the parts cost you, the 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, adjustments, and reolacement of
parts that show signs of normal wear. Maintenance compensates 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 program can
prevent items from breaking or wearing out, a general rule can be stated:
MAINTENANCE IS CHEAPER THAN REPAIR.

Directions and Locations i

4 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.

< BOW == FORWARD
/\ (FRONT)

,
ain m o

l.lP \

— }=

(TN T
odRT L..'” E“Ip i STARBOXRD
(LEFT SIDE) (RIGHT SIDE)
i \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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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. Comny, 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 Snap-on® 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.

Professiorial Help ,

Occasionally, there are some things when working on an engine or drive
system that are beyond the capabilities or tools of the average Do-it-
Yourselfer {DIYer). This shouldn'tinclude 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, he/she 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.

Purchasing Parts ’

4 See Figures2and 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
aggravationin 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 importantasset in purchasing parts is a
knowledgeableand enthusiastic parts person

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 prices 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.

Avoiding the Most Common Mistakes

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'timmediately 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 adjustmentis made only when it cannot be
changed by subsequent adjustments.

M 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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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 specificationsand 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-threadingis 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, stc. 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.

BOATING SAFETY - :

In 1971 Congress ordered the U.S. 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.

Regulations For Your B

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

Avessel of five or more net tons may be documented as a yacht. In this
process, papers are issued by the U.S. Coast Guard as they are for large
ships. Documentationis a form of national registration. The boat must be
used solely for pleasure. Its owner must be a citizen of the U.S., a
partnership of U.S. citizens, or a corporation controlled by U.S. citizens. The
captain and other officers must also be U.S. 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
ca][fr_y 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
requirementin your state. Some states may also exclude dinghies, while
gthers require registration of documented vessels and non-power driven

oats.

All states, except Alaska, register boats. In Alaska, the U.S. 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. Acopy will not suffice. You may be cited if you do not have
the original on board.

NUMBERING OF VESSELS

Aregistration 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 IDENTIFICATIONNUMBER

AHull 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 crossheam 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 Figure4

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(s}), and gear. Inboards and stern drives need not
show the weight of their engines on their capacity plates. The capacity plate
must appear where it is clearly visible to the operator when underwav. This
information serves to remind you of the capacity of your boat under normal
circumstances. You should ask yourself. "Is my boat loaded above its
recommended capacity" and, "Is my boat overloaded 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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U:S. COAST GUARD CAPACITY INFORMATION
__MAXIMUM PERSON CAPACITY| '

MAXIMUM WEIGHT CAPACITY "
" (PERSONS AND GEAR) IILILTCNN |

THIS BUAT COMPLIES WITH U S. COAST GUARD SAFETY
STAHDARDS I EFFECT ON THE DATE OF CERTIFICATION
i i

i
BAHAMA INDUSTRIES, INC. I
5612 LA PALMA ST, ANAHEIM, CALIF 92807 ®

Fig. 4 A U.S. Coast Guard certificationplate indicates the amount of

occupantsand 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

Acup 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 followingis not intendedto 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

Ventilationsystems 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 compartmentsinto 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
compartmentis 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 opening 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
system. They 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

Required Safety Equipment

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 extinguishersonboard.

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 Figure6

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

e Closed living spaces

¢ Closed stowage compartmentsin which combustible or flammable
materials are stored

» Permanentlyinstalled fuel tanks

* Boatis 26 feet or more in length.

Fig. 6 An approved fire extinguisher should be mounted close to
tthe 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 (CO2). 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
compartmentsfilled 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. Unconsciousnessor 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 by the Coast Guard, an extinguisher must be in
serviceable condition and mounted in its bracket. An extinguisher not
properly mounted in its bracket will not be considered serviceable durina a
Coast Guard 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 discharged and still show a good gauge reading. Weighing a
Halon extinguisheris 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 powderinit. 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

Afire 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.

Amotorboat less than 26 feet long must have at least one approved
hand-portable, Type B-1 extinguisher. It the boat has an approved fixed 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.

Amotorboat 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 B-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 B-2. If there is an approved fixed fire extinguishing system, two
Type B-1 or one Type B-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
combustionthat occurs in an engine) can enter your boat. You can't see,
smell, or taste carbon monoxide gas, but it is lethal. As little as one partin
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 themin a variety of types and sizes. They vary with
their intended uses. To be acceptable, PFDs must be Coast Guard
approved.

Type | PFDs

AType | life jacketis also called an offshore life jacket. Type | life jackets
will turn most unconscious people from facedown to a vertical or slightly
backward position. The adult size gives a minimum of 22 pounds of*
buoyancy. The child size has at least 11 pounds. Type | iackets provide more
protection to their wearers than any other type of fife jacket. Type | life
Jackets are bulkier and less comfortable than other types. Furthermore, there
are only two sizes, one for children and one for adults.

Type | 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 Il PFDs
+ See Figure 7

AType Il life jacket s also called a near-shore buoyant vest. It is an
approved, wearable device. Type I 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 I} life iacket is more comfortable than a Type | but it does not
have as much buoyancy. It is not recommended for long hours in rough
water. Because of this. Type Ils are recommended for inshore and inland
cruising on calm water. Use them only where there is a good chance of fast
rescue.

Type It PFDs

Type I1l life jackets or marine buoyant devices are also known as flotation
aids. Like Type lis, they are designed for calm inland or close offshore water
where there is a good chance of fast rescue. Their minimum buoyancy is
155 pounds. They will NOT turn their wearers face up.

Type [ll devices are usually worn where freedom of movementis
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 llls 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 Figures8and 9

Type 1V 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 |, 1 or ! life
jackets. Because of their greater comfort, their owners are more likely to
wear them than are the owners of Type |, It or Iif 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 | hybrid can
be substituted for a Type | life jacket. Similarly Type 1 and Ilf hybrids can be
substituted for Type 1l and Type Il life jackets. A Type | hybrid, when inflated,
will turn most unconscious people from facedown to vertical or slightly
backward positions just like a Type | life jacket. Type It and 11l hybrids
function like Type Il and [l 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 It 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

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

The manual also tells you why you need a life jacket and why you should
wear it. Anew 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 |, 1, 1il, 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, i or lll
life jacket provided:

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

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 requirementsin its owner's manual (if
the approval label makes reference to such a manual.)

Awater skier being towed is considered to be on board the vessel when
judging compliance with legal requirements.

You are required to keep your Type |, Il or it life jackets or equivalent
hybrids readily accessible, which means you must be able to reach out and
get them when needed. Al 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 wrappedin, 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

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 importantin 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
jacketis 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 (7.9in.)
atits 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 searchersin search and rescue situations. Be
sure you have the right types, and learn how to use them properly.

Itis 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.

Recreationalboats 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 exemptin 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.

Awide 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 day/night 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

Abright orange flag with a black square over a black circle is the simplest
VDS. Itis 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.

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 {*+= --- **+). 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
4 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 containersin dry places. But store them
where they are readily accessible.

“MAYDAY" PARACHUTE

BY RADIO RED FLARE

CODE FLAGS
NOVEMBER SQUARE FLAG
CHARLIE AND BALL

Fig. 10 Internationally accepted distress signals

e s e ik

Fig. 11 Moisture protected flares should be carried onboard any
vessel for use as a distress signal
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CRABLY
FIRST , L

THAVEL RKIT 3

Fig. 12 Always carrv an adeguately stocked
first aid kit on board for the safety of the
crew and guests

Fig. 13 Choose an anchor of sufficient '
weight to secure the boat without dragging

Fig 14 Afi mel  a Iri |
maybe a pair of pliers can be very helpful to
make emergency repairs

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
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
might be damaged by the flare. An obstruction miaht deflect the flare to
where it will cause 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 EPIRBs 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 endorsementon your radio station license by the Federal
Communications Commission (FCC). EPIRBs are either automatically
activated by being immersed in water or manually by a switch.

Equipment Not Required But Recommended

Although not required by law, there are other pieces of equipmentthat 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 excellentidea. 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.

FIRSTAID 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 watersin
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
bOﬁt, 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
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Courtesy Marine Examinations

One of the roles of the Coast Guard Aucxiliary is to promote recreational
boating safety. This is why they conduct thousands of Courtesy Marine
Examinations each year. The auxiliarists who do these examinations are
well-trained and knowledgeablein 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

report of the failure is ' Instead. youwillbetold wy 1€ to
) tt dfii The examiner il return at your convenience to redo
the examination.
If your vessel qualifies, you will be awarded a safety decal. The decal
does not carry any special privileges, it simply attests to your interest in safe
boating.

SAFETY IN SERVICE : : :

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 tool(s) 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
componentsto 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. Long hair should be tied back
under a hat

» Don't use pockets for toolboxes. A fall or bump can drive a screwdriver
deep into your body. Even a rag hanging from your back pocket can wrap
around a spinning shatt.

» 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 R B

Troubleshootingcan be defined as a methodical process during which
one discovers what is causing a oroblem with engine operation. Although it is
often a feared process to the uninitiated, there is no reason to believe that
you cannot figure out what is wrong with an engine, as long as you follow a
few basic rules.

To begin with, troubleshootingmust 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 troubleshootingis 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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9 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
yours) are given here. A basic understandina of both types of enaines is
useful not only in understanding and troubleshooting your OMC,but also for
dealing with other motors in your life.

All engines covered by this manual (and probably MOST of the motors
you own) operate according to the Otto cycle principle of engine operation.
This means that all engines follow the stages of intake, compression, power

and exhaust. But, the difference between a 2 and 4-stroke engine isin ow
manyti  t piston moves up and down withinthe _1i dt to accomplish
this. On 2-stroke motors (as the name suggests) the four 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 intake/exhaust method bv which the fuel-air mixture is delivered to
the combustion chamber.

2. The complete lubrication system.

3. The frequency of the power stroke.

Let's discuss these differences briefly (and compare 2-stroke engine
operation with 4-stroke engine operation.)

Piston

Exhaust
port : }

Deflector

— YV

Reed valve
/\\r_{/closed
Intake AN
Intake Crankcase
port
Intake Compression

Fuel vapor
bypass

Exhaust

Reed
slosed

NCS

Connecting
rod

Ignition power stroke Exhaust

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

1. Intake

2. Compression

4. Exhaust

3. Ignition

Fig. 17 The complete piston cycle of a 4-stroke engine (intake, compression, power and exhaust)
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Intake/Exhaust
® 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
ke fetd ih e 3ty donfourstroke i (and
the mechanical it  of il }and closing t I

Itshouldt noted ¢ : ¢ th ar some strc g sthat
utilize a mechanical valve train, though it is very different from the
valve train employed by most 4-stroke engines. Rotary 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 containingoil. 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. Intake

2. Compression

3. Power

4. Exhaust

Exhaust

port Exhaust
Intake

Deflector

Intake Exhaust

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

The four phases of the cycle are accomplishedwith 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 high pressure to an area of lower
pressure. Atire blowoutis an example of this principle. The high-pressure air
escapes rapidly if the tube is bunctured.

TWoO: If a gas is compressed into a smaller area, the pressure increases,
andif 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 Venturi

\

Atmospheric air pressure

Fig. 19 Air flow principal for a modern carburetor.

Actual Operation
4 See Figure 16

The engine described here is of a carbureted type.

Beginning with the piston approaching top dead center on the
compressionstroke: 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 pressure to less than the outside atmosphere
(createsa vacuum under 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 combustionchamber 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 compressionstroke, 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 approachestop 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 4-stroke 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 4-stroke 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).

Intake

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
Ignition/Power stroke.

Ignition/Power

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 Ignition/Power 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 4-stroke engine, all Otto cycle,
internal combustion engines require three basic conditions to operate
pro1perly, .

. Compression

2. Ignition (Spark)

3. Fuel

Alack of any one of these conditions will prevent the engine from
operating. A problem with any one of these will manifest tself 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 compressionin
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 compressionis 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 4-stroke engines, a sudden
change in compressionis also unlikely, but could occur if the timing belt or
chain was to suddenly break. Remember that the timing belt/chain is used to
synchronize the valve train with the crankshatt. 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 | have spark and fuel" (as they've already determined
that they have compression).

A quick visual inspection of the spark plug(s) will answer the question as
to whether or not the plug(s) islart worn or fouled. While the engine is shut
CFF 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 Ignition 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.

[0 Depending on how stale or contaminated (with moisture)the fuel is,
it may be burned in an automobileor 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 problemsto that engine. But it is
better to get the lawn tractor stuck on stale gasolinethan 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. Atrue 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-rewing.

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
adjustmentin 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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TOOLS AND EQUIPMENT .

Safety Tools

WORK GLOVES
4 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 protectionis 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.

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.

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
4 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-conductorthat 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 fastenedthe 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-40®. A newer
penetrant, PB Blaster® works very well (and has become a mainstay in our
shops). These products have hundreds of uses. For your purposes, they are
vitall

Fig. 20 Three differenttypes of work gloves.
The box contains latex gloves

Fig. 21 Don't begin major repairs withouta
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 A Fig. 24 Sealants are essential for preventing Fig. 25 On some engines, RTV is used
grease, electronic cleaner and silicone spray leaks instead of gasket material to seal
should be a part of your chemical collection - components

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

4 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
conjur)cltionwith gaskets, but some are used instead of conventionalgasket
material.

The most common sealers are the non-hardeningtypes such as
Permatex® 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
typeis 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 gasket makers. On some engines, this material is used instead of a
gasket. In those instances, a gasket may not be available or, because of the
shape of the matina surfaces, a aasket shouldn't be used. This stuff, when
used in conjunction with a conventional gasket, produces the surestbonds.

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 reasonto 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 efficientat cleaning, but they used to all leave a pretty smelly
odor. Recently though, most of them have eliminatedthe odor and added
stuff that actually smells good.

B,

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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TOOLS | N E,

4 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-yourselferloves 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
and/or 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 DiYer should have a decent set
of both U.S. 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 (US) and metric measurements are SAE approved.
Also, the current "standard™ measurement|S 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

Hand Tools e :

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:
14 in., 318in. and 112 in. Drive size refers to the size of the drive lug on the
ratchet, breaker bar or speed handle.

A318in. 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'l 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 prone to slipping which would strir, a bolt head or
nut. 12 point sockets are more common, usually less expensive 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 setis probably the most versatile tool in
any mechanic's tool box

Fig. 30 Aswivel (U-joint) adapter (left), a 1/4
in.-to-3/8 in. adapter (center) and a 318 in.-to-
114 in. adapter (right)

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

Fig. 32 Shallow ‘so‘ckét's (top) a‘r‘e good for
most jobs. But, some bolts require deep
sockets (bottom)
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i

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

See Fig. 34 Torx® drivers...

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

Most marine manufacturers use recessed hex-head fasteners to retain
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, manufacturersare 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 commonplacein manv DiYer tool boxes, manufacturers
designed newer tamper resistant fasteners that are essentially TorxB head
bolts that contain a small protrusion in the center {requiring the driver to
contain a small hole to slide over the protrusion. Tamper resistant fasteners
are often used where the manufacturer would prefer only knowledgeable
mechanics or advanced Do-it-Yourselfers (DIYers) work.

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 properly, it can be the most accurate also.

PIVOTED HANDLE

DRIVE SQUARE HEAM OR MEASURING ELEMENT

Fig. 37 Parts of a beam-typetorque wrench

e

Fig. 36 Threetypes 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

VAR TRARESNRN,

Fig. 38 A beam-type torque wrench consists of a pointer attached
to the head that runs the length 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 popular torgue wrench design is the click-type. The clicking
mechanism'makes achieving the proper torque easy and most use a
ratcheting head for ease of bolt installation. To use the click-type wrench vou
pre-adjust it to a torque setting. Once the torque is reached, the 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 Aclick-typeor breakaway torque
wrench—note this one has a pivoting head

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

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

Breaker Bars
4 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).

WRENCHES

¢ See Figures 42, 43, 44, 45 and 46

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.

O Line wrenches are a special type of open-end wrench designed to fit
onto more of the fastener than standard open-endwrenches, 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 2-jawed 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 1/4 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
tal ing 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 wrenchiis 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.

Fig. 422 Comparison of U.S. measure and metric wrench sizes

INCHES DECIMAL DECIMAL MILLIMETERS
1/8"” 125 118 3mm
3/16" .187 187 4mm
1/4” 250 .236 emm
5/16" 312 .354 9mm
3/8” 378 394 10mm
7/16" .437 472 12mm
1/2* .500 512 13mm
9/16" .562 .590 15mm
5/8" 625 .630 16mm
11/16" .687 .708 18mm
374" .750 .748 19mm
13/16" .812 787 20mm
7/8" .875 .866 22mm
15/16" .937 .945 24mm
1" 1.00 .984 25mm
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Fig. 43 Always use a back-up wrench to
prevent rounding flare nut fittings

prevent rounding

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

Fig. 45 Severaltypes and sizes of adjustable
wrenches

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

& SeeFigure 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 ChannelLock® 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, needie-
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.

HAMMERS
4 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.

_ Other Common Tools v

There are alot of other tools that every DIYer will eventually need (though
not all for basic maintenance). They include:

 Funnels

« Chisels

* Punches

e Files

» Hacksaw

* Portable Bench Vise

e Tap and Die Set

e Flashlight

» Magnetic Bolt Retriever

» Gasket scraper

e Putty Knife

= Screw/Bolt Extractors

o Prybars

Hacksaws have just one use—cutting 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. 46 You may find a nut that requires a
particularly large or small wrench (it is
usually availableat your local tool store

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
today requires at least one special tool to

perform a certain task

Fig. 50 The Battery Tender® is more than EE
just a battery charger; when left connected it
keeps your battery fully charged

51 Multimeters, such as this one from
, are an extremely useful tool for
troubleshootina electrical problems

Atap 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.

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

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

Special Tools :

4 See Figure 49

Almost every marine 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 through the trouble of making a special tool, it is
usually necessary to use it to ensure 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 seeking advice from others, chances are they may
have already found the special tool you wilt need, and know how to get it
cheaper (or even let you borrow it).

Electronic Tools

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
4 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 (DVOMSs) 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. Amultimeteris 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 megashms or more). A brief description
of the multimeter main test functions follows:

« Voltmeter—the voltmeter is used to measure voltage at any pointin 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
{+) 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).

e 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 battery, the ohmmeter can be used like a self-oowered test
light. When the ohmmeter is connected, current from the chmmeter flows
through the circuit or componentbeina tested. Since the ohmmeter'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. 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
r%sistance indicates no continuity, while zero resistance indicates a dead
short.

>k WARNING

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 enginesto 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.

Vacuum Gauge
@ See Figures 53 and 54

Measuring Tools ‘

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
9 See Figure 55

Amicrometer 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 crankshatft 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.

Rememberthat 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 itback 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
Imm. 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.

/ N
Fig. 52 Cylinder compressiontest results

are extremely valuableindicators of internal
engine condition pumps

Fig. 53 Vacuum gauges are useful for
troubleshootingincluding testing some fuel

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. 56 Calipersare the fast and easy way to
make precise measurements

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

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

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

= P AL

Fig. 60 Telescoping gauges are used during
engine rebuilding procedures to measurethe
inside diameter of bores

i
i

Calipers
@ See Figures 56, 57 and 58

Inside and outside calipers are useful devices to have if you need to
measure something quickly and absolute precise measurementis 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

DEPTH GAUGES

@ See Figure 59

Adial 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

Atelescope 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.

4 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 measurethe depth of bore or
other small holes
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FASTENERS, MEASUREMENTS AND CONVERSIONS .

~ Bolts, Nuts and Other Threaded Retainers

4 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.

——

1

K

A (D

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)
Fig. 62 Threaded retainer sizes are determined using these
measurements

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 many of these occurrences, a fastener may be
installed and tightened, but the driver would not be able to grip and loosen
the fastener again. (This could lead to frustration down the line should that
componentever need to be disassembled again).

g.6 Thread gauges measure the threads-per-inchand 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 replacingis 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 replacementbolt. 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
similar 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 shy, vou can always ask the store clerk for help.

>k WARNING ‘

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 otherwiserepair 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. Acommon 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 fasteneris
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.

Standard and Metric Measurements , v

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 measurementsinclude length (in. or cm/mm), 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 U.S. 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 measurementin 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
73.81t. Ibs.
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CONVERSION FACTORS

LENGTH-DISTANCE

Inches (in.) x25.4 = Millimeters (mm) x .0394 = Inches
Feet (ft.) x .305 = Meters(m) x 3.281 = Feet
Miles x 1.609 = Kilometers (km) x .0621 = Miles
VOLUME

Cubic Inches (in3) x 16.387 = Cubic Centimeters x .061 =in3
IMP Pints (IMP pt.) x .568 = Liters(L) - x 176 = IMP pt.
IMP Quarts (IMP gt.) x 1.137 = Liters(L) x .88 = IMPqt.
IMP Gallons (IMP gal.) x 4.546 = Liters(L) x.22 = IMPgal.
IMP Quarts (IMP qt.) x 1.201 = USQuarts (US qt.) x .833 = IMPqt.
IMP Gallons (IMP gdl.) x 1.201 = USGalons (USgal.) x .833 = IMPgal.
F1. Ounces x 29.573 = Milliliters x .034 = Ounces
US Pints (USpt) x .473 = Liters(L) x2.113 = Pints
US Quarts (USqt.) X .946 = Liters (L) x 1.057 = Quarts
USGallons (USgd.) x 3.785 = Liters(L) x .264 = Gallons
MASS-WEIGHT _

Ounces (0z.) x 28.35 = Grams (9) x.035 = Ounces
Pounds (1b.) x 454 = Kilograms (kg) x 2.205 = Pounds
PRESSURE

Pounds Per Sg. In. (psi) X 6.895 = Kilopascals (kPa) x .145 = ps
Inches of Mercury (Hg) x .4912 = ps x 2.036 = Hg
Inches of Mercury (Hg) x 3.377 = Kilopascals (kPa) x .2961 = Hg
Inches of Water (H,0) x .07355 = Inches of Mercury x 13.783 = H,0
Inches of Water (H,0) x 03613 = ps x 27.684 = H,0
Inches of Water (H,0) X .248 = Kilopascals (kPa) x 4.026 = H,0
TORQUE

Pounds-Force Inches (in-1b) x.113 = Newton Meters (N -m) x 8.85 = in-Ib
Pounds-Force Feet (ft-1b) x 1.356 = Newton Meters (N-m) x .738 = ft-lb
VELOCITY

Miles Per Hour (MPH) x 1.609 = Kilometers Per Hour (KPH)  x.621 = MPH
POWER

Horsepower (Hp) x .745 = Kilowatts X 134 = Horsepower
FUEL CONSUMPTION?*

Miles Per Gallon IMP (MPG) X .354 = Kilometers Per Liter (Km/L)

Kilometers Per Liter (Km/L) x 2.352 =IMPMPG

Miles Per Gallon US (MPG) X .425 = Kilometers Per Liter (Km/L)

Kilometers Per Liter (Km/L) X 2.352 = USMPG

*|t iscommon 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) =('Cx 18) + 32
Degree Celsius ("C) = ("F-32) x .56
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Metric Bolts
Relative Strength
Marking 46, 4.8 8.8
e &
(@ (&Y
Markings &’ ’ %
Usage Frequent Infrequent
Bolt Size Maximum Torque Maximum Torque
Thread Size x Pitch Ft-Lb Kam Nm Ft-Lb Kgm Nm
(mm)
6x1.0 2-3 2-4 3-4 3-6 4-.8 5-8
8 x 1.25 6-8 8-1 8-12 9-14 1.2-1.9 13-19
10 x 1.25 12-17 1.5-23 16-23 20-29 2.7-4.0 27-39
12 x 1.25 21-32 2.9-4.4 29-43 35-53 48-7.3 47-72
14 x 15 35-52 4.8-7.1 48-70 57-85 7.8-11.7 77-110
16x 15 51-77 7.0-10.6 67-100 90-120 12.4-16.5 130-160
18 x 1.5 74-110 10.2-15.1 100-150 130-170 17.9-23.4 180-230
20x 1.5 110-140 15.1-19.3 150-190 190-240 26.2-46.9 160-320
22x 1.5 150-190 22.0-26.2 200-260 250-320 34.5-44.1 340-430
24 x 1.5 190-240 26.2-46.9 260-320 310-410 42.7-56.5 420-550
SAE Bolts
SAE Grade Number 1or2 5 6or7
Bolt Markings
Manufacturers' marks may
vary —number of lines (*‘
always two less than the %‘;ﬁi
grade number.
Usage Frequent Frequent Infrequent
Bolt Size Maximum Maximum Maximum
{inches}—(Thread) Torque Torque Torque
Ft-Lb kgm Nm Ft-Lb kgm Nm Ft-Lb kgm Nm
1/s—20 5 0.7 6.8 8 1.1 10.8 10 14 135
—28 6 0.8 8.1 10 14 13.6
5/16—18 11 1.5 14.9 17 2.3 23.0 19 2.6 25.8
—24 13 1.8 17.6 19 2.6 25.7
3/g—16 18 25 24.4 31 4.3 42.0 34 4.7 46.0
—24 20 2.75 271 35 4.8 47.5
“he—14 28 38 37.0 49 6.8 66.4 55 7.6 74.5
—20 30 4.2 40.7 55 7.6 74.5
Y2—13 39 5.4 52.8 75 10.4 101.7 85 11.75 115.2
—20 41 5.7 55.6 85 11.7 115.2
%/16—12 51 7.0 69.2 110 15.2 149.1 120 16.6 162.7
—18 55 7.6 74.5 120 16.6 162.7
S—11 83 11.5 112.5 150 20.7 203.3 167 23.0 226.5
—18 95 13.1 128.8 170 23.5 230.5
3fa—10 105 14.5 1423 270 37.3 366.0 280 38.7 379.6
—16 115 15.9 155.9 295 40.8 400.0
Te— 9 160 22.1 216.9 395 54.6 535.5 440 60.9 596.5
—14 175 24.2 237.2 435 60.1 589.7
1i— 8 236 325 318.6 590 81.6 799.9 660 91.3 894.8
—14 250 34.6 338.9 660 91.3 849.8




ANODES (ZINCS) ... oo
INSPECTION ..\
SERVICING ...

BATTERIES
CHARGERS .. ..o
CHECKING SPECIFIC GRAVITY .......
CLEANING .. o
PRECAUTIONS ....\oovvvinnin
REPLACING CABLES
STORAGE
TERMINALS .. .o

BELTS
ADJUSTMENT ...
INSPECTION ..o
REMOVAL & INSTALLATION
ROUTING DIAGRAMS ...............

BOAT MAINTENANCE ................
ANODES (ZINCS)
BATTERIES & ..o
INSIDE THEBOAT ...
THE BOAT'S EXTERIOR

BREAKER POINTS AND CONDENSER . . .
ADJUSTMENT - DWELL METER .......
ADJUSTMENT - FEELER GAUGE ......
REMOVAL & INSTALLATION

COOLING SYSTEM
DRAINING & FILLING
FLUSHING THE SYSTEM
LEVELCHECK ... ..o
PRESSURE CAP ..........c.......
PRESSURE TEST

CYLINDER COMPRESSION . . ..........
CHECKING

DISTRIBUTORAIRGAP ...............
ADJUSTMENT ...,

ENGINE AND DRIVE MAINTENANCE .. ..
BELTS
BREAKER POINTS AND CONDENSER . .
CYLINDER COMPRESSION
DISTRIBUTOR AIR GAP
FLAME ARRESTOR .......oooven. ..
FUELFILTER .o
IDLE SPEED AND MIXTURE ..........
IGNITION TIMING
OVERVIEW
PCV VALVE
SERIAL NUMBER IDENTIFICATION .. ..
SPARK PLUG WIRES
SPARK PLUGS
THERMOSTAT ...
VALVE ADJUSTMENT

FIRING ORDERS ..........cvvenne...

FLAME ARRESTOR ...,
REMOVAL & INSTALLATION

FLUIDS AND LUBRICANTS ............
COOLING SYSTEM ...
ENGINE .o,
FLUID DISPOSAL
FLUSHING THE SYSTEM
FUEL AND OIL RECOMMENDATIONS . . .

POWERSTEERING ................. 2-34
POWER TRIM/TILT PUMP ............ 2-45
STERNDRIVEUNIT ................ 2-41
FUEL AND OIL RECOMMENDATIONS . ... 2-29
FUELFILTER ... ... ........ ... .. 2-6
REMOVAL & INSTALLATION .......... 27
IDLE SPEEDAND MIXTURE ........... 2-27
ADJUSTMENT ..................... 2-27
IGNITIONTIMING ................... 2-22
ADJUSTMENT .................. ... 2-22
LUBRICATIONPOINTS ............... 2-45
GIMBAL BEARING AND U-JOINTS ... .. 2-46
PROPELLERSHAFT ................ 2-45
SHIFT CABLE AND TRANSMISSION
LINKAGE PIVOTPOINTS ............. 2-45
STEERING SYSTEM ................ 2-46
THROTTLECABLE ................. 2-45
OlL L 2-30
LEVELCHECK . ... ................. 2-30
OIL&FILTERCHANGE .............. 2-32
PCVVALVE ... ... ... ............ 2-29
INSPECTION ...................... 2-29
REMOVAL & INSTALLATION .......... 2-29
POWERSTEERING .................. 2-34
BLEEDING ..., 2-34
FLUDLEVEL ... . ...t 2-34
POWER TRIM/TILTPUMP ............. 2-45
FLUDLEVEL ...................... 2-45
SERIAL NUMBER IDENTIFICATION .. . ... 2-2
ENGINE ... 2-2
STERNDRIVE ..................... 23
TRANSOM ASSEMBLY .............. 2-3
SPARKPLUGS .................... .. 2-17
HEATRANGE ..................... 2-17
INSPECTION & GAPPING ............ 2-20
READING ... 2-19
REMOVAL & INSTALLATION .......... 2-18
SERVICE ...... ..., 2-18
SPARKPLUGWIRES .. ............... 2-22
REMOVAL & INSTALLATION .......... 2-22
TESTING ... ... 2-22
SPECIFICATIONS ................... 2-55
CAPACITIES ...................... 2-63
ENGINE MODEL APPLICATIONS . ... ... 2-55
MAINTENANCE INTERVALS .......... 2-64
TROUBLESHOOTING ............... 2-66
TUNE-UP ... 2-57
SPRING COMMISSIONING ............ 2-52
SPRING COMMISSIONING CHECKLIST . 2-52
STERNDRIVE ...l 2-41
CHECKING FORWATER ............. 2-41
DRAINANDREFILL ............. ..., 2-42
FLUDLEVEL .............. ... .. 2-41
THERMOSTAT ...t 2-13
REMOVAL & INSTALLATION . ......... 2-13
TESTING ... ... .o, 2-15
VALVE ADJUSTMENT ................ 2-29
WINTERSTORAGE .................. 2-51

WINTER STORAGE CHECKLIST ... ...

~ ENGINE

 AND DRIVE
MAINTENANCE

ENGINE AND DRIVE MAINTENANCE .
FLUIDS AND LUBRICANTS
LUBRICATION POINTS

BOAT MAINTENANCE

WINTER STORAGE ...

