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GENERAL DESCRIPTION

The marine Diesel engines are of the B-cylin-
der, 4-stroke, direct-injection type with capaci-
ties of 4.7, 6.7 and 9.8 litres respectively.

All moving parts are carefully dimensioned
and particularly carefully balanced. This, in
combination with the design of the combustion
charmmbers and special fuel injection equipment,
ensures vibration-free and guiet operation.

The cylinder block iz made of cast-iron and is
cast in one unlt. There are two cyvlinder heads
containing the valve mechanism, each covering
threae eylinders. The cylinder liners are separate
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1. il filler cap for reverse gear
2 Air cleaner

3. Throttle cantral

4. 0Oil filler cap for engine

3. Plate showing valve clearances
6. Filler cap for ¢onlant

7. Zinc electrede

8. Drain point for heat exchanger
g Extra pulley
1. Dynamo
Sea-water pump

Lubiricator for fresh-water
pump

13.  Oil scavenging pump
14. Ol dipstick for engine
15. Starter motor
16, Qil dipstick for reverse gear @

and replaceable. The same applies to the main
bearings and big-end bearings.

The pistons are made of light-alloy and the
upper compression ring on each piston is chrom-
ed to reduce wear. The auxiliary drive gears for
the camshaft and fucl injection pump consist of
silent-running bewvel gears which sre built into
a casing.

The engines are water-cooled with pressure
lubrication systems. An electric starter iz stan-
dard eguipment.

1. Cennection for ceolant thermo

meler

2, Coolant drain point on cylinder
block

3. Connection for sea=-water cutlet
overboard

4. Exhaust plpe connection

5. Conneetion for sea-water to ex-
haust svitem

. Conneetion for sez-water to re-
duction gear

7. ] eocler
8. Sea-water drain point, pipe-line
and oll saoler
§. Connestion for oil pressure
A Fauge
10. Fuel Hlter

11. ILubricating oil filier
12. Stop control and cold starting

,,"—x\I :
[=] evice
rom s A2/ 18. Fuel injection pump

Fig. 1. MD 47 engine with Snow Nabstedt reverse gear.

E’é é‘j IE" C:D PENTA 120

Fig. 2. MD 47 engine with Snow Nabstedt revarse gear,
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1. Thermoedat housing

2, Exhzust manifold

3. Fuel filtes

4. Oil cocler

5. il dipstick . for
sngine

6. Luobricating wil
filter

7. Coolant drain point
for angine

£, Sdop control

9. Fuel feed purmj

10, Fuel injection pump
11, Connection for ol

Presaurs gauge

12. Celd starting control
13. Fulleys

14 Fresh-watey pamp

12 12 11 K 9 2 K L 5 T
Fig. 3. MD 67 engine with ITwin Disc
Teuerse gear.

i
Throttle control
Air cleaner
Plate showing valve
clearances
01l filler cap for engine
Coolant Aller cap
Zine electrode
Drain point for heat
exchanger
Extra pulley
Plate showing engine
number
Drynamo
Sea-water pump
il spavenging pump
(early production)

Crunkense ve

Starter motor

0il dipstick for reverse
gear

Ofl filler cap for reverse

geRr

Fig. 4. MD 87 engine with Twin Dise
Tenarse 0oar,




1. Thermuostat housing
2. -Ajr=venting cock for
coolant channels
3. Ol filter pnd ventilation caps
4. Exhaust manifold
3. Upper fusl Hlter
G, Lower fuel filter
7. il filler cap for reversa gear
8. Sea~water connecton; ail
conler reverse gear
B, Sea-water draln point;
ail cooler
10, Suction filter, reverse gear
11. Main filter, reverse gear
12, Coolant drain peint,
exhaust manifald
13. Coolont drain point,

eylinder jackets
J ) 14, Fuel injection pump m
[[=] 15 I I3 1= ] 1 15. il relief valve, lubricating oil
FEMNTA 180 -
: oL v ¥ 16. Dynamo
Fig. &. MD 86 engine with Self Changing Gear 17. Extra pulley ‘—
i e

TemeErse oear.

Sea-water, connection
Oil dipstick for reverse gear
Oil filler cap for reverse gear
Air cleaner
Charging control
Throttle control ;
Engine serial number plate
Oil filler cap for engine
Connection for coolant
thermometer
Air-venting cock for coolant
channels
Thermostat housing
Ceolant filler cap .
13. Coolant tank '
14. Heat exchanger
15. Zine alectrode
18, Sea-water drain point,

haat exchanger
17. Oil cooler
18. Sea-water drain paint,
oil cooler

e S B B R

=

) |
23 ¥

18. "Conax" power take-off
20. Ses-water pump Fig. 8. MD 596 engine with Tuw:n Disc reverse
21. Lubricating oil filter gear and Congx power toke-off,

22, 0il dipstick for engine
23. Thres way cock for oil drain
24, 0il seavenging pump
{later production)
25. Electrical starter motar

o
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17.

18.

5 5 4 5 1, Coolant pipe for turbo-
1‘ I|' i||' Fl YRR
2 Turba-sompressor

3. Frotector plate for use during
transportiation

4. Ol dipstick

5. Adr eleanar

B. Clutch and reduction gear,
Twin Disc

7. Operating lever

4. Labricsting nipple for clutch
throw-gut bearing

8. Lubricating nigple for (fywhes]
pilot bearing

1k Oil filler cap and breather

11. ] dipstick

12 Crankease ingpection cover

HI. i 18, . Centrifugal governor on fusl

13 1l : e injection pump

Fig. 7. TMD 96 engine with Twin Dlsc clutch 14, Power take-off with Conax

und reduction gear as well as o power taice-off friedin, eluteh

with a Conax friction cluteh.

Fuel filter

Air cleaner, oil-bath tvpe
Crankease ventilator

il filler cap

Connection for coolant
thermometer

Ajr-venting serew for coolant
channels

Coolant filler cap

Zine electrodes

Oil cooler

Fresh-water pump

Belt tenstaner

Sea-water pump

Engine bed

Lubricating oil filter

Ol dipesticl

Ol sravenging pump
{early preduction)

Drain cock, compressed-air
starter motor
Compressed-air starter motor air storter molor,

Fig. 8. MD 96 auxiliary unit with compressed-

TR ;-.-




SPECIFICATIONS

General

Type designationss .. . .. unnnenns

Plaze. output h.h_.pz":r p T

Marine output ... e -1
light-duty -:s-p-&:ratlon r.p.Im.

Marine output ... EYPPTIPRPRN PO - 1 ;15 1
heavy-duty aperatinn B S 12 - o

Meax. torgue ... ....... kgm(lbft.) ‘r.p.m.

Marine togue ........ kem({lb.ft.} rpom.

Mumber l:lfl:':.rhnl:lcrs ....................
T e« ol ot A S R S A mm {in.)
Stroke ... e N R A Tk (e TR G )

Total d:.splacem.ent . lit (c!.;l:.i.n.)

Compression ratio .. ..

Compression pressure aL 20{} I p .
kglecm* (p.s.i.}

Order of firing

Maxirmum speed, unloaded engine ‘r.p.m.

LU o L P s A B S r.p. .
Direction of rotation, seen from front end
of engine . ...

Weight of EngLI'lE' 1nel. reverse gear ‘and 2:1
4 reduction gear, excl. oil, approsx. l-:g{].b)

«'Max. inclination of engine when hoat is
: DREBRE WA o di o e

- Engine unit

== . Replaceable cylinder liners, type
.Cylinder liners and pistons are matched

<" and sold in sets. On MD 47 engines, the

! liners and block are also classified into

.ﬁr Class 3 and Class 4
¢ Pistons, material ....

gl '_;'-‘H‘Plstnn clearance, Epeﬁallmd mm{m)
Mahle. .. ... mm(in.)
Wellworthy  mum (in.)

Pizton rings:
Upper ring chromed, number
- Number of lower compression rings . .. .
Number of oil control rings ..........
Piston ring gap measured at ring ﬂpwnmg
mrnin.)

Crankshaft, drop-forged, statiseally and
dynamically balanced
Replaceable lead-bronze, steal-hacked be-
aring shells (main and big-end bearings)
Number of main bearings . ...
Effective main 'b-e-':rmg surface a.:ea,
total cm? (sg.in.)
=% Connecting rods, drop-forged and case-
<%~ hardened, classified hy weight, various
classes denoted by letters. Only con-
necting rods with the same letter may
~ be used together in the same engine.
Carishaft, drop-forged and case-hardened
‘with ground cams and bearing surfaces.

Camshaflt setting (cald engi_ue} tappets
on' inlet walves at 10° after T.D.C.
s fhouldhavulﬂted .......... mm {in.)

MDD 47
81,2500

41— 82
1200—2500
£71—750
1200—2000
22(203) /1400
25(181) /1400
6
05.25(3.750)
110(4.331)
4.70((287)
17:1

27(3584)

27040
S00—G00

Clockwize

750 (1650

157

Dry

Light-alloy
0.09-0.11
(0.0035-0.0043)

B 0 =

0.25—0.50
(0.010—0.020)

T

172 (27)

1L6=x0.25
(0063 = 0.010)

MD &7 MD 96
11572400 152 /2200
50,103 B9—137
1200—2400 1200—2200
50—387 89—127
12030—1 800 12{H—1800
40(289) 71200 590427 1104
3B (260) 71200 g&fﬁﬁ!}fl]ﬂlﬂ
[

10477 (4.125) 120,65 (4.750)
120 (5.118) 140(53.312)
B.72(410) 960 (535)
17:1 17:1
2B({398) 27 1384)

o TRk, S TN oy )
2500 2004
SOD—350 S—350
Clockwise Clockwise
1000 (Z2200) 120002650
12" 12"

Wet Wet
Light-alloy.  Light-alloy
0.11-0.13 0.17-0.28
(0.0043-0.0051)  {0.0067-0,075)
0.10-0.12 0.17-0.19
(0.0039-0.0047) (D.00RT-0.0075)
1 1 '
2 2

2 2
.35—0.65 0. 35050
(0.014—0.023)  (0014=0.023)
T T

215(33) 207{46)
16x025 Ld=(25
(0.063=0.010% (0.055E£0.010)

TMID» S
174718040
1383—157
15001804
138157
13H—1800
TE(528) /1400
G5 (4T6) /1400
[

120.65 (4. 750)
140 (5.512)
D80 (585)
171

27 (384)

1970
S00—550

Clockwise
1250 (2T60)

12

Wet

Light-alloy

0.17-0.19
(0.0067-0.0073)
0.17-0.19

(0.0067-0,0075)

S O

0,350,650
(010140023

297(486)

L4£025
(0.055+0.010)

Y
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Overhead walves, nickel-steel inlet valves, pi[ 47
chrome-nickel stéel exhaust valves, with
seatz stellibed and wvalve stems hard-
chromed.
Clearance, warm engine, inlaet valves
mm{in.) ¢.4000.016)
" . . exhaust valves |
mamdin} ﬂ.45-_{ﬁ..ﬂ15)
Valves may nat be adjusted while the
engine ls running.

Lubricating system (engine)

Oil sump, type

Oil capacity, 1n1:~1lud1ng cil fl]I‘.EI:' ;ppmx :
litres . ............. (Imp. gallons) 10(244) 20 (415) 2B{8) 286G}

Oil pressure, warm engine kg ocm=({p.s5i) 23—4(42—56) F—4{42—56) I—4[42—56) 3—4(42—56)

Lausbricants (see chapter dealing with .

Iubricating oils) ~ -

Oil pump, t¥PE . ...o e ils el ™ CGaar Gear Giear Gear

Oil filter, type ......... ... ......7.. Screen Screen Cloth Cloth

Dilcooler, Bvpe ... .. 0i it e ees Tubnlar Tubular Tubular Tubular
Fuel system
Fuel injection pump:

Injection setting ... ., Sbefore TD.C. 30 30 a0 8]

Setting mark on steel rlw.: coupling . —_— R A A

Max. injected charge: ="

1000 r.p.m. (engine) ... .. mgfshot 33—34 43—49 T1—T72 -
1400 rpm. (engine) ... ... mg/shot — — - B89
Test bench max. fuel setting for-200 stro- L
kes at 5300 rpm. (pump) with test in- j
jector: BDN 12 SD 12 . L oo BB 12,0 17,7 B
5H14Sa!34..-......,,-,.,c:: a4 11,3 16,6 41 =
Fuel feed pump, suction lift capacity (see LR
chapter dealing with seed pumps on

page 20)

Fuel feed pressire ... ... kg/em®(psi) 0.6-1.0(8.5-142) 0.6-1.0(85142) 0.6-1.0(85-142) Elﬁ-l Ifl{ﬂ:l 1-!
Twin foel Rlbers type ... ... ......... [ 3 3002 _a'.,-",i,_.! Replaceable clements Type 7 EB
Injector opening pressure kg/em? (psi) 135=5 135%5 135£3 13535 "“.-'.'

: {192:}:1: 1) (1920 %71 (1920£71) B i
Cooling system
Fresh-water system: £ A

Pump, type . e Centrifugal Centrifugal  Centrifugal  Centrifugal

Thermostat sta.t'ts tl:- -:npen at i Cf F) 74(165) T2(162) T2(162) T2(162)

Thermostat fully open at .... *C("F) 85(190) 85(1835) 85(185) Ba(183)

Heat exchanger, type .. .............. Tubular cooler Tubular cooler Tubular cooler Tubular cooler

Coaling systern capacily, apprn:-:  litres

(imp. gaﬂams] 18 (4) 20(4%%) 27(6) 27(6)
Sea-water system: I

P Rke e Jabsco Jabsco Jahseo Jabsco
Electrical system
Voltage, standafd . i..o.connonain volts 12 24 24 24
Specific gravity of elecﬁbl}'t-e- fully charg-

ed battery ......%.7%. 1275—1285 127521285  1275—1285  1.275—1285
Specific gravity of Elactml:."te, when hatte:~- ; i

ry should be re-charged .............. 1.230 1.230 1.230 1230
Dyname output, standard, max. .. watts 450 480 480 LI
Dynamo output, standard continuous :

{("lamp load”) ........1.0:.... wats 300 380 + 380 380

Starter motor cutput ............ bhp. 4

MI>» 67 MId 96 ™D 96

0,40 (0.016) Hydraulic tappets,
no adjustment reqguired
.45 {0018}

Caxt, separate inspection covers

4 : 6 il
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The gern:rral descnptlm arnd spetl:l:flcatluns o prevmus pa;g-:.s shc-w the design U‘Ethc cogines.

-_____Tlghteulng tc;rques . MD a7 S e oy le
Cylinder head ...... v kgm (bft) 1416 (100—116) 14— 16(100—118) &
Main bearings . ....... . ....... e 2 - 14—16(100—116) 18,5—22 (140—16d) T :
Big-end bearings ......... .. .. ..... . . 14— 16 (100—116) 14—T5{100—116) '
Flewheal ... _........ S = i 8.5 —10{ 60— 72) B.5—10( 80— 72)
Fuel injection pump, .
delivery valve retainers, CAV |, = -~ 6.30(45) 6.3(43)
Fuelinjection pumyp,
deliversy wilve retainers, Bosch . . ... - 5 4.5(32) 4.5032)
o Imﬁhmyggalnjn%;&ts A R - va 2.3—30(17—=22) 23—3.0{17—22)

MDD 96, TMD 96

kgm (1b.ft.} 18— 20(130—145)
. % B 12—14( 8T—101)

S IR, | 19.5—22(140—1680)
R o ey SRR N - 19.5—22(140—160)
T s L e : 14—16(100—115)

...... g T 45@2) e
. 2.3—3.0(.17— 22)

T

ficiently’ harﬂc ther- shown in Figs. § and: ll)'- \
eylinder hea.d gaskets as shown i in.the tables above.
The engme shc»uﬁl‘_bermthnmu

ir l:l head “_,

check



Subsequent tightening takes time but is abso-

_lutﬁly necessary. Smear the cylinder head gas-

.kets w1t11 g‘reaﬁe q;,n:nl before fitting them. This
);__g%;rehlq‘: thﬁ:ngas'{-?ats from “shrinking’.

5 .NDTE Each time the cvlinder head nuts are

tightened, this must b‘e followed by adjustiment
of the valve cle Errances ﬂ!.t:u:-e otherwise thes-: w,],,].j.

he too =mall

wwhile ti"u.- cﬂgmc B Tunning: '-:3__ irvies Lh
pistnr-.s and val'-'es r:‘.r:.iﬁ. come :@1 s tm:_‘g-'ﬁrlm i

s 5 5”_
The valves are -'dell-ﬂed when the' pls"lon ‘in & E‘;fj
o TR

the compressisn sunke ]
Adjustment is -:Eu'ned St by loosenin 'th¢ Fooi:

2 locknut and turning the adjuster sopew bei‘m PRtk
Turning the englne over tghtening Cie iyt g : E; A
Meazurements are carried out by using a fee- B

| h}* ‘hand

Remowve the ingpection cover on the flywheel

ler gauge (040 mm=0.016") for the inlet \?911{93 Be
and (0.45 rnrn—ﬂ 0127} for I:]';ee'f\:ha'h'st valves

. P housing. Use a small croswbar or a large screw- :

= driver as a lever 1.:.-11]1 the flywheal housing as a NOTE. These valye :Iearmee&}pph to a warin
fulerum and exert pressure on the flywheel ring g::n:.gme Lo Tis o B
gear. Be careful not to damsage the pointer for We e e -:leauanm'sme_m'q

E-ngine pcmgs o

Ad]ustmg walve clearance

S 16 the eylinder heads have been removed from
--'f.he engine then the valve clearances must he

the valves are adiusted followring
=ing of the cylinder headnufg‘?

h},rdrauhc ﬁwﬂ%
-':Iearsmcm ’Flenessarg."i' s

o with plStan nngsd;hmﬂﬂ be ' :
)ﬂg, 'rEp]&.anﬂ when liner” wear "’7 T

i Fathord 0.25—0.30 ran 0.36—0.40 mm &A=
(0.010"—0,012") (0.01¢"—0.016") {-F

008 mm {0.0037)

e ]

4aF
el +

0.08 mm O00F) 008 ma (0
Yo Permissible ovality (out-ofro- s ;
= _ I_-'l.IlhdnEEaE} main bearings

B-& 35, 0.06 mm (0.00237) 0.075 mm (000307)
sible taper on main bear- . }
oumals and crankpins . . 0.05 mm (0.0020") 0.05 mm (0.0020")
”“"':uza'x ers end play ...  0.30 mm qu 0118) _ 0.30 mm (001187

0:0059") 015 mm, {0
017 me



MDD 47
Valve disc seating face must be

b demat s L
Parmissible distance (A, Fig. 13)
between valve disc and eylin-
der head surface when mea-
sured with a new wvalve may
not excead ..o, oo 2 mm (00307

--1 P

_ Fig. 11.7° Measuring the cylinder bore. Zero the

mdicator on the upper edge of the liner.

