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Before baginning to fune any engine, ensure the engine has sat-
isfactory comprassion. An engine with womn or broken piston rings,
burned pistons, or scored cylinder walls, will not perform properly
ro mmatter now much tima and expense is spent on the tune-up.
Poor compression must be corrected or the tune-up will not give
the desired resulls.

A regular mainterance program that is foffowed throughout the
year, is one of the best methods of ensuring the engine will give
satisfactory performance. As they say, you can spend a litfle fime
row 07 a 1ot of time and money later.

The axtent of the engine tune-up is usually dependent on the
time lapse since the last service. A complate tune-up of the entire
engine would entail almost all of the work outtined in this manual.
However, this is usually not necessary in most cases.

I this section, a logical sequenca of tune-up steps will be pre-
sented in general terms. ¥ additional information or detailed service
work is required, refer to the section confaining the approptiate
instructions.

Di;rmg atune-up, a de mate sequence of procedures sh{suEd
he followed to return the engine to ds maximum performance
level. This type of work should not be confused witk: trou-
hleshocting (attempting to lacate a problem when the engine is
not performing satisfactorily). In many cases, these two areas
will overlap, because many Himes a minor or major tune-up
will correct a malfunction and return the system to normai opera-
tion.

The following fist is a suggested sequence of {asks to perform
during a tune-up.

e Periorma cempression check of each cylindar.

« Perfom a valve aﬁjJstmen*

- = Start the engine in a body of water and check the water flow
ihrough the engme

« Chack the injection pump for adequate performance and deliv-
ary.

« Test the starfting and charging systems.

= Check the internal wiring.

' Gylinder Compression .

Cylinder Compresswn {est resui s are extfemeiy vaEuab!e andtca fors
of infernal engine condition. The best marine mechanics automatically
check an engine’s comipression as the first step in a comprehensive
fune-up. A comprassion test will uncover many mechanical problams
thal can cause rough running or poor performance:

A compression gauge for diesel engines consists of a dummy
injector connected to & gauge capable of reading 600 psi.

CHECKING COMPRESSION

_ _1. Make surs that the proper amount and viscosity ¢t engine cil
s In the crankease, then ensure the hattery s fully charged.

2. Warm-up the engine to normal operating temperature, then
shut the engine OFF.

3. Remove the injector lines and remove the injectors fram each
tylinder,

4. Install a diesel compression gauge into the No. 1 cylinder
injector hols until the fitting is snug. When fiting the comprassion
Jduge adapter to the cylinder head, make swre the blesder of the
gauge {if equipped) is closed.

5. According to the ool manufaciurer's instructions, connect a
remole starfing switch to the staring circuf

8. With the ignition switch in the OFFposition, use the ramote
starting switch fo crank the engine through at least five compression
strokes (approximately 5 seconds of cranking) and record the high-
est reading on the gauge.

7. Repeat the test on each cylindar, cranking the engine approxi-
mately the same number of compression sirokes and/er time as the
first.

8. Compare the highest readings from each cylinder fo that of
the othars, The indicated compression pressures are considerad
within spacifications if the lowest reading cylinder is within 75 per-
cent of the pressure recorded for the highest reading cylinder. For
example, if your highest reading cylinder pressure was 150 psi
(1034 kPa), than 75 percent of that would be 113 psi {779 kPa). 50
the lowest reading cyiinder should be no less than 113 psi (779
kPa).

g8, Compression readings that are generally low indicate worn,
broken, or sticking piston rings, scored pistons ar worn cylinders.

10. If a cylinder exhibifs an unusually low comprassion reading,
squirt a tablespoen of clean engine oif into the cylinder through the
injector hole and repeat the compression fest. If the compression
rises after adding ofl, it means that the cylindar's piston rmgs andfor
cydinder hore ars damaged or worn. # the pressure remains low, the
valves may not be seating properly (a valve job IS neaded), or the
head gasket may be blown near that cylinder.

11, If compression in any two adjacent cylindars is low (with nor-
mal comprassion in the other cylinders}, and if the addition of oif
dossnt help raise compression, there s leakage past the head gasket,
Oil and coolant in the combustion chamber, combined with biue or
constant whits smoke from the taitpipe, ars symptoms of this prob-
lem. Howevar, don't be alarmed by the normat white smoke emitted
from the tailpips during engine warm-up dusing cold weathar. There
may be evidence of water droplets on the engine oil dipstick and/or
oil droplets in the cooling systert if a head gasket is biown.

12. When rainstalting the injactor assemblies, instail new wash-
ers and/or gaskeis as appropriate,

# See Figures 162 thiu 108

Four-stroke diesel engines use valves lo admit the fuel/air mix-
fure into the combustion chamber, to seal the combustion chamber
for compression, and to allow the spent sxhaust gases 1o escape.
Ali of these functions ocour using the valve train (camshaft,
lifters/shims and rocker arms and pushrads.)