FIRING ORDERS ..

SPRING COMMISSIONING .
SPECIFICATIONS

22




2-2_ENGINE AND DRIVE MAINTENANCE

ENGINE AND DRIVE MAINTENANCE . o

Overview _

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 and properly maintained between uses or for
it to be specifically prepared for storage and serviced aaain immediatelv
before the start of the season.

Only through a regular maintenance program can the owner expect to
receive long life and satisfactory performance at minimum cost.

Many times, if an engine is not 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 engine is not functioning
properly, do not stow it away with promises to get at it when you get time,
because the work and exoense will only get worse. the longer corrective
action is postponed. In the example of the blown head gasket, a relatively
simple and inexpensive repair job could very well develop into major
overhaul and rebuild work.

OK, perhaps no one thing that we 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.

Serial Number Identification

An engine specifications decal can generally be found on top of the flame
arrestor, on the side of the thermostat housing, or on the top/side of the
rocker arm cover, usually near the breather/PCV 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.

ENG NE

# SeeFigures, 1,2,3,4,5,6and 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.

Rememberthat 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 V6/V8 engines), or on
the inner side of the rocker arm cover, usually near the breathet/PCV line
(port side on most models) - all pertinent serial number information can be
found here—engine and drive designations, serial numbers and model

Steering:

Carburetor:
2 or 4 Barrel

M = Mechanical
P = Power

[ I —
f Engine Size
in Litres

Model Year Designation:
Randomly chosen
each model year.

1988-93
—P.-cpemyﬂtisn:
IGVK: King Cobra® E = Either
I Engine Size in R = Right Hand
_ Cubic Inches L = Left Hand

Model Year Version:
Randomly chosen for each

A = First Model Released

MajorTEngine or Horsepower Change:

B = Second Model Released, etc.

major non-interchangeable
change.

%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
isinstalled 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 3.0L, 43 represents the 4.3L, 50 represents the 5.0L 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.

¢ 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 trim/tilt 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

@ See Figure 9

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

Flame Arrestor = . o

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
counterpartin the automotive world. However, the maintenance of a marine
air filter is equally important.

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

Fig. 3 Engine serial number sticker—4.3L

Fig. 4 Engine serial number sticker—V6 and
V8 engines
i 1

injected Ford motors can be found on the

Fig. 5 The engine serial number sticker on l
Thick Film module bracket engines

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

Fig. 7 You should also be able to find a plate
on the transom bracket
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The marine filter prevents dirt from entering the engine. This lessens
oil/fuel 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 W/Carburetor Or TBI
@ See Figures 10, 11,12, 13 and 14

1. Remove or open the engine compartmentcover.

2. Many models utilize a plastic cover over the flame arrestor—if so
equipped, remove the retaining nut and lift off the cover.

3. Tag and disconnect the crankcase ventilation hose and bracket from
the arrestor and the rocker arm cover. TBI models and later carbureted
models will have two hoses and brackets.

2. Remove the nut and washer securing the flame arrestor cover to the
carburetor.

3. Lift off the flame arrestor. Unscrew the stud if necessarv.

Early 2.5L and 3.0L 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(s) 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 2.5L/3.0L engines if
equipped.

9. Position the arrestor over the stud and reconnect the ventilation
hose(s) and bracket(s).

10. Install the washer and nut, tightening it to 30-40 inch lbs. (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.

Ford Engines With MFI
+ See Figures 15, 16 and 17

1. Remove or open the engine compartment cover.

2. Remove the four screws securing the plastic flame arrestor cover to
the engine and lift off the cover. Set it aside where you won't step on it—
they break easy and they're expensive!

3. Remove the two bolts (1) and washers securing the flame arrestor to
the throttle body.

p=

Fig. 8 Stern drive unit serial number location

Fig. 9 Transom assembly serial number tag

Fig. 10-Many models will have a decorative
cover over the arrestor cover...

Fig. 11 ...make sure to remove the nut(s) before lifting it off

Fig. 12 Once the plastic cover is removed, loosen the arrestor
retaining nut and remove the breather hose(s). Notice that not all
models have a bracket for the hose-- this late model 5.7L has the
connectionbuilt-in...
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Fig. 13 ..and hen lift off the arrestor

Arrestor

Stud Bracke

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

[0 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.

sk WARNING

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 with 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 you'll crack the cover.
12. Close the engine compartment.

GM Engines With MFI Except 1998 7.4Gi Engines

4 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 deteriorationand then
slide then back into position.

10. Close the engine compartment.

Fig. 15 Remove the 4 screws and lift off the plastic cover

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

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

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

1998 7.4Gi Engines With MFI

e
EASY
# See Figures 21 and 22 g

1. Remove or open the engine compartment cover.

2. Remove the retaining 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 disconnectthe MAP sensor harness connector on the 8.1L
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 distributionand 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. Reconnectthe MAP sensor on the 8.1L.
9. Install the plastic cover and tighten the nut(s) securely
10. Close the engine compartment.

S

Fig. 20 Tighten the mounting bolt before installing the hoses

Fuel Filter , :

Afuel 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 fuel/oil 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 variationsit is impossible to
accurately give instructions based on model. Instead, we will provide
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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 separatingfilter. Most 2.5L and 3.0L 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 filter/screen 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 air/fuel 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

pump

REMOVAL & INSTALLATION
* CAUTION

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 fuelin a
container saecifically designed for fuel storage; also, always properly
seal fuel containers to avoid the 2 of fire or expiosion.

Fuel Pump Filter—2.5L And 3.0L Engines Only
VODERATE

W All 2.5L engines and MOST 3.0L 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.

% See Figures 23 and 24

Fig. 21 Agood shot of the arrestor retaining clamp

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

Canister

W Bail

Fig. 24 ...while others have it in the lower half of the pump
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s CAUTION

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 bowl/canister.

s CAUTION

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.
Toinstall:
6. Clean all parts carefully and check for any cracks, deteriorationor
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. Tightenthe 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

s CAUTION ‘

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(s} (one or two), the filter element and the spring.

B 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.

Toinstall:

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 afilter screen attached to the inner end of the inlet nut which can
only be cleaned and reused.

7. On models with a replaceablefilter:

a. Insertthe 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. Positionthe 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-replaceablefilter:

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

# SeeFigures 27 and 28 ODE/?ATE

s CAUTION

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!

k% WARNING ' v

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

Toinstall:

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.

sk WARNING

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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Small

Washer Fliter

element Spring

Fig. 25 Models with a replaceable inlet filter will look like this...

N

P [NlEL NUL
w/ screen

Fig. 26 ...while models with a non-replaceableinlet filter will look
like this _ r

Filter
Mounting
Bracket

Sealing Ring

s
Filter W

Element

QI

Fig. 27 Typical water separating fuel filter

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

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
1/4-1/2 in. (6-13mm) on all engines. If the defectionis 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

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. 29 An example of a healthy drive belt

to belt failure

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

\

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 resultin serious belt wear
and/or breakage

Fig. 33 Check the drive belt tension with your thumb

ROUTING DIAGRAMS

% See Figures 34 thru 40

Power
Steering  Water
Pump Pump

\

Crankshaft

Fig. 34 Drive belt routing—2.31 engines

Water
Alternator Pump

¥~ Crankshaft
Fig. 35 Drive belt routing—1986-93 5.0L and 5.8L Ford engines

Alt ) Water
ernator
[ —
/@
‘ Power
Steering
Pump
AN
Crankshaft

Fig. 36 Drive belt routing—1994-96 5.0L and 5.8L Ford engines

Power
Steering
Pump

Crankshaft

Fig. 37 Drive belt routing—1987-93 2.5L, 3.0L, 4.3L and 5.7L GM
angines and 1990-95 7.4L GM engines
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Alternator

Supply
Pump
Ve = P:)\wer
Crankshaft Steering
Pump

Fig. 38 Drive belt routing—1994-98 3.0L engines

Alternator

Power
Steering
Pump

Fig. 39 Drive belt routing—1994-98 4.3L, 5.0L and 5.7L GM engines
and 1996-98 7.4L/8.2L GM engines

Power
Steering
Pump

% Crankshaft

Fig. 40 Drive belt routing—1987-907.5L 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 adjustment bracket behind the assembly.

4. Carefullyinserta 1/2 in. breaker 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 tensionis now within specificationsand 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 compariment.

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

Power Steering Pump

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 5.0L/5.8L 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 and/or nuts—usually
two, but the 2.3L engine use four (3 in the front and 1 in the back).

3. Inserta 1/2 in. breaker bar into the square hole on the mounting
bracket and then pivot the pump assembly away from the engine.

% CAUTION _

Never pry against the reservoir or filler neck.

4. Check that the tension is now within specificationsand 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

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 againstthe corner of the timing chain
cover and the tab on the pump mounting bracket.

%% CAUTION ] B

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. Recheckthe belt tension and connect the batterv cable.

12. Close the engine compartment.

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

Raw Water Supply Pump
@ See Figure 45

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. Inserta 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 engines may reauire the removal of the outer belts.

To replace a drive belt, loosen the pivot and mounting bolts of the
component which the belt is driving, then, using a wooden lever or
equivalent, pry the componentinward 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. 43 Use the square hole in the bracket to adjust the power
steering pump—5.0L/5.8L 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.

Thermostat '

The thermostatis 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 engine to reach operating temperature.

All thermostats are rated based on the temperature at which they open
and this rating should always be stamoed somewhere on the thermostat.
usually on the flange area. All engines covered here utilize a 160°F
thermostat except for the 7.4L/8.2L 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
attachedto it.

% CAUTION R |

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

sk CAUTION -

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 3.0L 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
attachedto it.

k3 CAUTION o | v

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

% CAUTION : ' T

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 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 2.5L/3.0L
engines.

5. Remove the 4 mounting bolts (2 on the 2.3L) with their lock washers
and then remove the upper thermostat housing cover. Some models may
have a liting eye incorporated in the housing—take 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 sealin 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 2.5L/3.0L 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 2.5L/3.0L housing gasket with OMC Gasket
Sealing compound (or similar) and position it onto the housing so that the
holes line up.

Fig. 46 Agood shot of the thermostat housing—3.0L engines
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TEMPERATURE
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Fig. 47 Exploded view of the thermostat and housing—3.01 engines
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12. Install the upper housing cover and mounting bolts/washers and
tighten to 5-7 ft. Ibs. (7-9 Nm) on the 2.5L/3.0L. 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. Reconnectthe 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.

3.0L Engines—1997-98

B On all engines covered here, the thermostat housing can be found
on the front, top of the engine—easily identifiableby the large hoses
attachedto it.

% CAUTION

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

% CAUTION |

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 (unscrewthe 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. Positiona 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. Reconnectthe 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 VB Engines

@ 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 identifiableby the large
hoses attachedto it.

s CAUTION | |

Serious damage may result from operating your engine withouta
thermostat! Don't even consider this!

s CAUTION

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.

W 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 thermostatin place and then lift out
the thermostat and discard it. If you are not sure that it is inoperable, perform
the testing procedures outlined in this section.

HOSE

BRACKET

? THERMOSTAT
HOUSING
. >
HOSE
THERMOSTAT
SEAL —-<D
HOSE

~ig. 48 Exploded view of the thermostat and housing —typical, but
nost models similar
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Fig. 51 Thermostat housing—5.0L/5.8L 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 7.4L/8.2L 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 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. Reconnectthe hoses and tighten the clamps being careful not to
pinch the hose. This is a good time to inspect the hoses!

% CAUTION I

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—5.7L/7.4L/8.2L engines

Fig. 52 Thermostat housing —75L engines

TESTING

@ See Figures 53, 54, 55 and 56

1. Inspect the thermostat at room temperature. If the thermostat s 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; 157-163°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 7.4L/8.2L 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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VALVE §

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

SEAT N

Fig. 54 Check the opening gap here on
inline engine thermostats

I
:

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

THERMOMETER

HEATING
cuP

Fig. 56 Testing the thermostat

Cylinder Compression ‘

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

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

» Disconnectthe 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.

@ See Figures 57 and 58

M Y

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

1991-93 engines

e On all 3.0L 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: tag and disconnect the 14-pin connector at the ignition
module. Position it out of 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.

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

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

1994-95 engines

e 3.0L 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..

e 5.0FL, 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

* 3.0L, 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..

e 5.0FL and 5.8FL engines: remove both distributor primary wires at the
coil. Tape the terminals to avoid grounding
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Fig. 58 If a cylinder exhibits unusually low compression, try
squirting about a tablespoon of oil into it

¢ 5.0Fi, 5.8Fi and 5.8FSi engines: tag and disconnectthe 2-way
connector at the ignition coil

e 7.4GL engines: tag and disconnect the 14-wire connector at the ignition
module.

1997-98 engines

« All except 5.7GL/GS and 7.4GL engines: disconnect the grey 2-wire
connector at the ignition coil, it has purple and grey wires

< 5.7GL/GS engines: remove hoth 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
specificationsif 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 kPaj}, 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 compressionin 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 coolantin
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.

Spark Plugs - ' :

The spark plug performs four main functions:

o ltfills 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 air/fuel 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 air/fuel 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

[0 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 combinationspark plug gauge and
gapping tool and a can of anti-seize type compound.

THE SHORTER THE LONGER
THE PATH. THE YHE PATH. THE
FASTER THE SLOWER THE
HEAT IS DIS- HEAT IS DIS-
SIPATED AND ; SIPATED AND
THE COOLER THE HOTTER
THE PLUG THE PLUG
—\ S — == —
HEAVY LOADS. SHORT TRIP
HIGH SPEEDS STOP-ANDGO
SHORT insulator Tip LONG Insulator ¥:p
Fast Heal Transfer Slow Heal Transter
LOWER Heat Range HIGHER Heal Range
COLD PLUG HOT PLUG
Fig. 59 Spark plug heat range

REMOVAL & INSTALLATION
@ See Figures 60 and 61

1. When removing spark plugs, work on one at a time. Don't start 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-tensionwire.

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.

[0 Remove the spark plugs when the engine s cold, if possible, to
prevent damage to the threads. If plug removalis 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 counterclockwiseto loosen and
remove the spark plug from the bore.

*3% WARNING

Avoid the use of aflexible extension on the socket. Use of a flexible
extensionmay 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 comparingthe 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 spark plugs, always ask the dealer if there has
been a spark plug change for the engine 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 revolutionsto 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.

% WARNING ’ B _

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 1/4 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

e 2.3L—5-10 1t Ibs. (7-13 Nm)

* 3.0L,4.3L,5.7L, 262,350 —22 ft. Ibs. (30 Nm)

e Ford 5.0L/5.8L—15-20 ft. Ibs. (20-27 Nm)

¢ 460 King Cobra—5-10 ft. Ibs. (7-13 Nm)

1990 engines

o 23L—5-10ft. Ibs. (7-13 Nm)

* GM Cobras—22 ft. Ibs. (30 Nm)

* GM King Cobras—20 ft. Ibs. (27 Nm)

e Ford V8—15-20 ft. 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. Startthe engine and Insure proper operation.

READING SPARK PLUGS
@ See Figures 62 thru 68

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

In general, a light tan/gray 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.

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

Fig. 63 A carbon-fouled plug, identified
by soft, sooty black deposits, may
indicatean improperly tuned engine

Fig. 64 Aphysically damaged spark
plug may be evidence of severe
detonation in that cylinder. Watch the
cylinder carefully between services, as
acontinued detonationwill not only
damage the plug but will most likely
_damage the engine
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Fig. 65 An oil-fouled spark plug
indicates an engine with worn piston
tings

Fig. 66 This spark plug has been leftin
the enaine too long, as evidenced by
the extreme gap. Plugs with such an
extreme gap can cause misfiring and
stumbling accompaniedby a noticeable

Fig. 67 Abridged or almost bridged
spark plug, identified by the build-up
between the electrodes caused by
excessive carbon or oil build-up on the

plug

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 formin the first place.

INSPECTION & GAPPING

Fig. 69 Using a wire-type spark plug gapping tool to check the
distance between center and ground electrodes

 See Figures 69 and 70 ' SY

Aparticular 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,

Fig. 70 Most spark plug gapping tools have an adjusting tool used
to bend the ground electrode. USE IT! This tool greatly reduces the
chance 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 fuel/air
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 with
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 design
helps prevent high
voltage flashover.

Bridged Electrodes
Fouling deposits
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.

Fig. 68 Typical spark plug problems showing damage that may indicate engine problems
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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 tip may
become conductive
and provide a
“shunt™ 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
“ground out." Here.
the spark does not
lump the electrode
gap and the fuel air
mixture s not
ignited. This causes a
power loss and raw
fuel 1s exhausted.
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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.

-Spark Plug Wires '

TESTING DVOM

=

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

When installing a new set of spark plug wires, replace the wires one 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.

Ignition Timing’ B :

As the engine must be running while performing this operation we
recommendthat it is undertaken with the boat in the water. If not, make
certain that an engine flushing kit has been installed.

ADJUSTMENT

WODERATE

B Ifyou are unsure of which ignition system your engine has been
equipped with, please refer to the Ignition System Applications chart.

Breaker Point Ignition Systems

OE!

.

€ See Figures 71, 72 and

R If you are unsure of which ignition system your engine has been
equipped with, please refer to the Ignition System Application chart
foundin the Ignition Systems section.

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
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 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 (V6/V8). 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 Specificationschart for the correct
timing figure. You may also be able to check the ignition timing
specificationon the engine tune-up sticker affixedto the engine. If this
figure differs from that which is listed here, ALWAYS go with the figure
on the sticker.

Fig. 71 Typicaltiming mark tab—GM engine

TIMING POINTER
(ATTACHED TO
ENGINE BLOCK),”~

Fig. 72 Typical timing mark tab—Ford engine




ENGINE AND DRIVE MAINTENANCE 2-23

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 s 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.

HE Please refer to the Tune-up Specifications chart for the correct
timing figure. You may also be able to check the ignition timing
specificationon the engine tune-up sticker affixed to the engine. If this
figurr]e dif_fekrs from that which is listed here, ALWAYS go with the figure
on the sticker.

11. Turn off the engine. Disconnectthe timing light and the tachometer.

BID And HEI Ignition Systems

S

¢ See Figures 71,72 and 73

If you are unsure of which ignition system your engine has been
equipped with, please refer to the Ignition System Applicationchartin
the Ignition 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 leastand
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 (V6/V8). 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
specificationon the engine tune-up sticker affixed to the engine. If this
figure differs from that which s 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.

W 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. Restartthe engine and recheck the idle speed and mixture. Adjust as
necessary.

[0 Please refer to the Tune-Up Specificationschart for the correct
specifications. You may also be able to check the ignition timing
specificationon the engine tune-up sticker affixed to the engine. If this
figure differs from that whichis listed here, ALWAYS go with the figure
on the sticker.

EST Ignition Systems
OENMD> WODERATE

B If you are unsure of which ignition system your engine has been
equipped with, please refer to the Ignition System Applicationchart
foundin the Ignition Systems section.

Carbureted Engines
® See Figures 71,72, 73 and 74

B 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 pulley/harmonic balancer) and place a bit of white paint
where the proper mark should be (TDC is usually marked with a 8, while
each mark or gradation should equal 2"). Also, paint a dab on the mark
stamped into the pulley (4 cyl.) or harmonic balancer (V6/V8). 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
specificationon the engine tune-up sticker affixed to the engine. If this
figure differs from that which s 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. Disconnectthe 4-wire connector on the
side of the distributor and install OMC Adaptor #386662 across the two white
leads. Connect the bare wire to a 12-volt engine power source.

O Not dl 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 alignment.

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.

Fig. 74 Before checking the ignition timing on EST systems, you
! must install the special connector harness

L

9. Tighten the clamp bolt securely and check the timing one last time.
10. 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 advancedto 15° BTDC on
all 1991-94 engines. Re-adjust as necessary by rotating the distributor.

[0 Please refer to the Tune-Up Specificationschart for the correct
timing figure. You may also be able to check the ignition timing
specificationon the engine tune-up sticker affixedto 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. Disconnectthe timing light and the tachometer.

EFI 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 performingthis 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 pultey/harmonic balancer) and place a bit of white paint
where the proper mark should be (TDC is usually marked with a 8, while
each mark or gradation should equal 2°). Also, paint a dab on the mark
stamped into the pulley (4 cyl.) or harmonic balancer (V6/V8).

Please refer to the Tune-Up Specificationschart for the correct
timing figure. You may also be able to check the ignition timing
specificationon the engine tune-up sticker affixed to the engine. If this
figure differs from that which s listed here, ALWAYS go with the figure
on the sticker.

5. Start the engine and allow it to reach normal operating temperature
atidle. Set the idle speed to 1000 rpm.

6. Turn off the engine, locate the data link connector (DLC) on the
EFI/MPI 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. 5 OMC’s MDTCtool makes setting the timing easy
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7. Restartthe 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 it appear that the mark on the tab and the mark on the damper/pulley
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. Tightenthe 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 Ignition 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 Ignition Systems section for further information on the
Spitfire system.

Thick Film Integrated (TFI-IV) Ignition Systems

=

+ See Figures 72 and 73

(MODERATE

| If you are unsure of which |gi1nlt|on system your engine has been
equngped with, please refer to the Ignition System Application chart
found in the Ign|t|0n Systems section.

B Failure to follow the timing procedure instructions exactle/ will result
inimproper timing and cause performance problems at the least and
possibly severe engine damage.

1. Positionthe 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'sinstructions.

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 8, while each mark or gradation should equal 2°).

W Please refer to the Tune-up Specifications chart for the correct
timingTigure You may also be able to check the i é;mtlon timing
specification on the engine tune-up sticker affixed to the engine. If this
flgut;]e dli‘fe&s 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
atidle.

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 distributorand 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.
1. Disconnect the timing light and tachometer.

12. Tighten tt distributor clamp bolt o 17-25ft It (23-34 Nm).

13. 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.

Breaker Points and Condenser . ,

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 pointsis 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 consideredthe 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 fromthe
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 condenserlbreakerpoint 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
screw and clamp

Fig. 77 The condenser is heldin place by a

Fig. 78 Install the point set on the breaker
! plate, then attach the wires

I

ADJUSTMENT —FEELER GAUGE

MODERATE

OEM

@ 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 s 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 tightening the screw as the
points sometimes move when tightening the screw.

4. Install the rotor and distributor cap. Connect the battery cables and
adjust the ignition timing.

Fig. 79 The arrow points to the feeler gauge used to measure point

gap

PROPER
LATERAL ALIGNMENT

LATERAL
MISALIGNMENT

Fig. 80 New contact points must be aligned by bending the fixture

contact support. NEVER bend the breaker lever!

ADJUSTMENT —DWELL METER

_MODERATE

4 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 notin
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. Install the rotor and distributor cap. Connect the battery cables and
adjust the ignition timing.

*% CAUTION

Dwell should be checked between idle and 1750 rpm. Any dwell
variations of more than 3° from idle to 1750 rpm indicate possible wear
in the distributor.

CONTACTY
ARM
CENTERED

7N

AN

ARM NOT
CENTERED ®
CONTACT
ARM NOT
CENTERED
N

Fig. 81 Check the points for proper alignment after installation
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WIDE GAP

FORMAL DWELL-NORMAL GAP

1 Fig. 82 Three views of differing point dwell conditions

INSUFFICIENT DWELL

SMALL GAP

S

EXCESSIVE DWELL

Distributor Air Gap '

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
4 See Figure 83

1. Open or remove the engine hatches.

2. Remove 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 specification, loosen the small screw on the trigaer 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
chanaed.

7. Disconnectthe remote starter.

8. Install the rotor and distributor cap.

Fig. 83 Checkingthe distributor air gap

Idle Speed And Mixture

ADJUSTMENT

All Engines W/2bb! Carburetor
—~ CMODERATE
i

@ 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 |n (clockwise) until it just lightly seats itself and then back it out:

1986-89 2.51/3.0L engines—2 turns
1986-89 2.3L, 4.3L and 5.0L engines—2 112 turns
1988-90 Rochester—2turns
1988-90 2.3L engines—112 turn
1988-93 3.0L engines—314 turn
e 1988-93 3.0L HO engines—1 turn on starboard screw; 112 turn on port
screw
* 1994 3.0GL engines—314 turn
* 1994-98 3.0GS 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 5.0L engines — I 112 turns
1991-93 5.0L engines—1 1/8 turns
1990-93 5.0L HO engines—I turn
1994-96 5.0FL engines—1 turn
1994 5.7GL engines—314-1 turn
1997-98 5.7GL/GS engines—314-1 turn

s CAUTION :

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 arrestoris 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-Idle Speed Screw
2- ldie Cam

Fig. 84 The idle speed adjusting screw should rest on the idle cam

% CAUTION

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 slowy,
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 detailedin 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. Recheckthe 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. Tum the engine off and reconnect the throttle cable. Disconnect the
tachometer.

All Engines W/4BBL Carburetor

4 IODERATE

1. Locate the idle speed screw on your carburetor and turn it in or out
until it 1s 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 w/Rochester—3 314 turns
1987-89 engines w/Holley—1 112 turns
1990-91 4.3L HO engines—314 turn
1996-97 4.3GS engines—314 turn
1998 4.3GS engines—| 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—li2turn

1-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 7.4L/8.2L engines —ti4 turn
1990 460 engines—I| 112 turns

3 CAUTION

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'sinstructions--donot
use the tach on your boat!

5. Start the engine and allow it to run at idle until it reaches normal
operating temperature.

k> CAUTION

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 118t turn at a time.

8. Now, back the screw(s) out (counterclockwise),evenly and
alternately, until you achieve the correctidle speed as detailed in the Tune-
Up Specificationschart. 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

Idle speed is constantly monitored by the electronic control module (ECM)
and controlled by the idle air control valve (IAC). Idle speed and mixture are
not adjustable. Please refer to the Fuel System section for further information
on the fuel injection system.

PCV Valve B .

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.

APCV system that is malfunctioningcan cause rough running or idle, and
also increased fuel consumption. Do not attempt to disconnect or bypass the
system.

REMOVAL & INSTALLATION
& See Figure 86

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. Loosenthe clamp (if equipped) and disconnect the breather hose
from the valve.

4. Reconnectthe hose and press the valve back into the cylinder head.

[ PCV valves are not serviceable. If your valve is clogged or otherwise
not working properly, it must be replaced with a new one.
INSPECTION
4 See Figure 87

Start the engine and allow it to reach normal operating temperature. Pop
outthe 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 is clogged or otherwise
not working properly, it must be replaced with a new one.

Fig. 86 Typical PCV valve

Fig. 87 Testing the PCV valve

Valve Adjustment e

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.

| FLUIDS AND LUBRICANTS

' Fluid Disposal - '

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.

Fuel And Oil Recommendations

FUEL

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, 5.0GL 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
temperature to stabilize prior to shutdown. Not allowing the temperature to
stabilize can damage vital engine components.

Every container of engine oil for sale in the U.S. should have a label
describing what standards 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
“8” (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 “SG” 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 and/or contains newer or different additives.
Since oil is so important to the life of your engine, you should obviously
NEVER use an oll of questionable quality. Qils 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
viscosity suitable for the outside temperature in which your enaine will be
operating. Oil must be thin enough to get between the close-tolerance
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 boating requires a thick oil which can lubricate vital engine parts at
temperatures.

Accordina to the Society of Automotive Engineers' (SAE) viscosity
classification system, an oil with a high viscosity number (such 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 10WA40 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 10N oil.

[ Althoughacceptablein 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
monthsit is a good ideato 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

%% CAUTION ,, '

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 engine 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 3.0L is on the starboard side. Note
the top of the oil withdrawal tube
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Fig. 89 The oil dipstick on the 4.3L is on the starboard side, near
the power steering pump

Fig'. 91 The oil dipstick on the .0 GM l n the ront port side of
| 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 5.0L 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)

s WARNING .

Do not overfill the engine. If the engine is overfilled, the crankshatft will
whip the engine oil into a foam causing loss of lubrication and severe
engine damage.




2-32 ENGINE AND DRIVE MAINTENANCE

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

4 See Figures 9 thru 102

k& CAUTION-

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 exposureto 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.

Itis a good idea to warm the engine oil first so it will flow better; and the
contaminates in the bottom of the pan willbe suspendedin 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
permanently 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!

B 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 and/or 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.

k% CAUTION

Use cautionaround 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 Agood shot of the filter—3.01 shown

Fig. 96 Although most engihes use the dipstick tube to remove the
old engine ail, certain engines (2.5/3.0L) may use a separate tube




ENGINE AND DRIVE MAINTENANCE 2-33

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

B 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 V6/V8 engines with fuel injection (5.0L shown),
the remotefilter is on the port side near the top

Fig. 98 On the older V6/V8 engines and most V6/Y8 engine with a

carburetor (5.7L shown), look on the side of the engine block

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.

*% WARNING . '

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 oil has gotten into the bilge, remove it usrng an oil absorbent
pad These pads are specially formulated to only absorb oil and will not soak
up any water in the bilge Perform a visual inspection and make sure all
connections are tight.

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 Canacities 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.

.
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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

—

Fig. 101 Dip afinger into a fresh bottle of oil, and lubricate the
gasket of the new filter

Fig. 102 Tighten the new filter 1/4 to 1/2 of a turn after the gasket
contacts the mating surface. Do not use a wrench to tighten the
filter!

Power Steering

FLUID LEVEL
4 See Figures 103 and 104

B 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 steeringwheel lock-to-lock about 10 times to ensure that
the fluid is warm.

3. Tum 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 ff the level is being checked cold). If the level
1s 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 Trim/Tilt &
Ste%ril?g Fluid, GM Power Steering Fluid, or Dexron® I ATF fluid. Do not
overfill!

6. Itis always a good idea to bleed the system after adding fluid.

BLEEDING THE SYSTEM

B Itisimportant 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. Tum 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 dipstick 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 inlet. Continue moving the wheel and
adding fluid until there is no foam left, indicating the absence of air bubbles.

B 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
recheckthe fluid level. If not at the FULL HOT level, add fluid slowly untilit
is.



ENGINE AND DRIVE MAINTENANCE 2-35

Fig. 103 Typical power sterlng pump

Fig. 104 Power steering fluid dipstick

Cooling System - 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 unit 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
togetherin 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 severeinjury. If the engine is anything but cold, always remove the
cap aquarter 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. Reinstallthe 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 saltwater, heavy mineral fresh water or
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.

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 W/O Fresh Water Flush

Boat Out Of Water
4 See Figure 106

% CAUTION N

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(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.
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s CAUTION

Never allow the water to reach the flushing device at anything more
than low pressure.

s CAUTION

Never allow the water to reach the flushing device at anythingmore
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
4 See Figure 106

- CAUTION )

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 IN'DOWN 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 s 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 deviceto 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, disconnectthe 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
4 See Figure 107

% WARNING :

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. Tum off the water and remove the hose/socket 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
4 See Figures 108,109 and 110

The pressure cap on the coolant reservoiris 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.

k3 WARNING )

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 pressureto
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

k% WARNING

Make sure the engine is cool before attempting to removethe cap. To
be safe, always turn the cap 114 turn and allow any residual pressureto
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.