- Engine reconditioning

It is difficult to state a general time after
which the engine shopild be reconditioned since
conditions of operation and maintenance vary
considerably. By watching the consumption of
lubricating oil it is possible to judge approxima-
tely when the engine should be disassembled and
wear checked. When an engine is new, the con-
sumption of lubricating oil iz low but this in-
creases as the engine becomes more warn,

When the consumption of lubricating oil
reaches 1/100th. of the consumption of fuel
otl, this is a sign that the engine is due for
reconditioning.

First check to make sure that cil leakage is
not responsible for the inersased oil consump-
tien. IE this iz not the case then there is reason
to suspect that the inereased il consumption is
due to gummed piston rings or engine wear. The
engine should be disassambled so that the com-
ponents which are subject to wear can be
-measured.

1 mm (0040}

MD 67 MD %6 and TMD 96
1 mm (0.040) 1 mm (D.040™)
2 mm (0.080"}) 2 mm {08

Fig. 12. Checking the clearance the valve stem
and valve guide,

2093

Fig. 13. The depth of the valve below cylinder
Taad [evel,

See the compression test deseriped below,

As a preventive procedure, we recommentd
that the engine is decarbonized and the valves
ground after every 300 hours of operation or
every other year. At the same time it is conve-
nient to check engine settings and the degree of
wear,

Piston and cylinder liner
replacement

Piston and cylinder liner replacement can be
carried out without removing the cngine from
its bed on condition that the bed is designed so
that the covers on the port side of the oil sump
are accessible and that the beam of the boat
allows this. All the oil should be pumped out
from the sump before this is done. Remember

$
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that if there is an oil relief walve fitted on the
forward cover, thiz must first be removed be-
fore the cover is taken off otherwise the spring
and the push rod can be damaged. Remove the
upper part of the engine including the cylinder
heads so that the pistons can be remaoved up-
wards, First remove the big-end bearing caps
and then push the connecting rods and pistons
upwards through the cyvlinder bores.

Assembly is carried out in the reverse order.
Fit new gaskets.

Compression tesl

A good way to determine the condition of the
engine is 1o measure the degree of leakage in the
cyvlinders by carrying out a compression test.

This test i3 carried out by first running the
engine warm and then remowving the injectors

and taking a compression test on all the cyvlin-
ders in order.

While this is being done, the stop Bbutton
should be pulled out and the engine should be
iurned over by using the starter motor with the
throttle fully open. The battery must be in good
condition so that it is capable.of turning over the
engine sufficiently fast (about 200 r.p.m.). Make
sure that there is no leakage at the compression
gauge connection.

The highest wvalue chtained on the gauge
should be noted. The use of a dial indicator
gaupgs is recommended.

While the engine is being turned over by the
starter motor, the compression pressure should
T
BAD 6T i cvviiiinivniers 2Bhg/om® (9B pasi)
M 47, MD 96, TMD 86 27 ke/em® (384 p.si)

A deviation of up to 10 % below these figures
iz permissible, The difference in pressure bet-
ween the individual eylindess, however, should
not excead 1.75 kgfem® (25 psi). o

M3
Fig. 14. Measuring the comjpression prassure,

11
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THE ENGINE LUBRICATING SYSTEM

Ceneral description

Ll R
iat

Fig. 15. D'éagT:}lm showing engine lubricating sSUstem,

The engines are lubricated by means of com-
plete pressure lubricating systems. See Fig, 15.

Oil under pressure iz fed by the oil pump (9)
- which sucks up the oil through an oil strainer

(10} in the ail sump (11). From the pump the oil
is fed through drillings and channels to the
various lubricating points before running back
to the sump which is on the lower part of the
crankcase. In order to limit the pressure in the
system, there is an oil relief valve (7). The oil
is cleaned the whole time when it passes through
the oil filter (8) and is cooled in the oil cooler
{net shown in disgram)

Lubricaling oil

Use only special Diesel lubricating oil
with the designations shown below that are

recommended by the well-known oil com-

14

FRockey arm shaft
Ol pressure gauge
Gudgean pln

Intermittent pressurs
hubrication

Carnshaft
Crankshaft

il relief valve
Lubrieating oil flter
Ol pump

10, Qil strainer

11, Oil sump

ol

=1 &

v m

panies. Never mix different makes and ty-

pes of oil.

The type designations shown below are in
accordance with the new API system which has
been in effect since 1952,

Service DG

Service DM

To be used when the engine is
subjected to even and average
loading. The sulphur content of
the fuel should net exceed 0.6 %.

To be used under favourable
conditions of operation as above
but when the sulphur content of
the fuel exceeds approx, 0.6 %.
or with high lbading and unfay-
ourable operating  eonditions
when the sulphur content of the
fuel does not excesd approx.
0.6 %.

e
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Service DE To be used when the above-men-
tioned unfavourable operating
conditions coincide with a fuel
sulphur content exceeding app-
rax. 0.8 %,

il of the Following viscosity should be used:

Summer {(temperaturss ex-
ceading 10" =450 F) .. SAEID
Winter (temperatures bet-
ween —10° C=-414" F and
+10" C=4-50"F) ........ SAE 20 or 20 W

Extremely low temperatures
{below —I1D0° C=414"F) SAE10W

0il changes

Since the oil loses its lubricating properties
due to oxidation, contamination, ete., it must be
changed at certain intervals. Each time the oil is
changed, the oil filter must be cleaned in accor-
dance with the instructions on page 16.

Oil is removed from the erankcass by means
of the pump on one side of the engine. The en-
gine should be warm when this is carried out.

Change the engine oil after every 200
hours of operation.

MNever use flushing oil. It is uncertain as to
whether this oil can stand up to the high pres-
sures prevailing in a Diesel engine.

The oil sholld he changed more often during
the running-in period. See the instructions on
page 59,

If the lubricating oil has been diluted with fuel
due to injector failure, faulty piston rings or if
it becomes thick very quickly for some reason,
it must be changed immediately.

Diesel lubricating oils contain certain addi-
tives which maintain carbon particles ete. sus-
pended in the oil and prevent the formation of
carbon depozits in the engine. For this reason,
the lubricating oil becomes black after a short
time in use. This is a normal occurrance and
should not be regarded as a reason for oil change.

01l is added through the two filler holes on the
top of the rocker arm covers. They are fitted with

breathers. This does not apply to the MD 47

whers there is an oil filler pipe on the starkoard
side of the engine.

Engine type: CHI caproity:
MID 47 .. ..., approx, 10 fitres (31 Impogall,)
MI? BT ...... approx 20 litres {43 |

M9, T appros. 258 lifres (§ - j

Inspection
Check the oil level daily.
The oil level should never be permitted to

zink below the lower mark on the dip-
sticlc.

Eeap oil lewvel
between these notches ™

Fig. 16, Oil dipstick,

While the engine i running; check now and
then that the oil pressure gauge shows normal
pressure, that i to say 3—4 kg/em® «(§2—56
p.s..). If the pressure should suddenly g§ down
(below 2 kg/om'=23 psi) and the pressure
gauge needle should start swinging, this means
that there is not sufficient oil in the engine and
more should be added. Another reason for this
pressure gauge reaction is that the filter is
blocked. Clean the oil filter if necessary.

NOTE. Always exervise great cleanliness
when working on the lubricating
system and its component parts,
Any impurities ean block the flow
of oil or cause dirt to get into the
bearings and ruin o job that was
atherwise well done,

o
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Oil filler caps

2118
Figy. IT Filler cap breather.

The oil filler caps are fitted with breathers
containing air cleaners, At the sarme time as the
engine oil iz changed (after every 200 hours of
operation) or more often when required, these
air cleaners should he cleaned. The element is
removed by removing the three screws retaining
the cover and the lower secticon topether and
then separating the cover and lower section
from each other with a screwdriver. Clean the
filter elements in fuel cil and then oil them in.

Lubricating oil filter

Screen type

g

Fig. 18, Lubricating oil filter.
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On MDD 47 and MD 67 engines, the lubricating
il filter is of the self-cleaning type. It is fitted
on the port side of the cylinder block and iz
connected directly with the lubricating oil chan-
rels. The in-coming oil passes through a sereen
filter which traps any impurities, There is a
handle on top of the filter enabling the screen
unit to be turned. This handle should he given
a few turns after about every 5 hours of opera-
tiorn.

Quite a large amount of dirt and sludge eel-
lects in the lubricating oil filter gradually. This
accumulation should be deained off through the
drain hole in the bottom of the filter eVery time
the engine cil iz changed. After every 600 hours
of operation or more often, the lubricating oil
filter should be disassembled and thoroughly
cleaned in petrol. The filter element should be
blown dry with cormpressed air.

Cloth type

On MD 96 and TMD 9% engines, the lybricat-
ing oil filter consists of a cloth filter fitted on the
starboard side of the engine.

Each time the engine oil is changed, the filter
eloth should be cleaned with clean fusl oil or
paraffin. If the cloth appears to be hard or worn,
it should be replaced. Otherwise it should he
changed after every 600 hours of operation ar
more often. Clean out the filter housing with
clean rags. Do not use cotton waste,

Replacing the filter cloth

VALY
i

Fig. 19. Replacing the fiter clath,

£ »
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1. Clean the lubricating oil filter thoroughly
axternally.

2. Drain off the oil by removing the bottom
phag.

3. Loosen the cover nuts. Remove the cover and
the filter element.

4. Clip the wire retaming the old filter cloth
and remove it from the cloth holder Clearn
the cloth holder,

5. Use clean hands to pull the new cloth over
the ¢loth holder until akout 10 mm {(#"7) is
outside the holder. Make a running loop in
one end of the cord supplied with the cloth
and tighten the cloth securely in the groove
at the end of the cloth holder. Wind the cord
twice in each groove (sce Fig., 19) and knot
il in the terminal groove (Fig. 20). Always
use genuine Volvo filter cloths.

Fit the filter element. Use a new felt seal at

the lower part of the filter if necessary, Fit
a new gasket. Fit the cover and bottom plug.

=]

AL PR
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Fig. 20. The filter cloth fitted.
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Lubril:ating oil strainer
The oil strainer, which is attached to the oil

pump, is accessible after the rear inspection co-
ver on the oil sump has been removed.

In cas=es where the streiner is of the float type,
the cotter pin on the pump cover suction channel
iz remowved and the strainer can be pulled out.

Where the strainer is fixed, it consists of a
strainer housing which is holted ints position on
the pump cover and a strainer mesh which is
maintained in the housing by means of a lock
ring. To clean the mesh, the Iock ring is removed
whermeby the mesh can be taken out.

Fig. 21, (Ol stramer, float type.

After every 1200 hours of operation or once
a wear, the oil strainer should ke removed and
cleansd 1f the inspection cover is not altogether
inaccessible. If the inspection cover is not ac-
cessible, then the strainer can only be cleaned
at the same time a5 the engine is given & major
overhaul after about every 3600 hours of opera-
tion. It should be cleaned in petrol and blown
dry with compressed air, Cheel after eleaning
that the net is in good condition.

At the same time, the sump can be dried out
with clean rags. Do not use cotton waste,

Always use a new gasket when fitting the
cover. The same applies to the gasket between
the cylinder block and the oil sump if this has
been removed.

il cooler

Marine Diese] engines are filled with an oil

cooler to chill the oil,

It is of the tabular type with sea water passing
through the longitudinal tubes while the lubri-
cating oil passes round the tubes. All the pres-
sure opil passes throngh the oil conler.

17



Cleaning the oil cooler

The cil cocler must be removed and cleaned
when the engine is subjected to a major owver-
haul. Tt should be cleaned in petrol and blown
dry with compreszed air. The surfaces of the
tubes which are in contact with water should
be seraped clean.

Uze new =eal rings and gasketz when re-
fitting,

13

If zine electrodes are fitted, they should be re.
moved for inspection once a month. If there are
any deposits on the electrodes, a scraper or a

‘steel brush should be carefully used to get rid of

them. If an electrode has besn corvoded away
to 50 5% of its original size, it should be replaced
with a new slectrades,
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CGeneral Des cription

The fuel system consists of:
the fuel tank, the fuel feed
pump with pre-filter, the fuel
filters with relief valve, the fuel
injection pump and governor,
the injectors and wvarious pipe-
lines.

Fuel is sucked by the feed
pump from the fuel tank
through the pre-filter and is
then foreed through the fuel
filtera to the fuel injection
pump. The fuel injection pump
then forces the fuel oil under
high pressure to the injectors.

Excess fuel il from the re-
lief valve and leak-off fuel il
from the injectors runs back to
the tank.

THE FUEL SYSTEM

1k

Fig. 23. Fuel system (Bosch).

14




Fuel

The fuel uzed in the engine should have the
correct composition and should, above =ll, be
free from impuritiez. Tlze only fuel oil of a well-
known malce.

Never use poor guality fuel oil since this
can cause failure in the fuel injection pump
and tnjectars.

The various makes of fuel oil that are awvail-
able on the market contaln a certain amount of
impurities. If the fuel oil is stored in carelessly
cleaned tanks and drums, the gquantity of impu-
rities will increase.

The engine is fitted with three built-in filters
which are intended to serve as safety filters
Since the capacity of these filters Is limited,
however, the fuel oil must be free from bmpu-
rities as much as possible before the tank is
filled. It iz absolutely eszential for trouble-free

operation to ensure that the fuel oil is absolutely
free from impurities before it passes through
the fine precision-made parts in the injection
pump and injectors.

When tanking, always make sure that the ves-
sels used are well cleaned. One way is to filter
through an Ulax filter or a fine strainer (50
meshes per inch) with a cloth filter.

Always filter the fuel before filling the
tank.

Before filling the fuel tank from storage tanks
or drums, make surg that the fuel oil in these
has stood still long enough for impurities o sink
to the bottom. The storage tank or drum should
be inclined 25 mm per metre (1 inch per yard)
away from the drain cock in order to prevent

Fuel recommendation

Wenhanical Fmpaaitiog oo G e e

Water and sediment ..............

Cor'ubustionrating......,,,.,..............__.

Niscosity at 20" . ... vinssines

Distillation, 90 % distilation point

Carbon residue (Ramshotten) on 10 % distillation residue ... ...

impurities from collecting at the cock, If fuel ail
i= taken directly from a large storage tank with-
out any smaller tank being used, there should
be & sludge trap sinee the impurities will have
& chance to settle in the large tunk, The sludge
trap should be drained now and then, preferably
once a weelc

Fuel feed pump

The function of the fusl feed pump is to suck
the fuel oil from the fuel tank and pump it to
the injection pump through the fuel filters, The
capacity of the feed pump is caleulated so that
the amount of fuel oil supplied exceeds the re-
gquirements of the injection pump by a consid-
erable margin, The excess fuel is taken through
a relief valve and a return pipe to the fuel tanlk.
This ensures & continuous air-venting of the fusl
system,

The maximum pressure exerted by the foed
pump is 1.5—2.5 kg/om® (21—36 psd).

The normal feed pressure, however, is lower
and should be 0.6—10 kg/em® (85—1¢ ps.),
this pressure being cobtained by the operation of
the relief valve in the system.

The fuel feed pump is fitted directly onto the
injection pump and i driven from the camshatt
on the injection pump.

Plunger type feed pump

Hand priming is carried out by unscrewing
the handle (1) from is lowest position and
then pumping it up and down Do not sevew
the handle back into pusition again too hard

. Units Specifications
nong
............. % by vol. max, 045
.. cetane namber . Inin. 45
centistokes © min, 1.8
max, 10

at least §° C below the lowest
worldng temperature of the fuel

it & max. 360
7 by wt ma. 0.2
............. % by wt. max, 01
% by wt. max, 1.0
neutral
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after use since the tightening on the underside
of the hand primer pump can thus be damaged.

