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This manual conlains mainlenance and servicing instructions for SKE model engines.
For engine operation, please read the separate operational manual thoroughly for

proper engine operation.
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I. General Description

Name of Parts
Rocker arm cover

Decompression lever

; Starting shaft

Regulating handle
Fuel injection pump

Governor lever

Fuel strainer

Clutch lever

Flywheel

Qil evacuation pump
Governor linkage

Lub. oi! filler hole I

Lub. oil pressure gauge

Exhaust silencer
Thermostat (Option) \ Fuel injection valve

Exhaust flange

Nl = L]

<. N\ Air intake pipe
a \\- Y7
Protective Zing ———; v — Lub. oil strainer
—e T
Crankcase breather —— | -
/
N Y

Shaft coupling

\ Lub. oil pressure control valve

Cooling water pump




2. Data and Settings

ENGINE DATA

Model SKE
Type Vertical, single cyl. 4-cycle diesel
No. of Cylinders 1
Rated Engine Speed (rpm) 2,400
Cylinder bore x stroke (mm) 92 x 100 N

Crank shaft
Propeller shaft

Counter clockwise, viewed from stern

Clockwise, viewed from stern

Direction of
rotation

Comhustion system Pre-combustion chamber type

Lubrication system Forced lubrication by gear type pump

Cooling system Forced circulation by plunger type pump

Starting system Hand or Electric

Reduction /Reverse Gear Mechanical/wet, single disc type

SETTINGS
Valve clearance Cold engine 0.15 mm
Open Before Top Dead Center (TDC) 21°
Intake valve ™0/ ced Past Bottom Desd Center (BDC) 45°
Open Before Bottom Dead Center (BDC) 48°
Exhaust valve Closed Past Top Dead Center (TDC) 18°
*Fuel injection tfiming (start) Before Top Dead Center (BDC) 12° +1°
Fuel injection pressure (start) 160 kg/crn2
Oil pressure (hand start) Engine speed at 2,400 rpm 2-2.5 kg/cm2

* Confirm fuel injection timing by removing the high pressure fuel
delivery pipe and positioning the fuel pump rack at the two dot mark,




3. Piping Diagram
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Marks of Piping

Fuel oil piping

Lub. oil piping

Cooling water piping

Flange type joint

Screw type joint

Ball type joint

Insertion type joint
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DIMENS!ION OF ENGINE AND STERN GEAR

. tUnit = mm)
“'29"! “Exhaust gas pipe
- 11/, Gas pipe
Coohng waler guilel pipe , ! 76—
15¢. 12 copper p-oe ﬂ‘{{\\ . \ A
' } ‘ e " g Astetn Neuttal  Anead ; "‘=1
| i g i ) 21 M ;
, a 1 L ¥ ‘Fuet ol «let pipe
: g- 12¢= 1" Capper pine
H .
- i
1 1
o 4 L
wr L=
= gg: r— -5 |
2R i
e !
T ] 4
E T ol & ®
: H * LA
v ! ——— R = Gy B
21 i FEE = ——— AN 4
%57 E \ T i
Thickness ot P R P, g /I‘ :
nstallaton plate .~ i R - ;
- i P I T Thickness of, + 7 ¢ _f i
; T [ foat tner o - 3.12* Holes M12 Bolts
i - 210 =i i b for legs - 272 e 145 =172 For pulley
4.117H7 Reamer ; 2t ' ! ~ i .
bolt holes o P L s tiand - 6225
‘ N - .
- 2228-—p 250 = o5 220 Lo
[ & 1) H , 1075
‘ ' H
Astern  Neutrsl  Ahead 6-18* Holes M16_Bolts
r r & Installation detail {Viewed
.% g o 5 i ? from sngine 10p)
; \
Deotad of "%" 4 4 Dotal of Y Dtad of "X
o oo
W W
Datail of "Y" o LTy + T
Detoitof 'Z" ' & 5 R
: 7 -
' : 1 é SKIQE
4 N t ]
= -
|\
' High sirengtn “2" ¥ /6\
|} trass castings ’/
. Brass shafl or slainigss stecl SKGGE f "f?l:\\‘\
e )
= = T @_. o
¢ = . - T
N I E ke = - 314 ¢ hotes 12 3-14¢ howes 12 coachscrew
Chamcal rubber Lignumwias ! t i n 3
-A= B =~ - c -— 500 (650) standard - - 9] -
e 2000 |2400) Slandard
Figure in parentness  Model SKGE. SKGGE
MODEL A itBlcipije | Fleimw]| |d |k L M |0 |o | p | troe gure B
ia. | Pich 8 Please consult your dealer for choating
SKE 7 T5e 7 T76 173 |56 [ 50 | 38 | 50 | 100 | 85 | 214p Holes, 172" Consh sorew | 100 | 65 | 62 | 258 [14-172| 11 ing proper stem arrangement
SKGE 410 60 B0 75 1 Ll 56 a 56 g 75 2-18¢ Holes. 5/8" Coach screw 110 % 10 8¢ | 18 13
SKGGE 39 60 -] 72 73 46 50 48 60 - - - - - - e 4l 15

v

a

suolsusawl)



II. Installation

Engine Installation

Installation of the engine is a most important factor in engine operation.
Correct installation dictates superior performance and a long service life.
Incorrect installation will result in

tenance problems, and a short service life.