7. If the exchangeris 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

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

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 yourselfa
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 hilge.

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
éhermostat housing to the engine water pump, at the pump. Allow all water to

rain.

5. Remove the drain plug on the side of the cylinder block (port on
2.5L/3.0L; 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- Rubber Seal
2- Gasket
3- Locking Tabs
Fig. 108 Check the pressurecap carefully...

1- Inspect for damage
~ 2-Clean coolant recovery pasages
Fig. 109 ...and then check the filler neck

Fig. 110 Using a pressuretester to check the
cap
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Fia. 111 Both drain plugs are on the oort side—3.0L shown

11. Using a stiff piece of wire, clean out all drain holes. Don't forget 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 attached to 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. Tightenthe plugs and petcock securely.

15. If you are winterizing the boat and its going to sit for a few 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 thru 120 ODERATE

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.

» 2.5L/3.0L 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 thermostathousing, 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 5.0L and 5.7L engines—Ilong 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 steering or other oil
cooler, remove the drain plug or lowest hose at the cooler.

« 1998 5.0L engines—Ilarge 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 plug or lowest hose at the cooler. On 5.7Gi enaines, remove the
bypass hose 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.

e 1989-90 5.0L 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.

Fig. 113 Starboard drain plug—4.3L engines
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Fig. 114 Port drain locations—5.0L Ford engines; 5.8L similar

Fig. 116 Disconnect the long water supply hose—5.0L/5.7L. GM
engines; and the small by-pass hose—EFI engines, others similar

« 1991-96 5.0L 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 7.4L/8.2L 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.

e 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. 117 Loosen the starboard drain plugs—5.0L/5.7L. GM engines,
others similar

Fig. 118 Loosen the port drain plugs—5.0L/.7LGM engines, others
similar
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Fig. 119 A nice close-up of a cylinder block drain plug

b

Fig. 120 The drain plug on a King Cobra is below the water pump

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 hose running from the
thermostat housing to the engine water pump, at the water pump. Allow ali
water to drain.

5. On most fuel injected engines, loosen the clamp and disconnect the
small water by-pass hose on top of the thermostat housing, bend it down
and allow the water to drain.

6. On 1998 4.3L engines, remove the drain plug at the front of the
intake manifold and allow the manifold to drain. You may need to lower the
bow slightly in order to get all of the water out. Reinstall the plug when
draining is complete.

7. Remove the drain plug on the side of the cylinder block and allow all
water to drain. Repeat this with the plug on the other side if you have a V-
engine.

8. Remove the drain plug on the exhaust manifolds or elbow. if your
engine is not equipped with a drain, simply disconnect the hose from the
lower fitting. Some engines may have these covered with a rubber cap.

W On certain late model 7.4Gi engines, there is no port side cylinder
block drain plug; simply remove the knock sensor.

9. On models equipped with power steering, disconnect the hoses 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.

10. Loosen the clamps and disconnect both hoses at the seawater pump
(if equipped). Allow all water to drain and then reconnect the hoses.

11. 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.

12. Disconnect and remove the lower end of all hoses and hold them as
fow as possible while draining. Reconnect when all water has stopped
draining. On models with closed cooling, refer to the flow diagrams at the
rear of this section so that you do not disconnect any hoses used for the
closed portion of the system.

13. Using a stiff piece of wire, clean out all drain holes. Don't forget any
drain holes in the drive unit!

14. On models with SP drives, 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 attached to
the bell housing. Many models will also have a vent and drain plug on the
starboard side of pivot housing as well.

15. On King Cobra models, remove the 3 bolts and pull off the water
pump access cover. Remove the water passage drain plug and move the
drive to the full Down position.

16. 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!

17. Install the drain plug and access cover on King Cobra models.

18. Coat the threads of all drain plugs with sealer and then reinstall
them. Tighten the plugs and petcock securely.

19. If you are winterizing the boat and its going to sit for a few 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.

20. If you closed the seacock or disconnected the water inlet line, make
sure you open or reconnect it PRIOR to restarting the engine.

Closed System ; ODER ATE

This system should be kept filled with the appropriate water and anti-
freeze solution year-round; even if laying the boat up for the winter. Coolant
should be changed at least every other year.

B Don't forget to drain the seawater system if winterizing the boat.

1. Carefully remove the pressure cap from the system. Follow the
precautions detailed in the Pressure Cap procedures in this section if the
engine is hot.

2. Loosen and remove the petcock(s) or drain plug(s) on the cylinder
block making sure you have a suitable container under the drains or eise the
coolant will flow into the bilge,.

3. Disconnect the coolant hose (the other is a seawater hose—refer to
the flow diagrams) from the engine circulating pump at the heat exchanger.
Loosen and remove the drain plug at the bottom of the exchanger.

4. Clean all drain holes with a stiff piece of wire.

5. If equipped with a coolant recovery or overflow tank, drain it also.

6. Coat the threads of all plugs with sealer and install them securely.
Reconnect the coolant hose at the heat exchanger.

7. Pour the appropriate mix-of water and anti-freeze into the reservoir
filler neck until the level is within 1 in. of the bottom of the neck.

8. With the cap still oft, start the engine and run it at 1500-1800 rpm.
Add additional coolant until the level is within 1 in. of the bottom of the filler
neck. If the boat is out of the water, don't forget to attach a flushing device to
ensure proper flow of seawater.

9, After the engine has reached normal operating temperature, check
that the level in the filler neck is correct; add coolant if necessary.

10. Install the pressure cap, check the coolant recovery reservoir and fill
it to the FULL line.

11. If any leakage or overheating is noticed, shut the engine down
immediately and look for the cause of the problem.
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Stern Drive Unit '

FLUID LEVEL

@ See Figures 121,122,123 and 124

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 Lubricantin 1986-93 drives, OMC Ultra HPF Gear Case lube in
1994-95 drives, and Mobilube I SHC Fully Synthetic SAE 75W-90 gear
lubricantin 1996-98 units. Never substitute regular automotive grease.

1. Position the drive unit in the full IN'DOWN 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 lubricantis 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
opening and then reinstall the dipstick and washer.

4. Let it sit for a moment and then recheck it.

3% CAUTION

The unit should never require more than 2 oz. of lubricant. If moreis
required, you'vegot 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.

Fig. 122 Use the dipstick to check the fluid level —Cobra and King
Cobramodels

Fig. 123 Use the dipstick to check the fluid level —SPIDP models l

CHECKING FOR WATER

It is a good idea to check the unit periodically for water contamination.
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 fill/drain 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 magnetic fill/drain plugs, so
be sure to check that the end of the plug is free of any metal filings. If you
find any metallic particles on the plug it can be an indication of greater
problems within the drive unit.
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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 SP/DP 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 Lubricantin 1986-93 drives, OMC Ultra HPF
Gear Case lube in 1994-95 drives, and Mobilube 1 SHC Fully Synthetic SAE
75W-90 gear lubricantin 1996-98 units. Never substitute regular automotive
grease.

1986-93 Cobra Units
& See Figure 125

% CAUTION

Stern drive oil should always be changed with the unit cold.

[ Take alook 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 IN'DOWN 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 plug on the starboard side of the drive, just above
the anti-cavitation plate. Insert the dipstick into the hole so that it is just
resting on the upper surface of the bore; do not screw it in.

5. Pump the proper lubricantinto 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.

B Please refer to the Capacities chart for lubricant capacities on a
specific drive unit.

%% WARNING

Fill the drive unit slowly! Adding lubricanttoo quickly will cause too
many air bubblesand 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

k3 CAUTION

Stern drive oil should always be changed with the unit cold.

& Take alook 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 INNDOWN 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 tboard side of‘the hoﬂsm
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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.

B Please refer to the Capacities chart for lubricant capacities on a
specific drive unit.

*% WARNING '

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

s CAUTION |

Stern drive oil should always be changed with the unit cold.

B 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 IN/DOWN 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 fill/drain 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.

DIPSTICK

N

T
=
-

—
i
OIL DRAIN O L

OPENING \\\‘. ,::.
N\ ® !
[ ]

Fig. 126 The oil drain plug is on the port side of the housing

4. Pump the proper lubricantinto 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.

B Please refer to the Capacities chart for lubricant capacities on a
specific drive unit.

%% WARNING

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, threadin the dipstick and tighten it
securely. Quickly remove the pump and install the fillidrain plug and washer;
tightenit to 60-84 inch Ibs. (6.8-3.5 Nm). Reinstall the oil level dipstick with a
new seal and tighten it to 48-72inch 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

% CAUTION

Stern drive oil should always be changed with the unit cold.

B Take alook 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 IN/Down 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 fill/drain 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 lubricantinto the drive through the fillidrain hole
until it reaches the level at the bottom of the oil level hole on the upper gear
housing.

B Please refer to the Capacities chart for lubricant capacities on a
specific drive unit.

*% WARNING

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.

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. (6.8-9.5Nm). Use sealing compound on
the threads of the oil fillidrainand 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.
(12.2-14.9Nm).

9. Clean any excess oil on the housing. Check the oil level a final time
and then recheck it again after the first use.
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shift cover...

Fig. 129 The oil drainplug is on the port side of the housing

1996-98 DP Units
@ See Figures 127 thru 131

% CAUTION

Stern drive oil should always be changed with the unit cold.

Take alook 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 propefler(s) as detailed in the Drive Systems section.

2. Trim the stern drive to the full IN/Down 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)

Ol Leve! Plug

Fig. 128 ...remove the oil level plug

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.

kk WARNING

Fill the drive unit slowly! Adding lubricanttoo quickly will cause air
bubblesthat 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 il
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 forgetto replace the O-rings when replacing the plugs!
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1- Qil Fill{Drain Plug
2- Sealing Washer or 0-Ring

Fig. 131 ...don't forget to replace that O-ring!

8. Install the propellers.
9. After aliowing the oil to settle for a few minutes, check the level
using the dipstick. Add 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.

Power Trim/Tilt Pump '

FLUID LEVEL
4 See Figure 132

Fluid levels in the power trim/tilt pump should be checked every 100
hours of operation or once a season, whichever comes first. We recommend
that you use OMC Power Trim/Tilt & Power Steering Fluid, although OMC
suggests that in a pinch you can use Dexron® Il ATF.

'LUBRICATION POINTS

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.

3 CAUTION

Failure to position the drive unit in the full UP/OUT position before
removing the plug could result in hydraulic fluid spraying all over upon
plug removal.

2. Loosen and remove the fill screw from the side of the pump housing.
3. Check that the lubricantis up to the bottom of the threads in the hole.
If necessary, add more fluid slowly through the hole u0ntil the level is correct.
4. With the fill screw still out, move the drive throughits 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.

Propeller Shatft

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 vesselis being operated in fresh water. If the vessel is
in saltwater, every 50 hours or 2 months. Please refer to the Drive Systems

section for details on propeller removal and installation.

Throttle Cable

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.

Shift Cable And Transmission Linkage Pivot Points

Lubricate the cable pivot points every 100 hours or 6 months, whichever

mes first when the vessel is being operated in fresh water. In salt water,
ﬁﬁ)rlcate every E[;O ours or 2 monﬂ% \ﬁhlc%ever comesmflrst. A[\]Nays use

OMC Grease.
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Steering System _

¢ See Figure 133

O 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.

% CAUTION ' .

Use only a hand operated grease gun when filling the zerk fitting. Never
use a power operated gun!

Zerk
Fitting

-
Fig. 133 Always use a hand operated grease gun when filling the
control valve

Gimbal Bearing And U-Joints

+ See Figures 134 and 135

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.

3 CAUTION

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.

% CAUTION S

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 with 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 any signs of damage or deterioration, replacing
it if in doubt (as detailed in the Drive Unit section)

7. Check the engine alignment and then reinstall the drive unit.

Fig. 134 The gimbal bearing is serviced via agrease (zerk) fitting on
the starboard side of the housing

Fig. 135 Each of the U-Joihts has a gease fitting. Don't forge\t\t(;
lube the two O-rings at fhe end of the shaft
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BOAT MAINTENANCE ‘ S

Inside The Boat

Probably the biggest surprise for boat owners is the extent to which mold
and mildew developin 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 cleaningthe boat includes removing as much as possible fromit.
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 (mildewis 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
deterioratingis 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 accidentaldamage. 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.

The Boat’s Exterior v

# SeeFigure 136

Fiberglass reinforced plastic hulls are tough, durable, and highly resistant
to impact. However, like any other materialthey can be damaged. One of the
advantages of this type of constructionis 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, fiberglassboats can be found performing
their daily task with a minimum of maintenance.

Afiberglasshull 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 resultin a
definite, localized break. In addition to hull damage, bulkheads, stringers,
and other stiffening structures attachedto 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

Afoul bottom can seriously affect boat performance. This is one reason
why racers, large and small, both powerboat and sall, 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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Fi. 138 ‘ n reas 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

| Fig. 140 This hullis in even worse condition
and should be sand blasted and repainted

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.

Anodes (Zincs)

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
consumedin lieu of the expensive drive.

These zincs need a little attentionin 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.

Periodicallyinspect 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 zinc or magnesium anode, magnesium
actually works better in fresh water - never use magnesiumin 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 any
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 with 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

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.

¢. DP—At the bottom of the transom shield/assembly; 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, inspect
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. f 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

Bearing
Carrier

Fig. 142 Ceftain ‘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 maintainedon 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 accessorieswith increased oarasitic load may discharae a
battery sooner. Storing a boat with the negative battery cable disconnected
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 battery 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.

B 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) containedin the battery cells
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,
maintainingthe 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 determiningif the battery must be replaced. Abattery 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.

%% CAUTION .

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

& See Figure 144

A hydrometer is required to check the specific gravity on all batteries 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 lited from its seat. The specific gravity is then read
by noting the position of the float/pointer. 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 translucentbatteries 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.
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B 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 ts 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-FreeBatteries

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

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

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.

s CAUTION'

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 remainin 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.

THERMOMETER.

Fig. 144 The best way to determine the Fi
condition of a battery is to test the
electrolyte with a battery hydrometer

g. 145 Abattery 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.

Amanual 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 arule, 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 recommendedto 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, 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.

B 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 {(+) 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 themin 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 selecting 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.

WINTER STORAGE - e . 3 !

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.

Winter Storage Checklist '

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--drainingany 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 2t4 Marine Fuel
Conditioner/Stabilizer, 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.

i 6. Bleed the fuel system of air and replace the water separating fuel
ilter.

a. Flush the seawater circuit to remove corrosive salts.

b. Drain the seawater system, taking special care to empty all the low
spots.

¢. 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
fastidle and squirt about 213 of an 8 0z. {0.24L) of can of Storage Fogging
Oil or 12 0z. (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 0z.) of OMC Storage Fogging Oil
and 113 cup (2.5 0z.) of 2+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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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 INF'DOWN 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!

B 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.

SPRING COMMISSIONING : , , e .

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.

Spring Commissioning Checklist

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 starting 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

FIRING ORDERS

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.

4 See Figures 147 thru 156

To avoid confusion, ALWAYS label the spark plug wires with a piece
of tape before disconnecting them from the plug or distributor cap.
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Fig. 147 Firing order diagram—2.3L 4 cylinder engines
(1-3-4-2, clockwise)

st

Fig. 148 Firing order &iagram—-4.31 V6 engines
(1-6-5-4-3-2, clockwise)
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3

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)

Fig. 149 Firing order diagram—2.5L and 3.0L 4 cylinder engines
(1-3-4-2, clockwise)
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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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Fig. 150 Firing order diagram-4.31HO V6 engines
(1-6-5-4-3-2, clockwise)
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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. 154 Firing order diagram—5.01 (1994-96) 5.0L HO and 5.8L Ford
V8 engines wicarburetor (1-3-7-2-6-5-4-8, counterclockwise)
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Fig. 155 Firing order diagram—5.0L, 5.8L and 351 Ford V8 engines
w/EF] (1-3-7-2-6-5-4-8, counterclockwise)
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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 Applications —1990-92
ENGINE MODEL APPLICATIONS ENGINE MODEL APPLICATIONS
Model ~Displacement  Engine  Horsepower _ Fuel Stern Model Displacement Engine . Horsepower . rael . otern
__Year Model _ Number L/Cu. In. Type  (AtProp) Delivery  Drive Year  Model Number LICu. In. Type  (AtProp) Delivery  Drive
e 25 252AMKIWB. 252APKWE 25153 L4 NA 2 bol Cobra 7536 73 732BMRPWS, Z32BPRPWS 23140 7 NA P Cobra
30 302AMKWB, 302APKWB 301181 4 NA 2 bl Cobra - : . e
. AN TS AT A o A o e 30 302AMRPWC, 302BMRPWS,  3.01181 4 120 2 bbl Cobra
SA2APKWE. 439APWXS 302BMRPWR, 302APRPWC,
434AMKWB, 434AMWXS, 431262 V6 NA 7B Cobra S02BPRPWS, 302BPRPWR
4B4APKWB, 434APWXS 30HO  302CPRPWS, G02CPRPWR, 3.0/181 [} NA 2Bl Cobra
50 S04AMKWB, S04AMWXS, 501305 V8 185 333 Cobra ™ 302CMLPWS, 302CMLPWR,
504APKWB, 504APWXS 302CMRPWS, 302CMRPWR
57 574AMKWE, 57T4AMWXS. 571350 Ve 730 ZH06! Cobra 43 432APRPWS, 432AMLPWS 137262 V6 60 2 bbl Cobra
574APKWB, 574APWXS, 43HO __ 434APRPWS, 434AMLPWS 231262 V6 NA Zbbl Cobra
1987 23 232AMFTC, 232APFTC, 231140 L4 NA 2 bbi Cobra 5.0 502BPRPWS 5.0/302 V8 185 7 bbl Cobra
232APSRC 50HO ___ BOSAPRPWS, 502AMLPWS 5.0/302 e 200 2 bbl Cobra__
30 302AMARJ, 302AMFTC, 30msl L4 NA 20T Cobra 57 574APRPWS, 574AMLPWS 571350 V8 230 2 BBl Cobra
ggiﬁ;;% 302APSRC, 57LE 574APPWS 5777350 VB NA ZbbI ™ King Cobra
3 AP TS TERNARY, T - o B po— 58 584APRPWS, 584AMLPWS 5.8/351 V8 735 2 bl - Cobra
A32APETC, 432APARY, 350 574BPPWS 5.7/350 VB NA Zbbl ing Cobra
430APSRC. 432APSRY 454 744APPWS 741454 VB NA Z5bl King Cobra
434AMETC, 434AMARY, 4.3/262 8 NA 20l Cobra 460 754APPWS 7.5/460 Ve NA 4.bbl — King Cobra
434APFTC, 434APARY, 1991 3.0 302BMRRGD 301181 7 20 A3l Tobra
434APSRC, 434APSRY 30HO __ 302CPRRGD, 302CMRRGD 3.0/181 4 NA Zbbi Cobra
50 504AMFTC, SOAAMARY, 501305 VB 185 2501 Cobia 23 432APRRGD, 432APLRGD 230062 6 160 2 bl Cobra
504APFTC, 504APARY 43HO __ 434APRRGD, 434APLRGD 4.31262 V6 NA 7 bl Cobra
5.7 574AMFTC, 574AMARY, 5.7/1350 \% 230 N33 Caobra 50 502BPRRGD 5.01302 V8 185 2bbl Cobra
g;:’;g;;‘é STAAPARY, 50HO  502APRRGD, 502APLRGD 501302 V8 200 2 bbl Cobra
5.7 574APRRGD, 574APLRGD 577350 V8 730 2Bbl Cobra
5 TO4APFTC, 754APSRC 7.51460 V8 335 4bbl  Cobra 5.7 LE, 350 574APERGD, 574BPERGD 571350 3 NA Zbbl King Cobra |
7B4BPETC, 754BPSRC 7 51450 VE 240 Cobra 4
956 23 Z32ANRGDE, Z55AMRGDP PINEL] 7 NA TH " Cobra 58 SBAAPRRGD, 584APLRGD 58/t ve 235 4 bbl Cobra
237APRGDE, 232APRGOP 7.4GL, 454, 744APERGD, 744BPERGF, 741454 V8 300 4bbl King Cobra
30 302AMRGDP, 302APRGDP 301181 7 A 2600 Cobra 484 HO _ T44APERG
a3 432AMLGDP, 432APRGDE, 4.3/962 V6 NA 2Bl Cobra 1552 3.0 302BMRAMH 3.01181 L4 120 2bbl Cobra
432APRGDP 3.0 HO 302CPRAMH, 302CMRAMH 301181 L4 NA 2 bbl Cobra
434AMLGDP, 434APRGDP 4 31262 V6 NA 4bbl Cobra 4.3 432APRAMH, 432APLAMH 4.3/262 V6 160 2 bbl Cobra
50 502AMLGDP, 502APRGDP 501305 V8 NA 2bbi Cobra 50 502BPRAMH 501302 VB 185 2 bl Cobra
504AMLGDP, 504APRGDP 501305 V8 185 ZBbl  Cobra__ 50HO __ 502APRAMH. 502APLAMH 5.0/302 VB 200 2 bbl Cobra
57 STAAMLGDP, 574APRGDP 571350 v8 230 4bbl “Cobra 57 574APRAMH, 574APLAMH 5.7/350 VB 230 7Bl Cobra
A AGA 5275 g Gobra STLE ST4APEAMH, 574BPEAMH 5.7/350 v8 4bbT™ " King Cobra
74454 74454 ve NA 4bbl  King Cobra 58 584APRAMH, 584APLAMH 5.8/351 V8 735 ZB0T Cobra
.0 40U {.2/400 Vo NA 4 pbl Hing Cobra "
T =3 S = o — == 58 LE, 351 584DPEAMH 581351 VE 2% Zbbl_ KingCobra
g 7.4GL, 454, T44CPEAMH, 744DPEAMH, 7.4/454 V8 300 Zbbl  King Cobra
30 302AMRMED, S00APRMED ___ 30R&! & 0 ) 454 HO __ T44DPPAMH -
Y] Z32AMLMED, J5oAPRNED 65 v 50 Se Cobra B.2GL, 502 B24BPEAMH 82502 V8 390 ZTBBr King Cobra
50 SO2AMLMED, G02APRMED 5.0/302 V8 300 2 bl Cobra
502BPRMED 5.0/302 V8 185 2 bbl Cobra NA  Not Available
57 574AMLMED, 574APRMED 5.7/350 Ve 730 Zbbl Cobra
58 5B4AMLMED, 584APRMED 5 8/351 VB 235 Tohl Cobra
262 262AMLMED, 262APRMED 43262 V6 NA 4bbl___King Cobra
350 350APRMED, 350AMLMED 5.7/350 Ve NA 4bbl__ King Cobra
460 460AMLMED, 460APRMED 7 5460 Ve NA Zbbl_ King Cobra
NA  Not Available
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Engine Model Applications Applications—-1993-96

ENGINE MODEL APPLICATIONS

Engine Model Applications Applications —1997-98

ENGINE MODEL APPLICATIONS

Model Displacement Engine Horsepower Fuel Stern
Year  Model Number LiCu. In. Type (At Prop.) Delivery Drive
1993 3.0 302BMRJVB 301181 L4 120 2 bbl Cobra
3.0HO 302CPRJVB, 302CMRJVB 301181 L4 130 2 bbl Cobra
43 432APRJVB, 432APLJVB, 4.3/262 Ve 160 2 bbl Cobra
432APRJVN, 432APLJVN —
43HO 434APRJVB. 434APLJVB. 4.3/262 V6 NA 2bbl Cobra
434APRJVN, 434APLUVN
50 502BPRJVB 5 01302 ve 185 2 bbt Cobra
50HO S02APRJVB, S02APLIVE 5 0/302 va 200 2 bbl _Cobra
50 EFI SO0FAPRJVB, S0FAPLJVB, 501302 Ve 215 EFI Cobra
S50FAPRJVN, SOFAPLJVN
58 584APRJVB, 584APLIVB 581351 V8 235 4bbl_ Cobra
58 EFI 58FAPRJVB S8FAPLJVB 581351 v8 240 EFI Cobra
S8FAPRJVN, 58FAPLJVN _
5.8LE, 351 584DPEJVB, 584DPPJVB, 5.8/351 v8 NA 4 bbl King Cobra
S58FBPEJVB, 58FAPPJVB S EFEl King Cobra,
7 4GL 454 744CPEJVB. 7T44DPEJVB 7.41454 v8 3W 4 bbl King Cobra
454HO  744DPPJVB
8 2GL, 502_824BPEJVB 8.2/502 v8 390 4.hbl King Cobra,
1994 30GL 302DCMMDA. 3020GMMDA 301181 L4 120 2 bbl Cobra,
30GS 302CCPMDA, 302CGPMDA 301181 L4 135 2 hht Cabra
43GL 432ACNMMDA, 432ACPMDA 431262 Ve 160 2 bbl Cobra
432AGMMDA, 432AGPMDA
5.0FL 502ACPMDA, 502AGPMDA 5.0/302 V8 190 2 bhl Cobra
5.0Fi .B50FACPMDA, 50FAGPMDA 5.0/302 V8 215 EFI Cobra
57GL 572ACPMDA, 572AGPMDA 5.7/350 V8 225 2 bbl Cobra
5.8FL 584ACPMDA, 584AGPMDA 5.8/351 V8 230 4 bbl Cobra
5.8Fi 58FACPMDA, S8FAGPMDA 5.8/351 v8 255 EFi Cobra
351 EFI 58FBDPMDA 5.8/351 V8 265 EFl King Cobra
7.4GL 744DCPMDA, 744DDPMDA, 7.4/454 V8 300 4 bbl King Cobra
744DGPMDA, 744DJPMDA
1995 3.0GS 302CMHUB, 302CPHUB 3.0/181 L4 130 2bhl Cobra
4.3GL 432APHUB 4.31262 Ve 160 2bbl Cobra
5.0FL 502APHUB 5.0/302 V8 190 2 bb! Cobra
5.0 EF S50FAPHUB 5.0/302 V8 220 EFI Cobra
5.8FL 584APHUB 5.8/351 Ve 235 4 bbl Cobra
58 EFi S8FAPHUB 5.8/351 V8 255 EFl Cobra
5.8 HO EFl 58FBPHUB 5.8/351 V8 265 EFI Cobra
7.4GL 744DPHUB 7.4/454 V8 300 4 bbl King Cobra
7.4 EF 74FEPHUB 7.4/454 V8 330 MP} King Cobra
1996 3.0GS 302CMNCA, 302CPNCA 3.0/181 L4 130 2 bbl SP
4.3GL 432APNCA 4.3/262 N 160 2 bbl SP/IDP
4.3Gi 43FAPNCA 4.3/262 Ve 180 TBI SPIDP
4.3GS 434APNCA 4.3/262 Vé 185 4 bbl SPIDP
5.0FL 502APNCA 5.0/302 v8 190 2 bbl SP/DP
5.0Fi SOFAPNCA 5.0/302 V8 220 EFL Sp/op
5.7Gi S7FAPNCA 5.7/350 V8 ‘250 TB! SP/DP
5.8FL 584APNCA 5.8/351 V8 235 4 bbl SPIDP
5.8Fi S58FCPNCA 5.8/351 V8 255 EF| SP/DP
5.8FSi 58FBPNCA 5.8/361 V8 265 EF| SP/IDP
7.4GL T44EPNCA 7.4/454 V8 300 4 bbl SP/DP
7.4Gi 74FFPNCA 7.4/454 V8 330 MPI SP/DP
EFI Electronic Fuel injection SP -S-ingle Prop
MPI  Mum-Port Injection DP DuoProp
TBI  Throttle Body Injection NA Not Available

Model Displacement  Engine  Horsepower Fuel Stern
Year Model Number LiCu. In. Type {At Prop.) Delivery Drive
1997 S 3.0/181 4 135 2 bbl SP
43062 V6 205 TBI SPIDP
Ve 190 2bbl SPIDP__
V6 205 4 bbi SPIDP
V8 250 — TBi SP/DP
V8 215 2bhbt SP/DP
V8 250 4 bbl SPIDP
5.7/350 V8 280 TBI SP/DP
74FGPLKD 7.4/454 V8 330 MPi SP/DP
744FPLKD 7.4/454 V8 300 4 bbl SP/DP
1938 302CMBYC, 302CPBYC 3.0/181 L4 135 2 bbi SP
43FBPBYC 4.3/262 V6 205 T8I SP/DP
432BPBYC 4.3/262 va 190 2 bhl SPIDP
434BPBYC 4.3/262 V6 205 4 bbl SPIOP
502BPBYC 5.0/1305 V8 220 2bbl SP/IDP
572BPBYC 5.7/350 Ve 250 2bbl SPIDP__
S7FCPBYC 5.71350 Ve 280 Te! £oinp
74FJPBYC 7.4/1454 V8 310 MP! SPIDP
74FHPBYC 7.4/454 V8 385 MPI DP
B2FCPBYC 8.2/502 V8 415 MPI DP
EFI Electronic Fuel Injection
MP}  Multi-Port Injection
TBI  Throttle Body injection
sP Single Prop
DP DuoProp
NA Not Avaitable
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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 @ ldie Pressure
Year Model Champion AC In. (mm) @rpm) _ (InGear)  (rpm) (Turns Out)  In. (mm) (Deg.) (psi) (psi)
1986 25 RV8-C MR43T 0.035 (0.9) ® 500-600 4200-4600 2 0.019 (0.48) 32-34 3.5-6 130
30 RV8-C MR43T 0.035 (0.9) @® 500-600 4200-4600 2 0.019 (0.48) 32-34 3.5-6 130
4.3 (2bbl) RV8-C MR43T 0.035 (0.9) @ 500-600 4200-4600 2.5 0.019 (0.48) 37-41 5.75-7 160-175
4.3 (4bbl) RV8-C MR43T 0.035 (0.9) @ 500-600 4400-4800 33/4 0.019 (0.48) 37-41 5.75-7 160-175
5.0 RvV8-C MR44T 0.035 (0.9) ©)] 500-600 4200-4600 33/4 0.018 (0.45) 28-32 5.75-7 150-160
57 RV8-C MR43T 0.035 (0.9) @ 500-600 4200-4600 33/4 0.018 (0.45) 28-32 5.75-7 150-160
1987 2.3 RS12YC AWSF-326 0.035(0.9) 10 600-650 5200-5600 212 0.018 (0.45) 34-38 3.5-6 165
3.0 RV8-C MR43T 0.035 (0.9) ® 500-600  4200-4600 2 0.019 (0.48) 31-34 3.5-6 130
4.3 (2bbl) Rv8-C MR43T 0.035 (0.9) @ 500-600 4200-4600 2.5 0.019 (0.48) 37-41 5.75-7 160-175
4.3 (4bbl) RV8-C MR43T 0.035 (0.9) @ 500-600 4400-4800 33/4 0.019 (0.48) 37-41 5.75-7 160-175
5.0 RV8-C MR44T 0.035 (0.9) ® 500-600  4200-4600 33/4 0.018 (0.45) 28-32 5.75-7 150-160
5.7 RV8-C MR43T 0.035 (0.9) @ 500-600  4200-4600 33/4 0.018 (0.45) 28-32 5.75-7 150-160
7.5 RS12YC AWSF-32® 0.035 (0.9) 600-650 4400-4800 3 3/4 0.017 (0.43) 29-33 5.75-7 165
1988 2.3 RS12YC AWSF-32® 0.035 (0.9) 10 600-650 5200-5600 112 0.018 (0.45) 34-38 3.5-6 165
3.0 RV8-C MR43T 0.035 (0.9) @ 500-600 4200-4600 2 0.019 (0.48) 31-34 3.5-6 130
4.3 (2bbl) RV8-C MR43T 0.035 (0.9) @ 500-600 4200-4600 5/8 0.019 (0.48) 37-41 5.75-7 160-175
4.3 (4bbl) RV8-C MR43T 0.035 (0.9) @ 500-600 4400-4800 1112 0.019 (0.48) 37-41 5.75-7 160-175
5.0 RV8-C MR44T 0.035(0.9) @ 500-600  4200-4600 © 0.017 (0.43) 27-31 5.75-7 150-160
5.7 RV8-C MR43T 0.035 (0.9) ® 500-600 4200-4600 3 3/4 0.017 (0.43) 27-31 5.75-7 150-160
7.4 454 RV8-C MR43T 0.035 (0.9) ® 500-600 4200-4600 33/4 0.017 (0.43) 27-31 - 5.75-7 150-160
7.5 460 RV12YC ARF-32® 0.035(0.9) 600-650 4400-4800 1112 0.017 (0.43) 29-33 5-6 165
NA Not adjustable ® 504AMFTC & S04APFTC: 8 BTDC w/86 AKI octane; 13 BTDC w/88 AKI octane
® 1 ATDC w/86 AKIl octane; 4 BTDC w/88 AKI octane 504AMARY & 504APARY: 5 BTDC w/86 AKI octane; 10 BTDC w/88 AKI octane
@ 1 BTDC w/86 AKI octane; 6 BTDC w/83 AKI octane @ 574AMFTC & 574APFTC: 5 BTDC w/86 AKI octane; 10 BTDC w/89 AKI octane
® 8 BTDC w/86 AKI octane; 13 BTDC w/88 AKI octane 574AMARY & 574APARY: 3 BTDC wf86 AKI octane; 8 BTDC w/89 AKI octane
@ 5 BTDC w/86 AKI octane, 10 BTDC w/88 AKI octane 10 BTDC w/86 AKI octane; 15 BTDC w/88 AKI octane
® Motorcraft 3 BTDC w/86 AKI octane; 8 BTDC w/89 AKI octane