Since the internsl parts of the pump obtain
sufficient lubrication through the circulation of
the fuel oil, only a few drops of oil are required
now and then on the hand primer pump plunger
sod (2. L

The maximum lift of the pump is about 1.4

IMeELIres.
1. Primers handle 14. Bail
2. Lock pin 15. Spring for filer
3. Guide for plunger rod element
4. Flunger raod 16. Tensiorn nul
3. Housing for hand 17. Flug

PUImp g 1B, Flunger =sprirygs
6. Plunger for hand 18. Flunger

P 20. WValve seat
7. Inlet walse 21. Fump housing
8. Valve sprimg 22 Screw connection

9. Screw connection 23. Lifter shaft
10. Pre-filter halder 24. Lifter roller
11. Banjo plug 25. Lifter
12, Filter cover 26. Push rod

13. Filter element
Fig. 24. Fuel feed pump, plunger type.

3 r

Plunger-diaphragm ‘I:}-'Pciecd pump

The hand primer iz in the form of a lever and
operates through a cam directly on the diaph-
ragm thrust plate. If the handle operates very

i__] 3 easily then it is probable that the injection pamp
earm is holding the diaphragm in its inner posi-
3 ticn. The hand primer will not then function.
. Use a lever or use the starter motor to turn the
engine over to another posiicn and then try
—— the hand primer again. '

) The maximum lift of the pump is about 7

6 metres.

IMuel filter system
Pre-filter

This is fitted direcily to the feed pump and
its slement consists of fine-mesh wire net. Under

1 16 9 ' boac ekl normal operating conditions, this filter should
Fig., 23. Fuel feed pump, plunger- be cleaned aiter every 200 hours of operation.
diaphragm type. If the gasket on the bowl is hard or damaged, it
should he re ;
1. Valve housing T. Dmp]:u:agm e PLGEEE]
£ Valve ball 8. Hocker arm springs
3. Valve seat 9. Rocker arm shaft Fuel filters
4. Pressure channel 10. Bocker arm
5. Plunger 11. Plunger spring The purity of the fuel when it enters the injee-
§. Pull red tion pump is completely dependent on the capa-

21



bility of the fuel filters to trap impurities. Since
the purity of the fuel is a vital factor for the
length of life of the pump elements and the in-
jectors, the servicing of the fuel filters showuld
be given very special attention.

CLALY.

Engines fitted with C.A V. Diesel equipment
have two fuel filters connected in parallel (see
fig. 22), each consisting of a metal container
with a filter clement made of specially-treated
paper.

Fig. 26, Fuel filter, C.AV.

Gresket Inlet connection

Cualet eonnection &. Filter element

L

2.

A O-ring 9, Filter housing
4. Air-venting screw 10, O-ring

5. Nut 4 11 Spring

6. Filter cover 12. Flug

Replacement of filter elemant

The time when filter element replacement is
to be carried out is decided by the feed pressure.
This should therefore be checked before repla-
cement is carried out. When the feed pressure
has gene down to 0.5 kg/cm® (7 psi), both
filter elements should be replaced simultane
ously. An operating time of 1200 hours between
filter element replacement may be considered
normal,

Fuel filters are replaced in the following way:

1. Clean the filters and pipeline thoroughly ex-
ternally. Take care to remove all dirt from
projecting edges. Blow clean with compress-
ed air. Remove the drain plug and let the fuel
oil run out.

22

2. Remowe the nut above the cover and remesve
the filter containers with filter elewents
from both filters.

3. Remowve the filter elements and remove the
sludge trap plugs from the bottoms of the
containers,

Clean the contsiners thoroughly and blow
them dry with compressed air,

4. ERemove the gaskets from both covers, clean

the covers Intemnally and blow dry with

compressed air,

Secrew the plugs in the containers and insert

the filter elements, Fit new cover gaskets,

fit the containers and tighten the cover muts.

ILII

&. Open the air-venting serews and operate the
hand primer pump to feed fuel to the flters,
Continue this wntil fuel free from air has
passed out through the air-venting screws.
Then close the air-venting serews.

7. Air-vent the Fuel system In gecordance with
the instructions gnder the heading "Air-
venting the fue] system”.

BOSCH

Engines fitted with Bosch Diesel equipment
have two fuel filters which are connected in
series, ie. the fuel passes first through one of
the filters and then through the other. See fig
23. Each filter consists of a filter housing with
cover, filter element, connections, drain screw
and air-venting wvalve.

The question of replacement affects the upper,
large filter first. The reason for this is that the
fuel oil passes first through the pre-filter and
then through the large fuel filter. The smaller,
lower filter is sealed and serves as a safety
filter. It should not be opened before this proves
to be absolutely necessary.

HReplacement of filter eloment

The time when filter element replacement is
to be carried out depends on the fuel feed pres-
sure. This should therefore be checked before
deciding on filter replacement. Then the fuel
feed pressure has gone down to 03 kg/em?
(5 p.s.i), the upper filter element should ke ve-
plaved. An operating time of 1200 hours hetween
filter element replacement may be considered
normal.

Should the fuel feed pressure be found to be
low even after replacement of the upper filter

.

@e
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Fig. 27. Fuel filter, Bosch.

(%

Felt packing

1. Imlet 8.

2. Cowver 7. Housing

1. Bolt 8. Filter element
4. Outlet 9. Felt packing
5. CGasket

&

element, the lower filter element must be re-
placed as well,

The filter elements are replaced in accordance
with the instructions for C.A.V. where these
apply. In cases where it is necessary to replace
the element in the lower filter, this should be
sealed again after replacement.

Checking the fuel feed

pressure

If the engine output decreases or there is
reason to believe that the fuel filter iz blocked.
the fuel feed pressure should be checked.

If the relief valve spring is weak or the valve
is leaking, the engine output will be weak or it
will be difficult to start,

Fuel feed pressure is checked by connecting
a pressure gauge to the fuel injection pump air-
venting screw as shown in Fig. 28. The engine

]
FLELT

Fig. 2B, Checking the fuel feed pressure.

is then run at idling speed and the pressure
gauge reading is noted, Feed pressure should
norrmally be 06—10 kg/om® (8.5—14 pei), If

the feed pressure is lower than 05 kglem®
(7 p.si) for CAV. and 0.3 kgfem® (4 psi) for
Bosch, make sure that there is sufficient fuel in
the tank. Then check the pre-filter, fuel filters,
relief valve and feed pump in that order,

Relief wvalve

The funetion of the relief valve is to Iimit the
pressure in the fuel system and to make possible
a continuous air-venting of the fuel system. The
relief valve is fitted 1o the upper fuel filter,

B
i

A

Fig, 20, Relief valve,

The relief valve consists of 5 sleave in which
a spring-loaded peg moves, the spring holding
the peg on its seal. As soon as the pressure ex-
ceads 0.6 kg/om® (85 psi), the peg is foreed
baclk against the spring and fuel can flow out
past the peg to the fuel tank, Any air bubbles
there may be in the tank are also returned to
the tank at the same time,
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Testing

If there is reason to suppose that the relief
walve is opening at excessively low pressures or
functions in am unsatisfactory way then it showald
be examined. This is carried out in the following
way:

1. Give the hand primer pump a few strolkes and
open the siv-venting screw on the fuel filter
There should be a fairly powerful surge of
fuel out.

Fuel injection pump

The engines are fitted with either C.A V. or
Eosch fuel injection pumps. Either of these types
may be fitted on the same type of engine. The
function and servicing of both types of pump are
mainly similar. The following important rule

always applies:

1 2 3 4 5
fﬁr st B - IJ.:"" 3
- il

13 12 th) 10 L) a

Fig. 30. Fuel injection pump with vacuwm

governor, C.AV. (on MD 47).
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2. Crperate the hand primer pump & few strokes,
then walt 1&—I minute before opening the
air-venting screw. If the surge of fuel passing
out is wealer than before then this can dep-
end on & leaking valve, The spring and peg
should be repliced. If the seat is damaged,
the complete valve should be replaced,

If test apparatus is available, then the relief
valve should be removed and tested. The
opening presure should be 0.6—1.0 kg/om?
(8.5—1d p.s.i).

NOTE. Adjustments and repair work on
components in the Diesel system
may only be carried out by expe-
rienced Diesel mechanies,

1. Inspection cover
. Delivery pipe
3. [Plate showing type
designation
4. Air-venting serew
Stap lever and cold
starting device
6. Vacuum line fram throble
hausing
7. Vocuum goverrer
8. Dise with setting mark
9. Line from fuel tank
10, Pre-filter
11. Hand primer pump
12, Fuel feed pump
13. Fuel line to filter
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Fig. 41. Fuel injection pump with vacuwm
governor, CAV. {fon MD 87).
.'-.r
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Cald starting device
Plate showing type
designation

Delivery pipe
Ajr-venting screw

Aur Hiter and Tubrication
Stop lever

Idling setting

Connection for revolation
coumler

Fuel feed line

Hand primer pump

Fuel feed pump

Ol level pipe

Fuel dipstick

Steel dizse coupling

14 13 Iz
Fig. 22

Cold starting device
Afr-venling acrew
Delsvery pips

Line from fuel Glter
Flate showing type
designation

Ol filer plug

. Hreather

Vacwam lina

Shaft for dker lever
Gtap Laver

Flpa from pre-filter
Fuel feed pump
Pige to fuel filter
Hand primer pump

. Qil level pipe
. Inspection caver
. Coupling

o 9 8

Fuel injection pump with vacwm

governor, Bosch (on MD 98),

FEMTA
{11}
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Fig. 33. Fuel injection pump with centrifugal

governar, Bosch fen TMD 96).

Breather

Stop lever and cold starting
devica

Inspectian plug

Idling damper 3§

Contral rod

Idling adjuster screw

10

o

2w

Max. speed adjuster scraw
Oil bevel plug

Cooling water lemperature
control

@

10. Automatie stop device

Fig. 34.

Lubrication

The injection pump elements are normally
lubricated by the fuel vil which seeps down into
the crankease to a small extent and dilutes the
lubricating ail. Excess oil runs out through the
level pipe.

The oil level should be checked at least once
a week. In order to arrange a successive replace-
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Pipe from filter
Delivery pipe

Flate showing type
deslgnntion
Adp-vending valve
Cemtrifugal governor
Oil filler

Fuel pipe to filter
Stop contral

Setting arm (speod
controll

il level plug (edl dip-
stlek on late production
radels)

Fipe connection from
Luel tank

Pre-filter

Hand primer on feed
pump

il level plps

il dipstick

Ceupling

Cold starting device

02 = O i e o ) =

Fuel injection pump with centrifugal
governor CLA V., (an MD 4T,

ment of the lubricating cil in the ramshaft hous-
ing, we recommend that even in ases where
the injection pump is fitted with an oil dipstick,
lubricating oil is added so generously that pure
lubricating oil runs sut through the level pipe.

Cnly lubricating oil should be added when
fitting & new or reconditioned pump.
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Use the same type of oil being used in the
engine.

On the CA V. pump ftted to the WD 47 A en-
ginge, the inspection cover (1, Fig., 30) must be
first removed before lubricating oil can be added
through the connecting hole to the pump cam-
shaft housing.

Inspection

After each 600 hours of Dperati:un, all brea-
thers fitted on the injection pump and governor
which are not sealed, should be . removed and
cleaned. Rinse them in petrol and woil them in
before re-fitting. -

The s=aled breathers do not usually need to
be cleaned except when the injection pump is
tested. After cleaning, these breathers should
be sealed again.

Always use a spanner on the hexagon when

removing breathers otherwise they can be da-
maged. '

The performance of the engine depends to a
greatl extent on the fact that the injection pump
setiings are correct. Sinee conditions of opera-
tion vary considerably, it is difficult {o state any
particular intervals but, as g rule, a check of
the pump coupling, injection setting, maximum
and idling speeds, cold starting device, exhaust
smoke etc., should be carried out after every
1200 hours of operation. The injectors should
always be cleaned before this is done.

A thorough®theck of the injection pump in a
test bench every other year or about every 3600
hours of operation is recommended to ensure
that all the pump barrels are being eqgually
loaded, that the pressure valves are in good
order, ete. This is important for the length of
life and reliability of operation of the engine.
This check can suitably be carried out in con-
junction with decarbonizing, valve-grinding, ete.

Governors

Fuel injection pumps are available fitted with
either vacuum or variable eentrifugal governors.

Marine Diesel engines used to drive propel-
Jers, are usually fitted with vacuum governors.
An exception to this is TMD 96 which has a
centrifugal governor.

Engines used to drive auxiliary equipment,
on the other hand, are usually fitted with centri-
fugal governors.

Vacuum governor

Each posttion of the throttle flap i the throttle
housing on the induction manifold corresponds
to & certain speed. The governor tends to main-
tain engine speed as constant as possible.

The diaphragm in a vacuam governor, which
is made of specially-treated hide, separates the
governor into two sections, the governor housing
and the diaphragm housing. Atmospheric pres-
sure always prevails in the governor housing,
Dependent on the degres of vacuum produced
in the diaphragm housing by the throttle hous-
ing, the trawvel of the control rod varies and so
the armount of fuel injected into the cylinders
by the fuel injection pump is controlled by the
position of the diaphragm.

When the engine is idling, comparatively great
pressurs variations in the throttle housing and
in the governor occur so that the engine tends
to run unevenly and the result is apparent in

the form of "hunting” or "surging”, In order to
counteract this, the governor is fitted with a
damping dewvice

There ere two set-serews on the throttle hous-
ing (T and 1) in order to earry out adjustments
of the maximum and idling epaeds of the engine,
Adjustments are made at the factory before the
engine iz delivered and the set-screw for maxi-
mum engine speed (T) is sealed. This seal may
only be broken by an experienced Diesel me-
chanic. After re-adjustment has been carried
out, the set-screw should be sealed again,

Emry
e

Fig. 35. Speed adjustment sel-screws on
throttle housing.

T. Set-serew for mazimum engine speed (sealed),
U.. Set-zerew for idling Epeid,

Lubrication

If the wacuum povernor is fitted with ail
filler, a few drops of cil should be added each
weelt. If & bresther is fitted, on the other hand,
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no lubrication is required since a mist of oil
comes up through a chennel from the pump
housing and keeps the diaphragm sufficiently
well lubricated.

Testing a vacuum governor

Leakage through a governor diaphragm that
is not sealing properly can result in excessively
high idling and maximum speeds, In order to
find out if therc iz any leakage, the vacuum
line (s} are disconnected from the top of the
governor housing. All the connections should
ke carefully cleaned bhefore this iz done. Move
the control rod and the diaphragm over to the
stop position with the help of the injection pump
stop arm. Block the hole(s) with your fingers
and release the stop arm (Fig. 36). If the con-
trol rod remains in the stop position then the
vacuum governor is not leaking, If, on the other
hand, it returns to ks original position, then the
governor must be disassembled for replacement

of the diaphragm or packing.

1f there is no leakage in the diaphragm hous-
ing, then there is reason to believe that the va-
cuum pipe from the throttle housing to the go-
vernor is leaking. A check for leakage here is
carried out in the same way but the screw unions
at the throttle housing are loosened instead.

2120
Fig. 36. Testing the dinphragm for leakage.

Checking idling speed and maximum
engine speed

A regular check should be carried out, pre-
ferably by an experienced Diesel mechanic, of
the idling and maximum speeds. This can he
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done in conjuncton with the pump inspection
after every 1200 hours of operation. A checl of
the idling and maximum speeds should also be
carried ot if the pump has been removed for
adjustment, If the seal on the throttle housing
maximnn Speed set-serew haz been broken as
well as in other cases where it may be consi-
dered necessary.

Before checking and adjustment iz earcied
out, the engine should be run warm and the air
filter showuld be cleaned. Engine speed is checked
either on the outer camshaft end on the injection
pump or on the forward end of the crankshaft
This will alsa give a good checle of the revalu-
tion counter on the instrument panel. Remember
that the speed. of rotation of the fuel injection
pump is half that of the engine.

R
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Fig. 37. Checking engne speed.

Adjusting the idler damper device
Three different types of idling damper are
used.

Model 1: Damping valve operated by the va-
cwarn through an extra pipe from the
throttle housing.

Medel 2: An eccentric turned by a link system
connected to the throttle control

Model 3: A damping spring in eantact with the
injection pump control rod,

Adjustment of the idler damper should be
done at the same time as the idling and maxi-
mum speeds are checked. If the engine shows
signs of "surging” or "hunting” while idling in
spite of the fact that the engine has been run
warm and the air filter has been cleaned, a minor
adjustinent can be carried out a5 follows while
the engine is idling (500 rpm)




For Model 1:

For Model 2:

Centrifugal

Screw the damper walve on the
rear edge of the governor hous-
ing, (see Fig. 30 and 39) out and
in. Secure it immmediately in the
position giving the best idling.
One guarter of a turn in each
direction is wsually sufficient.
While carrying out adjustments,
keep the lock nut as close to the
housing as possible in order to
avoid air leakage,
Looszen the clamp screw on the
lever fitted to the port side of the
control shaft. This control shaft is
fitted on the after end of en-
girve and the lever is connected
through a link syvsterm to the
idling shaft on the fuel injection
pump {9, Fig. 31).

Seen from the port side, the

lever is moved carefully so that
the idling shaft is turned in =
clockwise direction until good
idling is obtained. Then lock the
clamp screw.

governor

For Model 3; Turn the screw on the after edgs
of the governar housing (7, Fig.
32}. First loosen the nut then
serew in the screw carefully and
then outwards until the “hunt-
ing” or Tsurging” disappears
Then tighten the nut.