Repeated problems with main bearings
result of improper engine

installation should be made with

General Installation Instructions

poor operation, re-occurring main-

and the crank shaft are usually the
ingtallation.
close
structions, and with suf icient time alloted.

To avoid
attention

such problems,
given

engine
to installation in-

Jtem Procedure

Check Points

Less than 8

Walterline :

N

Propeller shaft

Rake

\

1) Install the engine bed so that it forms
a rake angle of less than 8° when
water horne.

Note: Excessive rake angle results in losg
of engine power due to improper prop
angle,

Watarline

0.8-1.0D

Depth of propeller

submersion

1) Depdh is roughly equivalent to the dia-
meter of the propelier, with the ship
not underway. (0.8D at least)

Note: A shallow propelier depth causes
loss of speed due to increased slipping, as
well as severe vibrations.

(Example)

Parallel to propeller shaft

About 0.2 D

Wave hold-down board

Effective in following cases:

1) Propeller too large to allow sufficient
submersion.

2) More speed required,

3) Stern plunges too much when underwav.

Note: Determine installation and di-
mensions according o size and use of the
particular ship.




Ttem

Check Points

Installation of stern tube

Procedure
Tube housing block Stern tube
7////
Z
— Shaft axis

%//// g

Lignumvitae or rubber

Selection of engine bed and

Engine bed
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Frame
Kingston cock
< Inboard packing
Q
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O
0
ey
Q
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Forward

Screen Qutboard packing

1) Carefully check square crossing of the
shaft axis and end surface of the tube
housing which holds the stern tube.

2) When installing the stern tube in the
tube housing, tentatively install the
tube and align roughly with the engine,
then tighten firmly.

Note: If the square crossing is inaccu-
rate, or the stern tube is completely
installed initially, engine alignment will
be ditficult later.

Use hard materials.

Use pieces as large as possible.
Attach securely to hull and frame.
! Insure both ends are joined firmly to
the frame and engine room hulkheads.
4) Insure shape is suitable for engine
installation,

(S
—

.‘CO
(=)~

1) Install so that the propeller does not
suck air when the ship lists.

2} Install as close to the inlet of the cool-
ing water pump as possible.

3) Position the Kingston cock so that inlet
piping can be installed easily.

4} Position the suction inlet so that the
open mouth slants down and aft.

5) Use canvas or rubber for inboard and
outboard packings.

6) Be sure to apply liquid seal or paint to
the canvas or rubber packings used.

7) Install a filter screen when the water
contains floating objects or has a high
silt content.




Item

Procedure

Check Points

Loading the engine

Alignment

-
o Gan aporox, e j_'_\_

P

% i Exhaust pipe

, Differnce in clearances

flange

Propetlor shatt l-

ne

Frelar gage

Check clearance variation between
coupling surfaces around the
periphery with a feeler gage.

Daviation
\l Steel scale

— AN

S

Confirm shaft height adjustment

L Gap approx, b mm

by checking for smooth engagement

Rig the engine as shown in the figure at
left.

The bottom portion of the exhaust pipe
flange serves as a hoist point.

1) Tighten engine hold-down bolts lightly.

2) Variations in clearances between
coupling surfaces should be less than
0.05 mm at each point.

3) Deviations in coupling peripherial
surfaces should be less than 0.55 mm,

(1) Adjustments in athwartships deviations:
move the engine athwartships as
required,

(2) Vertical devietion adjustment:
Align by adjusiing thickness and/or
number of shims under cluich mount-
ing feet.

Note: Insert suitable number of shims if
gap exists between engine mount feet and
engine bed.

i 4) Adjustment when waterborne:

Check engine alignment again when the
ship is afloat.




Ttem Procedure Check Points
1) Always use copper tubing for the water
inlet pipe.
T 777777 2) Use vinyl hose for the intermediate

Cooling water piping installation

.

Support
Hose clamp
Cooling wter pump
Corsling walor inl21 pipe
<y

 Curvature gver
0R

L

section of the cooling wate outlet
piping and attach securelv with hose
clamps.

Install hose supports to reduce
vibrations.

Note: Vibrations will cause piping to
crack and/or break.

3) Install both inlet and outlet piping as
level as possible. Avoid vertical
deviations.

Note: Insufficient cooling waier may be
supplied if a radical displaceraonut in the
piping system is made.

tallation of exhaust pipe and muffler

ins

Insulator

Flange

-

N
SO

a
-W//////////////////////%

SRS

{/}//_////////4’////////7///1

Exhaust pipe s

Hull

1) Give close attention to vibration pre-
vention and heat insulation during
installation of exhaust pipe and muffler.

Note: The exhaust pipe and muffler may
break at the point of connection, accord-
ing to operating conditions.

(D Installation of a flange 23 shown in the
figure at left is recommended to pre-
vent vihration.