®W0e

2112, 4 bbl: 3 314
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TUNE-UP SPECIFICATIONS

1989-90
lgnition idle Fuel
Spark Plug Timing Speed Max. Idle Point Pressure  Compression
Gar, {Deg. BTDC Rpm 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® 0.035(0.9) 10 600-650  5200-5600 112 0.019 (0.48) 34-38 5.75-7 155-165
3.0 RV8-C MR43T  0.035 (0.9) [0) 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) ) 550-600  4200-4600 518 0.019 (0.48) 37-41 5.75-7 160-175
4.3 (4bbl) RV8-C MR43T  0.035 (0.9) @ 550-600 4400-4800 1112 0.019 (0.48) 37-41 5.75-7 160-175
5.0 RVE-C MR44T  0.035 (0.9) 10 550-600 4000-4400 1172 0.018 (0.45) 27-31 5.75-7 145-155
5.7 RV8-C MR43T  0.035(0.9) 8 550-600 4200-4600 3314 0.018 (0.45) 27-31 5.75-7 150-160
5.8 RV8-C MR43T  0.035 (0.9) 10 550-600 4000-4400 1172 0.018 (0.45) 27-31 5.75-7 145-155
262 RV8-C MR43T  0.035(0.9) @ 550-600 4400-4800 1112 0.019 (0.48) 37-41 5.75-7 160-175
350 RV8-C MR43T  0.035 (0.9) 8 550-600 4200-4600 3314 0.018 (0.45) 27-31 5.75-7 150-160
460 RV12YC ASF-32M® 0.035 (0.9) 10 600-650 4400-4800 1112 0.018 (0.45) 27-31 5-6 155-165
1990 2.3 RSI2YC AWSF-32® 0.035 (0.9) 10 600-650 5200-5600 1/2 0.019 (0.48) 34-38 5.75-7  75% of Highest
30 O] @ 0.035 (0.9) 0 550-600 _4200-4600 3/4 NA NA 5.75-7  75% of Highest
30HO RS12YC MR43LTS 0.035(0.9) 0 550-600 4200-4600 1 (Starboard) NA NA 5.75-7  75% of Highest
1/2 (Port)
4.3 RV8-C MR43T __ 0.035 (0.9) ® 550-600  4200-4600 5/8 0.019 (0.48) 37-41 5.75-7 ___ 75% of Highest
4.3 HO RV8-C MR43T  0.035 (0.9 NA 550-600 4400-4800 314 NA NA 5.75-7  75% of Highest
5.0 RV8-C MR43T  0.030 (0.76) 10 550-600 4200-4600 11/2 0.018 (0.45) 27-31 575-7 _ 75% of Highest
5.0 HO RV8-C MRA43T  0.030 (0.76) 10 550-600  4200-4600 1 0.018 (0.45) 27-31 5.75-7  75% of Highest
57 RV8-C MR43T  0.035 (0.9) 8 550-600  4200-4600 1/4 0.018 (0.45) 27-31 5.75-7  75% of Highest
5.7LE RV8-C MR43T _ 0.035 (0.9) 8 500-600  4200-4600 1 0.018 (0.45) 27-31 5.75-7 150-160
5.8 RV8-C MR43T __ 0.030 (0.76) 10 550-600  4200-4600 11/2 0.018 (0.45) 27-31 5.75-7  75% of Highest
350 RV8-C MR43T _ 0.035 (0.9) NA 500-600  4200-4600 1 NA NA 5.75-7 150-160
454 RV8-C MR43T  0.035 (0.9) NA 500-600 4600-5000 1 NA NA 575-7 150-160
460 RS12YC  MR43TS  0.035(0.9) NA 600-650  4400-4800 11/2 NA NA 5-6 155-165
NA  Not adjustable ® 574AMFTC & 574APFTC: 5 BTDC wi86 AKI oct; 10 BTDC w/89 AKI oct.
@ 1 ATDC w/86-88 AKI octane; 4 BTDC w/89 AKI octane 574AMARY & 574APARY: 3 BTDC w/86 AKI oct; 8 BTDC w/89 AKI oct.
@ 1 BTDC w/86-88 AKI octane; 6 BTDC w/89 AKI octane 10 BTDC w/86 AKI octane; 15 BTDC w/88 AKI octane
®  Motorcraft @ PWS: AC-R43TS, Champ.-RV12YC. PWC: AC-MR43T, Champ.-RV8C
@ S504AMFTC & 504APFTC: 8 BTDC w/86 AKI oct; 13 BTDC w/89 AK| oct. Shunt required
504AMARY & 504APARY: 5 BTDC w/86 AKI oct.; 10 BTDC w/83 AKI oct. ® 3 BTDC w/86-88 AKI octane; 8 BTDC w/89 AKI octane
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TUNE-UP SPECIFICATIONS

1991-92
Ignition Idie Distributor Qil Fuel
Spark Plug Timing Speed Max. Sensor Idle Pressure Pressure  Compression
Gap (Deg. BTDC  Rprn WOT Air Gap Mixture @ 2000 rpm @ ldle Pressure
Year Model Champion AC In. (rmm) @rpm)  (In Gear) (rpm) In. (mm)  (Turns Out) (psi) {psi) (psi)
1991 3.0 RV12YC R43TS  0.045 (1.149) 00 650-750  4200-4600 NA 314 40-60 5.757  75% of Highest
3.0HO RS12YC  R43LTS 0.045 (1.14) 0® 650-750 4200-4600 NA 1 (Starboard)  40-60 5.757 75% of Highest
1/2 (Port)
4.3 RV8-C MR43T  0.035 (0.9) @ 550-650 4200-4600 0.008 (0.203) 5/8 40-60 5.757  75% of Highest
4.3 HO RV8-C MR43T  0.045 (1.14) NA 550-650 4400-4800 NA 3/4 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) 1118 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) @ 550-650 4200-4600 0.008 (0.203) 1/4 40-60 5.75-7  75% of Highest
5.7 LE Rv8-C MR43T  0.035 (0.9) ® 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) 7/8 40-60 5.757 75% of Highest
350 RV8-C MR43T  0.045 (1.14) NA 550-650 4200-4600 NA 1 40-60 5.75-7  75% of Highest
7.4GL, 454 RvV8-C MR43T  0.045 (1.14) NA 550-650 4000-4400 NA 1/4 40-60 5.757 75% of Highest
454HO RV8-C MR43T  0.045 (1.14) NA 550-650 4600-5000 NA 114 40-60 5.75-7 75% of Highest
1992 3.0 RV12YC R43TS  0.045(1.14) 0o 650-750  4200-4600 NA 314 40-60 5.75-7 _ 75% of Highest
3.0 HO RS12YC  R43LTS  0.045 (1.14) 0d® 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) @ 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) 1118 40-60 5.75-7  75% of Highest
5.0 HO Rvs-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) ® 550-650  4200-4600 0.008 (0.203) 114 40-60 5.75-7  75% of Highest
5.7 LE RV8-C MR43T  0.035 (0.9) @ 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
58 LE, 351 RS9-YC RX2CLTS 0.045 (1.14) NA 5560-650  4600-5000 NA 718 40-60 5.75-7  75% of Highest
7.4GL, 454 RV8-C MR43T  0.045 (1.14) NA 550-650 4200-4600 NA 1/4 40-60 5.75-7  75% of Highest
454 HO RV8-C MR43T  0.045 (1.14) NA 550-650 4600-5000 NA 1/4 40-60 5.757 75% of Highest
8.2GL RV8-C MR43T  0.045 (1.14) NA 550-650 4800-5200 NA 1/4 40-60 5.75-7  75% of Highest
Not adjustable
Shunt required

©e6Z

1 BTDC w/86-88 AKI octane; 6 BTDC w/89 AKI octane
3 BTDC wi/86-88 AKI octane; 8 BTDC w/83 AKI octane
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TUNE-UP SPECIFICATIONS

1993-94
Ignition Idle Distributor Oil Fuel
Spark Plug Timing Speed Max. Sensor idie 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) (pst)

1993 3.0 RV12YC R43TS  0.045 (1.14) 0® 650-750  4200-4600 NA 314 40-60 5.75-7  75% of Highest
3.0HO RS12YC  R43LTS 0.045(1.14) 0® 650-750 4200-4600 NA 1 (Starboard) 40-60 5.75-7  75% of Highest

112 (Port)

43 RV8-C MR43T 0.035 (0.9) @ 550-650  4200-4600 0.008 (0.203) 518 40-60 5.75-7  75% of Highest
4.3HO RvVS8-C MR43T 0.035 (0.9) ® 550-650 4200-4600 0.008 (0.203) 5/8 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) 10 550-650 4000-4400 0.008 (0.203) 11/8 40-60 6.76-7  76% of Highest
5.0EFI RV8-C MR43T  0.045(1.14) 5 600 @ 4200-4600 NA 11/8 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) 7/8 40-60 5.75-7 75% of Highest
5.8 EFI RSOYC  RXZCLTS 0.045 (1.14) 5 600 @  4200-4600 NA NA 40-60 75% of Highest
5.8 LE, 351 RS9YC  RX2CLTS 0.045 (1.14) 10® 550-650 4600-5000 NA 7/8 40-60 5.75-7 _ 75% of Highest
7.4GL, 454 RV8-C MR43T  0.045(1.14) 10® 550-650 4200-4600 NA 1/4 40-60 5.75-7  75% of Highest
454 HO RV8-C MR43T  0.045 (1.14) 100® 550-650  4600-5000 NA 1/4 40-60 5.75-7 75% of Highest
8.2GL, 502 RV8-C MR43T  0.045 (1.14) 100 550-650 4800-5200 NA 1/4 40-60 5.75-7  75% of Highest

1994 3.06L RS12YC  R43LTS  0.045(1.14) 0® 650-760  4200-4600 NA 3/4 40-60 5.75-7  75% of Highest
3.0G8 RS12YC R43LTS 0.045 (1.14) 0o® 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) 0o 550-650 4200-4600 NA 518 40-60 5.75-7  75% of Highest
5.0Fi R812YC R44LTS  0.045 (1.14) 5 600@  4200-4600 NA NA 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 5.75-7 75% of Highest
5.7GL RV15YC4 MR43T 0.035 (0.9) ©) 550-650 4200-4600 0.008 (0.203) 3/4-1 40-60 5.75-7 75% of Highest
5.8Fi RS9YC  R42CLTS 0.045 (1.14) 5 600@  4200-4600 NA NA 40-60 31-39 75% of Highest
5.8FL RV15YC4  MR43T 0.035(0.9) 10 550-650 4000-4400 0.008 (0.203) 7/8 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® 550-650 4200-4600 NA 1/4 40-60 5.75-7 75% of Highest

NA Not adjustable

@ Shunt required

@ 1 BTDC w/86-88 AKI octane; 6 BTDC w/89 AKI octane

@ 3 BTDC w/86-88 AKI octane; 8 BTDC w/89 AKI octane

@ Fixed

® Not adjustable
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TUNE-UP SPECIFICATIONS

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. (mm)  (Turns Out) (psi) {psi) (psi)
1995 3.0Gs RS12YC  R43LTS 0.045(1.14) 0w 650-750  4200-4600 NA 1 (Starboard)  40-60 5.75-7  75% of Highest
112 (Port)
4.3GL RV15YC4  MR43T  0.045 (114) @ 550-650 42004600 NA 518 40-60 5.75-7 _ 75% of Highest
5.0 HH RS9YC  R42CLTS 0.045(1.14) 5 600®  4200-4600 NA NA 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 RSOYC  R42CLTS 0.045(1.14) 5 600®  4200-4600 NA NA 40-60 31-39 75% of Highest
5.8FL RV1SYC4 MR43T  0.035(0.9) 10 550-650 4000-4400 0 008 (0 203) 7/8 40-60 5.75-7  75% of Highest
5.8HO EFI RS9YC  R42CLTS 0.045(1.14) 5 600®  4600-5000 NA NA 40-60 31-39 75% of Highest
7.4GL RV15YC4  MR43T  0.045(1.14) 100 550-650 4200-4600 NA 1/4 40-60 5.75-7  75% of Highest
74 EFI RVISYC4 MR43T 0045(114) 10® 600©®  4800-5200 NA NA 40-60 31-39 75% of Highest
1996 3.0GS RS12YC MR43LTS 0.045 (1.14) 0w 650-750  4200-4600 NA 1 (Starboard)  40-60 575-7  75% of Highest
1/2 (Port)
4.3Gi RV1SYC4  R43TS  0.045(1.14) 8@ 600®  4400-4800 NA NA 40-60 31-39 75% of Highest
4.3GL RV15YC4  MR43T  0.045 (1.14) 550-650  4200-4600 NA 5/8 40-60 575-7  75% of Highest
4.3GS RV15YC4  MR43T  0.045(1.14) 550-650 4400-4800 NA 3/4 40-60 5.75-7  75% of Highest
5.0Fi RS12YC  MR43LTS 0.045 (1.14) 5 6003  4200-4600 NA NA 40-60 31-39 75% of Highest
5.0FL RVISYC4 MR43T  0.035(0.9) 10 550-650 4200-4600 0.008 (0.203) 1 40-60 5.75-7  75% of Highest
5.7Gi RVI6YC4  R43TS  0.045 (1.14) 8@ 600®  4200-4600 NA NA 40-60 31-39 75% of Highest
5.8Fi RS9YC  R42CLTS 0.045(1.14) 5 6003  4200-4600 NA NA 40-60 31-39 75% of Highest
5.8FL RVIS5YC4  MR43T  0.035(0.9) 10 550-650 4000-4400 0.008 (0.203) 7/8 40-60 575-7  75% of Highest
5.8FSi RSOYC  R42CLTS 0.045(1.14) 5 600®  4200-4600 NA NA 40-60 31-39 75% of Highest
7.4GL RV1SYC4  MR43T  0.045(1.14) 100 550-650 4200-4600 NA 1/4 40-60 5757 75% of Highest
7.4Gi RV1S5YC4  R43TS  0.045(1.14) 10@ 600®  4200-4600 NA NA 40-60 31-39 75% of Highest
‘NA Not adjustable
® Shunt required
@ 5 BTDC w/86-88 AKI octane; 0 TDC w/88 AKI octane; shunt req'd
® Not adjustable
@ Diagnostic leads shorted
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TUNE-UP SPECIFICATIONS

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 3.0GS RS12YC MR43LTS 0.045 (1.14) 0o® 650-750 4200-4600 NA 1 (Starboard) 40-60 5-7 75% of Highest
1/2 (Port)
4.3Gi RS12YC MR43LTS 0.045 (1.14) 8@ 6000  4400-4800 NA NA 40-60 31-39 75% of Highest
4.3GL RS812YC MR43LTS 0.045 (1.14) @ 550-650 _ 4200-4600 NA 5/8 40-60 5-7 75% of Highest
4.3GS RS12YC MR43LTS 0.045(1.14) @ 550-650 4400-4800 NA 314 40-60 5-7 75% of Highest
5.7Gi RV15YC4 R43TS  0.045(1.14) 8@ 6000  4200-4600 NA NA 40-60 31-39 75% of Highest.
5.7GL RV15YC4 MR43T  0.035(0.9) ® 550-650 4200-4600 0.008 (0.203) 3/4-1 40-60 5-7 75% of Highest
5.7GS RV15YC4 MR43T  0.035(0.9) ® 550-650  4200-4600 0.008 (0.203) 3/4-1 40-60 5-7 75% of Highest
5.7GSi R812YC MR43LTS  0.045 (1.14) 8 @ 600®  4600-5000 NA NA 40-60 31-39 75% of Highest
7.4Gi RV15YC4 R43TS  0.045 (1.14) 10@ 600 @  4200-4600 NA NA 40-60 31-39 75% of Highest
7.4GL RV15YC4 MR43T  0.045 (1.14) 10® 550-650  4200-4600 NA 1/4 40-60 5-7 75% of Highest
1998 3.0GS RS12YC MR43LTS 0.045 (1.14) 00 650-750  4200-4600 NA 1 (Starboard) 40-60 5-7 75% of Highest
1/2 (Port)
4.3Gi RS12YC MR43LTS 0.045(1.14) 8 @ 600 @  4400-4800 NA NA 40-60 31-39 75% of Highest
4.3GL RS12YC MR43LTS  0.045 (1.14) @ 550-650  4200-4600 NA 5/8 40-60 5-7 75% of Highest
4.3G8 RS12YC MR43LTS  0.045 (1.14) @ 550-650  4400-4800 NA 11/8 40-60 5-7 75% of Highest
5.0GL RS812YC MR43LTS 0.035 (0.89) 550-650  4400-4800 0.008 (0.203) 3/4-1 40-60 5-7 75% of Highest.
5.7GS RS12YC MR43LTS 0.035 (0.89) @ 550-650  4400-4800 0.008 (0.203) 3/4-1 40-60 5-7 75% of Highest
5.7GSi RS12YC MR43LTS 0.045 (1.14) 8 @ 6000  4600-5000 NA NA 40-60 31-39 75% of Highest
7.4Gi RS812YC MR43LTS 0.045(1.14) 10@ 600®  4200-4600 NA NA 40-60 31-39 75% of Highest
7.4GSi RV15YC4 MR43T  0.045(1.14) 10@ 600®  4800-5200 NA NA 40-60 31-39 75% of Highest
8.2GSi RV15YC4 MR43T  0.045 (1.14) 10@ 600®  4600-5000 NA NA 40-60 31-39 75% of Highest
NA Not adjustable @ 1 BTDC w/86-88 AKI octane; 6 BTDC w/89 AKI octane; shuntreq'd
@ Shunt required ® 3 BTDC w/86-88 AKI octane; 8 BTDC w/89 AKI octane
) Diagnostic leads shorted ® 5 BTDC w/86-88 AKI octane; 10 BTDC w/89 AKI octane
@ Not adjustable @ 7 BTDC w/86-88 AKI octane; 12 BTDC w/83 AKI octane

JONVNILNIVA JAIHA ANV INIONT  ¢9-¢



Capacities—1986-91 Capacities—1992-98
CAPACITIES CAPACITIES
(g;;k;j::ﬁ Steg]zD(r:;;; P,g:;i:;:n Crankcase Stern Drive Power Trim
Year Model Qts. (L) Cobra  King C'obra spP DP Oz. (ml) (Wgth FiILter) ___ 0z (ml) Rc?serv?ir
1986 25,30 1008 600778 X X X ED) Year Model  _ Qts(L)  Cobra  KingCobra _ SP S0
i3 4543 64 (1892) < X < 54 (1557) 1992 30, 3.0HO 20 39) 64 (1892 X X X ({1597
43 45(43) 64 (1892) X X X 54 (1597)
50 6.0 (5.7) 64 (1892) X X X 54 (1597) 577 54 (1552) 3 < < 2 (1597)
57 6.0 (5.7) 64 (1892) X X X 54 (1597) 30, 50 HO 60 (5. S
57,58 6.0 (5.7) (1892) X X X 54 (1597)
1987 2.3 5.0 (4.7) 60 (1774) X X X 54 (1597) 57'LE, 351 5057 ~ 103 (3060) X X B4 (1507)
3.0 40038 60774 X X X 54 (1597) 154, 45410, 503 7.0 (6.6) x 103 (3050) X X 54 (1587)
o i e/ M A L 2 ad 2 SR A1o%i) 1993 3.0, 3.0 HO 1.0 (3.8 64 (1892 X X X 54 (1597)
50 60(5.7) 64 (1892) X X X 54 (1597) 23 43 HO — 75 54.3; &4 ElBQZ% X X X 54 (1597)
57 6.0(57)  64(1892) X X X 54 (1597) 5.0,5.0HO. 5.0EFI 6.0 (5.7) 64 (1892) X X X 54 (1597)
7.5 6.8 (6.4) 108 (3194) X X X 54 (1597) 5.8, 5.8 EFI 5.0 (4.7) 64 (1892) X X X 54 (1597)
1988 2.3 5.04.7) 60 (1774) X X X 54 (1597) 5.8 LE. 351 5.0 (4.7) X 103 (3050) X X 54 (1597)
3.0 40(3.8) 64 (1892 X X X 54 (1597) 454, 454 HO, 502 7.0 (6.6) X 103 (3050) X X 54 (1597)
4.3 4.5(43) 64 (1892) X X X 54 (1597) 1994 3.0GL, 3.0GS 1038 71(100) X X X 57 (1597)
5.0 60(5.7) 64 (1892 X X X 54 (1597) 43GL  45(43) 71 (2100) X X X 54 (1597)
5.7 6.0(5.7) 64 (1892) 64(1892)® X X 54 (1597) B.0FL, 5.0F1 6.0 (5.7) 71 (2100) X X X 54 (1597)
7.4 454 7.0 (6.6) X 108 (3194) X X 54 (1597) 57GL 50 (47) _ 71(2100)_ X_ X X 54 (1597)
7.5 460 6.8 (6.4) X 108 (3194) X X 54 (1597) 5.8FL, 5.8Fi o (5.7) 71(2100) X X X 54 (1597)
1989 23 50@&.7) _ 60(1774) X X X 54 (1597) 351EFI 0 (4.7) X 103 (3050) X X 54 (1597)
3.0 40(3.8) 64 (1892 X X X 54 (1597) 746l 7 0(66) X 103 (3050) X X 54 (1597)
43 45(4.3) 64 (1892 X X X 54 (1597) 1995 3.0GS T 240(38)  71(2100) X X X 54 (1597
50,58 6.0(5.7) 64 (1892 X X X 54 (1597) 4.3GL 4 5 (43) 71 (2100) X X X 54 (1597)
57 6.0 (5.7) 64 (1892) X X X 54 (1597) §.0FL, 5.0 EFI 6 0(6.7) 71 (2100) X X X 54 (1597)
2 oY X aas e X X 241597 gss FELF| 5.8 HO EFI 5 0 Ei 2 ;i gigg; § §<< ”%<<' 3 823;))
0 (5. 92) @ S5 . 5. _
323 248 52;2 é 61_2;1 ?31_ (34} )é é 53 f] 22-7,2 7.4GL, 7.4 EFI 7.0 (6.6) X 103 (3050) X X 54 (1597)
550 2.3 5047 6007 X X X 52 (1567) 1996 3.0G3 408 X X 71(2100) e EE)
30 3000 40(28 64189 X % < 54 (1597) 43G( 43CL 43GE_ 45 (4.3) X X 71(2100) 81(2400) 54 (1597)
334310 45083 64(1892) X % % 54 (1557) §.0F1, 5,0FL 6.0 (5.7) X X 71 (2100) 81 (2400) 54 (1597)
B STE 57Gi 6.0(5.7) X X 71 (2100) 81 (2400) 54 (1597)
5.0, 5.0HO 6.06.7) 64 (1892) X X X 54 (1597) 5.8FL 60 (57) X X 71 (2100) 81 (2400) 54 (1597)
5.7 6067  64(1892) X X X 54 (1597) 5.8, 5.P51 507 (&1) X X 71(2100) 81(2400) 54 (1597)
57LE 6.0 (5.7) X 103 (3050) X X 54 (1597) : e
=3 80T BA U8 X 3 S YD) 74Gi 9085 X X 71 (2100) B1(2400) 54 (1597)
B e = D = r A ) 74GL 7.0 (66) X X 71(2100) 81 (2400) 54 (1597)
2oY S A1) 2 A CIY] z 2 24 (1597) 1997 3.068 2.0 (3.8) X X 71 (2100) X 57 (1597)
- L g'% £ gggg; 4 £ 3 ggg;’; 4361 4361, 4368 45(@3) X X 7 71(2100) 81 (2400) 54 (1597)
— 5.7GL, 5.7 GS _ 6.0 (5.7) X X 71 (2100) 81 (2400) 54 (1597)
1981 3.0,3.0HO 4.0(3.8) 64 (1892) X X X 54 (1597) 5.7Gi, 5.7GS| 5.0 (5.7) X X 71 (2100) 81 (2400) 54 (1597)
43 45@43) 64 (1892) X X X 54 (1597) 7.4Gi, 7.4GL 9.0 (85) X X 71(2100) 81 2400) 54 (1597)
4.3HO 55(5.2) 84 (1882} X X X 54 (1587) 1998 3.0G8 40 (3.8) X X 1 (2100) 54 (1597)
5.0,5.0HO 60(57) 641892 X X X 54 (1597) 43Gi, 4.3GL, 4.3G8_ 45(43) _ X X (ZlWWV
57 6.0 (5.7) 64 (1892) X X X 54 (1597) 5.0GL 6.0 (5.7) X X 71 (2100) 81 (2400) 54 (1597)
S.7LE, 350 6.0(5.7) X 103 (3050) X X 54 (1597) 5.7GS, 5.7 GSi 6.0 (5.7). X X 1 (2100) 81 (2400) 54 (1597)
5.8 6.0 (5.7) 64 (1892) X X X 54 (1597) 74Gi ~ 9.0(@85H X X 71(2100) 81 (2400) 54 (1597)
7.4GL, 454, 454 HO 7.0 (6.6) X 103 (3050) X X 54 (1597) 74GSi, 8.2G8i 90 (85) X X X 81(2400) ~ 54(1597)
All capacities are approximate. Always use the dipstick or fili/drain hole to determine the exact quantity
@  Although badged as King Cobras, the 262 and 350 are actually Cobras of lubricant required.
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MAINTENANCEINTERVALS

Daily/
Before 50 Hrs./ SO Hrs./ 100 Hrs./ D Hrs/ 100 Hrs./ OnceA
Component Procedure Use Weekly 25Hrs. 60 Days 120 Days 120 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
InspectHoses
& Clamps:
Freshwater X
Saltwater X
Replace
Coolant X
Drive Belts Inspect X
Electrical System  Check Wiring:
Freshwater X
Saltwater X
Engine Alignment  Check X
Flame Arrestor Cleanlinspect
1986-90 X
1991-98 X
Fuel Filter Replace X
Fuel Pump - Check Vent
Mechanical Tube X
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MAINTENANCE INTERVALS

Component

Procedure

Daily/
Before
Use

100 Hrs./ Once A
Season Season

O Hrs./
Season

O Hrs./ D Hrs./ 100 Hrs./

Weekly 25 Hrs. 60 Days 120 Days 120 Days

Fuel System

Inspect/Adjust
System

X

Replace Filter

X

Fuel Tank

Check For
Water

Gimbal Bearing

Lubricate

Ignition System

Clean/Inspect

Adjust Timing

Oil

Check Level:
Crankcase

Power Steering

Stern Drive

Trim Pump

Change:
Crankcase

Power Steering

Stern Drive

XXX

Trim Pump

Oil Filter

Change

X[ >

PCV Valve

inspect/Replace

Shift/Throttle Cable

Inspect/Adjust/
Lubricate:
Freshwater
Saltwater

Spark Plugs

Check

Gap/Replace

Spark Plug Wires

Inspect

Steering System

Check Fluid
Level

Inspect/Adjust/
Lubricate:
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MAINTENANCEINTERVALS

Daily/
Before 50 Hrs./ 50 Hrs./ 100 Hrs./ 50 Hrs./ 100 Hrs./! OnceA
Component Procedure Use Weekly 25Hrs. 60Days 120 Days 120 Days Season Season Season
Stern Drive Check Water
Pick-up X
Oil
Check Level X
Replace X
Transom
Shield/Bracket Inspect X
Trim/Tilt Pump Inspect X
Check
Fluid Level X
U-Joints/Shafts Grease X
Lube Splines X
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ENGINE MECHANICAL | » |

General Information :

The OMC 2.3L 140 cubic inch displacement engine is manufacturedby
Ford and has been a favorite combination when mated to the OMC Cobra
stern drives.

*% CAUTION ‘

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. Aregulator 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 camshatt runs in 4 bearings and is driven by the crankshaft via the
timing belt. The auxiliary shaft, also driven by the crankshatft via the timing
belt, drives the fuel pump and distributorin 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.

%% CAUTION

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; evenif 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
applicationmust conform to stringent U.S. 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 Identification

ENGINE
* See Figure 1

The engine serial numbers are the manufacturer'skey to engine changes.
These alpha-numericcodes identify the year of manufacture,the horsepower
rating and various model/option 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 specificationsdecal contains information such as the model
number or code, the serial number (a unique sequentialidentifier given
ONLY to that one engine) as well as other useful information.