Never carry out excessive sdjustments; The
effect of this can be to alter the idling and masxi-
mum speeds. Should this happen, an experi-
enced DMesel mechanic must be called in to carry
out a complete checking and adjustment proce-
dure &

If uneven idling should persist even though
the adjustrments mentioned shove have been
carried out, the reason can be:

Water In the fuel oil
Alr in the fuel system

Elocked fusl filter
Uneven fuel feed

Faulty injector

Faulty governor

Faulty Tuel injection pump,

1. Cover

2. Ewaenator and lubricator
ifor [ubrication, the eva-
cuater hexagan is lomsened),

3. Yoke link

4, Housing

3 Control red

6. Halt

1. Adjuster mug

B Outer wacher

8. Springs

10. Hub

11, Governor weight

Fig. 38. Bosch centrifugal governor.

iz Bell erank

13, Plug {dipstick on late production)
14, Joint hlock

15. Guide pin

16 Joint coupling

17, Slodted plate

Link

Stop sceew {idking adjustment)
Slide

Limiting stop

Adjuster arm

Cannector arm

Gleeve for stop device

Spring casing

Spring

Cable

Cateh ynit
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As opposed to vacuum governors, where the
vacuum influences the control rod through a
diaphragm, the control roeds on centrifugal go-
vernors are influenced by weights acting under
the effect of centrifugal force.

The centrifugal governor is of such a design
ihat it comtrols the engine over its complete
speed range. But in order to maintsin the best
degree of stability at any certain speed indepen-
dent of the fact that the loading on the engine
increases or degreases, a certain combination of
springs should be used. (This ccours when the
engine iz being used to drive auxiliary equip-
ment on board.} The correct spring combination
iz fitted and the maximum speed adjusted in
aecordance with the reguirements of the custo-
mer at the factory before the engine is delivered.
The set-screw is also sealed before the engine is
delivered. If a higher engine speed is required
than that for which the governor is set, the scal

may net be broken before instructions in this
respect have been ordered from Aktiebolaget
Penta.

The idling speed may be adjusted (19, Fig. 38).

Lubrication

The centrifugal governor is splash-lubricatggd
and the level of oil should therefore always be
up to the level of the plug, (13, Fig. 38), in the
end of the governor. Check the level of the nil
:both in the governor and the pump at least cnce
a ‘week. The plug should be removed and oil
added through the dubricator on the top of the
governor or, if there is no lubricator, through
the large inspection plug hole until il runs out
through the plug hole. Use the same oil as you
use in the engine. Regular oil changes are not
necessary but the governor should be filled with
completely new oil each time it is reconditioned.

In cazes whare the plug has been replaced
Ly a dipstick, check that the oil is between the
two marks on the dipstick. Wa also recommend
that after about every 600 hours of operation,
the dipstick retainer should be screwed out and
the housing flushed out wilth a small quantity
of oil. Then replace the dipstick retainer and
fill with 0il up to tha vight layal

Inspection

The function of the governor should be check-
ed at the same time as injection pump inspec-
tion is carried out, or about every 1200 hours
of operation.

ab

Cold starting device

Starting in cold weather s facilitated if the
fuel injection pump iz equipped to supply the
engine with extra fuel. Make & rule of always
having the throttle "at the bottom™ when start-
ing the engine cold

On C.AW. fuel injection pumps, there are
ofter eold starting devices connected to the stop
contral shaft. Such devices are operated by
pulling out the shaft i the direction of the ar-
row in Fig. 38

Fig. 32. Cutting-in the cold starting device,
CAV. (on MD T

The most usual system on Besch fuel injee-
tion pumps, and also on certain CAV, pumps,
is to bring the cold starting device into effact by
pressing the ecaold starting button, on the for-
ward edge of theé pump (1, Fig. 31 and 32).

On’ Bosch injection pumps with centrifugal
governors as fitted to the MD 47, the cold start-
ing device is automatically eut in when the
throttle control is moved "to the bottom™.

When the engine starts, the cold starting de-
vice is automatically disconnected in 2ll cases,

NOTE. It i= ahsolutely forhidden to block the
cold starting device whereby it remains in ope-
ration ell the time. The result will be that the

engine receives too much fuel which can cause

extensive damage without mcreasing output to
any noticeable degree,

Stop control

The stop lever 'is fitted on the fuel injection
pump. When this is moved 1o iis outer position,
the control rod moves the pump plungers to
their zero feed position and the engine receives
no fuel at all. Keep the stop control in its pulled-
out position until the engine has stopped com-
pletely. Do not push the stop contral in again
until the engine is to be started again.

0 H:]
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Injectors

dyonren

vge

Fig. 40. PBosch mjector.

L. Nipple for lpak-off 1l. Screw union
line 12, Cap nut

2. Nipple bolt 13. Delivery pipe

3. Metal washers 14. Filter {rad-type)
4. Cap nut 15. Push rod

3. Sel-scrow 16. Nozzle helder body
6. Lock nut 17. Mozzle nut

T. Spring retainer 18. WNozzle

8. Guide sleeve, upper 19, MNozzle needle

9. Spring 2. Guide pin

10, Guide sleeve, lower

The injectors have the function of finely ato-
mizing the fuel and injecting it into the cylin-
ders. In order to ensure that the fuel oil is finely
atomized, injection is carried out under extre-
mely high pressure.

The movements of the nozrzle needle are con-
trolled by the pressure of the fuel oil and a
spring. When the fuel pressure reached a certain
value, the needle is lifted from its seat.

The injectors are fitted with four-hele tips.
When the needle is lifted from its seat, four pre-

cision-calibrated holes are exposed. The opening
preszsure for the injectors should be 130—140
kg em® (1850—2000 psi), the walue of each
injector being as near that of the others as poss-
ible within these lirmits.

There iz @ leak-off line fitted to return to the
fuel tank the small amounts of fuel oil that nor-
mally leaks past the nozzle needles in the in-
jectars.

In order to ensure that the injectors are well
cooled, they are fitted in special copper sleeves
in the cylinder head. Thess copper sleeves are
directly flushed by the cocling water.

Inspection

The extremely small holes in the tips of the
injectors through which the fuel ol is injected
inte the combustion chambers can be blocked

with carbon, It is therefore advisable to have
spare injectors available at all times. If the en-
gine runs unevenly and injector failure is sus-
pected, it is easy to decide which of the injectors
is at fault by loosening the nuts on the delivery
wipes at the injector, one at a fime. The injector
in gquestion will then be put out of action. If one
of these nuts is loosened and there is no diffe-
rence in the behaviour of the engine, then it is
this injector that is faulty, This injector should

ke remaved and one of the spares fitted. The -

faulty injector should be sent to a Dissel serviee
station as soon as possible, Always exercise the
greatest cleanliness when replacing an injector,

The injectors should be cleaned and adjustad
at a Diesel serviee station at regular intervals,
We recommend an operating time of 600 hours
between reconditioning procedures but the most
suitable time intervals depend on the fuel used
and experience from the prevailing operating
conditions. Faulty injectors mean incomplete
combustion and subseguent damage to the en-
gine, Make sure, therefore, that the intervals
between injector reconditioning are not too long,

Removing
1. Clean and blew off all dirt from the injector

and the delivery pipe as well as the adjacent
parts of the cylinder block.

2. Disconnect the delivery pipe from the injee-
tor and fit a protector cap, Then disconnect
the leak-off oil line. -




Remowve the nuts which retain the injector
in the cylinder head. Lift up the injector.
In order to avoid damage to the copper
sleeve removing an injector, the injector
should be twisted backwards when remowving
it. A special tool for the PUIPOSE Coar be used
Lo advantage. In order to prevent water from
seeping out when the sleeve iz loosened, we
recommend that part of the cooling water is
drained off before an injector is remowved.

Fitting

1
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Hotate the engine a few times with the star-
ter motor 2o that the copper sleeve (1, Fig.
41} iz bBlown clean. Make sure that the stop
control is pulled out. Check that the contact
surface between the mjector and the COpPeT
sleeve in the bottom is free from dirt and
undamaged

-

0

Fig. 41, Am mmjector in position on the engine.

Insert the injector and tighten it. Tighten
the nuts evenly and carefully. If the nuts are
tightened unevenly, the nozzle needle can

chafe in the nozzle. The tightening torque is
2.3—3.0 kgm (17—22 Ih.ft.).

3. Connect the leak-off line. Replace damaged
washers.

4. Conmect the delivery pipe. Make sure that
the cone is correctly located as shown in
Fig. 42. If the cone iz tightened when it is
crocloed, there is s risk of the delivery pipe
fracturing after & time due to the stresses
that develope.

Ineorrect fitting
The plames (h) are not

Correct fitting
The planes {a} are
parailel parallel

Fig, 42.

Delivery pipes
Replacing a delivery pipe

Fractured or leaking delivery pipes must be
replaced, Repair by welding must not be earried
out since the welding seale that results will gra-
dually laosen and will be carried into the injec-
tor where it will cause severe damage.

A new delivery pipe should be flushed
through with clean [uel oil before it 1= fitted

The cones on the ends of the pipe should be
carefully fitted in the screw unions on the fugl
injection pump and the injeteor. It should be
possible to tighten the nuts most of the way by
hand. Final tightaning should be carvied out
with an open-end spanner. If the pipe does not
fit precisely, stresses can occur when the pipe
is tightened causing fracture alter a short time
of usa, See Fig. 42,

First tighten the serew union on the fuel in-
jection pump and then the serew ynion on the
injector. Do not forget to fit the elamps in posi-
tion. If this is not done, the sffestive lifa-time
of the delivery pipe will be considerably shor-
tened.



Air-venting the fuel system

If the engine has not been used for some time
o adjusting work has been carried out on the
fuel sy=stem, careful air-venting must be carried
out on the fuel system before the sngine is
started. The fuel filters are air-vented first and
then the fuel injection pump.

1. Open the air-venting valves on the covers
of both the fuel filters.
2. Feed up fuel oil by operating the hand primer

pump until the fuel oil passing out iz free
from air bubbles. Then close air-venting

valves,

g

Open the air-venting valve on the fuel injec-
tion pump and operate the hand primer pump
until the fuel passing out s completely free
from air bubbles. Then close the air-venting
valve.

Continue to operate the hand primer pump
to build up a good feed pressure,

If necessary, lonsen the delivery pipes at the
injectors and turn over the engine with the
starter motor until the fuel running out is
free from air bubbles. Then tighten the nuts.




COOLING SYSTEM

The engines are water-cooled. For protection
againgst the corrosive effects of zea water, the
eooling system is divided up into two separate
parts — one for fresh water and the other far
sen water.

Fresh water system

Water circulation is talken care of by means
of a pump fitted to the front end of the engine.
This purnp sucks cooling water from the lower
part of the heat exchanger and forces this water
inte the cylinder block. Inside the blosk it first
cools the eylinder liners and then passes mp to
the cylinder heads and the exhaust manifold.
The heated water is then taken through the
thermostat(s} to the tank and the upper part of
the heat exchanger. In the heat exchanger, the

cooling water passes downwards through a sy-
. stem of tubes where it is cooled by sea water.
As long as the cooling water is cold, the ther-
mostat(s) are closed and prevent flow to the
heat exchanger. Instead, the water passes di-
rectly through a by-pass to the suction side of
the pump. This means that the engine rapidly
attains its operating temperature at the same
time as the engine temperature is prevented
from being too low when the weather is cold.

Coolant

The water used sh;ulcl be as clean as possible.
The best type is rain water. Never add cold watsr
to a hot engine since the sudden temperature
change can cause cracks in the eylinder block or
cevlinder heads.

When water is being added, the air-venting
screw on the thermostat housing should be open
te get rid of any air in the cooling system.

On MD 47 engines, there is an air-venting
pipe that terminates in the tank so that manual
air-venting is not necessary,

In order to give the cooling water space to ex-
pand, the tank should not be filled to more than
half; another check is to add water until it he-
gins to run out through the air-venting screw
on the thermostat housing.

Capacity of eooling system

MD4T .... approx. 18 litres (4 Lnp. gallons)
MD 6T .... approx. 20 litres (4.4 Imap. gallons)
MD B .... approx 27 litres (6 Imp. gallons)
TMD 96 .. approx. 27 litres (6 Tmp. gallons)
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To avold having to drain off the fresh water
in the =vent of frost, anti-freeze should be added
to the cooling system. A good anti-freeze agent
is & mixture of water and ethylene glycol {with
added anti-rust agent). The amount of ethylens
2lycol should never exceed 60 % since & mixture
of 60 %% glycol and 40 % water gives the maxi-
mum depression of freezing point.

The table below shows the freering points and
specific gravities of varlous mixtures of water
and ethyvlene glveol

Froezing point Spec. grav, % by wolume of glyeol

— 4" C (425 F) L012 10
— 8° C (415" F) 1027 20
—13" C (4 89" F) 104z 30
—227 C (— 8% F) 1055 40
—38° C (—36° F) 1068 50
—568°% C (—89° F) 1076 &0

Before anti-freeze is added, the following pro-
cedure should be carefully carried out: (see alsn
page 38).

1. Flush out the eooling system well with clean
water.

2. Check that there are no leaks on the cooling
system units, hoses, ete,

3. Tighten the cyvlinder head nuts, Checls that
the gaskets on the thermostat housing and
cooling water pump seal effectively.

4. Check that the thermostat(s) funetion pro-
perly.

After the anti-freezs has hesn drained off
after the winter, the cooling system should be
thoroughly flushed out. Never use the same anti-
freeze more than one season.

Ag far as drainage of the cooling system is
concerned, see page I5,

Thermostat

In order to ensure that the engine reaches its
normal cperating temperature as soon as possible
after it has been staried 2 thermostet is fitted,
This has an important function since 2 suitable
engine temperature and a shorter warmnig-up
time reduces cylinder wear considerably.

If some fault should develope on the thermo-
stat, 1t should not merely be removed but a new
thermaostat should be fitted in its place.

The thermostat is of the bellows lype and is



balanced, that is to say it does not open under
the effect of the pressure exerted by the cooling
water pump. The thermostat is fitted in o spe-
cial housing on the forward, upper part of the
engine. On MID 96 and TMD 96 engines, two
thermostats are fitted.

Fig. 43. Testing the thermostat,

The normal operating temperature of the coo-
ling water is*70—83° C (158—185° F). If the
engine temperature gauge shows large varia-
tions from this range, the thermostat(s) should
bae removed for testing. The thermostat should
be heated up togother with a thermometer and
the temperature at which it opens should he
noted. The normal opening temperature is 74° C
(165° F) for MD 47 engines and 72° C (162° F)
for other engine types. If the thermostat does
not open at the stipulated walue, it should be
replaced.

NOTE. The engine temperature gauge is by
no means a precision thermometer so that any

small variations indicated on this should not be
taken as an indication that the thermastat should
be replaced or the temperature gauge. The in-
dicated temperature iz, in point of fact, a check
which shows that the thermostat is working and
that the engine is not overheating.

Fresh water pumnp

The fresh water pump is of the centrifugal
tvpe and is driven from the cranlshaft through
the medium of & drive belt.

Lubrication

TTse heat-resisting bearing grease. Lubricate
with & grease gun after every 200 hours of ope-
ration but be careful not to pump in too much
grease. 435 strokes with the grease gun is suffi-

clent.

Sea water system

Usually, water is sucked in through the ses
cack in the hottom of the boat through the re-
verse gear oil cooler to the sea water pump
which then forces the water through the heat
exchanger and the engine oil cooler, The water
is then taken through a three-way cock either
overboard or else to the exhaust pipe system
depending on whether a dry or watercooled ex-
haust system is fitted.

Sea water pump

The sea water pump is made completely of
bronze. The shaft is made of special metal and
is carried in cased ball bearings, The impeller
is made of neoprene rubber,

The function of the pump is shown in the
illustrations below.

Check that the pump never runs dry, Fric-
tion can cause the impeller to loosen,

The pump is drained by removing the cover,

PENTA
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Fig. 4d. Function of sea water pump.




Lubrication

The sea water pump regquirss no servicing
from the point of view of lubrication. The ball
bearings are completely enclosed and have suf-
ficlert prease to last the lifetime of the pump.

Replacement of impeller and seal

The impeller iz replaced as follows: Loosen
the screws in the pump cover and remove the
cover. Insert two screwdrivers towards each
other and force out the impeller, exerting pres-
sure on the pump housing. Remove any bits of
the impeller that may remain in the housing.
Push the new impeller into position in the hows-
ing. Puszh the two rubber washers in the im-
peller to the end of the shaft. These washers
are there to prevent sand and other solid par-
ticles from coming in and causing wear on the

splines. Fit the cover. Make sure that there is
always a spare impeller on board.

If the pump leaks on the opposite side to the
cover, then the seal and the rubber O-ring should
be replaced. They are accessible when the im-
peller has been removed. Use a hook or some
gimilar tool to pull out the seal first and then
the O-ring. The new components should be fitted
in the reverse order to that used when removing.

Zinc electrodes

In order to provide as much protection as
possible to metal parts in contact with sea water
from corrasion by galvanic currents, there are
zine electrodes built into the heat exchanger and
poszibly in cil cooler. These electrodes should be
removed and inspected once a month. Any de-
pusits on them should be carefully removed by
seraping or brushing with a steel wire brush. II
an electrode has been corroded to 50 % of its
original size, it should be replaced with a new
electrode,

(eneral

Draining off the cooling systems

After the engine has been run warm, the filler
cap should be removed, the air-venting valve
{if any) on the thermostat housing should be
opened and the sea cock in the hottom of the
boat should be closed. The following drain points

SRR

on the fresh water and sea water cooling system
are then opened:

1. Cock on port side of engine.

2. Cock on underside of exhaust manifold {(if
fitted).

Cock an forward edge of heat exchanger.
Cock on engine il conoler,

Cover on Sea Water pump.

Flug or cocls on reverse gear oil cooler.

All cocks that may be fitted on water peckets
in the cooling water and exhaust pipe cooling
systems.

When only the sea water cooling system is to
be drained, se points 3—7.