(2) Keep the clearance hetween exhaust
pipe and insulator as small as possible.
(abont 1~3 mm)




Ttem

Procedure

Check Points

Fuel tank instaliation

Fuel outlet
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1) Install the fuel tank at the highest pos-
sible point.

Note: If fuel tank is installed too low:

(D Fuel flow decreases, engine speed
drops.

(@ May suck air during heavy seas,
causing intermittent engine operation.

Note: Install a fuel feed pump if it is not
possible to install the tank in a high
location.

2) Install the fuel tank more than 200 mm
from the exhaust pipe. (For fire
prevention.)

3) Use the bottom one of the two fuel
outlets on the tank.

Note: The same conditions as mentioned
in Note 1 will occur if the top outlet is
used,

Installation of an optional fuel feed pump
is recommended if hull construction does

not permit fuel tank installation as
specified above. (See Fuel Feed Pump)

Installation of fuel piping

. Pipe connection

Conper tube Yinyl pipe

Hose clamp

vibration buffer

Painter

‘}l_)_____._.__

=

Ny
-

4
Attach a vibration buffer,
using the set screw of the

pointer.

1) Install piping as straight as possible.
Avoid vertical deviations.

Note: Air will accumulate in the high

sections and drain in the low points.

2) Maintain a distance of over 200 mm
from hot surfaces, such as exhaust
pipe, etc.

Note: Fire prevention and reduces chance
of vapor lock.

3) Always install vibration buffers when
the fuel pipe passes close to moving
parts, such as flywheel, ete.




M. Power Transfer (Power Take Off)

Item Procedure Check Points
1) Power transfer methods 1) Maximum power available from the
A. Transfer power by attaching a pulley forward end of an engine is limited by
to the flywheel. the method of transfer in large engines,
but transfer of up to 11HP/2, 400 rpm
is possible in method A with this
Pulley engine, if the propeller is not driven.
Engine | E “,/7
=
2 NJ 2) Relation between maximum horsepower
U and possible power transfer.
. B. Install a pulley and a counter bearing.
|
Pulbey Benr .
_ £3rin 2 -
e _ R
E L sk ——-— ;6\9“ -
I \ Z_"' 4 b— g\\“:\‘%---- Wt
Engine ! g ot et i : (09"‘?7
Z & B \Q" - |
-‘:E 2 | + ’{’\Q .‘\‘(‘?
E ‘ {> 4/r N |
a 1.000 1,200 1,400 1600 1,800 2.0002,200 2,400
g . 2) Amount of power transfer
: i Table of engine speed versus possible Crankshaft rev. speed (rpm)
g . power transfer.
&
1 A: Power transferable when propeller is
e "é —_ Proge_ er Propeller driven not driven.
8 .S 3 5 § pot driven B: Power transferable when propeller is
| ) o o - © .
| 232, é 2 512 0 = E driven,
ffdS w8 o | = 855 [98ug) = BT
58 |2E| 292 2588 B¢ <
: la ;5 ~ pc_i ag mg; % & g = 3) Select specifications for engine load
j and diameter of pulley so that an engine
'| rpm | 4P | HP |KW| HP | HP |KW speed of less than 800 rpm is not
; ) required.
l'{ 1000} 4.5, 4.0 3 0.8 | 3.4 2.4
1200! 5.5 5.0! 3.7 1.5 3.6 2.6 4) Select an engine speed and load combi-
nation that is not too large.
1500 7.2| 6.5 4.3} 3.0 3.8 2.8 Normal: 1:1~1:3
1800| 8.8| 8.0 6 5.2 3.3 2.4 Maximum: 1:5
2000 9.8] 9.0 6.6 6.8 2.8] 2
240901 12.0]10.8| 8 12,01 0 0

Note: Level of power transfer values
shown in the table are when engine load is
by belts, as shown in Item 1 above.
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Power transfer

1) Propeller not driven
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1. Main Points of Servicing

IV. General Servicing

Daily servicing and periodical checking are necessary to maintain the engine in good

condition.

When delivering the engine, it is advisable to thoroughly explain to each

user the handling and servicing procedures by using the service manual in which the
main points of handling and periodic checks are given.

Treatment

Instruction to engine operator

Selection and storage
of fuel.

Reason

Use approved diesel fuel listed in
list of approved oils .

Avoid exposing the fuel to the sun.
Keep sealed from dust,

Stristly aveid rsing sedimentary
fuel.

Selection and storage
of engine oil.

Use approved engine lubricating
oil listed in list of approved oils.
Avoid exposing it to the sun.
Keep sealed from dust.

Inferior quality oil may
cause rapid wear and
unnecessary damage.

Check each nut and
balt,

Check for oilnand water, atnd
clogging,

| Retighten, if neces-
sary. :

Retighten, if necessary.

Check and 1111 with
engine oL, if
required.

Fill until oil reaches the F-mark
on oil level stick,

No, or low supply of cil
causes seizure of mov-
ing parts.

fuel, if required.

Avoid dust.
Do not use sedimentary oil.

Foreign matter causes
damage and wear to parts
of fuel system.

Oil each part.