An engine specificationsdecal can generally be found on top of the flame
arrestor or on the side of the rocker arm cover - all pertinent serial number
informationcan 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

isinstalled in the boat; a mirror can be a handy way to read all the
numbers.

The engine serial/model 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 attachedin 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 charactersidentify the engine size in liters {L); 23
representsthe 2.3L, 30 representsthe 3.0L 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 meansit 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, 3.0GL, 3.0GS, etc. Obviously the first two
characters designate the engine size in fitres (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 3.0GL will
always have a lesser horsepower rating than a 3.0GS 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

& SeeFigures 2,3 and 4

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 Size
in Litres

Steering:
Carburetor: M = Mechanical
2 or 4 Barrel P = Power

Model Year Designation:
Randomly chosen
each model year.

1988-93
. Propeller Rotation:
OMC King Cobra® E = Either
Engine Size in R = Right Hand
Cubic Inches L = Left Hand

Model Year Version:
Randomly chosen for each

A = First Model Released

Major Engine or Horsepower Change:

B = Second Model Released, etc.

major non-interchangeable
change.

Fig. 1 Decoding the engine model number is easy

4. Disconnectthe battery cables (negative first) at the battery and then
disconnect them from the engine block and starter.

- %k CAUTION '

Make sure that all switches and systems are OFF before disconnecting
the battery cables.

5. Disconnectthe two power steering hydraulic lines at the steering
cylinder (models wipower 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. Disconnectthe 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 trim/tilt connector.

8. Pop the two-wire trimltilt sender connector out of the retainer and
then disconnectit. 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 s 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
I

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 pulling down on it.

13. Drain the cooling system as detailed in the Maintenance section.

Fig. 2 Disconnect the power steering lines at
the cylinder connector

Fig. 3 Disconnectthe instrument cable

. =T I
Fig. 4 ...and then connect an engine hoist
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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. Disconnectthe shift cables and position them out of the way.

16. Tag and disconnectany 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 ibs.
(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 driveshatft 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. 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).

sk CAUTION '

Never use an impact wrench or power driver to tighten the locknuts.

24. Install 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
driveshaft/coupler 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. Reconnectthe 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. Reconnectthe 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. Reconnectthe trim/tilt connector so the two halves lock together.

30. Reconnectthe 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.

% CAUTION -

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 pumpilter fitting and reconnect them.
Remember to check for leaks as soon as you start the engine.

32. Install and adjust the throttle cable. For complete details, please refer
to the Fuel System section):

a. Rememberwe 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. Turnthe 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. Install the trunnion/cable 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. Install 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. Install and adjust the shift cables. Please refer to the Drive Systems
section for further detalils.

34. Check and refill all fluids. Start the engine and check for any fuel or
coolant leaks. Go have fun!

ENGINE ALIGNMENT

oy

CDIFFICULT

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 s
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 alignmentis 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.

& See Figure 5

Fig. 5 Install the alignment tool through the gimbal bearing
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5. Hold the adjusting nut with a wrench and then tighten the lock nut to
100-120t. 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.

Front-Engine Mounts B 1

REMOVAL & INSTALLATION
@ See Figures6and 7

1. Position an engine hoist over the engine and hook it u‘g'to 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—Ilarge 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
measurementtaken in Step 5. Move the upper lock nut up or down until the
correct specificationis 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. Positionthe 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.

Rear Engine Mounts
REMOVAL & INSTALLATION

+ See Figure 8

1. Remove the engine as previously detailed.

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 installationwill cause excessive vibrationduring
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 plate.
Install 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).

Sracket"

Lag
Screw

Fig. 6 A good view of the front mount...

i
Fig. 7 ..and a closer view
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Fig. 8 A good view of the rear mount

Cylinder Head (Camshaft) Covr

REMOVAL & INSTALLATION

N
MODERATE

1. Open or remove the engine compartment hatch. Disconnect the
negative battery cable.

2. Loosenthe 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. Reconnectthe spark plug wires.

9. Connectthe 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.

Rocker Arms and Hydraulic Adjusters

REMOVAL & INSTALLATION

MODERATE

® See Figures 9and 10 ,

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.

Fig. 9 If the special tool is not available, you can usually compress
the suring with a small prybar

ROCKER

LASH e

ADJUSTER CAMSHAET

PREE

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. Adjustthe valves and install the cylinder head cover.

12. Connectthe battery cable and check the idle speed.

VALVE ADJUSTMENT

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 train/rocker 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 s 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 17/32-1 19132 in., replace the spring.

5. If the valve spring installed height was within specifications, check
that the camshatft is within specifications. If the camshaft checks out OK,
install a new adjuster and recheck the lash a final time.

Exhaust Manifold

REMOVAL & INSTALLATION

/o

I WODERATE

1. Open or remove the engine compartment hatch. Disconnect the
negative battery cable.

2. Drain all water from the engine, manifold and exhaust elbow as
detailed in the Maintenance section.

3. Loosenthe 4 clamps holding the exhaust hose bellows to the high-
rise elbow and wiggle the bellows off of the elbow.

4. Disconnectthe 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. Disconnectthe 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 il 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 againstthe 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. tbs. (27-34 Nm).

14. Install the elbow with a new gasket and tighten the 4 bolts securely.

15. Repositionthe 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 tighten the 2 nuts (use new washers if
possible) and tighten to 30-35 ft. Ibs. {(41-47 Nm). Thread 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. Reconnectthe battery cables and run the engine. Check for any
water leaks.

High-Rise Exhaust Elbow

REMOVAL & INSTALLATION

1. Drain the cooling system. MODERATE

2. Loosen the hose clamps and slide off the exhaust hosg(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. Liftit off the elbow. Alittle 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 and/or
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. Tightenthe 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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' Exhaust Hose (Bellows) -

REMOVAL & INSTALLATION

Exhaust Pipe R

REMOVAL & INSTALLATION

@ See Figures 11 and 12

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 attachesto 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. Tightenall four clamps securely.

Fig. 11 Loosen the lower clamp screws and then pull the bellows off
of the exhaust pipe

T
CMODERATE

1. Itis 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 trim/ilt lines are routed correctly (above and
behind) before tightening the pipe to the transom.

5. Install the engine.

EXHAUST VALVE (FLAPPER) REPLACEMENT

MODERATE

1. Remove the exhaust hose from the elbow and exhaust pipe. The
flapper is located in the upper end of the pipe.

2. The valveis 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
bushing. Make sure the pin ends are flush with the sides of the pipe on both
sides.

5. Install the exhaust hose.

Intake Manifold ' R

REMOVAL & INSTALLATION

Fig. 12 Be sure that the bellows end with two ribs is on top

# See Figure 13

1. Open the engine covers/hatch and disconnect the battery cables.
Drain all water from the engine as detailed in the Maintenance section.

2. Disconnectthe throttle cable at the bellcrank and anchor block.
Disconnect the swivel linkage at the throttle arm on the carburetor.

3. Carefully disconnectthe 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
disconnectthe 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. Disconnectthe 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. Position the manifold onto the block and tighten the 2 bolts finger-
tight.

18. Threadin 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. Tightenthe 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. Pushthe PCV valve back in place. Install 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. Connectthe electrical lead at the choke housing and the snap the
swivel linkage onto the ball stud at the throttle arm.

24. Install the flame arrestor and plastic cover. Install 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 reconnectthe vent hose at the
carburetor.

28. Connect both fuel lines to the fuel pump and tighten the nuts
securely.

‘ N Lo )

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

DIFFICULT

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 aimost always easier with the engine removed
from the boat.

@ See Figures 14 and 15

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 2 0.125 in. {3.18mm) bead of RTV sealant to the joint where
the front cover and block meet. Install new front and rear seals into the front
cover and over rear bearing cap— 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 position the oil pan onto the block. Install 4 M8
%olt)s (two front and two rear) and tighten them to 96-120 inch Ibs. (10.8-13.6

m).

10. Install 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 0.125in. (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 (B).

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. 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).

17. Install 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

Block

Fig. 14 The oil pan uses a two-piece soft rubber gasket and two
seals—1987-89 engines

Oil Reinforcing
M6 Pan Strip

. Gasket

Rl os

Guide B
Pin = ~s
N f
f'//,“@i\j?"/ Guide
B / Pin
A

Fig. 15 The oil pan uses a one-piece soft rubber gasket— 1990
enaines

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
4 SeeFigures 16 and 17

1. Remove the oil pan as previously detailed. Remember that 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 orientationin
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. Tightenthe pump mounting bolts to 14-21 ft. lbs. (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
@ SeeFigure 17

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.

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 bearing. Clearance should be 0.0015-0.0029in.
(0.04-0.07mmy. )

11. Measurements outside of the soecifications on any of the proceeding
steps will dictate replacement of the associated component.

'12. Install the housing 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.

Engine Coupler And Flywheel

REMOVAL & INSTALLATION
® SeeFigures 18,19 and 20

1. Remove the engine from the boat as detailed previousTy 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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Fig. 16 Removing the oil pump assembly

4. Remove the 4 or 5 mounting bolts and slide out the lower flywheel
housing cover.

5. 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.

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 differentcoupler than other OMC
engines —make sure that you have the correct part if replacing with a
new one.

Housing —"

Fig. 17 Exploded view of the oil pump

11. Slide the coupler over the studs so that it sits in the recess on the
flywheel. Install new lock 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. 18 Remove the upper cover...

Fig. 19..and Mpull off the coupler after
removing the bolts

Fig. 20. Tighten the mounting boltsin 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.

Rear Main Oil Seal cel v
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. Never replace only
one seal.

6. Clean the seal grooves thoroughly with a smail bottle brush.

—J

—_—

. G_Q\

¢

Sealant
Locations

Upper Seal

Fig. 21 Exploded view of the rear seal

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
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
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 (exceptthe 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.

}g .004" Feeler Gauge

1- Cut away

e
Fig. 22 Drive out the old upper seal with a
small drift

Fig. 23 Fabricate a seal installation tool out
of an old feeler gauge..
1

A
A ;
Y 11/64"
{4mm)
2 1 y
(13mm}
1- Installation tool
2- Seal
3- Engine block
4- Crankshaft

Fig. 24 ...and then use the tool to feed the
1 seal around the crankshaft
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*% CAUTION

Do not get sealant on the seal ends.

Front Cover
REMOVAL & INSTALLATION

13. Install the bearing cap and tighten the bolts on all caps to 80-90 ft.
Ibs. (109-122 Nm).

14. Install the oil pump and pan.

15. Install the engine.

One Piece Oil Seal
@ See Figure 25

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. Install 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
0.005in. {0.13mm) of the rear edge of the cylinder block.

B If the bolts supplied with the installation tool are not available,
flywheel/coupler bolts may be used.

8. Remove the tool and install the oil pan.
9. Install the engine, flywheel and coupler.

FRONT OF ENGINE

~.

Tool

Fig. 25 A good shot of the one piece seal and removal tool

@ See Figure 26

Any time the timing cover is removed, the timing belt should be
inspected for wear or damageto determineif it should be replaced.

1. Disconnectthe 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
crankshatft 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. Install the retaining
bolts/screw and tighten to 72-108 inch Ibs. (8-12 Nm). Don't forget that the
longer bolt goes in the top hole.

9. Install 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. Install the water pump pulley and tighten the bolts to 14-21 ft. Ibs.
(19-28 Nm).

11. Install the drive belts and adjust the tension.

12. Connect the battery cables. Run the engine, check for leaks and
check the ignition timing.

Timing Belt and Tensioner
CHECKING

1. Crank the engine without starting it until the timing mark on the
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 timing marks are aligned. If not, rotate the
engine another full turn and recheck it.'

Front
Cover

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.

CORRECTINGAN OUT-OF-TIME ENGINE

If the crankshaft pulley and camshaft sprocket timing marks were 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 distributoris 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 get the crankshaft and
camshaft sprocket timing marks to afign properly (and simultaneously), the
i 1t lip 1 Refert 3 Rerioval & Ihste £ re |
perform the steps

REMOVAL & INSTALLATION

OEM CDIFFICULT
¢ SeeFigures 27,28and 29

1. Disconnectthe negative battery cables.

2. Remove the front cover.

3. Slide the retaining washer for the belt off of the crankshaft—
rememberthat 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.

5. Remove the crankshatft pulley, hub and beit 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. Recheckthe 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. fos. (136-163 Nm).

19. Install the water pump pulley and tighten the bolts to 14-21 ft. Ibs.
(19-28 Nm).

20. Install the spark plugs.

21. Connectthe battery cables.

22. Start the engine and check the ignition timing.

CAMSHAFT

SPROCKET BELT GUIDE

BOLT BELT
TENSIONER @

o AUXILARY SHAFT
SPROCKET

Fig. 27 Exploded view of the timing belt and sprocket assembly
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Fig. 28 Timing belt set-up
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Timing Sprockets

REMOVAL & INSTALLATION

Front Oil Seals

REMOVAL & INSTALLATION

@ See Figures 27 and 30

1. Disconnectthe 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-B) 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 and/or 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)
and/or 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.

@ See Figures 31, 32 and 33 ‘

1. Disconnectthe battery cables.

2. Remove the front cover and timing belt.

3. Remove the timing sprocket (crankshaft, camshaft and/or 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 crankshatft, camshaft and/or 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.

Note:
Center Arbor {723\

Removed

Holding
Tool

S

iy “
™

Fig. 30 The camshaft and auxiliary shaft sprockets are most easily

removed or installed using a special holding tool

Hammer

camshaft seal ... tool is not available

Fig. 31 Use a suitable tool to remove the Fig. 32 ...or use a punch very ca

Fig. 33 You must use the tool on the
crankshaft or auxiliary shaft seals




3-16 ENGINE MECHANICAL - FORD 4 CYLINDER ENGINES

REMOVAL & INSTALLATION

+ See Figures 32 thru 36

B Depending on the available room/clearance 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 camshatt lift prior to removing it from the

cylinder block.

| Disconnectthe 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 camshatt 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 camshaftbearing replacementis 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 camshatt. 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. Install the camshaft rear retainer and tighten the two bolts to 6-9 ft.
Ibs. (8-12 Nm).

14. Install a new camshaft seal using a suitable seal installer.

15. Install the camshaft sprocket and tighten the retaining bolt to 80-90 ft.
Ibs. (108-122 Nm).

16. Install the timing belt and front cover.

17. Install 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.

Auxiliary Shaft

REMOVAL & INSTALLATION
# See Figure 37

1. Disconnectthe 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
damage the bearings.

To instali:

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. Install 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).

RETAINING PLATE

Camshaft

\
@a/Pin

Seal

Fig. 34 Exploded view of the camshaft

Cam Followerl—b‘%
Rocker
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Camshaft

..
Retainer

Fig. 35 Removing the rear retainer

Cylinder Head
REMOVAL & INSTALLATION

The auxiliary shaft cover and cylinder front cover share acommon
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.

Auxiliary
Shaft

Retainer
Plate

Auxiliary "®
Shaft
Cover

Cylinder Front
Cover

Fig. 37 Exploded view of the auxiliary shaft

CDIFFICULT

1. Disconnect the battery cables and drain the cooling system
2. Remove the flame arrestor.

@ See Figures 38, 39 and 40

B 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 notationsto the
diagramsto 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.

Front of Engine
Cylinder

Head

Camshaft

6
3\ Cylinder

Block
Assy

[:]
“ig. 38 Exploded view of the cylinder head
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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.

*% WARNING 2

Do not pry the cylinder head to break the gasket seal unlessiitis
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 0.006in.
{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. Tightenthe head bolts using 2 passes of the sequence as illustrated,
first to 50-601t. Ibs. (68-81Nm) and then to 80-90 ft. Ibs. (108-122Nm).

20. Connect the oil sending unit wire.

21. Install 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. Install 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. Install 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. Install the front cover and tighten the retaining bolt(s) to 6-9 ft. lbs. (8-
12 Nm).

27. Install the rocker arm cover and tighten the retaining bolts to 48-84
inch Ibs. {5.5-9.5 Nm).

28. Install the intake manifold assembly. Tighten the bolts, in sequence,
to 60-84 inch Ibs. (6.8-9.5Nm) and then retighten them all to 14-18 ft. Ibs.
(19-25Nm).

29. Connect all remaining vacuum hoses and electrical leads as tagged
during removal.

30. Position the alternator and install the drive belt.

31. Install the spark plugs, then install the spark plug wires as tagged
and noted during removal.

32. Install 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. 39 Use locating pins when installing the head J
i

Fig. 40 Cylinder head bolt torque sequence |
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SPECIFICATIONS

TORQUE SPECIFICATIONS

Component ft. Ibs. inch1bs. Nm
Auxiliary shaft Sprocketbolt 28-40 38-54
Thrust plate bolts 72-108 8-12
Camshaft Cover 48-84 5.5-9.5
Sprocketbolt 80-90 108-122
Thrust plate (retainer) 72-108 8-12
Connectingrod cap 30-36 40-49
Crankshaft Damper pulley boit 100-120 136-163
Main bearing cap 80-90 108-122
Cylinder head Step 1 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 100-120 136-163
Bracket bolts 32-40 43-54
Lower nut 60-75 81-102
Rear
Center bolt 1987-88 182N 24.97
1989-90 44-52 - 60-71
Lock nut 28-30 - 38-40
Mounting boits 20-25 - 27-34
Exhaust Elbow 12-14 - 16-19
Exhaust Manifold Bolt 20-25 - 27-34
Nuts 30-35 - 41-47
Exhaust Pipe 1987-89 10-12 14-16
1990 27-34 27-34
Flywheel Bolt 54-64 73-87
Cover 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 80-90 108-122
Oil pan M6 bolts 72-96 8-12
M8 bolts 96-120 11-14
Oil pump Cover bolts 72-120 8-14
Mounting bolts 14-21 19-28
Pick-up Tube 14-21 19-28
Qil pressure sender 12-16 16-22
Qil withdrawal tube (flare) 15-18 20-24
Spark plug 5-10 6.8-13.6
Timing belt Idler pullev 14-21 19-28
Tensioner givot 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




ENGINE SPECIFICATIONS

ENGINE SPECIFICATIONS

Standard Metric Standard Metric
Component (in.) ® (mm) ® Component (in) ® (mm) @
Camshaft Valve system
Clearance 0.001-0.003 _ 0.025-0.076 Face Angle 44 deg.
Wear limit 0.006 0.152 Lifter Hydraulic Hydraulic
End Play 0.001-0.007. 0.025-0.178 Rocker arm ratio 1.64:1
Wear limit 0.009 0.229 Runout (max) 0.002 0.05
Journal Diameter 1.7713-1.7720 __ 44.99-45 Seat Angle 45 deg. o
Lobe Lift 0.2381 +/- 0.005 6.05 +/- 0.13 Seat Width Intake 0.060-0.080 1.52-2.03
Out or Round 0.005 0.127 Exhaust 0.070-0.090 1.78-2.29
Runout 0.005 0.127 Spring (Outer)
Connecting Rod Free length 1.89 48
Diameter 2.1720-2.1728  55.17-55.19 Pressure
Out or Round 0.004 0.102 Intake 71-79 Ibs. 316-351 N
Piston pin bore 0.9104-0.9112 _ 23.12-23-14 @ 156 @ 39.62
Side Clearance 0.0035-0.0105___0.089-0.267 Exhaust  159-1751bs.  707-778 N
Wear limit 0.015 0.38 @1.16 @ 29.46
Out or Round 0.004 0.102 Stem Clearance
Taper (max) 0.004 0.102 Intake 0.0010-0.0027  0.025-0.069
Crankshaft Exhaust 0.0015-0.0032 _ 0.038-0.081
Connecting rod journal diameter 2,0464-2.0472 51.98-52
'\CAZEKI;I;:E”IZM Play 0.004-0.008 0.102-0.203 @ Unless otherwise noted
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 0.9119-0.9124  23.16-23.18
Interferencefit Yes Yes
Length 3.010-3.040 76.45-77.22
Piston Rings
Compression
Gap 0.010-0.020 0.254
Clearance 0.002-0.004 0.05-0.10
Oil
Gap 0.015-0.055 0.38-1.40
Width Snug Snug

@ Unless otherwise noted
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ENGINE MECHANICAL , ' .

General Information ~

The OMC 2.5L 153 cubic inch displacementengine and the 3.0L 181
cubic inch engine are manufacturedby 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 camshatft. 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 crankshaftto 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.

s CAUTION

NEVER, NEVER attempt to use standard automotive parts when
replacing anything on your engine. Due to the uniqueness of the
environmentin 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 manufacturedto
meet OMC marine specifications.Most marine items are super heavy-
duty units or are made from special metal alloy to combat againsta
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 U.S. Coast Guard requirements for
spark or flame suppression. A spark from a non-marine cranking motor
solenoid could ignite an explosive atmosphere of gasoline vaporsin an
enclosed engine compartment.

Engine Identification
ENGINE
4 SeeFigures 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 model/option 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.

B Serial numberstags 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 serial/model 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 3.0L, 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 eighthis 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.

e 0On 1988-93 engines, the sixth character designates the direction of
propeller rotation. R is right hand, L is left hand and E is either.

e 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 3.0L 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, 3.0GL, 3.0GS, 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 3.0GL will
always have a lesser horsepower rating than a 3.0GS 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

+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.

k3 CAUTION

Make sure that all switches and systems are OFF before disconnecting
the battery cables.
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Steering:
Carburetor: M = Mechanical
2 or 4 Barrel P = Power

Engine Size
in Litres

=T

50

=

Model Year Designation:
Randomly chosen
each model year.

OMC King Cobra®

Engine Size in
Cubic Inches

R
L

Propeller Rotation:
E = Either

= Right Hand

= Left Hand

|
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1988-93 |
n

Model Year Version:

A = First Model Released

Major Engine or Horsepower Change:

B = Second Model Released, etc.

Randomly chosen for each
major non-interchangeable
change.

Fig. 1 Decoding the engine model number is easy

Fig. 3 You should also be able to find a plate on the transom
bracket

5. Disconnectthe two power steering hydraulic lines at the steering
cylinder (models w/power 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. Disconnectthe fuelinlet 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 trim/tilt connector.

8. Pop the two-wire trim/tilt sender connector out of the retainer and
then disconnectit. 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 trim/tilt cable connector just
aboveit.

ETake 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 Disconnectthe power steering lines at the cylinder

Fig. 5 Locate the engine lifting brackets...

Fig. 6 Disconnectthe instrument cable
| connector

Fig. 7 ..and then connect and engine hoist

Anchor
Block

Throttie
Arm

Throttle

Retaining
Boit

Anchor
Bracket

Fig. 8 Details of the throttle cable assembly

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. Disconnectthe 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.

M 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.

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).

%% CAUTION |

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
driveshaft/coupler 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. (156-190 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 trim/ilt connector so the two halves lock together.

29. Reconnectthe 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 engine/instrument cable plug.



ENGINE MECHANICAL - GM 4 CYLINDER ENGINES 4-5

Boss Trunnion

Fig. 9 Details of the throttle cable and trunnion

N Trunnion _Nut
Ané:lhor N ®/
ock Q
Retaining P ?
Bolt \ O\ N

Cable
/

Fig. 10 Attach the anchor block assembly to the bracket

3 CAUTION :

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 pumpf/filter fitting and reconnect them.
Rememberto 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. Rememberwe 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. Install 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. Install 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
14 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!

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".

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

DIFFICULT

® See Figures 12 and 13 ‘

Engine alignment s 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 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
115-140t. 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.

o o 0o ¢ 10l

Fig. 11 Use alevel to determine minimum engine height
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Alignment
Tool

Fig. 12 Install the alignment tool through the gimbal bearing

Front Engine Mount

REMOVAL & INSTALLATION
@ See Figure 13

1 Position an engrne hoist over the engrme and hook it up to the two
engine liting eyes

2 Remove the two lag bolts on each srde 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 four mount-to-engine mounting bolts with their lock
washers and lift out the mount Don't forget the spacer on the port side

5 Measure the distance between the bottom of the large washer on the
lower side of the mounting bracket and the upper side of the smaller washer
on top of the mount itself Record it

6 Position an open end wrench over the adjusting shaft just underneath
the bracket to hold the shaft and then remove the top nut Lift off the bracket
and the spacer

7 Remove the two bolts attaching the rubber mount to the upper
bracket and remove it

8 Remove the lower lock nut from the adjusting shaft and lift the shaft
out of the lower mount Some applications may have a jam nut under the
locknut

To install:

9 Drop the adjustrng shaft into the lower mount and spin on the lower
locknut until it 1s fingertrght

10 Slide the spacer over the top end of the shaft

11 Position the rubber mount back into the upper bracket and tighten the
bolts to 30-35 ft Ibs (41-47 Nm)

12 Position the upper bracket over the adjusting shaft and then tighten
the upper nut to 50-60 ft Ibs (68-81 Nm)

13 Position the assembly onto the engrne, hold the spacer in place and
install the two long bolts on the port srde Install the two shorter bolts into the
starboard side We suggest using 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 Retrieve the measurementyou took earlier and check it now Loosen
the lower locknut and rotate the adjusting shaft until you achieve the correct
distance between the two washers Once this Is done, cinch up the lower
locknut until it is tight against the lower surface of the lower mount and then
tighten the adjusting nut to 115-140 ft Ibs (156-190 Nm)

15 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

16 If you're confident that your measurements and subsequent
adjustment place the engine exactly where it was prror to removal, then you
are through If you're like us though, you may want to check the engine
alignment before you frre up the engrne

B ——

Adjusting nut

1- Lag bolts and flat washers

Fig. 13 A good view of the front engine mount—not all engines
utilize the jam nut i

Rear Engine Mounts _ .

REMOVAL & INSTALLATION

DIFFICULT

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.

[ Incorrectwasher installation will cause excessive vibrationduring
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.
Install 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).

Cylinder Head (Valve) Cover
REMOVAL & INSTALLATION

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 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.
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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 mountingbolts 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 45inch lbs. (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 original
positions.

10. Reconnect the fuel line to the pump. Check for leaks now, and after
you restart the engine.

11. Connect the crankcase ventilationhose and the cut-out switch leads.
Check that there were no other wires or hoses you may have repositionedin
order to gain access to the cover.

12. Connect the battery cables.

Rocker Arms and Push Rods - -

REMOVAL & INSTALLATION

& See Figure 14

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 pistonin the No. 1 cylinder to TDC. If servicing only one
arm, bring the piston in that cylinderto 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.

Toinstall:

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

> CAUTION

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 performa preliminary
adjustment after any work on the valve train/rocker assembly. All adjustment
should be undertaken while the lifter is on the base circle of the camshatft
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 cylinderis at TDC of the compressionstroke — 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 compressionstroke.

2. Now that the No. 1 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 untilit 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 steps on the remaining cylinders in the proper
order (2-4, front to back), setting the respective piston for each cylinder at
TDC.

Fig. 15 Wiggle the push rod slowly while tightening the rocker

adjusting nut
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Hydraulic Valve Lifter '

REMOVAL & INSTALLATION

1. Remove the cylinder head cover. :
2. Usina compressed air, thorouahly clean all dirt and arit from the
cylinder head and related components.

%% WARNING |

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. Disconnectthe 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 aside.

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 Molykote® and then carefully
install each one into its respective recess.

11. Install 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. Install 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. Install the distributor cap.

14. Install 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. Install the cylinder head cover.

%3 CAUTION -

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.

Combination Manifold ,

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

1. Open or remove the engine compartment hatch. Disconnect 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. Disconnectthe 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.

1. 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. Inspect 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 bolts/nuts to 12-14 ft. Ibs. (16-19 Nm). Connect the exhaust
pipelbellows and tighten the clamps securely.

18. Connectthe water inlet line and the shift cables.

19. Install 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. Install the alternator; tighten the alternator and bracket bolts to 26-30
ft. Ibs. (35-41 Nm). Install the oil cooler if removed.

22. Make sure that any miscellaneous 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.

Exhaust Elbow ,

REMOVAL & INSTALLATION
@ See Figure 16

1. Drain the cooling system.

2. Loosen the hose clamps and slide off the exhaust hose (bellows).

3. Reachinto 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 nuts/bolts 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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Gasket

Exhaust é
Manifold

Fig. 16 Exploded view of the manifold, elbow and exhaust pipe
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To install:

8. Clean the mating surfaces of the manifold 1 elbow thoroughly, coat
both sides of a new gasket with Gasket Sealing compound and position it
onto the manifold flange.

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
comoound.

10 Position the elbow on the manifold, install the anchor bracket and
screw the two bolts/nuts in finger tight Install the remaining two bolts/nuts
with new lock washers and then tighten all four to 12-14 ft Ibs (16-19 Nm)

11 Connect the coolant hose into the elbow and tighten the clamp

12 Slide the exhaust hose, while wiggling it, all the way onto the elbow
and tighten the clamp screws securely

13 Reconnectthe throttle cable

Exhaust Hose (Bellows)

REMOVAL & INSTALLATION

& See Figures 16,17, 18 and 19

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.
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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. Rememberto install the two clamps before
sliding it over the end of the pipe.

M 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.

Exhaust Pipe

REMOVAL & INSTALLATION
9 See Figure 16

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.

B 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.

W Make sure that the trim/ilt lines are routed correctly (above and
behind) before tightening the pipe to the transom.

5. Install the engine.

EXHAUST VALVE (FLAPPER) REPLACEMENT

MODERATE

1. Remove the exhaust hose from the elbow and exhaust pipe. 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.

[0 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 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. Install the exhaust hose.

REMOVAL & INSTALLATION
4 See Figure 20

M More times than not this procedure will require the removal of the
engine. Your boat and its unique engine installation will determinethis,
but the procedureis aimost 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. Install all bolts and nuts finger tight and then tighten the 1/4-20 bolts
to 80 inch Ibs. (9 Nm) and the 5/16-18 bolts to 165 inch lbs. (19 Nm).
Remember, on all engines, to starf with the center bolts and work outward
toward the ends of the pan.

10. 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).

11. Install 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. 17 Loosen the upper clamp screws and
wigglethe bellows off of the elbow...

Fig. 18 ..lo0sen the lower clamp screws and
then pull it off of the exhaust pipe

Top

Fig. 19 Be sure that the bellows end with
two ribs is on top
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Fig. 20 The oil pan uses a one-piece soft rubber gasket

The two-piece oil pump utilizes two pump gears and a pressure relief
valve. Abaffled 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

1. Remove the oil pan as previously detailed. Remember that you
probably need to remove the engine for this procedure.

2. Loosen and remove the pump pick-up tube support bracket bolt. The
tube is pressed into the pump housing and should notbe removed unless
replacementis 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 pick-up tube bracket and tighten the bolt to 60 inch Ios. (7 Nm).

6. Install the oil pan and engine.

Pressure o8
Relief _/'(E
Valve \@

|

Pump

_~Housing
oV

i\ Pick-up

Screen

\

7/
)

<
Fig. 21 Exploded view of the oil pump e

Oil Filter Bypass Valve , e

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

o

MODERATE

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.