Cleaning the cooling system

The conling system only functivns completely
effectively when all the channels in the cylinder
block, eylinder heads and the heat exchanger
are free from deposits and Impurities,

Water almest invariably contains certain salts
which, due to the relatively high temperatures
occurring in the fresh water cooling system,
form deposits in the cooling channels and jac-
kets. Thesa deposits together with the rust that
is always there as well as solid impurities which
gradually block the channels, combine to make
the cooling systern so ineffective that the engine
will boil as soon as it is loaded or the tempe-
rature of the sea water goes up.

This trouble can be avoided by:

{a} using clean waier, preferably rain water
with rust preventitive added, (Always make
sure that the rust preventitive used has not
a damaging - effect on aluminium alloys.
There are parts made of these alloys in the
fresh-water system.)

() keeping the clean water in the engine for
long periods. Change the water only twice
a yvear when anti-freeze is added or drained
off. Flush out the fresh-water system with
water, steam at a pressure of 1 kglem®
(14 p.s.i.) or suitable soda solution.

Flushing with soda solution should be carried
aut when there is reason to suspect that there
are deposits in the fresh water system channels
and jackets. Disealve 1 kg. of ordinary soda in
20—25 litres of boiling water (2.2 1b. of soda in
4.4—5.5 gallons of boiling water). The cooling

D)
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system should be drained and the soda solution
added. Then run the engine (preferably wit-
hout thermostata) with the sea water pump
drive belts removed so that- the engine staris
boiling. Maintain the soda solution at this tem-
perature for about 20 minutes before draining
and flushing out the zvsterm with clean water.
While the engine is boiling, the filler cap should
be remowved.

During normal operation, if the engine tem-
perature should go up and the engine should
begin- to boil, then there iz reazon to believe
that the fresh water cooling system has become
blocked as described abowve. But since the boil-
rig can depend on S0 many other factors, an
exagmination should be carried out to determine
the causze of the poor cooling. Make sure that the
sea cock is not blocked first., then check that
thera s good flow through all the cooling water
pipes in the sea water system. Make sure that
the cocks and valves in the system are not
bloeked. Check that the sca water pump is work-
ing properly and that its drive belts are not
slipping. Make sure that the thermostats are in

good condition.

If it is found that the huat‘q&x{:hﬂnger is block-
ed or has an excess of heat-insulating deposits
on the sea water side, the following procedure
is recommended:

1. Remove the heat exchanger from the engine.
2. Remove the zinc electrodes and drain cocks.

3. Prepare a bath consisting of 1 part of hydro-
chloric acid to 2 parts of water. Add 0.2 kg.
(7.9 oz.) of oxalic acid to every 10 litres
(2.2 Imp. gallons) of the above hath.

4. Tmmerse the heat exchanger in this bath
and lift it out as soon as foaming and bubb-
ling has ceased. Thi= should take between
30 =econdsz and one minute.

5. Flush out thoroughly with hot water.
Fit the heat exchanger. Check the gaskets.

Leakage in the heat exchanger

Leakage can oceur in the heat exchanger due
to heat tensions and galvanie corrosion. Since
the sea water is under higher pressure, it will
ke forced into the frezsh water in the case of
leakage and will dilute the fresh water. The

amount of water in the fresh water cooling sv-
stem will then increase so that the water tank
is filled =snd water will run out through the
filler cap air hole.

The engine suffers in no way by being run
under such conditions but the heat exchanger
should be repeired, naturally. as scon as pos-
zible.

Drive belis

Zue 1o wear o due to the presence of oil
grease, the drive belts can start slipping and
cause the engine to boil

The drive belts are tensioned by locsening
bolts 1 and 2 and pulling the dynamo or ten-
sioner outwards, See Fig. 45, When correctly
tensioned, it should be possible to push in the
belts about 5—10 mm {(15"—1%") at a point mid-
way between the pulleys, depending on the dis-

tanee hetween them,

NOTE. Do not stretch the belts too much. The
most common cause of helt breakage is exces-
sive tensioning

Fig. 45, Adjusting drive belt tengion,

Belt tensioner

In cases where a belt tensioner is fitted, this
should be lubricated with bearing grease after
about every M hours of operation if there is
a lubricating nipple. Otherwise, the tensioner
should be removed and the cage on the énclosed
ball bearing should be cleaned and packed with
new bearing grease once a year or after every
1200 howurs of operation,

kY




All the air phssing into the engine through
the induction manifold must first go through a
dry-type air filter which traps all particles of
dust and othep impurities. Since the zir filtee
becomes gradually blocked by these impurities,
it must be cleaned after a certain time. It s usu—
ally sufficient to clean the air filter at the same
time as the engine il is changed, that is to Say
after about every 200 hours of operation. When
the engine is running under dusty conditions,
the air filter must ke cleaned more often,

Regular cleaning of the air filter is of parti-
cular importance in the servicing of 5 Diesel en-
gine. If the air filter is blocked, the degree of
vacuum prevailing in the induction manifsld will
ineresse and influence the vacuum EOVernor on
the fuel injection pump so that this comes into

il
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AIR FILTER

operation at a lower engine spead than it shauld.
This does not apply, however, on engines fitted
with centrifugal gevernors. In this case, the indi-
cation of a blocked air filter is usually thick
heavy smoke,

Anocther reason why the air filter should be
cleaned thoroughly is that on an engine with
the crankcase breather hose attached to the air
filter, the consumption of lubricating oil will
increase. The reason for this is that the suetion
effect from the crankcase is increased and ofl
vapour is sucked owver and is burned in the en-
gine cylinders.

The air filter element(s) should be removed
and rinsed thoroughly in fuel oil before being
blown dry with compressed gir,



THE ELECTRICAIL SYSTEM

The electrical system consists of the battery,
the dynameo, the charging regulator and the star-
ter motor.

Standard MDD 47 engines have a 12-volt system
while the other tvpes of engines have 24-volt sy-
stems. There are both single and double-pole
svstems. A special wiring diagram accompanies
each engine when it is deliverad.

Battﬂr}' (lead accumulator)

The starter motor is the unit which exerts the
graatest loading on the batterss. For this reason,
the starter button should not be depressed for
more than 5—10 seconds at a time. If the engine
does not start the first time, wait for a few se-
conds to allow the battery to recover. Heavy and

continuous loading will shorten the life of the
battery considerably.

Check every 14 days or more regularly that
the level of the electrolyte is always about 5—10
mm {1%"—1%") above the upper edges of the
plates. Top-up with distilled water when ne-
cessary. ~

The state of charge of the battery can be de-
termined by the use of a hydrometer which
shows the specific gravity of the electrolyte.
When a battery is fully charged, the speecific gra-
vity of the flectmlyte is 1.275—1285 at 20°C

Fig. 46. Checking the specific gravity of the
battery electrolyte and the electrolyte level.

{GE” F). When the specific gravity has gone
down to 1.230, the battery should immediately
be sent to a charging station.

Druring the winter, the Ioading on the battery
iz always gregter than during warm weather due
to more difficult starting and subsequent in-
creaszed current consumption. Since the risk of
deamage by freezing increases as the state of
charge of the battery decreases, then the state
of charge of the battery should be checked more
often during the winter.

Checlt that cable terminals are well tightened
and smeaved with vaseline free from acid.

MWew bhatteries are available in three states of
charge: uncharged, dry-charged and finally
charged. The directions supplied by the manu-
facturers should be followed in all cases,

If the battery is uncharged, it must be filled
with electrolyte and then charged with a low
current (60—70 %) compared with subsequent
charging, for a comparatively long time, nor-
mally 30—F60 hours,

A drv-charged battery is already charged but
the eleptrolyte has been drained off and must
thus be added again. The battery can then be
used directly without any further charging being
NECcesS=ary.

A finally charged battery is filled with elec-
trolyte and is therefore ready for use straight
away.

We recommend that only authorised charging
stations are used 5o as to avoid any mistakes
that may affect the strength and condition of the
battery. Charging time for subsequent charging
varies depending on the strength of the charging
current used and the condition of the battery.
A normal time is 12—20 hours. The charging
current depends, in its turn, on the capacity of
the battery. A general rule ie that the charging
current should not exceed 1 amp, for every posi-
tive plate in a cell If the battery has a total of
11 plates per cell then the charging current
should not exceed § amps., for 13 plates § amps,
13 plates 7 amps, etz

If the battery is to be stored for some consi-
derable time than it should be kept in a fully
charged condition. For this reason, it should be
given a charge with a wesk current once a
month.
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The size of the battery selected depends on
the cutput required for different periods of time
and the size of the dynamo. Standard recome-
mendations are: a battery capacity of 190 amp.
hours for the MDD 47 engine and 152 amp. Hours
for other engines.

Starter motor and dynamo

The commutators and brushes should be
checked after about every 1200 hours of Gpera-
tion. If the commutator surface is rough and
uneven, it should be polished with fine samnd-
paper (oo, (). Never use emery cloth or a file.
If the bBrushes are dirty, they should be removed
and cleaned in petrol.
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At the same time as the engine is decarbonized
(after about everwy 3600 hours of operation) or
every other vear, thie-starter motor and the dy-
namo cthould be checked cver in a speclalized
auto-electric worlshop.

TLaubrication showuld anly be carried out in asso-
ciation with this check-over

If electrical apparatus is connected to the sv-
stern, it is Important to ensure that the dymamo
iz not overloaded with resultant burning,

Normal dynemo output used as standard is:

Engine type AWlax, sutput Continusus autput
"lamp load"
MI» 47 450 watts 300 watts
Others 430 wates 380 watts

L)
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carried out on it, apart from routine ser—
vicing, is to replace it with a reconditioned
umnit,

Since there iz oil in a turbo-compressor,
it should mever be tilted. If it should be
tilted, pil can rin onto the turbine and con-
pressor rotors. When the unit is run, this oil
carbonises and forms carbon deposits which
dizturb the balance to such an extent
that the turbo-compreszsor iz ruined very
qguickly.

Gl shouwld, thevefore, be drained off he-
fore disassembly. When fitting a turbo-
compressor on an engine, bolt in into posi-
tion on the engine before adding oil.

At the same time as a turbo-compressor
unit is replaced, the setting of the fuel in-
jection pump relative to the engine, the
condition of the pump coupling and the
marimum injected quantity of fuel showuld

be checked.

Removing

1. Drain the oil off from the bearing housing so
that the housing is empty when the turbe-
compressor is removed from the engine.

2. Remowve the bolts retaining the exhaust pipe
compensator to the condensation collector
vesszel,

3. Disconnect both the rubber hoses at the com-
Pressonr.

4.

3.

Loosen the nuts on the foot-plate and lift up
the turbo-compressor,

Remove the compensator.

If the turbo-compressor iz a water-cooled mo-

del, water should be drained off from the engine
urtil it iz certain that there is no water left in the
turbo-compres=scr. Then loosen the water pipe-
connections.

Fitting

1.

Clean the contact surface on the exhaust ma-
nifold and fit a new gasket. Replace anv of
the stud boltz that are damaged,

Miake sure that the reconditioned turbo-com-
pressor to be fitted is clean. Hemowe the pro-
tector cover over the exhaust opening. Insert
one hand and make sure that the exhaust
turbine rotor and the compressor rotor rotate

easily. Fit the compensator.

Lift up the turbc-compressor into position
and bolt the foot-plate to the exhaust mani-
fald.

Fit a new gasket and bolt the compensator to
the condensation collector. Connect the rub-
ber hpses to the comprassor.

Fill the bearing housing with oil. This should
be done slowly to allow the air to pass out.
See under the heading "0il changes”.

FPlace the old turbo-compressor in the packing

case and bolt it fiemly into position to aveid da-
mage during transport,

g
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POWER TAKE-OFFS

Depending on the way in which the sengine iz
tc be used and the waw in which it iz installed,
various types of power take-offz are available
both on the rear end of the engine (fywheel end)
and the forward end.

When the engine is used to drive a propeller,
there 1s normally a reverse gear with a reduction
gear or a friction clutch with a reduction gear
fitted on the rear end. On auxiliary units, thers
is normally a friction clutch or a flexible coup-
ling fitted on the rear end. Power take-offs at the
forward end are available in both cases in the
form of friction clutches or flexible couplings.
The following concerns maintenance procedure
For the most usual types.

Reverse gears

All types of reverse gears with the exception
of the S LM, type are directly flanged onto the
flywheal housing and the reduction gears are
built into the same unit as the reverse gears. Re-
verse gears are available in two models: either
mechenical or hydraulie opepation.

When installation is carried out, care must be
tzken to ensure that it is possible to slide the re-
verse gear about 200 mm (8”) astern in order
to remove the reverse gear from the engine. It
must thus be ensured that the propeller shaft
with its flange$ and the propeller have sufficient
clearance astern.

If a remote control system is used between the
wheel-house or the eontral position and the ope-
rating shaft on the mechanically-operated rever-
se gear, this must be carefully fitted and must be
robust since the stresses on it are considerable,
Attaching points for any right-angle levers used
in the remote control system should be well
baolted to the hull. Contral rods in the system can
be made to advantage out of tubular steel to re-
duce weight. Note that the control system should
be designed so that full engagement in each di-
rection is obigined and that the system is comple-
tely unloaded when in the "Ahead”, "INeutral'
or "Astern” positions. Any loading on the
operating mechanism in these positions
will lead to rapid wear on the throw-out
bearing.

The control should always be operated with
a steady, determined movement to the desired
position. Check that full engagement has been

obtained and that the clutch discs are not slipp-
ing. When the reverse gear is being ope-
vated, engine speed may only exceed 500
.o . in cases of emergency,

"Twin Disc”
Description and operation

The Twin Disc reverse gear iz mechanically
operated and has a cluteh of the Duplex type,
that i=s to =ay there are two discs, one for running
" Ahead”™ and the other for running " Astern”.
This design permits running “Astern” for com-
paratively long periods of time and, since the
gear ratios for "Ahead" and “"Astern” are the
same for 2:1 and 3:1 reduction gears, this gives
improved manoeuvring properties. This system

i | .I'. FINEA
12 11 1]

Fig. 50. Tuwin Disc reverse genr with reduction
gear for MD&T engine.

1. Seg-water connection 7, Ol dipetick
Inspection cover, B. Sea-waber connection
reduction gear 8, Contact surface for

3. Oil filler, breather support bracket

4. Inspection cover, 10, il drain point
reverse gesr 11, Bea-water drain point

5. Lubricating nipple for Propeller shaft Hange
throw-out bearing Lubricating nipple for

6. Operating shaft flywheel pilot bearing
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alsoc provides the possibility for the installation
of two contra-rotating propellers. The 4.38:1 re-
duetion gear for "Ahead” cperation, an the other
hand, has a ratic of 3.80:1 in the "Astarn™ DOSi=
tion so that contra-rotating propellers cannot be
used in this case. The standard direetion of rata-
tion in the "Ahead"” position iz always opposed

Lo

the direction of rotation of the engine.

Adjustment

The spring-loaded levers (over-centre} are
subjected to pressure from the springs in the
thrust links. This spring-loaded mechanism is
designed to compensate for wear on the discs so
that no adjustment is necessary. With new disecs,
the clearance on each side is 1.5 mm (/") on
one of the dises when the other is engaged. This
clearence can reach a maximum value of 3 mm

(& e B

The easiest way to check for wear an the discs
and determine the time for replacement is to
check the position of the plunger i nthe thrust

link. See fig. 51.

When the dises are new, the plunger in the
thrust link is 5.5 mm (7/:.”) from the upper edge
of the retainer when the reverse gear is engaged
in the "Ahead” or "Astern” position. When the
discs are so worn that they require replacement,
the plunger is level with the upper edge of the

B spring retainer.

The normal operating torque for the MD 67 is

approx. 13 kgm (94 Ib.ft.).

The normal operatinl torque for the MD 96 is

approx. 16 kgm (115 Ib.£.).

(1] ! ]
Dise | s
a 2,
clearance J_<_EI' :ﬂ ' Plunger lavel
with retainer
h. L} T,
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Engaged position with worn-out discs

Fig. 531. Chutck mechanism.

Lubrication

The reduction gear in the reverse grar unit
should be lubricated with good quality SAE &0
engine lubricating oil (HD type) or SAEGSD
gearbox (transmission) oil

Checlk the oil level daily by means of the dip-
stick. The oil level should be between the two
marks on the dipstick.

Change the lubricating oil and preferably
flush out the gear housing after about every 800
bours of operation or at least once a year. The
oil capacity is 3—32.5 litres (53— Imp. pints),
Druring the running-in peried, an extra o3l chan-
g should be carried out at the same time as the
corresponding oil change in the éngine.

After about every 50 hours of operation, the
flywheel pilot bearing (lubricating nipple 13,
Fig. 50} and the throw-out bearing (lubricating
ripple 53, Fig. 50) should be lubricated with high-
class, heat-resistant grease with a melting point
not below 150° C (300° F). Do not lubricate too
much otherwise oil can come onto the dry dise
clutch and eanse slipping,

After about every 50 hours of aperation, also
the forward inspection cover should be removed
and the moving parts of the clutch mechanism
should be lubricated with a few drops of light

oil.

“Snow Nabstedt™

Description and adjustment

The characteristic for this type of mechani-
cally-operated reverse pearis that gear-changing
iz carried oul through the medium of planetary
gears.

For the MD 96:

"Ahead operation is obtained when the douhle
cone clatch (4 H, Fig 53) is pushed in, This is
spring-loaded and designed s that no adjust-
ment of the "Ahead” position is necessary bet-
ween the normal inspections of the reverse gear
which should be carried cut at the same time as
the engine 15 reconditioned,

If inspection shows thet the cone cluteh,
though worn, is in good condition, it need not be
replaced. Wear can then be compensated for by
ingerting a 1,5 mm (/") thick washer (IfB)
under each of the plungers on the engaging me-
chanism lever (13 x).