Preparation prior to use

1. Fuel injection pump regulating
rack,

2. Plunger parts of water pump
and bilge pump.

3. Pinion shaft of cell motor.

4. Moving part of remote control
device; shaft part of handle,

Check openings of
fuel and engine oil
strainers.

To help smooth movement
of each part and to prevent
seizure.

Turn the handles a few times.

To clean clogged elemenis.

Hand operation
hefore starting

Operation

Set the regulator handle at the
'""Stop" position, allowing no com-
pression, and turn the flywheel by
hand about ten times.

Permeate oil through each
part to attain smooth
-peration,

Confirm that no abnormal
sounds are heard.

- 12—




Treatment

Instruction to engine operator

Reason

Operation

Turning

Set the reverse handle at "Neutral”
and the regulator handle at '"Stop",
allowing no compression, and then
push the starting switch to turn the

cell motor through about ten !

revolutions,

Priming
{confirmation of
fuel injection)

Set the regulator handle at the
"Run" position and move it from
side by priming handle four or
five times. The injection sound

"betzu, betzu, ...' can be heard. |
When no such sound is heard, venti-é
lzte the fuel injection device. :

Use of gasoline in
ccld weather

When starting is extremely difficult,é
supply gasoline to the suc. inlet
cover.

Do not supply too much.

Caution in operation

Confirmation of
oil pressure

Ahead, by 2,400 rpm;
1. Eng. oil pressure is 2~ 2.5
kg/em?2,

Warming-up

Run under no-load conditions at 600
~ 800 rpm for more than five
minutes to warm up the engine.

To attain thorough oil
permeation.

i To prevent the liner and

piston from seizing due
to a sudden increase in
temperature immediately
after starting.

Confirmation of
cooling water

Confirm whether the circulation of
cooling water is normal or not,

Prevention of seizure.

Confirmation of
lube oil

Remove the bonnet, and confirm
whether the circulation of eng. oil
is normal or not around the valve
lever shaft and valve arm guide.

Prevention of seizure.

Observe color of
exhaust gas

1. Colorless to blueish white;
engine in the best condition.

2. Black; a problem in the engine
or overloaded.

3. White; eng. oil is burning.

4. Continuous hlack exhaust smoke
should be avoided.
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Treatment

Instruction to engine operator

Reason

]
Check for abnormal

sounds or abnormal
increases in
temperature.

When abnormal sounds or abnormal
increases in temperature are ob-
served, stop cperation immedi-
ately and check the causes.

Check for gas and
water leakage.

If not checked immediately,
unnecessary damage may
occur,

Check for gas and water leakage,
retighten bolts and nuts if neces-
sary,

cock,

£ | Avoid resonance. At a certain number of revolutions, | Avoid operating the engine
3;’; resonance between the engine and at the power setting at
= the frame may occur depending which rescnance occurs,
& upon the structure of the frame. otherwise the engine will
5 be subjected to undesirable
5 effects.
é Check charge If charge lamp does not go off even
© | lamp. after high speed operation is

reached, eharging circuit is

malfunctioning.

Fill with fuel. Fill with fuel while the fuel level In case the engine stops
can still he seen on the fuel tank due to fuel exhaustion,
level gauge. ventilation of the fuel pump

is necessary after refilling
with fuel.

Idle operation Run at idle for about five minutes Discharge carbon in the

before engine by placing the clutch in the combustion chamber from

stoppage. "Neutral" position. the engine,
Run at high speed momentarily
before stopping the engine.
"‘§ Engine stoppage. Use the regulator handle to stop If decompression handle is
@ the engine. used to stop the engine,
= unburned fuel will accumu-
Eﬁ_.l late in the cylinder,
causing carbon build-up
between the valve and
valve seat which will make
the engine hard to start.
» | Drain cooling After stopping the engine, drain In cold weather, frozen
3 |water. cooling water by opening the water in the cylinder head
= cocks of the cooling water pump will damage the engine.
‘E‘ and exhaust manifold.
2 Complete drainage is obtained by
. turning the flywheel,
5 In cold weather, close the Kingstone
75!
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Treatment

Instruction to engine operator

Reason

Cleaning the engine.

While the engine is still warm,
completely remove oil and dirt.

| Change lube oil.

For better maintenance of
engine,

Change lube oil and turn the engine
through few times.

For next use. Rust pre-
ventive treatment.

. Moving parts free
* from corrosion and
cdirt,

Storing engine

Wipe off oil and dirt.

Apply oil to the following parts:

1. Link part of fuel pump.

2. Pinion shaft of cell motor.

3. Moving part of remote control
device, shaft part of handles.

Cover the engine with vinyle sheet,
paper, or cloth for dust-proofing.

Occasionally turn
" the engine.

Turn the engine by hand once a
month.

T¢ rust-proof metal,
piston, liner and rings.