In order for the valves to operate properly, they must be adjusted
to assure that the full benetit of the camshaft lobs ift is realized, but
they also must be able to close fully onee the lobe of the camshalt
has gone by, Valves are adjusted by increasing or decreasing their
lash, which is the amount of free-play in the valve train when the
valve Is closed {meaning the camshaft fobe is not actuating the
pushrod or rocker arm). Valve lash therefore, is basicafly a gap that
exisis hetwaen componants when the valve Is fully closed,

Since valves open and close with evary turn of the crankshat,
their movement becomes a blur af engine speeds, creating a pound-
ing on the eniire valve train. As the engine is operated, internal
components slowly wear, affecting distances betwesan the compo-
nents in the vaive frain. Valve lash wili tend to change (increase o
tecraase) dagending on the modal. On some engines, the valve
seats and heads will wear slowly, causing the valve to come furfher
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Adjusting
screw

Clearance tock nut

04973601

Fig. 102 The clearance between the racker arm and the vaive lip
Is known as valve fash

94;\?3?24
Fig. 105 I the fash is not gorrect, inosen the tocknut on the
adjuster. . .

09TIFRY
Fig. 1063 Yo access the rocker arms for adjustment, the valve
cover must be removed

0s%73P75
Fig. 186 . . .and hold it stationary while turning the adjuster
with a screwdriver :

L4GFARTS

Fig. 104 To properly adjust the valves for gach cylinder, the
marks on the fiyiwheel must be aligned to the view port on the

[P EIEI

Fig. 107 Here is an example of a special valve lash adiuster
tot. A screwdriver and wrench are combined, makiag the job

easier

transmission
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/Adjush‘ng screw

w”

(4973503

Fig. 108 Turn the adjusting screw on the rocker arm uniil the

tfealter gauge slides with a shight resistance

into the cylinder head (moving the stem closer to the shim or rocker
arm and decreasing valve lash). On other models, the siem, shim of
other valve train components will wear, causing the gap to increase.

increased valve lash wilt not allow a valve to fully cpen since
some of the camshaft lobe [ift will be wasted on taking up the
excess fash. If an intake valve does not open sufficiently, the full air
charge will not make it into the cylinder and power will be lost dur-
ing combustion. If an exhaust valve does not fully open, some
exhaust gases witl be left in the cylinder. Again, the result wil be a
reduction in engine power,

Decraased valve fash will have a lass noticsable effect on enging
power, buf couid have a more devastating effect on your engins, As
valve lash is decreased beyond specification, the valve train compo-
nents may be “too tight” and not allow the valve to fully come into
contact with the seat. This will prevent the vaive from cooling
through heat transfer with the valve seat. The term “burnt valve”
which you have likely heard someone mention before means that a
valve was ruined by heat. A burnt valve will not praperly seal the
combustien chamber, and can also break, destroying your piston
and cylinder wall. As valve lash decraases, the engine could lose
powar if valves are held partially open by the valve train (nof aliow-
ing for proper compression).

Infake and exhaust valves usually have different specifications,
because of the differences in their sizes and jobs. The axhaust valve
is usually set a little looser than the intake, becauss of the harsh
anvirgnment it lives in {superheated gases pass over i inlo the
exhaust system when # is open). Intake valves have it easy (fora
valve) as they are in confact with the cylinder head when they are
exposed to combustion gases and temperatures (when they are
oper, telafively cool air/fuel mixture passes over their surface).

To identify an exhaust ar intake valve, look at its position in rela-
tion 1o the rest of the cylinder head. In most cases, the intake valve
wit! be closest to and In alignment with the intake manifold, while
the exhaust valve is closast to and adjacent to the exhaust pipe.

(M SERIES ENGINES

¥ See Figurss 102 thru 109
=The valve lash should be adjusted when the sngine is cold.

1. Remove the rocker cover from the engine.
2. Turn the engine over by hand, and set the numbar ana cylin-

¥ mark

4974602
Fig. 109 QM series engines have a mark on the iront crankshaft
puliey for iocating Top Dead Center {TDC) for valve adjusiment

der to Top Dead Center {TDC). By aligning the mark on the grank-
shaft pulley with the mark en the engine. Both the intake and
exnaust valves for the number one cylinder should be in a resting
position (not dspressad). The rocker arms should not move when
the engine is sfightly turned back and forth from the TDC mark on
the fiywhesl. If the rocker arms move back and forth, and the fly-
whee! is on the correct mark, rofate the engina ene full revolution of
the timing mark. This should be the compression stroke.