"Astern” operation is obtained when the band
brake is applied so that it prevents the planetary

>
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FEMTA 121

Fig. 532. "Astern"” mechanizm for MD 96
ETLETLE,

gear cage (3, Fig 52) from rotating. The brake
band becomes worn gradually and the reverse
gear will slip in the "Astern” position. The brakes
band must then be adjusted as follow: Move the
reverse gear lever to the neutral position, re-
move the caver on the upper part of the housing
so that the mechanism is accessible. Then loosen
the set screw (Fig. 52) and the cotter. Tighten
the sdjusting nut ane sixth of a turn. Start the
engine and engage "Astern”. If the gear sull
slips, tightey the adjusting nut another sixth of
a turn until the engine can be run full speed
astern without the reverse gear slipping.

For the MD 47:

Adjustment in the " Ahead” position is carried
out by lovsening the stop-screw on the adjuster
plate which is attached to the rear edge of the
planetary gear housing. Turn the adjuster plate
in a clockwise direction one noteh at a time until
the adjustment iz correct.

Adjustment in the "Astern" position is carried
out on the same principle as deseribed above for
the MD B,

Never adjust the reverse gear while the
engine is running. Before any adjustment
iz carried out, the remote control system (if
aiy ) must be disconnected. Use the reverse
gear lever when carrying out adjustments.

When adjustments have been completed, fit
the cotter and set screw and then attach the
cover on the housing in position.

The normal operating torgue for the MD 47 is
approx. 13 kgm (155 1b.42).

The naormal operating torgue for the MD 94 iz
approx. 27 kgm (200 1b.ft.).

The rewverse gear can he used separately or
together with various reduction gears. In all ca-
ses, the speed is the same "Ahead” or "Astern™,
This type of reversa gear, however, does not per-
mit ruenning "Astern” for any long period of
timmne,

PENTA 121

Fig. 53 "Ahead” mechaniom for WD 56

engine,

Lubrication

The ravarse gear and reduction pear are lubri-
cated completely by means of splash lubrization,
Use the same type of oil as used in the enpgine
with a viseosity of SAE 30.

Checle the ol level daily by means of the dip-
stick. The level should be up to the upper mark
il 5 B



Change the lubricating oil and preferably
flush out the reverze gear after about every GO0
hours of operation or at least onee a vear. The
oil capacity varies depending on the model of
reduction gear used. For example: with a 2:1 re-
duction gear on the MDD 47 epprox. 4 litres
{7 Dmp. pints) and for the MD 96 approx. 6,5
litres (1134 Imp. pints). During the running-in
pericd, an extra oil change should ke carried cut
&t the sarme time as the corresponding oil change
in the engine. All oil iz added through the re-
verse gear. WNever add oil to the reduction gear.

“Sell-Changing Gears™ (see Fig. 5)
with "Standard” operating valve
Description and operation

This reverse gear is operated hyvdraulically
through the medium of oil under pressure supp-
Lied by a pump which iz bullt ints the reverse
gear. When the operating lever is turned to the

"Ahead"” or "Astern” positions, the oil passes
through the cperating valve to one or other of
the clutches. Only slight pressure is needed to
move the operating lever. Sines the elutehes are
engaged and disengaged with the help of nil un-
der pressure from the pump which is indirectly
driven by the engine, then the engine must be
running when the gear is operated. The oil pres-
sure is nomally 5—7 kg/em® (T0—100 p.s.i.).

The planetary gears in the reverse gear do not
permit "Astern” operation for any extended
length of time. Since ihﬂe is no reduction effect
in the planetary gears, the speed of revelution
is the same for "Ahead"” and "Astern” operation.
If different speeds of rotation are requirved for
twin installations, reduction units with two or
three gears are available. Reverse gears with or
without reduction gears can be supplied. The
normal reduction ratios are 2:1 and 3:1 (to be
more precise: 2,03:1 and 2,95:1).

Adjustment and inspection

Engagement of the “Ahead”, "Astern” and
neutral positions is carried cut hydraulically
and no adjustment is necessary before the discs
end the facings respectively are completely worn
out. When this happens, the time taken for enga-
gement will increase or, in extreme cases, the
reverse gear unit will slip and the engine will
show a tendency to race. Normally, the time
taken for the gear to engage should not exceed
5 seconds after the operating lever has been
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moved from the neutral to the "Ahead™ or "As-
tern' position. IF the reverse gear slips, it should
be digsassembled and worn parts should be re-
placed. Another cause of gear slip is an excessi-
vely low oil pressure and this ean depend on
worn bushings or ocil seals. At normal operating
speed, the oil pressure should never be less than
2.5 kpdfem?® (50 posi.).

The reverse gear should be carefully inspectad
al the same time as the engine is checked over or
after about every 3600 hours of operation.,

Lubrication

The lubricating oil for the reverse pear is aksn
used to.mowve the gears between the "Ahead”,
Y"Astern™ and neutral positions, Use the same
type of 0il as in the engine but with a viscosity of
SAE 20 or 20 W. The cil eapacity for the MD 67
and the MDD 96 engines with reduction gears is
about 14 litres (2 V& Imp. gallons). Without the

reduction gear, the il capacity of the reverse
gear is about 8 litres (1 % Imp. gallons),

Check the oil level and the oil pressure daily.
When the engine is switched off, the il leval
should be as near the upper mark on the dipstick
as possible.

Change the oil after every 1200 hours of ope-
ration or at least ence a year. The ol is drained
off by means of the plug on the rear edge of the
reduction gear housing. At the same time, the
suction filter (10, Fig 3) should be cleaned. This
is low down on the left side of the reduction gear
housing and is attached by means of five stud
bolts and nuts. There are puller holes in the fil-
ter housing flange to aid removal The filter
should be cleaned with fuel oil and brushed with
a steel brush if necessary, Do not forget the gas-
ket under the filter housing when re-fitting,

After every 200 hours (at the same time as the
engine oil change), the man filter in the ope-
rating valve should be removed and cleaned in
the same way as described above, Neither cotton
waste nor rags should be used for eleaning pur-
poses. When the filter in re-fitted, male sure
that il comes correctly into position bath on the
guide in the bottom of the operating valve and on
the guide in the hexagon, Run the engine and
make sure that there is no leakage between the
hexagon and the operating valve.

During the running-in period, an extra oil
change should be carried aut and the main filter
should be cleaned at the same time gs the corres-
ponding oil change in the engine is carried out.

)
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“Self-Changing Gears™
with "Sequent”™ operating valve

The advantage with this operating valve is that
both operation of the reverse gear and adjust-
ment of engine spesd can be carried out by
means of the lever on the valve. The reverse gesr
iz operated as described earlier while the engine
speed is adjusted by means of a8 hydraulic con-
trol eylinder fitted on the engine and this inflg-
ences the throttle controls through a series of
links. Excess oil from the operating eylinder goes
back to the reverse gear through another line.
A further advantage of this valve is that all ope-
ratiorn of the reverse gear iz carried out while
the engine is running at idling speed and this
considerably reduces wear in the reverse gear,

When the lever is moved to the "Ahead” or
"Astern” position, the reverse gear is first en-

gaged while the engine, as already mentioned,
is running the whole time at idling speed. When
the respective gear has been engaged, further
movernent of the lever gradually increases the
speed of the engine,

The instructions already given for the reverse
gear with a standard operating valve apply also
here but with the following exceptions: The oil
pressure, which is controlled by a relief valve,
should be 5.6 kg/em? (80 p.si) at normal ope-
rating speed. At idling speed, this pressure can
go down to 4.9 kg/em® (89.5 p.si.)., Abnormal
variations in oilpressure can indicate that the
relief valve is chafing. If the pressure is lower
than 4.5 kg/em® (64 psi) at normal running
speed, cheek to ensure that the gear is not
slipping or that gear engagement is not taking
too long (5 seconds).

The main filter in this case consists of a large
cloth filter which is fitted separately on the out-
side of the reverse gear. The filter has an ele-
ment which can be removed for cleaning. The
pleated cloth should be taken out of the perfo-
rated metal retainer and should be cleaned in
fuel oil or paraffin before being allowed to dry.
The element should be cleaned for the first time
after 25 hours operation and thereafter at inter-
vals of 200 hours The filter cloth should be re-
placed after 1800 hours of operation. Check the
gaskets on the ends of the metal retainer.

The intervals between inspections are twice
as great as for reverse gear units with standard
operating valves, that is to say about 7200 hours,

"Penta™
Descriprion and operation

This reverse gear is of the Duplex type and is
mechanically spermted. The design conststing of
two dizses, one for operation "Ahead” -and the
other for operation "Astern”, permits relatively
long periods of eperation "Astern”. Continuoeus
"Astern” operation, however, as in the case of
twin installations, iz permissible for 5 2:1 redue-
tion gear but oot for a 3:1 gear. The standard
direction of rotation in the "Ahead" position is
opposed to that of the engine. Redustion gear
ratios are normally 3:1 (o be more precise:
TAhead”™ 2.00:1 and "Astern” 1.97:1) or 3:1 (ta
be more precise: "Ahead” 2.88:1 and "Astern”
2.53:1).

Adjustiment

The powerful Duplex clutch with rocker lock-
ing (over-centre) is subjected to the pressure of
the springe in each of the spring sleeves on the
cluteh. This spring-loaded mechanism s so de-
signed that it follows and eompensates for wear
on the discs so that no adjustment is necessary,
The mechanism is designed in such a way that

_there is a clearance of 21—32 mm (0.083"—

0.126") on each side of a disc when the other
clutch is engaged. This clearance increases to 2
maximum of 6.5 mm (0.260") when replacement
is necessary. A siniple way to cheek wear on the
discs and determine when they need replacing
is to check the pesition of the pin on the engaging
mechanism. With new discs, the distance bet-
ween the shoulder on the pin and the upper part
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Fig. 3. New discs,
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Fig. 55. Worn discs.

of the spring slesve is about 4 mm (0.1607) —
see Fig. 54 — when either of the clutches is en-
geged. When the dises are so worn that they need
replacing, the shoulder on the pin i= about 1 mm
(0.040") above the upper part of the spring slee-
ve, sea Fip. 55. If the clutch has been disassem-
bled for some reason or if worn dises have been
replaced, make sure that the flanges on the toot-
hed disc hub fzee one another. This is essential
if the discs are to assume their correct position
during operation.

Lubrication

The reverse géhr reduction gear should be
lubricated with good-guality engine lubricating
pil (HD type) with a viscosity of SAE 40 or
SAE 30 gearbox (transmission} oil. Check the
il level daily by means of the dipstick. It should
be betwesen the two marks on the dipstick.

Change the lubricating oil and preferably

Fig. 58. (il dipstick.

Lt

flush out the gear housing after about every 600
hours of operation or at least once a year. The
oil capacity is 3—3.5 litres (58—6% Imp. pints).
During the runming-in period, an extra ol chan-
e should be carried out at the same time as the
correzponding oil change in the engine.

After about ewvery 50 hours of operation, the
flywheel pilot bearing and the throw-out bearing
should be lubricated with good-quality, heat-
resistant grease.

The Iubricating nipple for the flywhesl pilot
bearing is in the rear end of the reverse shaft,
When the bearingsare to be lubricated, the hexa-
gonal plug in the end cover must first be re-
moved.

Do not lubricate too much since excess gresse
can come onbo the dey dise cluteh and cause

After every 50 hours of operation, the for-
ward, smaller inspection cover should be re-
moved and the moving parts in the clutch me-
chanism should be lubricated with & few drope

of light lubricating il

"Modern Wheel Drive” (S.LM.)

When a twin engine installation is driving a
commeon propeller shaft, this type of reverse gear
iy used. A model with only a friction elutch is
available for use with variable piteh propeller
equipment. In both cases, operation is hydraulie
and the built-in reduction gear usually has a
ratio of 4:1.

As far as servicing instructions for perindical
inspection are concerned, see page 62 and the
special instruction book,

Friction cluteh with reduction
gear
"Twin Dise” (see Fig. T)

This iz a single disc clutch of the over-centre
type. The reduction gear is available with either
internal or external gears, that is o say the di-
rection of rotation can be either similar to or
opposed to that of the engine. The ratio is usually
3:1 or 4:1.

Adjustment

If the clutch slips, runs warm or shows a ten-
dency to disengage, adjustment should be car-
ried out. Remowve the cover over the casing.
Move the lever to the neutral position. Rotate

S



OPERATING INSTRUCTIONS

Running in the engine

The runming-in pericd is the most important
time in the life of the engine. During this period,
that is to say the first 100 hours of operation, the
engine must be run with a certain amount of
care. The reason for this is to ensure that the
cylinder bores, the pistons and the bearing sur-
faces obtain the hard, glazed condition that en-
SUre maxirmurmn erngine life

The engine should be run with reduced loading
during the first 25 hours of operation. We recom-
mend a loading of about 60 %% which corresponds
to 200—300 r.p.om. at maximum speed in a boat
with a fixed pitch propellex.

The degree of loading can gradually be in-
creased from 25 hours of operation to 100 hours

of operation, due care being exercised. Check
now and then while the engine is running that
the water temperature and the oil pressure are
normal,

The engine may not be subjected to long pe-
riods of heavy leading during the running-in
time. On the other hand, the engine should not
be run with too low loading either since this
delays the necessary wearing-in, can cause gum-
ming of the piston rings and consequent high oil
consumption.

After 100 hours of operation, the actual Tun-
ning-in period i5 over but this does not mean
that the engine ean be run directly for long pe-
rieds of time with heavy loading. We recormmernd
that a certain amount of care be exercized until

the engine has run for 200 hours.

The engine oil should be changed more often
during the running-in period than is necessary
at a later stage. Change the oil for the first time
after about 25 hours of operation, Do not use
flushing oil since it is not certain that this will
be able to stand up to the high bearing pressures.
The lubricating oil filter should also be carefully
cleaned. The oil strainer should also be cleaned

and the oil pump should be dried out if it is not
oo Inaccessible dus to the design of the boat
He-tighten the cylinder head nuts when the en-
gine has been run worm. This applies even if
cylinder head gaskets have been fitted. Valve
clearance must also be adjusted. It is also ad-
vizable to re-tighten the nuts on the fuel injee-
Lion pump coupling.

The oil =should be changed for the second
time after a further 75 hours of operation. This
time the lubricating filter should be replaced and
the filter cloth replaced where this applies, The
il is then changed at the normal intervals of
200 hours of operation.

Al engines are test-run in test-benchez at the
factory., We are thus ensured that all clearances
in the engine are satisfactory and we cannot

aecept any responsbility for any bearing or pis-
ton seizures ceused by coreless running in, ete,

Summary for running-in period
Operating Degree of

timwee hrs. loading % ESoRr
0—25 il
25 Change the ofl, clean
the oil filter and oil
strainer, tighten the
eylinder head nuts, ad-
just the valves, tighten
the fuel injection pump
eoupling nuts,
2550 70
50—T5 80
75—100 o
104 Change the oil, elean
the oil filter and chan-
ge the filter cloth if
required,
100—200 Run with a eertain

amount of care.




Operation

Engine

Before starting
Check:

that there is sufficient oil in the engine, fusal in-
jection pump and reverse gear.

that grease nipples (if any) have besn lubri-
cated.

that there is sufficient fuel in the tanl
that the fuel cocks are correctly opened.
that the fuel sy=tem has been atr-vented,

that cooclant has been added to the fresh water
system.

that the =ea cocks for the sea water system are
open.
that the batteries are sufficiently charged.

that the engine is in neutral.

Starting, particularly in cold weather can
be facilitated by:

using thinner lubricating oil, SAE 10 W.

using winter grade fuel oil (Retains fluid state
at low temperatures).

adding warm coolant to the engine,
using fullv-charged, preferably warm batteries,

using the cold starting device on the fuel injec-
tion pump.

Starting

Push in the stop control.

Turn the key switch, whereby the charglng
control lamp lights up.

Press the starter button and the engine will
start.

If the engine does not fire the first time, wait
for a little while so that both the engine and the
starter motor have completely stopped and the
battery has had time te recover before making
another attempt.
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Procedure after starting

When the engine has started allow it to warm
up under light loading or at a rapid idling speed.
Check that the charging control lamp is cut, that
coolant is cireulating, that the seq water pump
iz feeding correctly and that the nil pressure
Eauge is showing pressure.

Never, under any conditions, race the engine
or subject it to heavy loading immediately after
starting.

Oil pressure, normal 3—4 kg/em® (42—56 p.si)
Qil pressure, minimum 2 kg/em® (28 pai)
Coolant temperature T0—85" C {155—183" F)

Reverse gear operation may not be carried out
atl speeds exceeding 500 r.p.m.

Stopping

Unload the engine and allow it to run for a
few minutes without loading. This is to prevent
the cooling system from boiling after the engine
has been stopped.

Pull out the stop control and the engine will
stop.

Switch off the key switch, otherwise the bat-
tery will discharge.

Procedure after stopping

If there is a risk of frost damage, the sea water
system should be drained. The fresh water sy-
stem should also be drained unless it contains
anti-freeze.

Examine and remedy any fsults which may
have been noticed or suspected during opera-
tion.

Eﬁrry out the periedic servicing which is ne-
cessary. Do not wait until it is time to start the
engine again since there is then risk that essen-
tial servicing might not be carried out at all.

€2
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Periodic servicing

The fellowing intervals are normal on condi-
tion that the recommended types of fuel ol and
lubricating oil are used and that the engine is
serviced in accordance with the instructions.