Engine Coupler And Flywheel '

REMOVAL & INSTALLATION

# See Figures 22, 23 and 24 DIFFICULL

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 module/shift 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 flywheel over the dowel on the crankshaft.

12. Slide the coupler over the studs so that it sits in the recess on the
flywheel. Install 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. Install 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. Install the starter and engine.

Rear Main Oil Seal ’

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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Fig. 22 Remove the upper cover...

removing the bolts

Fig. 23 ...and then pull off the coupler after

Fig. 24 Tighten the mounting bolts ina
criss-cross pattern .

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 and remove the lower half of the seal from the
cap. Do not 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.

Fig. 25 Driveout the old upper seal with a small drit

& Upper and lower geals must replaced as a pair. Never repjace only
one seal.

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.

A
| R ‘\_*_ 11/64"
{4mm)
i

%' .004" Feeler Gauge

1-Cutaway

Fig. 26 Fabricatea seal installationtool 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
Retainer

Fig. 28 Use the three slots in the seal retainer when removing the

. rear main seal

J 35621

Fig. 29 Use a seal driver to seat the new oil seal

9. Make sure that the cap/block 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. Install the bearing cap and tighten the bolts to 10-12 ft. Ibs. (14-16
Nm). Tap the end of the crankshaftforward and backward (as detailed in the
appropriate section) and then tighten the bolts to 60-70 ft. Ibs. (82-94 Nm).

11. Install the oil pump and pan.

12. Install the engine.

One Piece Oil Seal (1991-98)

@ 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 crankshaftand
then thread the attaching screws into the holes in the crankshatt, 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. Install the cover and flywheel
housing.

Rear Main Qil Seal Retainer

REMOVAL & INSTALLATION
1991-98 Engines Only
& See Figure 28

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.

B 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, and a new gasket, and tighten the nutslbolts
to 135 inch Ibs. (15 Nm).

7. Installthe oil pan and flywheel as previously detailed.

Harmonic Balancer, Pulley And Hub
REMOVAL & INSTALLATION

& See Figures 30 and 31 .

1. If the engineis 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 securing the 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 5/16-24 x 2 in. bolt for the 2.5L, or three 3/8-24 x 2 in. bolts on
the 3.0L. 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. Install the installation tool #J-5590 onto the hub. Be sure that you
thread the tool into the crankshatft at least 1/2 in. to protect the threads.

e CAUTION

The crankshaft actually extends slightly through the front of the
assembly, so make sure to use the correct tool.

M In order that the timing mark can be properly positioned, there are
two 318in. holes and one 5116 in. holes in the hub that must be
matched.

8. Install the drive belts and make sure that it is adjusted properly.
9. Install the seawater pump if removed.
10. Install the front mount and unhook the engine hoist.
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1- J-6978-E

Fig. 30 Use a special puller to remove the
hub...

Fig. 31 ...and then install it with another

Fig. 32 Removing the il nozzle

Front Cover And Oil Seal

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 balancer/pulley/hub assembly.

4. Remove the water circulationpump.

5. Secure the engine with a hoist and remove the front engine mount if
you haven' 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.

To install:

10. Inserta 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. Install 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 Nm) 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. Install the water circulation pump and the harmonic balancerlhub.
16. Install the oil pan.

17. Install all belts and check their tension.

18. Reinstallthe engine mount; or if you removed the engine, install it
now.

19. Refill the engine with oil and coolant.

Fig. 33 Use the special tool to drive the seal into the cover

| Fig. 34 Exploded view of the front cover
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_Camshaft, Bearings And Gear

We recommend checking the camshatt lift prior to removing it from the
cylinder block.

CHECKING LIFT

® See Figure 35 MODERATE

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 camshatft 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 8 and then rotate the engine until the pushrod is
at the highest point of its travel. Camshaft lift should be 0.253 +/- 0.005 in.
(6.426 +/- 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. Install the rocker arms and adjust the valve clearance.
9. Install the cylinder head cover and reconnect the coil leads,

REMOVAL & INSTALLATION

DIFFICULT

<+ See Figure 36 thru 41

O This proceduremay 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.

Dial N
Indicator

O

Adaptor
@‘; = | —
— - —
\__F ==
-

'l

Fig. 35 Use a dial indicator when checking the camshaft lift i

3% CAUTION ,

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 woodruffkey 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. Install 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. 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.

21. Alignthe 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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Fig. 36 Line up the timing gear marks and

| plate screws

Feeler Gauge

<'—a3!§;_9»
s
J 791

——

the access holes should rest over the thrust Fig. 37 Checking the camshaft endplay Fig. 38 The camshaft gear must be pressed

off of the camshait

Screw
Access
Holes

Fig. 39 Make sure the timing marks align on both gears

22. Attachthe 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 cylinder block. Be sure that the bearing is driven in past the
edge of ihe block at 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 journalin 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 camshaftin 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. 41 Checking the gear backlash
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29. Connecta 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. Install the oil pan. Install the front cover.
31. Install the harmonic balancer and water pump.

32. Installation of the remaining componentsis in the reverse order of
removal. Don't forget to add the remainder of the Super Oil Supplement
when refilling the engine with oil.

Cylinder Head '

REMOVAL & INSTALLATION
@ See Figures 42 and 43

MODERATE

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. Disconnectthe 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 cail.

7. Tag and disconnectthe 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 Permatex® 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
steps/torques.

14. Install pushrods, rocker assemblies and the cylinder head cover.

15. Install the circuit breaker and engine lifting brackets, Install the spark
plugs if they were removed and then connect the plug wires.

16. Install the coil and reconnect all the electrical leads.

17. Install the thermostat housing, the coolant hoses and the temperature
sending lead.

18. Install 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-tightenthe cylinder head bolts after 20 hours of operation.

Fig. 43 Remove the cylinder head carefully
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EXPLODED VIEWS:
@ See Figures 44, 45 and 46
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TORQUE SPECIFICATIONS

TORQUE SPECIFICATIONS

Component T IS, TNCITIDS ™ N Component Te Tbs. enbs, Nm
Alternator bracketto engine 26-30 = 54T Oil pump
Camshaft sprocket Sprocket @] N @ Cover bolts - 65-75 7-8
7 Thrust plate - 72-90 ~ BI0 Mounting bolts - 110-120 12-14
Combination manifold Nut/bolt 20-25 - 27-3& Pick-up Tube - 60 7
Connecting rod cap 35 - a7 Oil pressure sender adapter 10-14 . 14-19
Crankshaft Main bearing cap (exc. rear) 60-70 - 8195~ Oil seal retainer 1991-98 N 135 153
Main bearing cap (rear) Oil withdrawal tube (flare) 15-18 - 20-24
Step 1 10-12 - 14-16 Power steering pump
Step2 1986-90 60-70 82-94 Bracket
Oil seal retainer Bolt 26-30 - 3541
_ 1991-98 135 15.3 Stud 13-15 - 18-20
Cylinder head 1986-93 90-100 - 122-136 Hydraulic fine fitting
1994-98 Step 1 35 AT Large 15-17 - 20-23
Step g gg 182% Small 10-12 - 14-16
tep Raw water pump bracket 13-17 - 18-23
Cylinder head cover 1986-93 45 5 Timina chaipn cor\J/er 1986-92 68 i 9-10
_ 1994-98 - 65 7.3 1993-98 - 80 9
Distributor clamp bolt 20 R 27 Valve cover
Engine coupler Flywheel housing 28-36 38-49 1986-93 - 45 5
Coupler nut 40-45 54-61 1994-98 65 73
Couplergroundstud ~ 1986-93  20-25 2r-34 Water pump (circulating pump) 13-17 - 18-23
199498 3540 - 474 Water temperature sender 20 27
Cover - B0-84 79
Engine mounts Front . )
Bracket bolts 3035 ) 147 @ Sprocket is press-fitto camshaft
Upper nut 50-60 - 68-8T
Lower nut 115-140 - 156-190
Mounting bolts Port 43-56 - 65-76
Starboard  32-40 - 43-54
Rear
Center bolt 1986-88  18-20 - 24-27
1989-98 4452 - 60-71
Lock nut 28-30 - 38-40
. Mounting bolts 20-25 - 27-34
Exhaust Elbow 12-14 N 16-19
Exhaust Pipe 1986-89 10-12 C 1416
1990-98 27-34' - 27-34
Front cover 1986-92 6-8 - 910
N 1993-98 80 9
Main bearing cap EXxc, rear 60-70 81-95
Rear Stepl 10-12 - 1416
Step2 60-70 - 81-95
Oil pan 174 X 20 BoNS 80 9
5/16 x 18 bolts 165
Drain retainer 15-18 - 2169—21—

@ Sprocketis press-fit to camshaft
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ENGINE SPECIFICATIONS

Standard Metric
Component (in) @ (mm) ®
Camshaft -
Bearing Length 0.86 21.84
Bearing Outer Diameter
#1, #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
3.0L 0.792-0.822 20.12-20.88
Crankshaft
Crankpin 2.5 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
#1 thru 4 083 @ 21.08 @
#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 Depth
Compression ring 2.5l 0.200-0.208 5.08-5.28
3.0L 0.209-0.211 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  75.95-7645

@ Unless otherwisenoted

@ 251:0.802(20.37)

@ 314 to 1 full turn down from zero lash

ENGINE SPECIFICATIONS

Standard Metric
Component (in) ® (mm) ®
Piston Rings
Compression
Gap
2.5L 0.010-0.020 0.25-0.51
30L
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.
Lash {hot) [©) [©)
Lifter Hydraulic Hydraulic
Rocker arm ratio 1.76:1
46 deq.
intake 0.0312-0.0825 0.75-1.58
Exhaust 0.0625-0.0937 1.59-2.38
Spring (Outer)
Free length 2.08 52.83
Pressure 78-86 Ibs 347-383 N
@ 1.66 @ 42.16
Stem Clearance
intake 0.0010-0.0027  0.025-0.068
Exhaust 2.5L 0.0015-0.0032  £.038-0.081
3.0L 0.0010-0.0027  0.025-0.069

@ Unless otherwisenoted

® 251:0802(2037)

@ 34 to 1 full turn down from zero lash
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ENGINE MECHANICAL

General Information _

NEVER, NEVER attempt to use standard automotive parts when
replacing anything on your engine. Due to the uniqueness of the
environmentin 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 U.S. 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 shaftis 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 5.0L, 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:

50 (214 bbl)
5.0GL (2 bbh
5.7 (4 bbl)
5.7Gi (TBI)
5.7GL (2 bbi)
5.7GS (2/4 bbl)
5.7GS (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 bb)
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)

® o o o o

The lubrication system s 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. Qil 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 and/or 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.

Qil 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 Identifi_cation'

ENGINE
# SeeFigures1,2,3and 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 model/option 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 V6/V8 engines), or on
the inner side of the rocker arm cover, usually near the breather/PCV 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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Steering:
Carburetor: M = Mechanical
2 or 4 Barrel P = Power

Model Year Designation:

!Eng_ine Size Randomly chosen
in Litres each model year.

—
N

—_—

OMC King Cobra®

Engine Size in
Cubic Inches

1988-93

Propeller Rotation:
= Either

Right Hand
Left Hand

{

R
L

BPRAMMH
| I
i |

Model Year Version:

- . Randomly chosen for each
Major Engine or Horsepower Change: major non-interchangeable
A = First Model Released change.

B = Second Model Released, etc.

! Fig. 1 Decoding the engine model number is easy

B Serial numbers tags are frequently difficult to see when the * The fifth character designates what type of steering system was used;
engine is 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. » 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 engine sena}/model number is sometimes also stgmped on the port The sixth and seventh actually show the model year, while the eighth is a
rear side of the engine where it attaches to the bell housing; although on X X
: : ; random model year version code. KWB and WXS represent 1986; and ARJ,
most later models it may instead be a metal plate attached in the same ARF. FTC. SRC or SRY show 1987. MDA is 1994. HUB is 1995 NCA is
location. If your engine has a stamped number it will simply be the serial 1996 LKD is 1997 and BYC is 1998 ' '
number; if you have a plate (and you should), it will always show a Model ¢ On 1988-93 engines, the sixth character designates the direction of
number and then the actual Serial number. Additionally, most models will ! o ; o
also have this plate or sticker on the transom bracket propeller rotation. R is right hand, L is left hand and E is either.
P ' ¢ Also on 1988-93 engines, the seventh, eighth and ninth characters
= The first two characters identify the engine size in liters (L); 43 designate the model year. The seventh and eighth actually show the model
represents the 4.3L, 50 represents the 5.0L and so forth. year, while the nineth is a random model year version code. GDE or GDP is
* The third characteridentifies the fuel delivery system; 2 designates a 2 1988, MED or MEF is 1989, PWC, PWR or PWS is 1990, RGD or RGF is
bbl carburetor, 4 is a 4 bbl carburetor, and F is a fuel injected engine. 1991, AMH or AMK is 1992 and JVB or JVN is 1993.
* The fourth character designates a major engine or horsepower Any remaining characters are proprietary. So in example, a Model number
change—it doesn't let you know what the change was, just that there was on the ID plate that reads 574AMFTC would designate a 1987 5.7L engine
some sort of change. A meansit is the first model released, B would be the with a 4 bbl carburetor and manual steering, first model released. A number

reading 74FAPRJVBwould designate a 1993 7.4L engine with fuel injection,

second, and so forth.
power steering and a right hand propeller, first release; get the picture?

Fig.l2 Engine serial number sticker—4.3L Fig. 3 Engine serial number sticker—V6 and F}g_ 4 You should also be able to find a plate
engines V8 engines on the transom bracket
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Engine Model Designations

Most engines covered here utilize unique identifiers assigned by OMC;
surnames if you will—4.3GL, 5.0GL, 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

DIFFICULT

@ See Figures5thru 12

Prior to removing the engine from your vessel on all 1994-98
models, it is imperativeto 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 removina the drive anvway. If vou
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.

k% CAUTION : ‘ :

Make sure that all switches and systems are OFF before disconnecting
the battery cables.

5. Disconnectthe two power steering hydraulic lines at the steering
cylinder (models w/ps). 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. Disconnectthe 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 trim/tilt 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 throttlearm attachment stud— is it a “push-to-
close" or a "pull-to-close"?What holeis 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. Loosenthe 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.

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 carefully, lift out the enaine. 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 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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Throttle arm Anchor block

/ Throttle retaining screw
cable |

C_otter O \__/‘\
Pin
Anchor bracket

Fig. 7 Detailsof the throttle cable assembly —1994-98engines
except fuel injected 7.4L/8.2L engines

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 driveshatft 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 washersinto 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).

k% CAUTION

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. I the drive was removed, the mounts were disturbed or the
driveshaft/coupler 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. Reconnectthe 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. Reconnectthe 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!

Throttle
Arm Throttle

Fia. 8 Details of the throttle cable assembly —1994-98 7.4Gi/GSi and
8.2GSi engines

Fig. 9 Locate the engine lifting brackets.

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 trim/iilt connector so the two halves lock together.

29. Reconnectthe 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.

[ s

AN

7 .
Fig. 10 ...and then connect and engine hoist

Fig. 11 Details of the throttle cable and
trunnion—1994-98 engines

Trunnion

Fig. 12 Attach the anchor block assembly to
the bracket—1994-98 engines
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ks CAUTION

Always make certain that all switches and systems are turned OFF
beforereconnecting the battery cables.

B Make sure all cables, wires and hoses are routed correctly before
initially starting the engine.

30. Unplug the fuel line and pumpffitter fitting and reconnect them.
Rememberto 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. Rememberwe asked you to determineif 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. Install the trunnion/cable 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. Install 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 detalils.

33. Check and refill all fluids. Start the engine and check for any fuel or
coolant leaks. Go have fun!

DETERMING MINIMUM ENGINE HEIGHT

4. Subtract the elbow measurement (1) front the 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

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 compariment 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".

Fig. 13 Usealevel to determine minimum enaine height

4 See Figures 14 and 15

Engine alignment s 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
alignmentis checked by using OMC alignment tool (#312273) and handle
(#311880). Engine alignment s 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 1/2 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
100-120 ft. Ibs. (136-163 Nm). If your engine uses a jam nut, cinch it up
against the lock nut.

6. Remove the alignmenttool and handle.

Alighment
Tool

Fig. 14 Install the alignment tool through the gimbal bearing

Fig. 15 A good view of the front engine mount and its components
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Front Engine Mounts :

REMOVAL & INSTALLATION
@ See Figures 15 and 16

DIFFICULT

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 originallocations.

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
measurementtaken in Step 5. Move the upper lock nut up or down until the
correct specificationis achieved and then tighten the adjusting nut to 100-
120 ft. Ibs. (136-163 Nm) on V6 and 5.0L/5.7L engines; 50-70 ft. Ibs. (68-95
Nm) on 7.41. and 8.2L engines.

Bracket

Lag
Screw

Fig. 16 There is a third mountina bolt hidden behind the adiusting

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.

Rear Engine Mounts.
REMOVAL & INSTALLATION

# SeeFigure 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. 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).

Fig. 17 A good look at the rear mount
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" Cylinder Head (Valve) Cover \

REMOVAL & INSTALLATION

@ See Figures 18,18 and 20

[ 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. Disconnectthe
negative battery cable.

2. Loosenthe 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
5.0L/5.7L and seven or eight on the 7.4L/8.2L) 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
¢ 62-115inch Ibs. (7-13 Nm) on 1994-96 4.3L engines
= 106 inch Ibs. (12 Nm) on 1997-98 4.3L engines
e 45inch Ibs. (5 Nm) on 1986-96 5.0L/5.7L engines
e 65inch Ibs. (7.3 Nm) on 1991 350 engines
e 65inch Ibs. (7.3Nm) on 1992 5.7 LE engines
90 inch Ibs. (10 Nm) on 1997 5.0L/5.7L enaines (except the 1997
5.7GSi
. 12)6 inch Ibs. (12 Nm) on 1997 5.7GSi and 1998 V8 engines
e 115inch Ibs. (13 Nm) on 7.4L/8.2L engines, except 1396-97 and 1998
7A4Gi
60-90 inch Ibs. (7-10 Nm) on 1996-97 7.4L/8.2L engines
e 72inch Ibs. (8 Nm) on 1998 7.4Gi engines
Make sure any retainers or clips that were removed are back in their
original positions.

8. Connectthe 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.

‘Rocker Arms and Push Rods

REMOVAL & INSTALLATION
1992-984.3L V6 and 1992-98 7.4L/8.2L. V8 Engines
4 See Figure 21

MODERATE

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 cylinderto 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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Nut
Ball

Rocker

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 bearing surfaces of the rocker assemblv with engine oil.

7. Slide the push rods into their holes. Make sure ihat each rod 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:

e 40 ft. Ibs. (54 Nm) on 1992-96 V6 engines
e 20 ft. Ibs. (27 Nm) on 1997-98 V6 engines
o 40t [bs. (54 Nm) on 1992-98 V8 engines, except 1998 7.4Gi
o 451t Ibs. (61 Nm) on 1998 7.4Gi engines

10. No additional adjustment of the valvesis 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 5.0L/5.7L V8, 1990-91 7.4L V8 Engines
MODERATE

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. Liftthe 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 5.0L/5.7L V8, 1988-91 7.4L V8 And 1998

7.4L/8.2L V8 Engines .
4 See Figure 24 MODERATE

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 train/rocker 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 rightt

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. 23 Close-up of the rocker assembly
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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. Tightenthe 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 V8} piston to TDC. The pulley notchimark 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

199298 4.3L V6, 1992-97 7.4L/8.2L VB 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.

Hydraulic Valve Lifter s

REMOVAL & INSTALLATION

MODERATE

H

4 See Figures 25 thru 33

Although all engines covered here are equipped with hydraulic
lifters, some utilize conventional flat lifters, while others will be
equipped with roller liters. Proceduresfor 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.

s WARNING |

If compressedair is not available, we highly recommendthat you DO
NOT proceed with this procedure. It is EXTREMELY important that no
dirt getsinto 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 restrictorslguidesin all
years, but it will be obvious whether or not your particularengine 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!

Toinstall:

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 Molykote®, but on models with
roller lifters use GM Engine Oil Supplement, and then carefully install each
one into its respective recess.

12. Install 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 5.0L/5.7L 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. Install 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. Install the intake and exhaust manifolds.

16. Install the cylinder head cover.

k3 CAUTION -

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 Fig. 26 The lifter retainer on 1997-98 V6 Fia. 27 ..asis is the retainer on a V8 engine {if
push rod—1986-96 4.3L V6 engines models is slightly different.. | equipped)

/)
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Fig. 28 A simple magnet is a good way to remove the lifter (note the Fig. 29 ...althoughlater models will require a special tool
set-up for storing them!)...

Retainer

Fig. 30 Valve lifter retainer and guides on a \8 (V6 simliar) Fig. 31 Notice the guide and the pushrod socket in the lifter
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Fig. 32 The lifter should come out easily.

Fig. 33 .and Iok like this (roller lifter shown)

Intake Manifold 7 _ )

REMOVAL & INSTALLATION

4.3L V6 Engines
@ See Figures 34 thru 40

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. 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. Disconnectthe fuel line and plug the line end and the carb/throttie
body. 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 disconnectthe 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 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 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 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 pins.

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 leasta 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:

e 30 ft. Ibs. (41 Nm) on 1986-95 engines

e 351t Ibs. (48 Nm) on 1996 engines

e 11 ftlbs. (15 Nm) on 1997-98 engines. This is final torque, so be sure
you check the Specifications chart for the first two stages.

Fig. 34 Intake manifold tightening
sequence—1986-95 engines

Fig. 35 Intake manifold tightening
sequence—1996 engines

Fig. 36 Intake manifold tightening
sequence—1997-98 engines
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Fig. 37 Make sure to use new seals (or
sealer) along the cylinder block-to-manifold
mating surfaces —1986-96enaines

Fig. 38 Coat the cylinder head side of the
gasket with RTV sealant—1997-98 engines

Fig. 39 Run a bead of sealant as shown on
the forward block-to-manifoldmating
. surface—1997-98 engines

13 mm
(0.50")

e

5mm
(0.197")

13 mm
(0.50")
Fig. 40 Run a bead of sealant as shown on the aft block-to-manifold
. mating surface--1997-98engines

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. Install 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. Install all water hoses and tighten their clamps securely.

23. Install the fuel line at the carburetorlthrottle body and fuel pump.
Make sure you remove any plugs you may have inserted on removal.

24. Install the throttle cable and adiust it as detailed in the Fuel Svstem
section. Install 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. Reconnectthe harness

27. Connectthe battery cable and start the engine. Check the ignition
timing and idle speed. Check all hoses and seals for leaks.

5.0L And 5.7L V8 Engines

o
_ MODERATE
® See Figures 41, 42, 43, 44, 45 and 46 ‘

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. 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. Disconnectthe fuel line and plug the line end and the carb/throttle
body/fuel rail fitting. If you have a non-flexible line, disconnectit at the fuel
pump also. Move hoth 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
and/or wherever a seal butts against a gasket.

[0 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 1/2in. (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.
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Fif. 41 Intake manifold tightening
sequence—1992-975.7L engines except the

1997 5.7GSi engines

Fig. 42 Intake manifold tightening
sequence--19975.7GSi and 1998 5.0L/5.7L

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

4.0mm
(0.157")

'

Fig. 44 Coat the cylinder head side of the
gasket with RTV sealant—19975.7GSi and all
1998 engines

Fig. 45 Run a bead of sealant as shown on
the forward block-to-manifold mating
) surface—1997 5.7GSi and all 1998 engines.

(0.197")

3 mm
20.50")
Fig. 46 Run a bead of sealant as shown on
the aft block-to-manifoldmating surface—
. 1997 5.7GSi and all 1998 engines

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

e 11 ftIbs. (15 Nm) on 1997 GSi and 1998 engines. This is final torque,
s0 be sure you check. This is final torque, so be sure you check the
Specifications chart for the first two stages—27 inch lbs. (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. Install 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. Install all water hoses and tighten their clamps securely.

23. Install the fuel line at the carburetor/throttle body and fuel pump.
Make sure you remove any plugs you may have inserted on removal.

24. Install the throttle cable and adjust it as detailed in the Fuel System
section. Install 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. Connectthe 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 1997-98 Gi/GSi)
(7R
@ See Figures 47 thru 52 G

s
&

1. Open or remove the engine compartment hatch. Disconnectthe
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 purple/white wire at the choke housing.

9. Unplug the main harness at the connector block. Disconnectit from
the retaining clips and move it out of the way.

10. Tag and disconnectany 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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e ront

Fig. 47 Intake manifold tightening
sequence—1988-90 engines

Fig. 48 Intake manifold tightening
sequence—1991 engines
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Fig. 49 Intake manifold tightening
sequencel992-95 engines

Fig. 50 Intake manifold tightening
sequence—1996-97 engines
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Fig. 51 Intake manifold tightening
sequence—1998 engines

Fig. 52 Installing the intake manifold and
gaskets

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 and/or wherever a seal butts against a
gasket.

[0 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.

« 35ft. 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. Connectthe 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. Install all water hoses and tighten their clamps securely.

21. Install the fuel line at the carburetor and fuel pump. Make sure you
remove any plugs you may have inserted on removal.

22. Install the throttle cable and adjust it as detailed in the Fuel System
section. Install the flame arrestor and cover.

23. Connect all other lines, leads and hoses that may have been
removed to facilitate manifold removal.

24. Install 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.

1997-98 7.4L/8.2L Gi/GSi V8 Engines
)

MODERATE

Upper Manifold (Plenum)
4 See Figures 53 thru 59

1. Open or remove the engine compartment hatch. Disconnectthe
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:

e ECMJ1and J2
* Knock sensor module
* Throttle position sensor
IAC valve
MAP sensor
{AT sensor
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 line 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.

%k CAUTION |

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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Toinstall: 12. Coat the new O-rings lightly with grease and insert them into the
10. Carefully remove any remaining gasket material from the plenum and recesses on the lower manifold. o
manifold mating surfaces. Make sure the O-ring recesses in the lower 13. Position the plenum onto the manifold in such a way that you do not

manifold runners are free of grime and dirt.

dislodae the O-rings. Coat the threads of the mounting bolts with Lubriplate®

11. Clean the inside of the plenum with Carburetor Cleaner or something 777 (or similar) and install them. Tighten the bolts in sequence, in several

similar. Do not use anything with methyl ethyl ketone!

s WARNING L .

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

Never soak the plenum in commercial liquid cleaners or solvents. correct throttle operation and adjust if necessary.

18. Connect the battery cables.

Fig. 57 Upper intake plenum tightening
sequence--19977.4Gi and 1998
7.4GSi/8.2GSi

Fig. 58 Upper intake plenum tightening Fig. 59 Installing the intake plenum and
sequence--19987.4Gi ! 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. Disconnectthe 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. Disconnectthe 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 disconnectingthem—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 mounting bolts in the reverse order
of the illustrated tightenina seauence 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.

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.

[0 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 aft 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.

» 351t 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. Install all water hoses and tighten their clamps securely.

19. Install 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. Install the alternator and mounting bracket. Reconnect the harness.

22. Install 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.

7 4 2 6 10

Fig. 61 Intake manifold tightening sequence —19987.4L/8.2L

Exhaust Manifold - ‘

REMOVAL & INSTALLATION

WODERATE

# See Figures 62, 63, 64, 65, 66 and 67

1. Open or remove the engine compartment hatch. Disconnectthe
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 water/coolant 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 {two/four) 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 bolts/nuts from the center outward and
then pry off the manifold/elbow assembly.
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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 V... Fig. 64 ..as does the starboard side. Note that these engines did
not use an elbow until 1991

Elbow Mounting
pBolt

Fig. 65 Close-up of the manifold and related components--except Fig. 66 The module bracket is held in place by one of the elbow
7.4L/8.2L engines mounting bolts on certain later models

10. If necessary,loosen the four retaining bolts and remove the exhaust

elbow (except 1986-90 V6) from the manifold.
To install:

11. 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.

12 Position a new gasket, without any sealant, on the cylinder head and
install the mandold, makmng sure that everything is aligned properly Trghten
all nuts until they are just tight and then tighten them to 18-22 ft lbs (24-30
Nm) on the 1986-90 4 3L V6 and 20-26 ft 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 engines, trghten any mounting bolts to
24-28 ft Ibs (33-38 Nm)

13 If you removed the elbow, position a new gasket on the mandold,
making sure that the indents line up (on seawater cooled engines) and then
install the elbow Tighten the mounting bolts to 10-12 ft. Ibs (14-16 Nm) on
1986-93 engines or 12-18 ft Ibs (16-24 Ni) on 1994-98 engines, refer to
the Exhaust Elbow procedures found later for more detail on installing the

elbow.

14 Connectthe exhaust pipe/bellows to the elbow and tighten the
clamps securely

15. I you removed the manifold or elbow plugs for some reason, make Fig. 67 On models with a remote oil filter, the filter bracket is
sure that the threads are coated with sealant before screwing them back in secured by the two forward mounting bolts

16 Connectthe waterlcoolant hoses and tighten the clamps securely

17 Make sure that any miscellaneous fines or hoses that you may have
moved or disconnected during removal are reconnected and routed properly.

18 Fill the system wrth 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
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High Rise Exhaust Elbow ~

REMOVAL & INSTALLATION
4 See Figures 62 and 65

MODERATE
# 1986-90 4.3L \& 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. 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 the
mounting bolts to 10-12 ft. Ibs. (14-16 Nm) on 1986-93 engines or 12-18 ft.
Ibs. (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.

Exhaust Hoses (Bellows) And Intermediate

- Exhaust Pipe

REMOVAL & INSTALLATION
4 See Figures 62, 68 and 69

MODERATE

[ Not all engines will use an intermediate pipe between the 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 1/2 in. into the inside of one end on each the
upper and lower hoses; upper only on the 7.4L/8.2L 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.
Rememberto 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.

Lower Exhaust Pipe (Y-Pipe)
REMOVAL & INSTALLATION

@ See Figure 62

1. Itis 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.

B 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. Install the engine.

EXHAUST VALVE (FLAPPER) REPLACEMENT

1. Remove the exhaust hoses and the intermediate exhaust 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
bushing. Make sure the pin ends are flush with the sides of the pipe on both
sides.

5. Install the exhaust hose.

REMOVAL & INSTALLATION
1986-96 4.3L. V6 and 1986-97 5.7L V8 Engines (Except 1997 5.7GSi)

CDIFFICULT

engine. Your boat and its unigue engine installation will determine this,
but the procedureis 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 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 openingsin
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. Install 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. 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).

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.

1997-984.3L V6 Engines

DIFFICULT

(o)

& 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(s).

4. Remove the oil withdrawal tube from the oil drain plug fitting.

5. Loosen and remove the il 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.

Toinstall:

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 imperative—if both surfaces are not flush. the engine-to-
transom bracket alignment will not be rigid.

9. Install the special straight edge (#J346773) at the rear and slide the
pan back against it. Install 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. 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.