Store battery,

Disconnect battery leads and
store in a dry place.
Charge once a month,

2. Time of Periodic Checks

A periodic check is necessary to keep the engine in good condition at all times.
The frequency of such checks may vary, depending upon engine use, condifions of

use, guality of oil used, and methods of operating the engine.
the required frequency of periodic checks and service.
planations will be given here.

time is as follows:

- 15—

It is difficult to specify

Therefore, only general ex-
The relationship between the details of such checks and




2-1 Table of perodic checks

Operating hours Every| Every| Every | 1 yr Every; Every
ltems ) Daily 50 250 500 or 1500 2000 | 3000
Contents hours | hours | hours | hours hours | hours
Fuel Check fuel level. Replenish. O l ,
Remove condensation from fuel tank. ()} (Befare rePleuil.'.hm:nt) 1‘
Remove condensation in fuel strainer. 0 ;
Clean and overhaul fuel strainer, 0 !
Engine | Check oil level. Replenish. o ;
oil *I;emove condensation in oil strainer, O
Disassemble and clean oil strainer, S E
Change oil, O e gy
Cooling | Check cooling water circulation, O :
waler Clean thermostat. ) o 4‘ )
pump, Check and tighten gland packing. When eAxcessive lzak is ubserved.
etc. Check and replace protective zinc, O
Overhaul check of major components, O
Gover- | QOverhaul check of major components, 0
nor Check and adjust governor linkage. 0
Fuel Check injection timing,
injection | Check delivery valve.
pump Overhaul check of major components. O
Fuel Check spray condition. O
injection | Check and adjust injection pressure, O
valve Overhaul cleaning of fuel strainer and T ) o
injection valve. o
Cyl'mder Retighten head bolts, 50 hours after trial operation of new or reconditioned engine,
head Adjust intake and exhaust valve clearances 0 o
Grind infake and exhaust valves. O
Check rocker arms and valve guides. G
Clean combustion and pre-combustion o
ghambers. i i
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Operating hours Every]| Every |Every | I yr Every| Every
Items Daily 50 250 500 or 1500 2000 | 3000
Contents hours | hours Jhours | hours hours | hours
|
Piston Overhaul, clean, and check rings. O
Con-
necting Check bearings, bolts, and torque. 0
rod
Main _ 4 bol T -
bearings Check bearings and bolts. : O
| T ) T -— ) . i
Crank } N{easure and check pin and journal ! o
' diameters. !
shaft ‘
t Measure and check crank arm deflection. § ; 0
Engine Check miscellaneous bolts, nuts, and o i
exterior | for oil leaks. i
All i
engine ° Check for leaks, @] |
piping :
Clutch Overhaul, check, and recondition moving :
parts. 0
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2-2 Every 50 hours

(1)  To remove fuel strainer drain:

(1) Close the fuel tank stopcock.
@ Remove the drain plug from the bottom

of the fuel strainer, as illustrated and
drain the fuel strainer.

(8" Replace the drain plug and firmly
tighten.

{4) Open the fuel tank stopcock and vent
air.

(2}  To remove lube oil strainer drain:

‘1" Remove the drain plug from the side of
the lube 0il strainer, as illustrated,
drain lube oil and take out the drain.

2) Replace the drain plug and firmly
tighten.

Remove the strainer

{1) To clean the fuel strainer:

{1) Close the fuel tank stopcock,

(20 Disconnect the two pipes on the side of
the fuel strainer.

(8} Remove the fuel strainer mounting
bolts, as illustrated.

@) Loosen the four strainer cover bolts
and carefully remove the strainer
element,

(5} Clean the strainer element by rinsing
with light oil.

{6 Thoroughly clean the strainer housing
inside with light oil.

() Following cleaning, reassemble the
fuel strainer hy reversing the disas-
sembly procedure and remount on the
engine,

() After reassembly, vent air,
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2)

(3)

2-4 Every 500 hours

To change lube oil:

Lube oil can be easily changed, just after
operation, while the engine is still warm,
since the oil will flow freely. Remove
any lubricating oil in the engine by using
the hand operated Iube oil evacuation pump.
@ Remove lube oil from the crank case
by setting the evacuation pump valve as
shown in the figure.
@) Next, remove clutch case lube oil by
turning the evacuation pump valve to

the position shown in the figure.

To disassemble and clean the tube oil strainer:

(1) Loosen the drain plug, drain the lube
oil, and take out the drain.

(20 Disconnect pipes as shown, loosen the
three strainer cover bolts and care-
fully remove the strainer element.

(8 Clean the strainer element by rinsing
with light oil and then dry.

{4) Use a sponge to wipe off oil inside the
strainer housing.

(50 After cleaning, reassemble the lube oil
strainer and remount on the engine.

i

(1

Adjustment of suction and exhaust valve clearances.

When the engine is cold and the exhaust
valves are completely closed (top dead
center in the compression stroke), the
clearance between the rocker arms and
valve heads should be adjusted to 0,15 mm
by using the supplied thickness gauge.
(D Position the piston in the top dead
center of the compression stroke
(the top dead center of fuel injection),
(2 Loosen the rocker arm lock nut and
adjust with the thickness gauge, while
turning the valve head adjusting screw.
® After adjustment, fix the adjusting
screw position with the lock nut.