Every day

After every 50 hrs. of operation

After every 200 hrs. of operation

After every 600 hrs. of operation
-

After every 1200 hrs. of operation

After every 3600 hrs. of operation

becomes null and void
Engine
Check the oil level _ .
Check the coolant lewel ... ... . .,...
Check the fuel leveal ||
Give the screen-type lubrl.catmg ml f:lte1 a
T P

‘Check the batter R L S B RS

Check the bhalt tension
Check the il level in the fuel m]eu:Lu:-:n pump

and in the centrifugal governor ... ..., ...
Lubricate the vacuum governor . ...........
Grease the belt tensioner |

Drain the sludge trap in the fuel t.ank ......

Change the engine oil ... ....... ... .
Dirain off screen-type lubricating oil filter |
Clean cloth type lubricating cil filter ... ..
Clean the air BHEr ..o i
Clean the oil filler cap ......... ...
Clean the pre-filter on the fuel feed pump . . ..
Lubricate the fresh waterpump .....ovvv e
Check the zinc electrodes ...........0ounn

Check injectors .........
Clean screen-type lubrmﬂng 0:1 leter ......
Replace cloth in cloth type lubricating oil filter
Change the lubricating oil in the fuel injection

pump and in the centrifugal governor ..,
Clean breathers (if any) on the fuel injection

pump and the governor .,................

Change fuel filter elements . -
Check the settings on the fuel. m1ectmn pump
and the governor

Tighten the cylinder head nuts ............

Check valve clearances .........ccovvninn

Check the carbon brushes and the commula-
tors in the starter motor and the dynamo ..

Clean the lubricating ofl strainer ..........

Labricate the revelution counter drive cable

Decarbonize the engine and grind the valves
Have the starter motor and dyname checked
in a specialist electrical workshep ........
Have the fuel injection pump and governor
checlked in a diesel testbench ............
Check engine setlings, engine wear, ete, ...

NOTE. This summary 1% by no means infended
to replace the instruction book comple-
taly, The instruction book must be fal-
lowed ctherwise the guarantee becomes
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Turboe-Compressor
Every dav
Check the lubricating oil lewel,

After every 50 hrs. of operation

Checlk that the rotating parts ran easily. (Listen
to the sound of the compressor after the en-
gine has been stopped).

After every 200 hrs. of operation
Change the Iubricating oil.

Alter every 600 hrzs of operation
Fluzh out and change oil.

Alter every 1800 hrs. of eperation
EReplace the turbo-compressor with a recondi-

tioned unit. (Barly production.)

After every 3600 hrs of operation
Replace the turbo-compressor with a recondi-
tioned unit. (Late production.)

Twin Dise, reverse gear

Every day
Check the lubricatifg oil level.

After every 50 hrs. of operation

Lubricate the inner ball bearing and throw-out
bearing. Lubricate the clutch mechanism
moving parts.

After every 600 hrs. of operation
Chanpge the lubricating oil.

Snow Nabstedt, reverse gear
Every day
Check the lubricating oil level,

Alter CvEry 600 hr..q. of aperation
Change the lubricating oil.
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Self Changing Gear, reverse gear
Every day

Check the lubricating oil level,
Check the lubricating oil pressure.

After every 200 hrs of operation
Clean the main filter.

After cvery 200 hrs. of operation
Change the Iubricating oil
Clean the suction filier.

Aflter cvery TEBOO hrs. of operation
Heplace cloth in eloth type main filter.

Aler every 3600 hrs. of operalion

or when the oil pressure sinks below 1.3 kg/em’
(50 p.5.1) at operating speed or the engaging
time exceeds 5 seconds, the reverse gear fitted
with the standard control valve should be in-
spected.

After every 7200 hrs. of operation

or when the oil pressure sinks helow 4.5 ka/om®
{64 p.si) at aperating speed or the engaging
time exceeds 5 seconds, the reverse gear with
a sequent control valve should be inspected,

Penta, reverse gear
Every day
Check the lubricating ol level,

After every 30 hrs of operation

Lubricate the inmer ball bearing and throw-out
bearing. Lubricate the clutch mechaniem mov-

ing parts.

After every 600 hrs. of operation
Change the lubricating oil

=1
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Modern Wheel Drive (SLM), reverse
gear and cluteh with reduction gear

Use as lubricant Caltex Regal Qil G; ESS0-
MAR 85, GULF HARMONTY 97, Mobil DTE il
EE, Shell VITREA (il 72 or corresponding gra-
des. Diesel engine oils (HD-grade) may not be
used.

Qil capacity approx. 680 litres (13 Imp. gallons)
INormal il pressure appros. § kg/em® (T psi).

When running in after 25 hrz of operation

Clean the lubricating oil filter.

When running in after 200 hrs. of operation

Change the lubricating ©il. Flush the housing
laar,

Evérjf day
Check the lubricating il level,
Check the lubricating oil pressure.

After every 200 hrs. of operation
Clean the lubricating oil filter.
After every 1200 hrs. of operation

{at least cnce a yvear).
Change the lubricating oil.

&

Twin Disc, clutch with reduction gear
Every day

Checlk the lubricating oil level,

Lubricete the throw-out bearing.

After every 100 hrs. of operation
Lubricate the inner ball bearing.
Lubricate the eluteh mechanism moving parts.

After every 600 hrs. of operation
Change the lubricating ol

Soow Mabstedt,
cluteh with reduction gear

Every day
Check the lubricating oil level.
Lubricate the throw-out bearing,

After every 100 hrs. of operation
Lubricate the clutch mechanism moving parts.

After every 600 hrs. of operation
Change the lubricating oil.

Twin Dise, friction ¢lutch
Ever}' da}'
Lubricate the throw-out bearing,

After every 100 hrs. of operation
Lubricate ball bearings.

o



Fault -tracing procedure

Engine

The following table shows the more usual rea- result of any action taken before starting on
sons for running disturbances as well as how to something alse,
remedy them. If something has gone wrong with any of the

Never trace a fault in a haphazard manner. fuel injection components, cell in an authorized
Examine one thing at a time and determine the [Hesel mechanic.
A. The engine will not start |
Fault and reason: Remeady :
1. Discharged battery. 1. Havwve the battery charged or replace 50

it.

2. Master switch not switched on. 2. Switch it on. 6
3. The stop control is pulled out. 3. Push it in. TG
4. The engine is not receiving any fuel. 4. Open the fuel and return cocks. T

&) Not enough fuel in the tank. g} Fill the tank with fuel Air vent 23

the fuel system,

b} Air leakage on the fuel line. b) Open the air-venting eock on the R
fuel filter and operate the hand
primer pump. If air ar fuel cop-
taining air bubbles iz deliversd
the whole time then thers is a
leak on the fuel line between the
fuel tank and the feed pump. Seal
the leak (examine the washers)

" and air-vent the fuel system.

c) Blocked pre-filter, ¢) If no fuel passes out through the 2
air-venting plug on the fuel filter
after the hand primer pump has
been operated for some time then
there is either a large air leak on
the suction line or the pra-ilier
iz completely blocked Remove
and clean the bowl. Fit a new
gasket.

d} Air in the fuel system {the en- d) Air-vent the fuel system. 1
gine has stood idle for some
tirme).

64
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B. The engioe starts but stops acain
= P =

Fault and reasam -

I

b

Lol

C. Engine not delivering full oculput

Adr pipe in fo=l tank blocked.
Pre-filter blowked.
Fuel filter Bh-acked.

Feed pump mon functioning properly.

Air in fuel Imjection pump.
Relief valve h=aking.

Fault and reasom =

1

Engine runs =venly but output low.
a) Blocked == cleaner,

b) Delivery rupe leaking.
¢) Faulty injector.

d) Faulty infection pump setting.
Worn pus—o coupling.

e} Low feed pressure due to blocked
fuel filter, Samaged feed pump or
faulty relief valve.

Foor cm:iipre-s.a-'un.

a) Valves not sealing.

b} Leakage r.I-:ni':gh cylinder head
gaskets,

c) Gummed-up piston rings. Exces-
sively large piston clearance.

D. Engine knocks
Fault and reason:

1

Combustion komock.,

a) Faulty setting on fuel injection
pump.

b) Faulty injector.

Remedy :

1.

2
2.
4

=

Clean out the pipe.
See A, do.
Replace filter element.

Clean walves (replace if necessarv),
Replace feed pump thrust spring,

See A, 3d.
Check relief valve,

Remedy:

1.

a) Clean out air cleaner,
b) Check delivery pipes, Tighten
sorew connections.

c) Check to locate faulty injector
and replace it.

d) Have pump sefting checked. Call
in a Diesel mechanie,

e} Examine these components.

a) Grind wvalves Examine valve
springs.

b) Tighten ecylnder head nuts. If
this does not help, fit new gas-
kets.

c) Remove and clean pistons. Re-
place piston and liner if necess-
ary.

Remedy:

L

a) Have a Diesel mechanic check
the pump settings,

b) Remove the injector and replace.

“end in the faulty injecter for
cleaning and check of opening

pressure,

T 5'e¢ Page |
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Fault and reason:

2.

E.

) Poor compression causing delay-

ed combustion.
Mechanical knocls.

a) Excezszive clearance in crankpins,
big-end bearings and main bear-
ings.

Heavy exhaust sminoke

FFault and reason:

1.
2.

F.

Air cleaner blocked.

Injection pump adjusted for excessi-
wely late injection.

Damaged nozzle in one of injectors

(dripping).

Vacuum pgovernor diaphragm da-
maged causing air leakage and in-
creased fuel injeclion.

One of exhaust valves burned or
chafing. ~

Injection pump maximum strole ex-
cessively large.

Poor compression caused by worn
pistons, rings and cylinder liners.

Turbo-compressor not functioning.

Engine runs unevenly

Fault and reason:

aky

2
3.
4
.

66

Fuel filter blocked.
Feed pump not working properly.

Air in injection pump.

. Looseness in control system.,

. Fuel injection pump not working

propercly.

Centrifugal governor chafing or

loose,

Remedy =
c) SeeC, 2.

a) Replace faulty paris.

Remedy :
1. Clean out air cleaner.

2. Hawe adjusted by Diesel mechanie,

3. Replace with spare nozzle send in
faulty nozzle for adjustment.

4. Check vacuwn governor and replace
diaphragm ¥ darmaged. Examine line
ta throttle housing.

5. Replace faulty exhaust valve,
f. Hawe the injection pump cheeked.
Ty

7. Have the engine recontioned.

8. Check the turbo-compressor,

Remedy :

1. See B, 3.

2. See B, 4.

3. Alr-venl injecticn pump.

4. Check and alleviate any looseness. I
5. Check governor damper. Have the

injection pump checked by a Diesel
mechanic.

o

Have it adjusted by a Diesel me-
chamie.

13
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G Engine will not run at maximum

Fault and reason :
1. Throtile not opening fully.

2. Air cleaner blocked.

On engines with centrifugal governors:

3. Amcunt of fuel delivered by injec-
tion pump faulty.

4. The control system iz not pushing
the setting arm on the pump to the
maximum position.

5. The governor is limiting the engine
speed too early.

€. The limiting stop on the pump hous-
ing for the eetting arm is faultily
adjusted.

7. The stop control "hangs on™ and pre-
vents the maximum pump strocke an
the injection pump.

H. Engine maximum speed too high

Fault and reason:

1 An air leak on the vacuum line or a
fault on the governor,

On engines with centrifugal povernors:

2. The limiting stop on the pump hous-
ing for the setting arm is faultily
adjusted.

d. The governor is not limiting the an-
gine speed correctly.

2. Faully pump setting.

speed

Remedy:

1.

=1

Checlk that control system is not
bent. Adjust links so that throtile
oprens fulls.

Clean air cleaner,

Have pump adjusted in Diesel work-
shop. The pump stroke may never he
sdjusted due to exhaust smoke.

Adjust the control system,

Have it adjusted by = DHesel me-
chanie,

Have it adjusted by a Diesel me-
chanie,

Bemave the inspection cover on the
fuel injection pump. Move the thrott-

le contral to the "full speed” posi- |

tion. WOTE. The engine must be
switched off while this examination
is being carried out. Wateh the con-
trol rod through the inspection cover
opening. Press in the the eold start
device, The contral rod should then
mave forward to the cold starting
position. If it does not do this, then
the stop control should be checked,

Remedy :

1.

2.

3.

Check the wvacuum line, Adjust the
EOVernor.

See G, 6.

See (7, 5.

4. See(3,3.

Se page |
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Engine overheats

Fault and reason:

1.

i

I

=1

K.

MNot encugh water in the cooling
system.

Insufficient drive belt tension.

Sea cock blockead.

Sea water pump impeller damaged.
Faulty thermostats.

Damaged water pump.

Channels in cooling system blocked.

High oil consumption

Faull and reason:

1

>

Omn the turbo-compressor hearing housing:

4.

A

L.

Blocked air cleaner.

0il leakage, for example on lower
part of erankease, crankshaft, roclter
arm covers, inspection cowvers, etc.

Worn piston rings.

Leaking seal pitiz or filler plug.

Dirt and blockage in ventilation
channel in shaft.

Low oil pressure

Fault and reazon:

o

&

Bt

0il level too low.

Faulty oil pressure gauge.

0Oil relief valve worn.

Blocked lubricating oil strainer.
Blocked libricating oil filter.

Worn parts such as oil promp, main
bearings and big-end bearings.

Hemedy :
1. Add more water.

Tension balt correctly.
Examine and clean.
Examine and replace,
Check the thermostats.

Examine.

S B

Clean channels.

Remedy:
1 Clean ocut the air cleaner.

2, Repla-:e1gaske ts.

3. Have the compression tings measur-
ed. Replace the rings if the values ob-
tained are poor.

4, Tighten plugs. Replace washers if
necessary.

5. Replace turbo-compressor.,

Remedy:
1. Top up with oil.

2. Fit check gauge and replace oil pres-
sure gauge if it_is faulty.
3. Examine. Replace relief valve

plunger.

4. Pump cut lubricating oil. Clean oil
strainer and oil filter,

5 Examine. Recondition pump, re-
place bearing shells.

Sea page
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Recommendations concerning laying up the engine
during the winter

Fven inzignificant attack by rust on the pre-
cision-made parts in the engine can mean a
serious deterioration in its general condition. In
the same way, resin deposits precipitated from
the fuel oil can cause interruptions in the fuel
injection system.

If the engine is to lie idle fora time nol ex-
ceeding one month, it should be started every
other wesk and should be run warm for about
one hour, The sea-water system should also be
carefully drained and glyvecol anti-freezs con-
taining anti-rust should be added to the fresh-
water svitem, The concentration of glveol should
correspond to the lowest temperastures that
could possibly be encountered. Se page 234,

The sea-water drive belt should also be remov-
ed since otherwise the pump will run dry.
Check the cooling water temperature while the
engine is running. If there is a dry, vertical ex-
haust system fitted, the plug in the condensation
water collector vessel should be removed to
allow condensation water o come out and
prevent it running into the engine.

The lubricating oil should be changed before
the engine is taken into service again. The cool-
irg water should alsc be changed if the glycol
has been used for a long time.

If, on theother hand, the engine is to lie idle
for mare than one month then preservative
oil should be added as deseribed below.

In both cases it is wise to utilize this "idle
time' to carry out the periodical inspections and
overhauls that must be done. See pages 61—635.

Laving up the engine:

1. Run the engine warm in the normal way.

2. Stop the engine and drain off the lubricat-
ing oil from the sump and the oil filter.

3. Fill up with preservative oil to the lower
mark on the dipstick. Use ESS0 RUST
BAN 603 or corresponding tvpes.

4. Add the same type of oil to the fuel injec-
tion pump and the centrifugal governor.

5. Drain oif the fuel from the fuel filters by
removing the drain plugs.

fi. Loosen the fuel line banjo plugs at the fuel
feed pump and the upper fuel filter and con-
nect up two plastic hoses. The other ends of

=1

14.

these hoses should be dippend into a tin of
preservative cil, ESS0 RUST BAN 392 or
corresponding types. :
Adr-vent the fuel system and start the en-
gine. Let it run at a rapid idling apeed undil
1—13i& litres (1727 Imp. pints) of the
presercvative oil in the tin zhs been used up.
While the engine iz running, remove the
rocker arm covers and pour preservative i,
of the same type used in the sump, over the
valve mechaniam.

When the engine has been stopped, drain
off the il from the sump, il filter, fuel in-
jecticr pump and centrifugal governor.
Then re-connect up the normal fuel lines

and drain the fuel filters.

FROM NOW ON, THE ENGINE MAY
NOT BE TURNED OVER UNTIL IT IS
TO BE TAEEN INTO USE AGAIN. AT-
TACH A LARGE LABEL TO THE EN-
GINE SHOWING THAT PRESERVATIVE
OIL HASBEEN ADDED AND THE DATE
WHEN THIS WAS DONE.

If the engine is to be laid up for a long time
— muore than six months — or if the condi-
tions under which the engine is to be stored
are uniavourable, for example out-of-doors
or in unheated premises with low air tem-
peratures, then the best procedure is 1o loo-
sen the injectors and spray ESS0 RUST
BAN 63 or corresponding types into the
eylinders. This provides a more effective
protection for the piston rings and the com-
bustion chambers.

NOTE. Care must always be taken not to
inject too much preservative oil sinee this
can cause a liquid "oushion” the next time
the engine is started. We recommend the
use of 25 cm® (1 floz) for each litre of the
engine displacement, This means about
20 cm?® (4/; fl. 0z.) in each cylinder on the
MDD 47, about 25 em® (1 £l 0z} in each ey-
linder on the MD 67 and about 40 em® (1%
fl. 0z.) in each cylinder on the MD 96 and
TMD 86

Make a habit of always turning the engine
over by hand before starting it again if the
above procedure has been adopted,
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Dirain off the cooling water.