1997 5.7GSi And 1998 5.0L/5.7L V8 Enaines

CDIFFICULT
# 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 procedureis 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 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

Fig. 71 Apply alittle RTV sealant at the
Jioints as shown—rear of engine

5 mm
(0.197")

Fig. 72 Install the oil pan...

(HIDDEN)

Fig. 73 ..and then slideit 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 7.4L/8.2L V8 Engines
@ See Figures 77,78, 79 and 80

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 procedureis almost always easier with the engine removed
from the boat.

@
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Fig. 74 Qil pan tightening sequence

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
vou 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 il drain lug 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.

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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IFig. 75 Install the oil pan with the fastenersin these positions, all
Inot 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. Positiona new gasket and then install the oil pan. Thread in all
mounting bolts finger tight and then tighten them to 18 ft. 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.

Fig. 76 view of the pan, note he relnforcmg 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

DIFFICULT

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.

4 See Figures 81, 82 and 83

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 screenis parallel with the bottom of the oil pan.

Reinforcina
A Strip

Fig. 77 Installing the oil pan—1988-91

) Fig. 78 Installing the oil pan—1992-98
engines 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. Install the pressure regulator valve into the housing cover with a new
spring.

9. Install the retaining pin.

10. Install the drive gear into the housing. Install the idler gear so that the
matchmarks mesh with the drive gear and the smooth side is toward the
cover.

11. Install the pump cover and tighten the screws to:

e 6-9 ft. Ibs. (8-12Nm) on 1986-96 V6 engines

« 106 inch Ibs. {12 Nm) on 1997-98 V6 engines

e 6-9ft. Ibs. (8-i2 Nm) on 1986-97 5.0L/5.7L V8 engines (except the
1997 5.7GSi

* 106 inch Ibs. {12 Nm) on the 1997 5.7GSi and 1998 5.0L/5.7L V8
engines

« 80inch Ibs. (3 Nm) on all 7.4L/8.2L V8 engines (except the 1998 7.4Gi}

o 106 inchlbs. (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
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Fig. 80 QOil pan tightening sequence—1988-91 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. (40Nm).
14. Install the oil pan and engine.

Oil Filter Bypass Valve -

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 deteriorationwill necessitate
replacement.

Fig. 82 Most V8s use an oil baffle plate
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1 - Extension Shaft 7 - Pump Cover

2 - Shaft Coupling 8 - Pressure Regulator Valve
3 - Pump Body g - Pressure Reguiator Spring
4 - Drive Gear and Shaft 10- Plug

S - idler Gear 11- Retaming Pn

6 - Pickup Soreenand Pipe  12- Screws

Fig. 83 Exploded view of the oil pump

REMOVAL & INSTALLATION
# See Figure &4

MODERATE

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.

Engine Coupler/Timing Ring And Flywheel

REMOVAL & INSTALLATION

Over the years, these engines were equippedin a variety of
configurations —flywheeland 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
enginesthat used it. Although we have attemptedto narrow the
applicationsin the following procedures, it was not always year or . 2
model specific. Please read the procedures FIRST in order to determine Fig. 84 Oil filter bypass valve
which one is appropriate for your particular engine's configuration. i
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Models With A Torsional Damper >
DIFFICULT

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 FIRSTin 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 flywheelhousing 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 tightento 59 ft. Ibs. (82 Nm). Tighten the six bolts in a diagonal
star pattern.

6. Install the torsional damper and tighten the bolts securely.

7. Install 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

B 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 attachedto 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 plastictie 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.

Toinstall:

10. Thoroughly clean the flywheel mating surface and check it for any
nicks, cracks or gouges. Check for any broken teeth.

11. Install 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. Install new lock washers and tighten the mounting nuts to 40-45 ft.
Ibs. (54-61 Nm). Once again use the star pattern while tighteningthe bolts.

14. Install the flywheel housing and attach the-oil cooler. Tighten the
nutslbolts to 32-40 ft. ibs. (43-54 Nm).

15. Install the washer, lock washer and inner nut on the ground stud and
tightenit 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.
Install the washers and nuts, with the tab still depressed, and tighten them to
48-64inch Ibs. (5-7Nm). 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.

%% WARNING =

If the sensor tab comes in contact with the teeth of the timing ring, it
will be damaged on engine start-up.

18. Install 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
4 See Figures 85, 86 and 87

DIFFICUIT

[ 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 flywheelhousing.

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. Install 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. Install new lock washers and tighten the mounting nuts to 40-45 ft.
fbs. (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. Install 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. Install 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. Install the engine.
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Fig. 85 Remove the cover...

removing the bolts

Fig. 86 ...and then pull off the coupler after

| Fig. 87 Tighten the mounting boltsin a
Criss-crosspattern

Rear Main Oil Seal Retainer

REMOVAL & INSTALLATION
4.3L V6 And 5.0L/5.7L VB Engines
€ See Figure 88

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.

O Anew oil seal must be installed whenever the retainer is removed.

1. Remove the oil pan.

2. Remove the flywheel.

3. Loosen the nuts/bolts 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 tbs. (15 Nm).

7. Install the oil pan and flywheel as previously detailed.

Rear Main Qil Seal

REMOVAL & INSTALLATION
4.3L. V6 And 5.0L/5.7L V8 Engines
e D
€6 E § S DIFFICULT

Early engines may have bénuipped with either a one piece or
two piece oil seal.

One Piece Seal

4 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 1o 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 into a Seal Driver (7J-35621).

7. Position the driver and seal over the crankshaftand then thread the
attaching screws into the holes in the crankshatt, tightening them securely.
Turn the handle on the tool until it bottoms out—the sealis now in place.

8. Install the flywheel and engine coupler. Install the cover and flywheel
housing.

Two Piece Seal
4 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 pan and pump as detailed previously in this section.

3. Loosen the retaining bolts and remove the rear main bearing cap.
Carefullyinsert a small prybar and remove the lower half of the seal. Do not
damage the seal seating surface.

Fig. 88 Removing the seal retainer

Fig. 89 Use the three slots in the seal
retainer when removing the rear main seal seal

Seal
Retainer

J 35621

Fig. 90 Use a seal driver to seat the new oil
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1- Cutaway

Fig. 91 Fabricate a seal installation tool out of an old feeler gauge...

1-Installation tool
2- Seal

3-Engine block
4- Crankshaft

Fig. 92 ...and then use the tool to feed the seal around the

crankshaft

4. Using a hammer and a small drift, tap on 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.

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 sea 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. Install the bearing cap and ttghten the bolts to the correct torque as
detailed in the Torque Specifications chart.

11. Install the oil pump and pan.

12. Install the engine.

7.4L/8.2L V8 Engines

4 See Figures 90 and 93

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 crankshatt, tightening them securely.
Turn the handle on the tool until it bottoms out—the seal is now i place and
you can remove the tool.

7. Install the flywheel and engine coupler. Install the cover and flywheel
housing.

Harmonic Balancer, Pulley And Hub
REMOVAL & INSTALLATION

@ See Figure 94

Q©EM

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 installation 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 7/16-20 x 4 in. bolt,
but we suggest the tool.

Main

Fig. 93 These engines do not use a seal retainer




ENGINE MECHANICAL-GM V6 AND V8 ENGINES 5-29

9. Install the plate, thrust bearing and nut on to the rod. Tighten the nut

until it bottoms out and then remove the tool.

10. Install the retaining bolt (if equipped) and tighten it to:

e 60 ft. Ibs. (81 Nm) on 1986-90 4.3L V6 and 5.0L/5.7L V8 engines
(except LE and 350)

e 70 ft. Ibs. (95 Nm) on 1990 5.7 LE and 350 V8 engines
70 ft. tbs. (95 Nm) on 1991-96 4.3L V6 and 5.7L V8 engines
74 ft. Ibs. (100 Nm) on 1997-98 4.3 V6 and 5.7L. V8 engines
85 ft. Ibs. (115 Nm) on 7.4L V8 engines (except 1998 7.4Gi)
110 ft. Ibs. (149 Nm) on 1998 7.4Gi V8 engines

e 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. Install 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. Install the driveiserpentine belt and make sure that it is adjusted
properly.

13. Install the seawater pump.

1- Special Tool
. Fig. 94 Use a special tool to remove and install the balancer

- Front Cover And Qil Seal

REMOVAL & INSTALLATION
All Except 1988-917.4L Engines

# See Figures 95 and 96

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 7.4L/8.2L 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 previouslyin
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 7.4L/8.2L engines and 1994-98 4.3L/5.0L/5.7L
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. Install the
cover so that all the bolt holes line up; there are dowel pins on the cylinder
block that will help alli\?nment. Tighten the bolts to:

« 80inch lbs. (9 Nm) on 1986-96 V6 enaines

* 106 inch Ibs. (12 Nm} on 1997-98 V6 engines

= 80 inch Ibs. (9 Nm) on 1986-97 5.0L/5.7L V8 engines (except 1992 5.7
LE and 1997 5.7FSi)

* 100 inch Ibs. {11 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

o 106 inch Ibs. (12 Nm) on 1998 7.4L V8 engines

* 120inch Ibs. (14 Nm) on 8.2L V8 engines

Don't forget to use new cover on engines with a composite cover!

12. Install the oil pan.

13. Install the harmonic balancer and its pulley.

14. Install the circulation pump and its pulley. Pull the belts back on.
Check their tension adjustment.

15. Install the engine if removed. Add oil and waterlcoolant, start the
engrne and check for any leaks.

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

This proceduremay 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 gasketinto 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. Install 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. Install the harmonic balancer and its pulley.

15. Install the circulation pump and its pulley. Pull the belts back on.
Check their tension adjustment.

16. Install 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

Timing Chain And Sprockets
REMOVAL & INSTALLATION

4 See Figures 98 and 99

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 alignmentas shownin
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.

*% WARNING

Never rotate the crankshaft once the timing chain has been removed. If
moved, you'll risk damage to the pistons and/or 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. Install the crankshaft sprocket onto the shaft with an installation
tool (#J-22102).

12. Install 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 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
bolts/nut to:

e 20 ft. Ibs. (27 Nm) on 1986-93 4.3L V6 and 5.0L/5.7L V8 (except 1992
5.7 LE) and all 7.4L V8 engines

e 100inchlbs. (11 Nm) on 1992 5.7 LE

o 21 ft. Ibs. (28 Nm) on 1994-98 4.3L V6 and 5.0L/5.7L V8 engines

e 25ft. Ibs. (34 Nm) on 8.2L V8 engines

%3 CAUTION - S .

Never force the camshaft sprocket onto the shaft or use a hammer, lest
you loosen the rear welch plug.

13. Install the front cover, harmonic balancer and water pump pulley.

14. Install and adjust the drive belts.

15. Install the seawater pump and reconnect the alternator and power
steering brackets.
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1- Reference Point

Fig. 98 When checking timing chain deflection, find a reference
point on the cylinder block and use it for each measurement

1- Timing marks aligned
2-Locating pins

Fig. 99 The two marks on each of the timing sprockets must be in
alignment before removing or installing the timing chain

[0 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.

Balance Shaft : ’ ‘

REMOVAL & INSTALLATION
1994-98 4.3L V6 Enaines Only

BIFFICULT
4 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. Fashiona 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
camshatft 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 Torx® head.

8. Loosen the three camshaft sprocket boits/nut and then pull off the
sprocket with the timing chain attached. Remove the camshatft 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 Torx®
fastenersalso.

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.

Toinstall:

12. Glean the balance shaftin 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
¢f the cylinder block for scoring.

13. Lubricate the front and rear bearina with motor oil and then carefully
slide the shaft through the front bore until it 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 fastenersto 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 tightento 12 ft. Ibs. (16 Nm).

17. Remove the balance shaft drive gear bolt again and coat the threads
with Loctite. Screw it in and tightenit 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.

Camshaft :

CHECKING LIFT

4 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 disconnectthe 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 camshatt 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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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

1- Wedge 3-Bearinghousing
2- Driven Gear
3- Drive Gear

Fig. 101 Carefully lever the balance shaft
forward and out of the cylinder block

1-Alignment marks

Fig. 102 The timing marks on the balance
shaft driven gear and the camshaft drive
gear must be aligned on installation

5. Set the indicator to 0 and then rotate the engine until the pushrod is
at the highest point of its travel, Camshaftlift 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. Repeatthis procedure for the remaining pushrods.

8. Install the rocker arms and adjust the valve clearance.

9. Install the cylinder head cover and reconnect the coil leads.

REMOVAL & INSTALLATION

# See Figures 106 and 107 R

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 chain/sprockets 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 plate/retainer.

8. Threadtwo (three on later V8s) 5/16-18 x 4 in. bolts into the
camshatft 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, Althoughit 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.

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. Install 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. Install 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
coflet 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 B8 EQUALS
THE CAM LOBE LIFT

i

Fig. 103 Use a micrometer when checking
the camshaft lift with the shaft out of the

Fig. 104 Measure the camshaft lobe at these
engine two points with the micrometer

Fig. 105 Use a dial indicator when checking
the camshaft lift with the shaftin the engine
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Fig. 106 Make sur/e 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)
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Fig. 107 Camshaft bearing removal tool used on 1986-96 engines

To install:

22. If you removed the bearings:

1986-96 engines:

23. Install the installer tool on the driver handle and then drive the front
and rear bearings 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(s) 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 il 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:

= Install the front and rear bearings first, from the outside toward the
inside.

« Bearing bore sizes may vary, be sure you have the correctbearings
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 camshatt lobes
and distributor drive gear teeth with GM Engine oil supplement or Molykote
(ina pinch, just use engine oil).

32. Reinstallthe 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 plate/retainer (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.

34. Install the fuel pump and push rod on engines so equipped.

35. Install the drive aears, timing chain and front cover.

36. Drop the lifters back into their original bores so that they are aligned
with the matchmarks and then install the restrictors. Install the push rods.

37. Install the intake manifold.

38. Install the rocker assemblies and the cylinder head covers.

Cylinder Head ‘ '

REMOVAL & INSTALLATION

o
0 DIFFICULT
@ 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
carburetor/throttle 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 disconnectthe 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 connectionsthat 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 sitit 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
tighteningit 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 materialin any of the bolt holes. Refer to
the Engine Rebuilding section found for complete details on inspectionand
refurbishing procedures.
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Fig. 108 Cylinder head tightening
sequence--1986-964.3L \6 engines

Fig. 109 Cylinder head tightening
seauence—1997-98 4.3L \6 enaines
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Fig. 110 Cylinder head tightening
sequence—>5.0L/5.7L \B engines

Fig. 111 Cylinder head tightening
I sequence—7411821 \B engines
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Fig. 112 Cylinder head tightening

I sequence—8.1L VB engines

1-Cylinder head
2- Head bolts

Fig. 113 Many engines have three different
size bolts

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. Tightenthe bolts, a little at a time, in the sequence illustrated, until
the proper tightening torque is achieved.

» 1986-97 4.3L V6 and 5.0L/5.7L 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 (#12 & 13) an additional 65°; and the long bolts (#1, 4, 8, 5
& 9) an additional 75°. Obviously you will need a torque/angle meter for
these last passes.

= 1997 5.7GSi and all 1998 5.0L/5.7L 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 (#14 & 17) an additional
65°; and the long bolts (#1, 2, 5, 6, 9, 10 & 13) an additional 75°. Obviously
you will need a torque/angle meter for these last passes.

e 7.41/8.2L 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 restrictors/retainers 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 coolant/water, 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.

Engine Circulating (Water) Pump
REMOVAL & INSTALLATION

% See Figure 114

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 lock
washers and clamping ring. Pull off the pulley.

6. Disconnectthe water hoses at the pump.

7. Remove the mounting bolts and lift the pump off of the block.

CYLINDER
BLOCK

GASKET

Figure 114 Removing the water circulating pump
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To install: 10. Reconnectthe 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(s) 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:
e 30 ft. Ibs. (41 Nm) on 4.3L V6 and 5.0L/5.7L/7.4L V8 engines
e 351t Ibs. (47 Nm) on 8.2L V8 engines.
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Fig. 121 Exploded view of the upper intake manifold —1996-98 7.4L/8.2L MPI V8 engines
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ENGINE MECHANICAL-GM V6 AND V8 ENGINES 5-39
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TORQUE SPECIFICATIONS - 4.3L V6

TORQUE SPECIFICATIONS - 4.3L V6

Component ft. Ibs. inch Ibs Nm
Oil Pump Cover bolts
1986-96 6-9 - 8-12
1997-98 . 06 12
Mounting Bolts 65 - 90
Oil Pressure Sender Adaptor 10-14 - 14-19
Sender 10-14 - 14-19
“Oil Seal Retainer - 135 153
Oil Withdrawal Tube (flare) 1518 2024
Power SteeringPump Bracket
Bolt  26-30 3541
Stud/nut ~ 13-15 18-20
Lines
Large fitting 15-17 - 20-23
Small fitting 10-12 - 14-16
Raw Water Pump Bracket 30 - 4
Rocker Arm Nut
1986-96 40 - 54
1997-98 20 27
Stud 35 47
Spark Plugs 20 0D
Timing Chain Cover 1986-96 80 9
1997-98 - 108 )
Valve Cover 19686-63 - 100 11
1994-96 - 62-115 7-13
1997-98 - 106 12
Valve Lifler Guide Retainer 12 - 16
Water Pump (circulatingpump) 30 . 4
Water Temperature Sender 1822 24-30

Component ft. Ibs. inch Ibs. Nm
Exhaust Pipe To transom
1986-90__ 10-12 14-16
1991-98  20-25 27-34
Flywheel Bellhousing
198691 _ 28-36 - 38-39
1992-98  32-40 - 43-54
Coupler Nut 40-45 - 54-61
Cover 60-84 7-9
Stud
198691  20-25 27-34
1992-98  15-20 20-27
Timing Sensor 48-64 57
Front Cover 1986-96 80 9
1997-98 - 1,08 12
Harmonic Balancer 1986-90 60 - 8l
1991-96 70 - 95
1997-98 74 - 7\.700
Ignition Coil Clamp 7-10 0.81.13
Intake Manifold 1986-95 30 41
1996 35 48
1997-08 11 15
Main Bearing Cap 1986-91 70 95,
1992-96
Outer on#2, #3, #4 70 - 95
S All others 80 - 110
1997-98 77 - 05
Manifolds Exhaust
1986-80 18-22 24-30
1991-98  20-26 27-35
Intake
1986-95 30 41
1996 35 48
1997-08 11 15
Qil Filter Adaptor (Remote) To block 20-25 27-34
Oil Filter Bypass Valve 20 - 27
Oil Pan Bolts/nuts
1986-96
14 x20bolts__ 6-7.5 810
5/16 x 18 bolts 12-15 16:20
1997-98
Nuts 17 23
Bolts/Studs 18 25
Dipstick Tube Fitting 1518 20-24
Drain Retainer 1518 20-24

@ 1997 and later: New - 22 fl. tbs.(30 Nm); used - 15 fl. Ibs.(20 Nm)
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TORQUE SPECIFICATIONS™ 5.0L/5.7L V8

TORQUE SPECIFICATIONS- 5.0L/5.7t. V8

Component ft. Ibs. _inch Ibs. Nm Component ft. Ibs.  InchIbs. Nm
Camshaft Sprocket 1986-93 20 22 Harmaonic Balancer 1986-90 60 - 81
199257 LE 100 11 1991-96 70 95
1994-98 21 28 1997-98 74 - 100
Retainer Bolt 1986-97 124 14 Ignition Coil Clamp - 7-10 " 0.8-1.13
1998 106 12 Intake Manifold 1986-97 30 4T
Connecting Rod Cap 1992-97 @ 45 60 1998 ® - ®
1998 20 +55 deg - 27 +55 deg Main Bearing Cap 1986-91 70 - 95
Coolant Temp Sender 15 20 1992-97® Outeron #2, 3, 4 70 95
Crankshaft Main Bearing Cap 1986-91 70 95 , All others 80 - 110
1892-97 ® 1998 @ - @
Outeron#2, 3, 4 70 95 Manifolds Exhaust 20-26 ~ 57-35
All others 80 110 Intake 1986-97 30 AT
1998 @ @ 1998 ® - ®
Oil Seal Retainer 135 15.3 Oif Pan 1986-97 @ 114x20 bolts 6-7.5 - 8-10
Pulley Bolt 43 58 5116x18 bolts 12-15 - 16-20
Cylinder Head Bolts 1986-97 @ Step 1 25 34 1998 Corners 16 - 20
Sten 7 AS 61 All others - 106 12
Step 3 65 88 Dipstick Tube Fitting 15-18 - 20-24
1998 ® @ Drain Plug 18 - 25
Core Plug 15 20 Drain Retainer 15-18 3 20-24
Cover 1986-96 @ 45 5 Oil Pump Cover bolts 1986-97 @ 6-9 812
1987 @ - 90 10 1998 - 106 12
1098-03 - 108 12 Mounting bolts 65 - 90
Dipstick Tube 15-18 = 20-24 Qil Pressure Sender Sender 10-14 - 12-T9
Distributor Cap Bolt 21 2.4 Adaptor 10-14 - 14-19
Clamp Bolt 1986-97 @ 20 27 Oil Pressure Gauge Sensor 1T N 15
1998 18 25 Qil Seal Retainer 135 153
Engine Mounts Front To engine 32-40 B 43-54 il withdrawal Tube (flare) 15-18 - 20-22
Adjusting nut 100-120 - 136.163 Power Steering Pump Bracket Boit 26-30 B —35-4T
BoltLower Nut 60-75 - 81-102 Studinut 1315 - 18-20
Rear 28-30 38-40 Lines Large fitting 15-17 - 20-23
Exhaust Elbow To Manifold 1986-93 10-12 - 14-16 Small fitting| - 10-12 - 14-16
1004-98 12-18 - 1624 Raw Water Pump Bracket 30 aT
Exhaust Manifold 20-26 B 27-35 Rocker Arm Nut 40 - 54
Exhaust Pipe To transom 1986-90 10-12 - 14-16 Stud 5 - a7
1991-98 20-25 - 27-34 Spark Plugs 22® 30®
Flame Arrestor Cover - 30-40 3445 Timing Chain Cover 1986-97 @ 80 9
Mounting studs - 65-80 7-9 1998 - 106 12
Flywheel Bellhousing 1986-91 28-36 - 38-49 Valve Cover 1986-96 @ - 45 5
1992-08 3240 Al-¢4 1997 @ - 90 10
Counler NUt Andd 54-61 1998-03 M 106 12
Coupler stud 1986-91 20-25 - 27-34 Valve Lifter Guide Retainer 18 N 25
1992-98 15-20 - 20-27 Water(Circulating) Pump 30 - 41
Cover 60-84 7-9 Water Temperature Sender 18-22 24-30
Front Cover 1986-97 @ 80 9 Windage Tray Nut 29 z 20
1998 - 106 12

@ 1997 5.7G8i: use 1998 specifications
@ Inboard bolt: 74 ft. Ibs. (100 Nmy; Outboard bolt (4 bolt caps) 67 ft. Ibs (90 Nm)

@ 1st pass: 22 ft ibs. (30 Nm); 2nd pass: short bolt - 55 deg., medium bolt - 65 deg.. long bolt - 75 deg

@ 1991 350 and 1992 5.7 LE: 65 inch lbs. (7 Nm)

@ 1997 5,7GSi: use 1998 specifications

@ 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 Nmy); 2nd pass: 106 inch Ibs. (12 Nm); 3rd pass: 11 ft. Ibs. (15 Nm)
® 1998: New - 22 ft. Ibs. (30 Nm); used - 11 ft. Ibs. (15 Nm)
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TORQUE SPECIFICATIONS- 7.4L/8.2L V8

TORQUE SPECIFICATIONS - 7.4L/8.2L V8

Component ft. tbs. inchlbs. Nm
Camshaft Sprocket 7.4L 20 27
8.2L 25 34
Connecting rod cap 1992-96 7.4L 48 65
8.2L 7 99
1997 48 - 65
1998 7.4Gi 45 - 61
7.4GSi 48 - 65
8.2Gsi 73 3
Coolant Temp. Sensor 15 20
Crankshaft Main BearingCap  1988-91 Rear 70 95
Others 110 149
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 Stepl 35 47
Step L 65 88
Step 3 85 - 115
Cover 1988-95 Nuts - 115 13
Stud - 60-90 7-10
1996-97 - 60-90 7-10
1998 (exc. Gi) Nuts - 115 13
Stud - 60-90 7-10
1998 7.4Gi - 72 8
Dipstick Tube 15-18 - 20-24
Distributor Clamp Bolt 25 - 34
Engine Mounts Front To engine 32-40 - 43-54
Adjusting nut 50-70 - 68-95
Bolt/Lower Nut 60-75 - 81-102
Rear 28-30 - 38-40
Exhaust Elbow To Manifold 1988-93 10-12 - 14-16
1994-98 12-18 - 16-24
Exhaust Manifold Nut 20-26 - 27-36
Bolt 24-28 - 33-38
Exhaust Pipe To transom 1988-90 10-12 - 14-16
1991-98 20-25 - 27-34
Flywheel Bellhousing 32-40 - 43-54
Bolt To Crank 70 - 95
Coupler Nut 40-45 - 54-61
Coupler Stud 20-25 - 20-27
Cover - 60-84 7-9
Timing sensor - 48-64 5-7
Front Cover 1988-91 Block bolls o - v
Pan bolts hd 18
1992-97 74L 96 10.8
8.2L - 120 136
1998 7AL - 106 12
8.2L - 120 13.6

Component ft. tbs. inchlbs. ~Nm
Fuel Rail Bolt - 89 10
Stud 18 - 28
Harmonic Balancer 7.4l Exc. 1998 Gi 85 115
1998 7.4Gi 110 149
8.2L 90 - 122
Intake Manifold 7.4L 300 - 410
8 2L 35 47
Main Bearing Cap 1988-91 Rear 70 - 95
Others 110 -~ 149
1992-98 74L 100 135
82L 110 - 149
Manifolds Exhaust Nut 20-26 - 27-35
Bolt 24-28 - 33-38
Intake 74L 300 - 410
8. /L 35 - AT
MAP Sensor 18 - 25
Qil 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 200 225
To Front Cover - 120 14
1998 7.4Gi 18 - 25
Dipstick tube fitting _ . 1518 - 20-24
Oil Pump Cover Bolts Exc. 1998 7.4Gi - 80 9
1998 7.4Gi - 106 12
Mounting Bolts 7.4L 65 90
8.2L 70 95
Power Steering Pump Bracket Bolt 26-30 - 35-41
Stud/nut 13-15 - 18-20
Lines Large fitting 15-17 B 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@ 30@
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
Stud - 80-90 7-10
1996-97 - 60-90 7-10
1998 (exc. Gi) Nuts 115 13
Stud - 60-90 7-10
10087 4Gi - A E]
Water (Circulating) Pump 30 - 41
Water Temperature Sender 18-22 24-30
Windage Tray Nut 298 - a0

@7 4Gi Lower manifold only, upper - 10 ft Ibs (14 Nm)
@ 1998: New - 22 ft. Ibs. (30 Nm); used - 15 ft. ibs. (20 Nrn)
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ENGINE SPECIFICATIONS - 4.3L V6

ENGINE SPECIFICATIONS - 4.3L V6

Standard Metric
Component (i) ® {mm} @

Balance Shaft Front Bearing Journal

2.1648.2 1654

55.985-55.001

Standard Metric
Component (in) ® {(mm) ®
Piston Rings -  Groove Clearance Production’ 198696 U00T2=0:0032——=
Compression TI9703 0:02006 0:508-1.524
Service Limit 198596 MOOL TS
1997-98 0.004Max 0.10 Max
Gap Production Top: 0.010-0 020 0.254-0.508
2nd: 0.0100.025 0.254-0.635
Bervice Limit T586-06 0070 FO2EE
1997-98 0.035Max 08I9Max_
Piston Rings - Groove clearance Production OO0 0007 " 005+-0477
Qil Service Limit 1986-96 +0.001 MO0%5
1897-98 0.008 MAX 0.203MAX™
Gap Production 198696 0.015-0.055 - .381-1.
997-03 0.0150.050 0.381-1.27
Service Limn 986-96 +D.a10 +0.254
997-98 0.065 1651
Piston pin Diameter 1986-96 O O2T00927S FAReL oo nerend
1997-98 0,927 73545
Clearance Production 0.00025-0.00035 0.006-0.009
Service Limit 0,001 Max 0.025Max
Interference fit 0.008-0.0016 0.0203-0.04060
Valve system Face Angle pcien AStteyr
Lash 1986-91 “Ttarndown Trarmdowr
1992-68 NetTash T Netrash — —
T~ 159798 [LELCH 0414 TOSE
0.428 10.87
Liier Exhaus Hydraulic HAydrauic—
_Rocker Arm Ratio 150 TS0
Seat Angle A60eg. 26 deT:
Seat Width Intake 198696 0.0312-0.0625 U7937-0.1587
1997-98 0.040-0.065 10161.651
Exhaust 1986-9%6 0.0825-0.0537 0.1587-0.238T
1997-98 0.065-0.098" 18512480
_Spring Free Length 203 516
Spring installedHt. 1997-98 TBIC-T 710 429274343
Spring Pressure Open 198696 194206105 @ L 25 8630 N@g 3175
1997-98 187-203 Ibs. @ 1.27 832-908 N Q32.25
Closed 76-841bs. @1.70 338374 N @ 4316
Stem-to-Guide Clear.  Production . 0.0010-0.0027 . :
Service Limit Intake 0.001 Max 0.025Max
Exhaust 0.002 Max __O5IMax

Rear Bearing Journal 1.4994-1.5000 38.084-38.100
Rear Bearing Clearance 0.001-0.0036 0.0254-0.0914
Camshaft End Play 1986-96 0.004-0.012 0.11-0.30
1097-98 0.001-0.008 0.0254-0.2286
Journal Diameter 1986-96 1.8682-1.8692 47.452-47.478
1997-98 1.8677-1.8697 47.440-47.430
Journal Out-of-Round 0.028 Max
Lobe Lift (+/- 0.002) Intake 1586-56 5.943
1997-98 0.2763 7.018
Exhaust 1986-96 0.257 6.527
1997-98 0.2855 7.025
Runout 0.0015 Max 0.051 Max
Connecting Rod Bearing Clearance 1986-96 Production 0.0013-0.0035 0.0330-0.0889
Service Limit
1887-98 0.0010-0.0030 0.0254-0.0762
Side Clearance 1992-96 0.008-0.014 0.152-0.356
1997-98 0.006-0.017 0.152-0.44
Crankpin Journal Diameter 1986-94 2.0988-2,0998 53.31-53.34
1995-88 2248722497 57.117-57.142
Taper Production 0.005 Max 0.0127 Max
Service Limit 0.001 Max 0.02 Max
Out-of-round Production 0.0005 Max 0.0127 Max
Service Limit 0.001 Max 0.02 Max
rankshaf rankshaft knd Play - 0.002-0.008 0.05-0.75
1997-g8 0.002-0.008 0.05-0.20
Bearing Clearance Production #1 0.0008-0.0020 0.0203-0.0508
#2,3 0.0011-0.0023 0.0279-0.0584
#4 0.0017-0.0032 0.043-0.081
Service Limit #1 0.0010-0.0015 0.03-0.06
#2,3 0.0010-0.0025 0.03-0.06
#4 0.0025-0.0035 0.07-0.08
Journal Diameter 1986-96 #1 2.4484-2.4493 62.1894-62.2122
#2,3 2.4481-2.4490 62.1817-62.2046
#4 2.4479-2.4488 62.1767-62.1995
1997-98 #1 2.4488-2.4495 62.199-62.217
#2,3 2.4485-2.4494 62.191-62.215
#4 2.4479-2.4489 62.179-62.203
Taper Production 0.0002 Max 0.005 Max
Ssi H G ax U.UZ Max
Out-of-round Production 0.0002 Max 0.005 Max
Service Limit 0.001 Max 0.02 Max
Cylinder Bore  Diameter 4.0007-4.0017 101.618-101-643
Out-of-round Production 0.001 Max 0.025 Max
Service Limit 0.002 Max 0.05 Max
Taper 0.001 Max 0.025 Max
Cylinder Head  Gasket surface flatness 0.004 Max 0.10 Max
Piston Clearance Praduction 1986-96 0.0007-0.0017 0.0178-0.0431
1997-98 0.0007-0.002 0.017-0.05
Service Limit 1986-96 0.0027 Max 0.07 Max
1997-98 0.0024 Max 0.60 Max