Clearance Adiustment

Tighten Adjus

ting Screw

—19 —




Jwo Dots

Fuel Pump Housing/

)

Adjusting Boit

Lock Nut

(2

To check fuel injection timing:

If fuel injection timing is not correct

engine power will be less than maximum.

®

@
€)

@

®)

®

With the engine in position to start
compression, take the high pressure
fuel pipes off the fuel injection pump.
Align the two dots marked on ihe rack
with the edge of the pump housing.
While watching the fue! oil lcvel in the
outlet port of the fuel injection pump
delivery valve spring holder ——-

Set the decompression handle in the no-
compression position and slowly turn
the fly wheel in ike running direction.
Stop the fly wheel the moment the oil
level begins to change -—-

And note the scale reading.

There is a relative scale of 12 units
stamped on the fly wheel before top
center. The relative degree before

top dead center can be read from this.
The timing is set correctly when the
pointer falls on the point 12 units
before top dead center.  If this is not
the case refer to (3) "Adjustment of fuel
injection timing. "

Adjustment of fuel injection timing

After checking (2) above, if adjustment is
necessary use the following procedure to

make adjustment:

(1) Open the square in the lower portion of

D

the fuel injection pump.

I.oo=<u the lock nut and adjust timing by
turning the adjusting Lolt. Screwing

the bolt in (moving che spanner from
right to left) will set the injection
timing back (the scale on the fly wheel
moves closer to top dead center) and
the timing can be set forward by
screwing the adjusting bolt out.

Temporarily tighten the lock nut and
recheck timing to make sure it is
correct.
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4> After adjustment, tighten the lock nut
firmly to prevent the adjusting boit from
becoming loose.

inspection and Servicing of the fuel injection valve

-

1" To clean the fuel strainer:

A& Disconnect the high pressure fuel
pipes 2nd remove the fuel injection
valve.

While holaing the fuel injection

valve with a vise carefu..y remove
the fuel strainer barrel.

After removing the fuel strainer, as
illustrated, wash out thoroughly with
a light cleaning oil.

99

1y)]

D After cleaning, replacn the fuel
strainer in the fuel injection valve
and reassemble the fuel injection
svstem.

2 To vemove carbon from the spray nozzle:
Carefully remove carhon deposits from
the spray nozzle with a knife or hack saw
blade, taking cure not to damage the
nozzle.

3 Injection pressure inspection:

A Connect the nozzle tester to the fuetl
injection valve.

‘8. Pump the handle of the nozzle testerr
at o rate of 60 — 100 times per minute.

' Read the pressure gauge just when
the pointer, after a gradual rise,
suddenly drops,

B if this inspection reveals that the
injection pressure has deviated from
160 kg/em?, refer to the next
section (&) to readjustment injection
pressure.

To adjust injection pressure:

A Remove the fuel injection valve box

nut.

[y ;

B Adiust the injection pressure by varying
the number of pressure controlling plates

inside {one injection controlling plate of
0.1 mm thickness changes the pressure
about 10 kg/cm?).

C© Tiphten up the box nut and repeat the
injection pressure inspection procedure

in@ .

Box it —————@

@-—Pressure cantroling

nlate

2 .Lm

e
——,
e ——
.
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(8 To check injection:

Inspect spray formation by using the

procedure of section @.

Note: If the nozzle does not produce a
conical spray adjustment or re-
placement will be necessary.
Ask your local Yanmar agent or

Plunger barrel
stopper

Good Poor

Fuel Injection Pump

dealer about adjustment or
replacement.

When the fuel injection pump is to be disassembled or reassembled, handle the parts
with extra care so as not to damage or leave any dust on the parts.

Delivery valve spring-holder

R

Packing for delivery valve

Delivery valve spring
//

=3

Fuel regulator @

Fuel regutator set bolt ' ring e H

_ *Plunger
Plunger sprmg_. w/barrel
retainer

Plunger spring

Fuel regulator rack
Fueri'njection pump body
% Spring shoe

©

Fuel regulator
ring

*MARK: NOT SOLD SEPARATELY

Plunger guide
Plunger guide
cir-clip
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Insert the fuel regulator ring.

Be sure to match cut mark of fuel reg.
rack with the punch mark on the fuel
regulator. (Refer to the Figure at right.)

Insert the plunger.

The correct plunger direction is attained
by matching the O-point mark on the
plunger side and the cut mark on the fuel
regulator ring side.

Insert the plunger spring holder, plunger
spring, the plunger spring shoe, the
plunger guide, and set the plunger guide
lock ring,

Place the fuel pump body upright,

CuT
’ mark

b
- n
,J\f\’iﬂé;\: Punch mark

(—

| Q-point mark

)

Cut mark
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Tuel Injection Valve

The fuel injection valve of the Model SKE
engine is designed to atomize the fuel
delivered under high pressure from the
fuel pump so that combustion takes place
more easily. A major cause of poor
engine performance is incomplete fuel
atomization.

A nozzle valve is used to insure complete
atomization, while a pressure regulator
maintains fuel injection at a constant pres-
sure, Precise machining was required in
the manufacture of this nozzle, therefore
insure the nozzle does not incur any
scratches or accumulation of dust during
handling.