It is advisaile to loosen the injector fuel lings before attempi-
ing e turn the engine cver by hand, It S possibie for the
engine to siar! when lurning it by hand! When turning the
engine, do so very slewly te prevent accidental starting of the
engine,

3. Insert a flat feeler gauge of the proper dimension between the
tappet and the rocker laver for the number 1 cylinder. The lash
shiculd be 0.0053 in. (0.15mm) The gauge should slide betwesn
these two parts with a stight pull.

4. If the gauge will not sfide readily, or there is no resistance
when pulling it through, loosen the locknut on the rocker arm, and
use a serewdriver to rofate the acjusting screw. When a slight pull is
obtained, hold the adjusting screw in place with a screwdriver and
tse & box or open end wrench to fightan the locknut, If the adjust-
ment has tightened up, change the setting of the adjusting screw. If
a great deal of effort is required to pull the gauge {adjustment too
tight}. burned valves may resuit.

5. On two cylinder engines, adiust the valves on the number 2
cylinder by rotating the crankshaft by 180 degrees. On thrag oylin-
der engines, rotate the crankshaft pullsy by 120 degress. The num-
ber three cylinder can be adjusted by turning the number three
cylinger an additional 120 degress.

6. Cnee all of the valves are adiusted to the proper spacification,
install the rocker arm covar,

GM/HM SERIES ENGINES

# See Figures 102 thru 198, 110 and 111
= The valve fash should be adjusted when the engine Is cold.

1. Remove the rocker covar from the engine.
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Matching mark
4973505

Fig. 116 Soms GN/HM series engines are equipped with an
opening in the fiywhee! housing on the for viewing of the timing

marks

04973F53
Fig. 111 On GM series engines, the starter ean be removed o
yigw the timing marks i the marks on the fransmission cannot

be seen -

9.1 nacessary, remove the starter motor from the engine. This
witt allow for viewing of the timing mark(s) on the flywheel. (Some
transmissions do not have a viewing pert for the timing marks on
the flywhael)
stk CAUTION .
It is advisable {e loosen the injector fye! fines before atiempting
to turn the engine over by hand. It1S pussibie for the engine to

siart when turning it by hand! When turning the engine, do se
vary slowly to prevent accidental starting of the engine.

3. Turn the engine over by hand, and sel the number one cylinder
o Top Dead Center (TDC). Both the intake and exhaust valves should
be in a rasting position (not depressed). The rocker arms should not
move when the engine is slightiy turned back and forth from the TOC
mark on the flywheel. If the rocker arms move hack and forth, and the
flywhee! is on the correct mark, rotate the engine one full revalution
of the timing mark. This will be the compression stroke.

4. Insert a flat feater gauge of the proper dimension between the
tappet and the rocker lever for the No. 1 cylinder. The fash should

be 0.0079 in. (0.2 mm). The gauge should slide between these two
parts with a sfight puil.

5. 1f the gauge will not slide readily, or thare is no resistance
when putling it through, leosen the locknut on the rocker arm, and
yse a screwdriver to rofate the adjusting screw. When a sfight puli is
obtained. hold the adjusting screw in place with a screwdriver and
use a hox or open end wrench to tighten the lecknut. If fhe adiust-
mant has tightenad up, change the setting of the adjusting screw. i
5 great deal of effortis required to pull the gauge {adjustment too
tight), burned vaives may result. *

6. Adiust the remaining vaives on the engine by aligning the tim-
ing mark for each of the remaining cylingers.

7 Once all of the vaivas are adjusted fo the proper specification,
instatt the starter, and the rocker arm Cover.

JH SERIES ENGINES

b See Figures 102 thru 108, 112 and 113
=Tha valve lash should be adjusted with the eagine cold.
1 Remave the rocker (valve) cover from the engine.

It is advisable 1o loosen the injector fuel tings hefore attempting
to turn the engine over by hand. it IS possible for the engine fo
start when turning i by hand! When turning ihe engine, do so
very slowly to prevent agcidental starting of the engine.

2 Turn the engine over by hand, and set the number 1 cylinder
1o Top Dead Center {TBC) by aligning the mark on the fiywheel with
the mark on the flywheel housing. Both the intake and exhaust
valves for the number one cylinder should be in a rasting position
{not depressed). The rocker arms should not move when the engine
is slightly turned back and forth from the TG mark on the flywhest.
If he tocker arms move back and forth, and the flywhsel is on the
correct mark, rotate the engine one fult revelution of the timing
mark. This will be the compression stroke. .

3 insert 2 fiat fesler gauge of he proper dimension between the
tappet and the rocker lsver for #he number 1 cylinder. The fash
shoutd be .0079 in. (0.2mm). The gauge shouid slide belween
these two parts with a siight pull.

Matching mark

Q4473606
Fig. 112 The timing marks on JH series engines are viewed
through an opening in the flywhesel housing

et