@ Unless otherwisenoted

@ Unless otherwisenoted
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ENGINE SPECIFICATIONS - 5.0L/5.7L V8

ENGINE SPECIFICATIONS - 6.0L/5.7L. V8

Standard Metric
Component (in) ® (mm) ®
C haft End Play 0.004-0.012 0.10-0.31
Journal Diameter 1986-97 @ 1.8682-1.8692 47.452-47.478
1998 1.8677-1.8697 47.440-47.490
Journal Out-of-Round 0.001 Max 0.025 Max
Lobe Lift (+/- 0.002) Intake 1986-97 @ 0.269 6.833
1998 0.274-0.278 6.97-7.07
Exhaust 1986-97 @ 0.276 7.01
1998 0.283-0.287 7.20-7.30
Runout 0.0015 Max 0.051 Max
Connecting Rod Bearing Clearance 1986-97 Production 0.0013-0.0035 0.0330-0.0889
Service Limit 0.003 Max 0.076 Max
1998 0.0013-0.0035 0.033-0.088
Side Clearance 1986-97 @ 0.008-0.014 0.152-0.356
1998 0.006-0.014 0.16-0.35
Crankpin Journal Diameter 1986-97 2.0986-2.0998 53.31-53.34
1998 2.0986-2.0998 53.30-53.33
Taper Production ~ 1986-97 0.005 Max 0.0127 Max
1898-03 0.0003 MAX 0.007 MAX
Service Limit 0.001 Max 0.0254 Max
Out-of-round Production 1986-97 0.0005 Max 0.0127 Max
1998-03 0.0003 MAX 0.007 MAX
Service Limit 0.001 Max 0.0254 Max
Crankshaft Crankshalt End Play 198607 @ B.002-0.006 _ 0.05-0.15
1988 0.002-0.008 0.06-0.20
Bearing Clearance
1986-97 Production  #1 0.0008-0.0020 0.0203-0.0608
#2,3,4 0.0011-0.0023 0.0279-0.0584
#5 0.0017-0.0032 0.043-0.081
Service Limit  #1 0.0010-0.00156 0.025-0.064
#2,3,4 0.0010-0.0025 0.025-0.084
#5 0.0025-0.0035 0.064-0.089
1998 Production #1 0.0007-0.0021 0.018-0.053
0.0009-0.0024 0.022-0.061
0.0010-0.0027 0.0254-0.069
0.0010-0.0020 0.025-0.051
0.0010-0.0025 0.026-0.084
0.0015-0.003 0.038-0.076
Journal Diameter 2.4484-2.4493 62.1894-62.2122
2.4481-2.4490 62.1817-62.2046
2.4479-2.4488 62.1767-62.1995
Taper Production 0.0002 Max 0.005 Max
ice L 0.001 Max 0.0254 Max
Out-of-round n 0.0002 Max
Service Limit 0, 021 Max 025
Cylinder Bore Diameter 5.0L 3.735-3.737 94.88-94.92
57L 4.0007-4.0017 101.618-101.643
Out-of-round Production 0.005 Max 0.012 Max
Service Limit 0.002 Max 0.051 Max
Taper 0.001 Max 0.025 Max
Cylinder Head Gasket surface flatness 0.004 Max 0.102 Max

@ Unless otherwise noted
© 1997 5.7GSi: Use 1998 specifications

Standard Metric
Component (in) ® {mm) ®
Piston Clearance Production ~ 1986-97@ 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 0.0012-0.0032 0.031-0.081
Compression Service Limit +0.001 ffi.025
Gap Production  Too:
1986-97 @ 0.010-0.020 0.254-0.508
1998 0.010-0.026 0.254-0.51
2nd:
1986-97 @ 0.010-0.025 0.254-0.635
1998 0.018-0.026 0.46-0.66
Piston Rings = Groove clearance Production 0.002-0.007 0.051-0.177
Oil Service Limit +0.001 +0.025
Gap Production ~ 1986-97 @ 0.015-0.055 0.381-1.397
1998 0.010-0.030 0.250.76
Service Limit  1986-97 +0.010 ffi.254
1998 +0.001 +0,0254
Piston Pin Diameter 1986-97 @ 0,9270-0.9273 23.546-23.553
1998 0.9270-0.09271 23.545-23.548
Clearance Produchon  1986-97®@ 0.00025-0.00035 0.006-0.009
1998 0.0004-0.0008 0.010-0.020
Service Limit 0.001 Max 0.025 Max
interference fit 0.0008-0.00016 0.0203-0.04060
Valve system Face Angle 45 dey. 45 deg.
Lash 1 turn dn. from zero 1 turn dn. from zero
Lifter Hydraulic Hydraulo
Rocker Arm Raho 1501 1501
Seat Angle 46deg. 46 deq.
Seat Width Intake 1986-97@ 0.0312-0.0625 0.7937-0.1587
1998 0.045-0.065 1.14-1.65
Exhaust 1986-97 @ 0.0625-0.0937 0.1587-0.2381
1998 0.065-0.098 1.65-2.489
Spring Free Length 1986-97 @ 2.03 516
1998 202 51.3
Spring Installed Ht. 1998 1.69-1.71 42.92-43.43
Spring Pressure Open 1986-97 @ 194-2061bs. @ 1.25 863-916 N @ 31.75
1998 187-203 Ibs. @ 1.27 832-903N @ 32.25
Closed 76-841bs. @ 1.70 338374 N @ 43.16_
Stem-to-Guide Clear. Production 0.0010-0.0027 0.0254-0.0686
Service Limit _intake +0.001 +0.0254
Exhaust +0.002 +).0508

@ Unless otherwise noted
® 1997 5.7GSi: Use 1998 specifications
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ENGINE MECHANICAL-GM V6 AND V8 ENGINES 5-45

ENGINE SPECIFICATIONS - 7.4L/8.2L V8

Standard Metric
Component (in) ® {(mm) ®
Camshaft End Play 0.004-0.012 0.10-0.31
Journal Diameter All Exc. 1998 7.4Gi 1.9482-1.9492 49.484-49.510
1998 7.4Gi 1.9477-1.9497 49.471-49.522
Journal Out-of-Round 0.001 Max 0.025 Max
Lobe Lift (+/- 0.002) Intake 7.4L
1998 7.4Gi 0.282 7.163
All athers 0.234 5.94
8.2L 0.51 12.95
Exhaust 7.4L
1998 7.4Gi 0.284 7.214
All others 0.253 6.43
8.2L 0.51 12.95
Runout 0.002 Max 0.051 Max
Connecting Rod éearing Clearance Production  1988-91 0.0009-0.0025 0.0229-0.0635
1992-98 0.0011-0.0029 0.0279-0.0737
Service Limit 1998 7.4Gi 0.0011-0.0039 0.028-0.099
All others 0.0035 Max 0.076 Max
Side Clearance 1988-91 0.015-0.021 0.033-0.584
3992—98 0.0013-0.0230 0.033-0.584
Crankpin Journal Diameter 7.4L 2.1988-2.1996 55.85-55.87
8.2L 2.2 55.88
Taper Production 0.0005 Max 0.0127 Max
Service Limit 0.001 Max 0.02 Max
Out-of-round Production 0.0005 Max 0.0127 Max
Servic_e Limit 0.001 Max 0.0254 Max
Crankshaft Crankshaft End Play 1998 7.4Gi 0.005-0.011 0.127-0.279
All others 0.006-0.010 0.152-0.254
Bearing Clearance
1988-91 Production #1,2, 3,4 0.0013-0.0025 0.033-0.064
#5 0.0024-0.0040 0.061-0.102
Service Limit #1 0.002 Max 0.051 Max
#2,3 4,5 0.0035 Max 0.089 Max
1992-98 Production  #1,2,3, 4 0.0017-0.0030 0.043-0.076
#5 0.0025-0.0040 0.064-0.097
Service Limit #1,2, 3, 4 0.0010-0.0030 0.025-0.076
#5 0.0025-0.0040 0.064-0.102
1998 7.4Gi Production  #1 0.0017-0 0030 0.043-0.076
#2,3 4 0.0011-0.0024 0.028-0.061
#5 0.0025-0.0038 0.063-0.096
Service Limit #1, 2, 3, 4 0.0010-0.0030 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 107.95-107.97
8.2L 4.4655-4.4661 113.42-113.44
Out-of-round 0.002 Max 0.05 Max
Taper 0.001 Max 0.025 Max

@ Unless otherwise noted
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ENGINE SPECIFICATIONS - 7.4L/8.2L v8

Standard Metric
Component (in) ® (mm) ®
Cylinder Head Gasket surface flatness 0.003 Max 0.08 Max
Piston Clearance Production  7.4L
1988-91 0.0008-0.0028 0.020-0.071
1992-98 0.003-0.004 0.076-0.102
1998 Gi 0.0018-0.0030 0.046-0.076
8.2 0.004-0.005 0.102-0.127
Service Limit 0.005 Max 0.127
PistonRings -  Groove Clearance Production  1888-91 0.0017-0.0032 0.043-0.081
Compression 1992-98 0.0012-0.0029 0.030-0.074
Service Limit 1998 7.4Gi 0.0012-0.0039 0.031-0.099
All others +0.001 +0.025
Gap Production  1988-91 0.010-0.020 0.254-0.508
1992-98
Top 0.010-0.018 0.254-0.457
2nd 0.016-0.024 0.406-0.609
Service Limit 1998 Gi
Top 0.010-0.028 0.254-0.711
2nd 0.016-0.034 0.406-0.864
All others +0.010 +0.254
Piston Rings -  Groove clearance Production 1988-91 0.0005-0.007 0.013-0.178
oil 1992-98 0.0050-0.0065 0.127-0.165
Service Limit 1998 7.4Gi 0.0050-0.0075 0.127-0.191
All others +0.001 +0.025
Gap Production  1988-91 0.015-0.055 0.381-1.397
1992-98 0.010-0.030 0.254-0.762
Service Limit 1998-00 Gi 0.010-0.040 0.254-1.016
All others +0.010 +0.254
Piston Pin Diameter 0.9895-0.9897 25.133-25.138
Clearance Production ~ 1988-91 0.00025-0.00035 0.006-0.009
1992-98 0.0002-0.0007 0.005-0.018
Service Limit 0.001 Max 0.025 Max
Interference fit 1988-91 0.013-0.0021 0.330-0.053
1992-96 0.0008-0.0016 0.020-0.04086
1997-98 0.0021-0.0031 0.053-0.079
Valve System ~Face Angle 45 deg. 45 deg.
Lash 1988-91 3/4 turn down 3/4 turn down
1992-97 Net Lash Net Lash
1998 7.4Gi Net Lash Net Lash
All others 1 turn down 1 furn down
Lifter Hydraulic Hydraulic
Rocker Arm Ratio 1.70:1 1.70:1
Seat Angle 46 deg. 46 deg.
Seat Width Intake All exc. 98 Gi 0.0312-0.0625 0.7937-0.1587
1998 7.4Gi 0.030-0.060 0.762-1.524
Exhaust All exc. 98 Gi 0.0625-0.0937 0.1587-0.2381
1998 7.4Gi 0.060-0.095 1.524-2.413

@ Unless otherwise noted
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ENGINE MECHANICAL L2

General Information , '

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 operatedin, 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 aftermarketautomotive parts will not
hold up for prolonged periods of time under such conditions. Automotive
parts may appear identicalto 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 manufacturedfor marine
applicationmust conform to stringent U.S. 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 5.0L, 302 cubic inch and 5.8L, 351 cubic inch and 7.5L, 460
cubic inch displacement V8 engines are manufacturedby Ford Motor
Company. These engines are used in the following configurations:
5.0 (214 bbl)

50 EFI (EFI)
5.0Fi (EFI)
5.0FL (2 bbl)
5.0 HO (2 bbl)
5.8 (4 bbl)
5.8 EFI (EFI)
5.8Fi (EFI)
5.8FL (4 bhl)
5.8FSi (EFI)
58 HO (EFI)
5.8 LE (4 bbl)
7.5 (4 bbl)
351 (4 bbl)
351 EFI (EFI)
460 (4 bbl)

Cylindernumberingand firing order is identified in the illustrations at the
end of the Maintenance Section.

Engine Identification :

ENGINE
@ SeeFigures 1and 2

© ¢ 0 0 © 0 0o 0 0 0 0 0 0 0o 0 0

The engine serial numbers are the manufacturer'skey to engine changes.
These alpha-numeric codes identify the year of manufacture, the horsepower
rating and various model/option 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 specificationsdecal contains information such as the model
number or code, the serial number (a unique sequentialidentifier given
ONLY to that one engine) as well as other useful information.

An engine specificationsdecal 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 breather/PCV 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 informationcan be found here—engine and drive
designations, serial numbers and model numbers. Unfortunatelythis 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 difficultto see when the engine
is in%talled 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 attachedin 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
Type/Model number and then the actual Serial number.

= The first two characters identify the engine size in liters (L); 50

represents the 5.0L, 58 representsthe 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' 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 steeringand 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 vear, 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.

Fig. 2 On fuel injected engines, look on the TFI module bracket
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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. § 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 designatesthat the engine is fuel injected, if there is no i then you know
the engine uses a carburetor.

REMOVAL & INSTALLATION

QE] DIFFICULT
4 See Figures 3,4,5,6,7,8and 9 ’

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. DONOT 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. Disconnectthe battery cables (negative first) at the battery and then
disconnect them from the engine block and starter.

k3 CAUTION

Make sure that all switches and systems are OFF before disconnecting
the battery cables.

5. Disconnectthe two power steering hydraulic lines at the steering
cylinder (models w/ps). 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. Disconnectthe 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 trim/tilt sender connector out of the retainer and
then disconnectit. 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 trim/ilt instrument cable
connector just above it.

B 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. 3 Disconnectthe power steering lines at

the cylinder connector

Fig. 4 Disconnectthe instrument cable

Throttle

Throttle Anchor
Cable Bracket

Fig. 5 Details of the throttle cable
assembly—FL engines

Thottle
Arm

Jam Anc?or Bracket

Lock Throttle =~ | !
Nut Cable Anchor

Fig. 6 Details of the throttle cable
assembly —Fi and FSi engines

Fig. 7 Locate the engine lifting brackets and
then connect and engine hoist

Boss Trunnion

Fig. 8 Details of the throttle cable and
trunnion
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Cable

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. Disconnectthe shift cables and position them out of the way.

15. Tag and disconnectany 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 beginnina 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.

ff 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).

s CAUTION

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. Reconnectthe 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. Reconnectthe 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 . 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 trim/ilt connector so the two halves lock together.

29. Reconnectthe 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 engine/instrument cable plug.

% CAUTION

Always make certain that all switches and systems are turned OFF
before reconnecting the battery cables.

[0 Make sure all cables, wires and hoses are routed correctly before
initially starting the engine.

30. Unplug the fuel line and pump/fitter fitting and reconnect them.
Rememberto 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. Turnthe 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. Install the trunnion/cable 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, Install 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 eloow
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

Fig. 11 Install the alignment tool through the gimbal bearing

ENGINE ALIGNMENT

5.0L/5.8L And 1990 7.5L V8 Engines

4 See Figures11and 12

Engine alignmentis 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
alignmentis checked by using OMCalignment tool (#912273) and handle
(#311880). Engine alignmentis 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 alignmentis correct, move to the next step.

2. 1f 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 alignmenttool and handle.

1987-897.5L V8 Engines

® See Figures 11and 12

Engine alignmentis 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
alignmentis checked by using OMCalignment tool (#312273) and handle
{#311880). Engine alignmentis adjusted by raising or lowering the front
engine mount(s).

1. With the drive unit off the vessel, slide the alianmenttool through the
gimbal bearing and into the engine coupler. It shouldslide 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. There will be a slot on the lower mount providing access to the head
of the mount bolt. Slide a 15116 in. open end wrenchinto the slot and hold
the bolt so that you can loosen the upper lock nut. It is not necessary to
remove the nut.

Fig. 12 A good view of the front engine mount and its components

3. Now. determine if the engine reauires raising or lowering to facilitate
alignment—remember, the alignment tool should still be in position.

4. There should be a total of 4 slotted shims situated above and/or
below the rubber mount; rearrange the shims until the new engine height
allows the alignmenttool to slide freely. The shims are slotted and will slide
in and out of the mount easrly Never use more than 4 shims on an individual
mount

5 Install the nut and tighten it to 100-120 ft. Ibs. (136-63 Nm).
6. Remove the alignmenttool and handle.
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Fig. 13 Always preset the support screw height on 1993-96 engines

Front.Engine Mounts _ ’

REMOVAL & INSTALLATION
5.0L/5.8L V8 Engines

< DIFFICULT
# SeeFigures 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.

B Some 2ng may use bolts of different lengths; mark them so you
can replace them in their original i

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.
ToInstall:

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 .
Ibs. (81-102 Nm).

9. Check that the mount support screw height is set to 112 in. (12.7mm)
on the 1993 5.0L engine or 114 in. (6.35mm) on the 1994-96 5.0L. On the
1993 5.8L, set the screw to 7/16 in. (11.1mmy), 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.

W 1987-92engines 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. (43-54Nm).

1. On engines with a height support bolt, tighten the correct support
bolt for your engine until it just contacts the cylinder block. Now tightenit an
additional 114 of a turn.

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 specificationis 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 VB Engines -
QOEM) @ =7 {oFricut

1. Position an engine hoist over the engine and hook it up to the two
engine lifting eyes (usually front starboard s '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.

M Some engines may use Il of different lengths; n
can replace themintheir i locations.

them so you

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. Installthe lag bolts and tighten them securely.

12. Remove the engine hoist.

Rear Engine Mounts '

REMOVAL & INSTALLATION
& See Figure 14

1. Remove the engine as detailed previously.

2. Loosen the two bolts and remove the mount from the transom plate.
Remember, vou 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' 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.

M 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 . Ibs. (60-71 Nm).
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ig. 14 Agod look at the rear mount

Fig. 15 Lift off the cylinder head cover

7 Remove the mount from the vise and position it on the transom plats.
Install 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)

Cylinder Head (Valve) Cover
REMOVAL & INSTALLATION
% See Figures 15 and 16

ODERA Tt

8 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.
10. Connectthe battery cables.

Rocker Arms and Push Rods

REMOVAL & INSTALLATION

¢ Sce 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.
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To Install:

5. Clean and inspect the rocker assemblies. If any scuffing, wear or
obvious deteriorationis found replace the entire assembly (rocker, fulcrum
and pushrod, and guide). Roll each push rod across a flat, even surface
(countertopswork great for this); if it does not roll smoothly, replace .

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-Purposegrease.

7. Slide the push rods into their holes. Make sure that each rod seats in
its socket on the tappet.

8. Install a remote starter.

9. Bump the engine over until the No. 1 cylinder is at TDC after the
compression stroke.

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 5.0L/5.8L 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:

Valve arrangementrunning from front to back on the port side is: E-
[-E--E-I-E-I, while on the starboard side it is: I-E-I-E-I-E-I-E.

10. Install the guide, rocker arm, fulcrum and bolt on the following
valves:

5.0L and 7.5L engines

o No. I zintake and exhaust
e No. 4: exhaust

¢ No. 5: exhaust

e No. 7: intake

¢ No. 8: intake

5.8L engines

« No. 1:intake and exhaust
¢ No. 3: exhaust

¢ No. 4: intake

e No. 7: exhaust

¢ No. 8: intake

5.0L 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

Rocker
= Arm Bolt

&

g~ Fulcrum

Rocker

Fig. 17 Exploded view of the rocker arm assembly—5.0L/5.8L

engines

Fulcrum
Bolt

Qil
Deflector

__— Fulcrum

Rocker

v
d

Fig. 18 Exploded view of the rocker arm assembly —7.51 engines
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13. Now tighten all the fulcrum bolts to 18-25 ft. Ibs (24-34 Nm).

B 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 tightenedto 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

4 See Figures 19 and 20

Positive-stoprocker 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
detailedin the Engine Specificationchart and should be checked between
the rocker arm and the tip of the valve stem with a feeler gauge.

M Valve arrangementrunning from frontto back on the port sideis: E-
I-E-I-E-I-E-l, while on the starboard side it is: I-E-I-E-I-E-I-E.

1. Locate the purple wire coming off of the | 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 (#771P-6513-B) 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:
5.0L 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 appropriaterocker arm, and check the clearance 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

5. Now bump the crankshaft around a further 90° (for a total of 270°
from TDC where you started) on the 5.0L/5.8L engines. On the 7.5L engine,
bump the crankshaft around a further 270° (that's a full 360° from TDC, plus
an additional 3¢°). Install the tool and check the clearance on the following
valves:

5.0L 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:
e 5.00L—0.071-0.193 in. (1.8-4.9mm)
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 specificationson 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.

TIMING POINTER /—\ \J

Fig. 19 Crankshaft positioning while installing the rockers on 5.0L
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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Hydraulic Valve Lifter » ' ’

REMOVAL & INSTALLATION

B 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.

% WARNING '

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 insertinto 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 5.0L/5.8L or #752T-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 camshatft 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 camshatt
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. Install the pushrods into the sockets on the lifters and coat their tips
with Ford Mullti-Purpose grease. Coat the valve stem ends as well.

B When reusing existing components, it 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 Am procedure as detailed previously.

12. Check the valve clearance as previously detailed.

13. Install the intake and exhaust manifolds.

14. Install the cylinder head cover.

Intake Manifold

REMOVAL & INSTALLATION

5.0L, 5.8L And 7.5L Engines W/Carburetor
@ SeeFigures 21, 22, 23 and 24

1. Open or remove the engine compartment hatch. Disconnect the
negative battery cable.

2. Loosen the clamp and remove the crankcase ventilationor 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 temperaturegauge 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 disconnectingthem—you be the judge.

12. If your engine has a spark plug wire retainer attachedto 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 (16 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
accidentallydrop 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. Install 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.

M 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 stillpositioned 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 5.0L/5.8L 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 Specificationschart for any further details on tightening
needs. Tighten all bolts in the order shown in the illustration.

19. Install the thermostat housing and adaptor.

20. Install the distributor making sure that the match marks align. Do the
same with the distributor cap and reconnect the spark plug wires.

21. Install 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. Install all water hoses and tighten their clamps securely.

24. Install the throttle cable bracket and then connect the cable itself.
Adjust it as detailed in the Fuel System section. Install 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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Fig. 21 Always use RTV sealer at the four block-to-head joints
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Fig. 22 Intake manifold tightening sequence—5.01and 5.8L engines
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Fig. 23 Intake manifold tightening sequence —7.51engines
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Fig. 24 Exploded view of the intake manifold

5.0 EFI, 5.0Fi And 5.8Fi/FSi Engines

Upper Intake Manifold (Plenum)

B 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. Disconnectthe

negative battery cable.
2. Relieve the fuel system pressure as detailed in the Maintenance or

Fuel System sections.

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 disconnectthe 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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9. Right next to the filter, remove the 2 forward plenum mounting bolts
and lift off the shift bracket support.

10. Atthe 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.

sk CAUTION

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.

* WARNING .

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. Install the 2 long mounting bolts and tighten them finger-
tight.

15. Coat the terminal with Electrical Terminal grease and reconnectthe 3
leads at the module bracket.

16. Install the shift support bracket with the next two manifold screws and
screw them down finger-tight.

Install 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. Reconnectthe remaining vacuum lines.

18. Reconnectthe throttle cable. Check for correct throttle operation and
adjust if necessary.

19. Connect the battery cables.

Lower Intake 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 manifold 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 disconnectany 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
disconnectthe 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. Install 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. Install the thermostat housing and adaptor.

17. Install the distributor making sure that the match marks align. Do the
same with the distributor cap and reconnect the spark plug wires.

18. Install the upper manifold.

19. Install 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.

Exhaust Manifold N

REMOVAL & INSTALLATION
& See Figures 26, 27 and 28

/ ODERATE

1. Open or remove the engine compartment hatch. Disconnectthe
negative battery cable.

T e 5
6je ) .
e | 1
4] e .
12 | o ‘ o1 9
10] ¢ . o |11
2] e . e!3
8 Y [ J 7
Fig. 25 Intake manifold (lower) tightening sequence—EF! engines
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2. Drain all water and/or coolant from the engine, manifold and exhaust
elbow as detailed in the Maintenance section.

3. Disconnectall water/coolant 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. Disconnectthe 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.

B If you are unable to gain enough clearanceto slide the hose off the
elbow, removeit 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 manifold/elbow 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 everythingis 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. lbs. (16-20 Nm) on 1987-
90 engines, or 12-18 ft. Ibs. (16-24 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. Connectthe water/coolant 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.

Exhaust Elbow
REMOVAL & INSTALLATION

4 See Figures 26, 27 and 28

“MODERATE
o

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 ii 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 disconnectthe 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 . Ibs. (16-20 Nm) on 1987-90 engines, or 12-18 ft. Ibs. (16-24 Nm) on
1991-96 engines.

8. Install the ECA/ESA 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.

Exhaust Hoses (Bellows) And Intermediate Exhaust
Pipe

REMOVAL & INSTALLATION
@ See Figures 26, 29 and 30

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.

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.

Thereis 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.
Rememberto 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.

Lower Exhaust Pipe (Y-Pipe) -
REMOVAL & INSTALLATION
4 See Figure 26

1. Itis 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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Fig. 27 Exploded view of the exhaust manifold and components —
§.0L engine

Fig. 28 Exploded view of the exhaust manifold and components—
7.5L engine

Fig. 29 A good look at the upper hose...

EXHAUST VALVE (FLAPPER) REPLACEMENT

MODERATE

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.

[0 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. 30 ...and the lower hose —not all engines will have the bulge in
the lower hose like shown here
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REMOVAL & INSTALLATION
4 See Figure 31

O 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 detailedin 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 withdrawaltube 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 ift 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 anplied in the orevious step sets up very guickly. It is very important
that you ensure all the holes line up correctly.

9. Position the pan braces on each side and then install a bolt at each
corner to hold the pan in place. Install 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-
132inch Ibs. (12.2-14.9 Nm) from the center outward. On the fuel injected
engines, tighten all bolts to 9-11 ft. Ibs. (13-14 Nm); from the center outward.

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. Installthe 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 two-piece housina. A baffled pick-up tube is attachedto
the body of the pump. dl passes through the pick-up screen, through the
pump and then through the oil filter.

REMOVAL & INSTALLATION
# See Figures 31, 32 and 33

DIFFICULT

1. Remove the oil pan as previously detailed. Remember that 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 tube/screen.

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. Install the relief valve into the housing cover with a new spring. Press
in the plug untilit seats itself and then install a new cotter pin.

10. Install the outer rotor and shatft 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 shatt 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 slightly until they align. Tighten the oil pump
bolts to 22-32 ft. Ibs. (30-43Nm).

14. Install the pick-up tube and screen. Tighten the tube-to-pumpbolts to
10-15 ft. Ibs. {14-20 Nm). Tighten the support bracketbolt to 22-32 ft. lbs.
(30-43 Nm).

15. Install the oil pan and engine. Fill the engine with oil.

T~ Pump Shaft
~ ®
L 4
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& ' \Oil Pump Gasket
| d% 9 2L
Pick-Up screen O - —q

Retainer

Dipstick” O-ring
Tube ~
(o)

Fig. 31 Exploded view of a typical oil pan and pump—5.01 and 5.8L

| engines '

‘Engine Coupler/Timing Ring And Flywheel
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 FIRSTin order to
determine which one is appropriate for your particular engine's
configuration.

Models With A Torsional Damper o
FF/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...

Fig. 33 ...and then remove the pump itself

the applicationsin 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 particularengine'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 wav. 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. Install the torsional damper and tighten the bolts securely.

7. Install the housing and plate. Coat all mounting bolts with engine oil
and tighten the 9116 in. housing bolts to 30 ft. Ibs. (41 Nm), tighten the 5116
in. plate bolts securely.

8. Install the engine.

Models With A Timing Ring
4 See Figures 34 and 35

Over the years, these engines were equippedin a variety of
configurations —flywheeland 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 equippedwith the coupler. King Cobra models are usually the
ones that use the timing ring. Although we have attemptedto 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. Loosenthe 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. Install 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. Install 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. Install the flywheel housing and attach the oil cooler. Tightenthe
nuts/bolts to 32-40 ft. Ibs. (43-54 Nm).

15. Install 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.
Install 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.

s WARNING v

If the sensor tab comes in contact with the teeth of the timing ring, it
will be damaged on engine start-up.

18. Install 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
4 See Figures 34, 35 and 36

[ Over the years, these engines were equipped in a variety of
configurations —flywheeland 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 attemptedto narrow
the applicationsin 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 particularengine'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...
removing the bolts

Fig. 35 ...and then pull off the coupler after

Fig. 36 Tighten the mounting bolts in a
criss-cross pattern

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. Install 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. Install new lock washers and tighten the mounting nuts to 40-45 ft.
Ibs. (54-61 Nm) except on 1992 engines where the specis 35-40 ft. Ibs. (47-
54 Nm). Once again use the star pattern while tightening the bolts.

4. Install 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. Install 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. Install the engine.

Rear Main Oil Seal ‘ .

REMOVAL & INSTALLATION

5.0L And 5.8L Engines
@ See Figures 37 and 38

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. Install 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:

6. Thoroughly clean the groove surface.

7. Coat the new seal with clean engine oil.

8. On 5.0L engines, position it into a Seal Driver (#782L-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. Install the flywheel and engine coupler. Install the cover and flywheel
housing.

12. Install the starter. Install the engine.

Fig. 38 ..or this one on the 5.8l engine
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7.5L Engines

& 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 pult it out that way—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. Ibs.
(129-142 Nm) to bring the crankshatft back up 