*Fuel strainer

N

~
@/.— *Needle valve w/case\\
Q’/ Needle valve case nut

\@ Spring shoe
\

]

—

Spring shoe packing

Adjustment plates

Nozzle spring

Inter-spindie

Fuel injection valve body

*MARK: NOT SOLD SEPARATELY
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(5) Inspection and replacement of proterctive zinc

(T A protective zinc strip is mounted on the
cooling water pump side of the cylinder to
prevent electrolytic corrosion.

(@ Remove tne fitting flange bolts and take
off the flange with the zinc strip
attached,

If half of the zinc strip has corroded re-
moving scale.replace it with a new one.

@ To replace the protective zinc strip:

(® Loosen the nut holding the protective
zinc strip and take the strip off the
flange.

® Use a knife or emery cloth to clean the
flange surface.

© Firmly attach the new zinc strip to the
flange.

© Replace the fitting flange on the side of
the cylinder.

(6) To remove the cylinder head:

(I Open the cooling water pump drain cock and
drain the water from the cylinder head and
jacket.

@ Take off the bonnet and remove the cooling
water outlet bend.

@ Disconnect the rocker arm lubricating pipe.

® Disconnect the high pressure fuel pipes and
remove the fuel injection valve.

® Remove the air intake pipe.

{® Take off the chain guard and remove the
starting shaft support.

(@ Remove the exhaust bend.

® Take off the rocker arm assembly and re-
move the push rods.

® Loosen the cylinder head bolts and remove
the cylinder head.

“7}  To remove suction and exhaust valves:

(D Place the cylinder head in such a way that
the combustion surface points downward.

Racker arm

\ il lubricating pipe
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Ante-chamber

Copper seals

@ Place a nut on the fitting bolt of the rocker
zrm shaft support and take out the stops by
pressing down the valve spring as shown
(Do not mix up the stops and spring re-
tainers of the suction side and exhaust side).

(® Remove the valve springs and valve spring
retainers.

@ Use pliers to remove the stop ring shown in
the diagram.

(8) To remove and clean the pre-combustion chamber:

() Use your hands to remove the pre-com-
bustion aft-chamber.

(2> Use a copper or wooden rod and hammer to
remove the pre-combustion ante-chamber.

(3 Thoroughly clean the inside of the injection
nozzle.

Notes: (& Check the copper seals carefully,

and if defective replace with a new

one. Compressed air leaks will

result if the seals are defective.

Anneal the copper seals before

installing.

C)

{%) To inspect and clean the cylinder head:

(1, Thoroughly clean the combustion surface by
removing any deposited carbon with a knife
or emery cloth,

2 To clean the upper side of the cylinder head:
& Clean the inside of the suction and ex-

haust valve guides with light oil.
Wash off any sludge and dirt adhering to
the rocker arm chamber with light oil.
© Completely clean the valve push rod "O"
ring grooves with a knife,
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(10) To lap the suction and exhaust valves:

.10 Apply a lubricating oil to the side of the
valve stem and a fine lapping powder to the
valve seat and assemble the valve in the
cylinder head.

.2" Lap the valve until a good flush contact is
achieved, by rotating the valve and tapping
it at the same time with a lapping tool as
shown.

Note: Apply the lapping powder to the valve

seat only and do not over apply.

3 When good contact is made, remove the
lapping powder and repeat the lapping pro-
cedure above using oil in place of the lapping
powder,

4 After lapping is finished, clean the valve and
guide with light oil and then coat with lube
oil.

Note: Be careful not to mix up the suction
valve and exhaust valves while disas-
sembled, because they are of different
compositions.

{11) To assemble the suction and exhaust valves:

-1 Coat the valve stem and seat with lube oil
and then insert the valve stem into the valve
guide,

.2' Reassemble the valve springs, valve spring
retainers and the stops in the prorer order.

(12} To install the cylinder head:

1" If the copper cylinder head gasket has been
removed, anneal before installing.

‘2 Put new '"O" rings in the cooling water con-

necting pipe and valve push rod covers.

i Install the cylinder head and watch the "O"

ring fit.

‘4" Attach the cylinder head clamping nuts and
tighten them in a diagonal sequence to insure
even pressure all around.

’5) Insert the valve push rods.

‘6" Fit the exhaust bend.

.7) Reconnect the rocker arm lubrication pipes.

{8 Fit the chain on the sprockets, stretch the
chain tight but allowing the starting shaft to
operate when the shaft is furned counter-
clockwise and then clamp the starting shaft

oy
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support.  After installation of the chain
make sure the shaft rotates smoothly in the
counter-clockwise direction,

@ Reconnect the rocker arm shaft mount.

4% Replace the air intake pipe.

1 Adjust the valve clearances by referring to
section 8-3 (1.

42 Replace the bonnet and make sure the fly
wheel rotates smoothly.

2.5 Every 1500 hours

I'} Piston removal.
‘1 Remove the cylinder head by referring to
paragraph 8-3 & .

() Remove the cylinder side cover.

(3) Pry up the lock washer locking lugs on
the connecting rod bolis.