Alternative no, 1: Leave the drain cocks
and the filler cap open.

Alternative no. 2: Fill up the whole cooling
s¥ystem with glyeol anti-freeze containing
anti-rust medium. Make sure that the gly-
col zolution is sufficiently concentrated to
be able to stand up to repeated freezing
Ctherwize there is a risk of the upper fluid
lewels containing too much water which can
freeze and exert a "bursting” effect.
ATTACH A LARGE "OIL AND WATER
DRAINED OFF" LABEIL. TO THE EMN-
SINE.

If there is a dry, vertical exhaust system
fitted, the plug in the condensation water
collector vessel should be removed to allow
condensation water to come oul and prevent
it running inte the engine,

All external, un-enamelled parts of the en-
gine should be coated with preservative oil,
ESSO RUST BAN 330 or corresponding

types. The surfaces should be ¢lean and dry
before being coversd with oil,

Before taking the engine into use again

No extensive work I8 necessary before the
engine is to be started. The layers of preservative
oil are dissolved by the lubricating oil and the
fuel oil immediately.

Clean the engine externally with white spirit.

Add lubricating ofl to the oil sump, fuel in-
jection pump and centrifugal governor.

Fill the cooling system with coolant.
Adr-vent the fuel system,

Turn owver the engine a few revolutions, see
point 10 abwxowve.

Start the engine and let it run warm at rapid
idling speed before subjecting it to loading,

While the engine is running, check that BVEry-
thing functions as it should,

=F
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INSTALLATION

Installation of the engine should be garried out
with as much care as possible. Our cxperience
has shown that most of the faults which oceur
depend an bad or careless engine installation.
If the engine is correctly installed to begin with,
thiz will avoid the necessity for later modifica-
tions which cost more than if the engine had
beoen correctly installed in the first place.

The engine bed

The engine bed should be as stable as possible
and should be designed so that its attachments
are extended over as wide an area of the hull as
pussible. Recesses should be made in the engine
bed =o that if & relief valve is fitted in the lubri-
cating svstem ( in the forward gover, port side),

this is readily accessible. If the design of the boat
allows the engine bed to be constructed as shown
in Figs. 68 and 69, this should be done since it
enables piston and eylinder liner replacement to
be earried out without removing the engine from
its bed. There are large openings on the lower
part of the crankcase (port side). These openings
are fitted with covers and enable the big-end
bearing caps to be removed through the side of
the engine. Since these bearing caps are dia-
gonally divided, the pistons and connecting rods
can be pushed up through the cylinder bores
and removed after the eylinder head has been
talken off.

The brackets for the power take-off units such
as the reverse gear, clutches, couplings, etc.,
should be fitted and accurately aligned on the
engine bead,

Fig, 65. Rear engine mountings.

Fig. 6% Forwaerd engine mowntings.

Aligning the engine

Before the engine is bolted into position on the
engine bed, a check should be carried out to
ensire that there are no stresses between the
rounting brackets and the engine bed, Ensure
also that the crankshaft centre line coincides
with the centre line of the propeller shaft. The
brackets are fitted with adjuster bolis at four
points to facilitate alignment. After alignment
has been completed, these bolts should be serew-
ed out so that the engine does not rest on these
bolts but on spacers which should be inserted as
required betwsen the brackets and the engine
bed.

After the boat has been launched, a further
check should be carried out to ensure that there
are no stresses hetween the propeller shaft and
the engine due fo alterations in the form of the
hull. Repeat this check after 2—3 days and later
at regular intervals, Alignment is carried out in
the following way:

Disconnect the reverse gear flange from the
propeller shaft flange and move the propeller
chaft flange astern, Fit an indicator on the pro-
peller shaft flange so that it registers on the
guiding edge of the reverse gear flange. Rotate
the propeller shaft flange one complete turn.
The maximum reading on the indicator should
not exceed (.15 mm (0.008"). If the reading ob-
tained is grester than this, the engine should be
loosened from its bed and should be correctly
aligned by means of the adjuster bolts. Before



bolting the flanges together again, make sure
that they are parallel Push the flanges together
by hand. Rotate the propeller shaft one complete
turn and check the clearance between the
flanges. It should not be possible to insert an
0.10 mm. (0.04") feeler gauge at any point bet-
ween the flanges while they are being rotated.
This alignment procedure should be carried out
when the boat is floating freely with full tanks
and all equipment on board. The hull of & boat
iz always flexible to some extent and has not the
same form when on the slips as it has in the
water.

Poor alignment between the engine and the
propeller shaft is often the case of other faults
such as vibrations and settling in the hull, rapid
wear of the propeller shaft and stuffing box as
well as serious damage to the reverse gear.

NOTE. The angle of inclination of the en-
gine when the boat is under way

may not exceed: 15° for the MD 47
and 12° for other engines.

Make sure that there is alwavs sufficient
clearance between the propeller and the rudder.
This clearance should be at least 200 mm {(87)
to enable the reverse gear to be removed (this
does not apply, naturally, where there is a di-
vided propeller shaft). There should be no bulk-
heads in the way to prevent the reverse gear
from being moved 200 mm (8”) astern. There
must also be sufficient clearance between the
propeller and the stern bearing so that the pro-
peller does not exer® pressure on this bearing.

Fuel tank and fuel lines

One of the most important points concerning
engine installation concerns the-fuel tanks since
weaknesses here concerning the material of
which the tanks are made, the way in which they
are connected, their state of cleanliness, ete., can
affect the running of the engine.

The tank or tanks used can be of any form de-
pending on the construction of the hull. They can
be fitted where they are least in the way for
other equipment. The amount of fuel required
for the range of the hoat can be distributed het-
ween several tanks so that the centre of gravity
is low and they can be used for trimming pur-
poses. This may serve to show how careful
planning of fuel tank installation is well worth
the trouble,

The tanks should be fitted low in the boat.

T2

It is a great advantage to arrange them so that
they are on the same level and so that their top
surfaces are lewvel with the upper part of the
engine,. They oan, however, be fitted either
higher or lower. Due consideration must be paid
to the masimum suction lift of the Fuel feed
rump. {See the information concerning the fuel
feed pump on page 20, 21).

If the main tanks are fitted in the bottom of
the boat at some distance from the fuel feed
pump, then the fuel shoyld be trensferred by
means of a hand pump or 8 metor pump to the
tanlk from which the engine obtaizs its fuel di-

rectly.

Fuel tanks should be made of black sheet me-
tal or Monel metal. Tanks of galvanised material
or copper (see below) must not be used for Die-
sel fuel since they corrode rapidly causing block-
ed filters and other troubles.

The fuel tanks should be welded and fitted

with splash plates to prevent excessive move-
ment of the fuel oil in heavy seas. The splash
plates also function as reinforcing plates. The
tanks should be fitted with man-holes for clean-
ing purposes. The tank from which the engine
receives the fuel directly should also be fitted
with a sludge trap and a drais cock, These should
be used regularly to drain off the sludge and
water that sinks to the bottom of the tank.

After manufactire, the tanks should be clean-
ed extremely carefully, Welds should be brushed
clean and all scale removed, Before being fitted
ir: the boat, they should be rinsed out repeatedly
with clean fuel oil and be painted externally to
provide rust-proofing. No rust-pronfing in the
form of painting or galvanising may be carried
out on the inzides of the tanks,

The fuel filler pipe should be well dimen-
sioned with a diameter of not less than 1%",
It should be so long that it terminates ahout
253 mum. (17) from the bottom of the tank This
prevents air from being blown up together with
the fuel when tanking is being carried out. The
filler pipe should be taken up to a deck fitting
by means of an oil-resistant rubber hose, If
passible, the filler pipe should be arranged so
that a measuring rod can be inserted through it.

An air vent pipe should be taken from the
highest point in every tank to a point as high as
possible in the boat. These pipes should have a
diameter of not less than %" and the top end of
each pipe should be curved in such a way as to
prevent water from coming into it. '

=)
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The tanks should be convected with each
other by means of pipes both at the top and the
bottom. These pipes must be fitted with shut-off
cocks as shown in the installation drewing,
Fig. 71. The lower connecting pipe on e2ach tanl
should be well dimensioned with an internal
diameter of not less than 34 so that the tanks
can be filled from both sides of the boat specially
if they are fitted along the side of the hull.

The fuel lines should be fitted in accordance
with the principles shown in the instrallation
drawing, Fig. T1. The lower connecting pipe on
the tank from which the engine receives fuel oil
directly is connected by means of the pipe (V) to
the fuel feed pump (20} via a Fuel filter (12)
fitted on the pipe. This fuel filter (12) serves as a
trap for the coarsest impurities. It should have a
large capacity and should be fitted with two
filter containers and a thres-way cock to enable

cleaning to be carried out while the engine is
running.

The fuel feed pump sucks the fuel oil through
i filter fitted to the pump and then forces it
through the twin fuel filters (10) to the fuel in-
jection pump. The pipe (7) should be 8% 10 mm
(“/16" X **/es”). If the suction line is very long,
a larger pipe is needed, 10%12 mm (25/4,"
o lﬁ,ﬂ"r:gﬂ_} hei.ng suitable,

Leak-off fuel oil from the injectors, excess fuel
oil from the fuel feed pump and any air that has
been separated off in the filter pass through =
relief valve gn the upper of the twin fuel filters.
A return pipe-line from this valve is connected
to the upper connections on the fuel tanks (upper
surface of tank supplying engine directly). This
return line should consist of 8510 mm (3/,5" >
X H/0") piping.

While the engine is running both the feed and
return cocks on the tank being used should
be open. If the tanks are fitted on the same level,
it is an advantage to use them together in which
case all the feed and return cocks should be
open. Note that the engine must not be run with
the cocks closed since this can cause pressure
in the fuel system which can result in damage.

As already mentioned, copper tanks are not
suitable for use with Diesel fuel oil. But if such
tanks are already fitted in the boat, for example
when converting from petrol to Diesel aperation,
they can be used on condition that they are
cleaned very carefully. In practically all pe-

trol tanks there are deposits which are dissolved
by the fuel oil and which can cause running
interruptions. Very careful consideration should
be given to the guestion as to whether it would
not be better to fit new black sheet metal tanks
in any case, i

If the old tanks are to be uszed, thew must be
carefully cleaned no matter whether they have
been dsed for petrol or fuel oil earlier, Man-
heoles should be made in the tanks if they do not
already exist. The tanks should be well blown
through with steam before being rubbed our
with ¢lean rags. The tanks should then be rinsed
cut repeatedly (at least three or four times)
with clean fuel ail.

If a tank is not fitted with & sludge trap, this
should be done (see the installation drawing).
If confined space does not permit this, the feed
pipe to the engine should be fitted at least

100 mum {(47) above the bottom of the tank, &
cock to drain off water and sludge should be
fitted at the lowest paint on the tank.

Cooling water lines

The installation drawing, Fig. 71, shows how
these should be fitted. A 25326 mm (1" %1%")
copper pipe should be taken from the sea cock
tc the reverse gear oil cocler and from this to the
suction side of the sea-water pump, The sea-
water pump then forces this water through the
oil cooler and the heat exchenger. A threadsd
B 17 flange is fitted on the port side of the heat
exchanger. From this flange a 25%28 mm
(1" 1%") copper pipe goes to 3 three-way cock
which 18 included in the tool kit. From this cock
a further 25x28 mm (1"x1%") copper pipe
goes 1o the outlet fitting in the hull through
which the cooling water is taken overboard. The
third connection on the three-way cock (marked
E on the hexagon) is fitted with a reducing nipp-
le for 13516 mm (%/5" %"/s") copper pipe and
this is connected to the water-cooled section of
the exhaust system as shown in the illustration.
This three-way cotk can be used to determine
the amount of water entering the exhaust system
or it can be completely elosed in order to get rid
af the cooling water in the exhaust system by
the ejector effect of the exhaust gases. This is
particularly important in cases where the ex-
haust goas upwards from the engine,



Exhaust system

The installation drawing, Fig. 71, shows two
alternative suggestions for the exhaust system.
Alternative I shows the complete exhaust sy-
stem water-jacketed. The jacketed part of the
exhaust is= made of copper while the unjacketed
part nearest the hull consists of acid-resistant
piping. The exhaust gases from a Diesel engine
contain sulphur compounds which, when dissolwv-
ed in water, have a corrosive action on copper,
For thiz reason acid-resistant piping should be
uzed in that part of the exhaust system where
the exhaust gases and water come into contact
with each other.

Adternative IT shows the exhaust system made
of specially-manufactured rubber hose. On the
weater-jacketed bend, which consists of copper
piping, there iz a short section of acid-resisting
piping flanged. This forms the hose attachment
and through it passes the water on its way from

the water jacket into the exhaust pipe. To prev-
ent the cooling water from being sucked back
into the engine in the case of a backfire when
the engine is stopped, the difference in level bet-
ween the exhaust manifold and the inlet for
cooling water into the exhaust pipe itself should
not be less than 300 mm {12"). The other end of
the exhaust rubber hose is attached by means
of hose clamps to an acldvresistaut&ﬁi_pe going out
through the hull. In order to prevent water from
coming into the exhaust pipe from the ocutside,
- .the acid-resistant piEe should be bent into an
S-curve as shown in the installation drawing.
There should be a water drain cock at the lowest

point.

NOTE. When a rubber exhaust hose is fitted,
the exhaust systern should never be run
dry or should be done so very carefully
sinee the hose will then be subjected to
over-heating. Never run the engine for
more than one minute when the cooling
water_has been shut off. When running
dn,r,-.ﬂg_g—feﬁgjpe may never be subjected
to loading. $
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When installation is carried out and it is found
that that the exhaust pipe slopes downwards fo-
wards the exhaust manifold or with such a slight
slope away from it that there iz risk of cocling
water and condensation water getting into the
engine, then a condensation water collector ves-
=&l must be fitted as shown in Fig. 0. Late pro-
duction engines have a threaded hole on the ex-
haust manifold flange for the attachment of a
condensation water collector. The collector ves-
zel used should be drained at regular intervals.
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Fig. 70,

If the exhaust system is fitted without water
cooling (dry exhaust system) and is insylated
with ashestos instead, it can be made of ivon or
steel piping. We recommend, however, that aeid-
resisting piping should be used zsince thiz is
cheaper in the long run. The exhaust pipe should
always be attached to the exhaust manifold on
the engine by means of a flexible eonneetion to
absorb the heat stresses in the exhaust systern.

As far as the exhaust system on the THMD 95
engine is coneerned, this is particularly sensi-
tive for back pressure and other external
stresses. We refer to the chapter dealing with
the turbo-compressor on page 41,

)1k
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Bilge pump. type Tabsco

Fag. TE.

In cases where the engine is fitted with a hilge
pump, there is a primer pipe-line (min. size
1" a0 ™) from the engine sea-waler system to
the pump in order to prevent it running dry. The
ocutlet pipe from the pump should be arranged
a= shown in the sketch, Fig. 72, for the same

regason.

Instrument panel

The instrument panel which is delivered with
the engine should be fitted on the zame panel
as the various controls for the engine, electric
lighting switches, ete., in the wheelhouse or at
the control position. A separate wiring diagram
is delivered with each engine and shows how the
eleetrical installations should be carried out.

4

Master switch

The instrument panel includes a key-operated
switch in the starter motor cireuit and this pre-
vents unauthorised presons from starting the
engine. Sinee this type of protection is not com-
pletely satisfactory, however, a master switch
should be connected into the eircuit as shown
in the wiring diagram. This switch should be
contained in a locked compartment in the boat.

Throttle and manoeuvring controls

The contral from the throttle on the engine
are taken to a lever on the contfol panel. This is
used to regulate the speed of the engine.

On engil.nes fitted with a hydraulic reverse

76
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gear, a control should be taken from the reverse
Eear operating valve to the control position.
If the mechanical reverse gear is fitted with a
rermote control device operated from the control
position, the linkage should be earefully in-
=talled and should be robust sinee it is subjected
tc powerful stresses. Attachments for any right-
angle levers in the system should be well bolted
to the hull. The control rods in the link system
can be made to adwantage of tubular steel in
order to reducse weight Notice that the control
system should be arranged so that full engage-
ment is obtained and that it is completely un-
loaded when *Ahead”, "Astern and neutral are
engaged. Any residual pressure on the control
system can mean that there will be rapid wear
on the reverze gear. '

Stop control

The "Stop” buttom on the instrument panel s
connected to the fuel injection pump lever by
means of a cable.

Revolution counter

The revolution eounter on the instrument pa-
rnel is connected to* the revelotion counter at-
tachment on the sngine by means of a flexible
shaft,

The smallest radius of any bends in the reve-
lutionn counter shaft must not be less than
200 . (127) and the length of the shaft should
not exceed 3 metres (10 f£). AB Penta give no
guarantee for shafts exceeding 3 metres (10 ft.),
If a longer shaft is required, we recommend the
mstallation of an electric revolution counter.

Reverse gear oil pressure gauge
{when a hydraulic reverse gear is fitted)

A line goes from a screw connection on the
operating valve to a pressure gauge which is
fitted at the control position,

Belt guard

When the engine is installed in the boat, a belt
guard should be fitted to prevent anything from
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being pulled into the drive belts, This belt guard
can consist of a light angle-iron frame covered
with wire netting and should be attached to the
engine bed with wing nuts so that it easy to
remove when the drive belts are to be replaced.

-—

Power take-olf

If & power take-off is to be used to drive
pumps, winches, generators, ete, information
and instructions must be ordered from AB Penta,
Gothenburg
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