&) Remove the nuts from the connecting rod
bolts.

(& Hold the bearing cap by hand and position
the piston at top dead center (TDC}, then
remove the bearing cap.

6 Remove the piston by grasping the top and
drawing it out, while pushing up on the
connecting rod.

2} Cleaning the piston and piston rings.

) Remove carbon from the piston head with a
hack-saw blade, or similar tool. Be sure
not to score the surface.

@ Remove carbon from the ring grooves by
submerging the piston in solvent and slowly
working the rings back and forth in the
grooves.

3} Checking piston rings.
Replace the rings if any of the following dis-
crepancies are noted:

(1) Quter surface is worn unevenly, scored
vertically, and/or signs of combustion
leakage are present.

@ Clearance between ring and ring groove ex-
ceeds 0.2 mm, when measured with a feeler
gage, as illustrated.

4} Piston ring removal.
(D Rings can be removed easily with the aid of
a ring insertion tool, as illustrated.
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@ If a ring insertion tool is not available, loop
very fine wire over tiue cut ends and spread
slowly until the ring is clear of the groove.

Note: Be sure to note which side of the ring is
the top and the order of installation
before removal.

5} Cleaning ring grooves.

Thoroughly remove all carbon from the ring
grooves, taking extra care not to score the
groove.

61 Checking crank pin inserts.
The crank pin inserts have a long service life,
even though they may be completely discolored
by a uniform, brownish color. If heavy score
marks are noted, or the insert has non-uni-
form discoloration, contact our agent or your
service dealer on continued use of the insert.

7} Pistorn ring installation.

Installation of the piston rings is similar to
disassembly, however, zare must be exercised
go that the ring is not broken when fitting it
over the piston. Insure the correct side is "up"
{stamp mark side}, and that the order of in-
stallation is proper.

8} Piston assembly.

(1) After cleaning the crank pin, apply a light
coat of oil.

) Position the crauk pin at top dead center.

1) Apply a coat of oil to the crank pin insert
and the piston,

74) Position the open end of the top piston ring
parallel to the pin and the open ends of the
remaining rings at right angles to each
other, from the top down.

{8) Insert the connecting rod in the cylinder,
with the "' 3y ' mark on the flywheel side.

8) With the aid of the piston insertion tool, in-~
sert the piston in the cylinder, as illustrated.

() Align the scribe mark un the large end of the
conneeting rod with the mark on the bearing
cap and clamp the cap.

® Use new lock washers and tighten the lock
nuts on both connecting rods in an alternate
manner until they are uniformly tight.




PISTON & CONNECTING ROD

Cu'n_‘lip

Piston Ass'y
Piston ring sot

Prston ring
Pistor ring

Piston ring: -~

Oitring

(@ Bend the lugs on the lock washers down.

@@ Turn tue flywheel through by hand and
insure rctation is smooth.

i? Re-assemble the cylinder head, referr

ing to paragraph 8-3 (12).

Piston pin

Circlip
Y
1y

\

\

E. '\
\
\.‘. \
\@

Pisten pin metal ;

J I

Cannecting red Ass'y ™

Washer, conn.
rad bolt
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2-6 Qther time interval checks

1) Re-torquing cylinder head bolts.

{ Always re-torque the cylinder head
bolts 50 operational hours after ini-
tial operation, and after overhaul-
ing the cylinder head.

2) Checking and servicing water pump gland packing,

Check and retighten the water pump
gland packing if excessive leaks are
noted. (Refer to paragraph 5-3 (3))

If the packing cannot be tightened suf-
ficiently to stop such leakage, install
additional packing or replace the old
packing. Installationof additional pack-
ing is accomplished as follows, howev-
er, contact our agent or your nearest
service dealer prior to commencing
such work.

1} Loosen the packing gland bolts and
move the gland toward the engine,
@) Insert the additional packing,press-
ing it in place evenly with a screw-
driver. Re-position the gland so that
it completely covers the packing,.
Lightly tighten the packing gland
bolts.
4y Start the engine and alternately tigh-
ten the gland bolts until all leakage
stops.

3) Operation and adjustment of clutch
{) Operation
Clutch service life depends primarily
on the manner in which it is operated
during routine operations. When
shifting from ahead to astern,or vice-
versa, always reduce engine speed
with the regulating handle. Momen-
tarily position the handle to the neu-
tral position b jore shifting to ahead
or astern, Increase engine speed only
after the clutchis fully engaged. Nev-
er operate the clutch handle rapidly
with the engine at high speed when
shifting from one position to another.
Suchoperations will damage the clutch.

@ Adjustment.
Adjustment of thisclutchisnot neces
sary, even after a long period of
service. Contact our agent or your
local service dealer when replacing
the friction plate, or when any other
discrepancies occur.
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CLUTCH (FRICTION OF AHEAD SHAFT)
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item Part name ttem Part name ltem Part name
1 ¢ Disc housing ass'y 23 | Spring 45 | Shifier
2 ! Pugce, v-iever 24 | Pinion, Z = 23 46 | Woodruff key 4 X 13
Pinion, Z = 18
3 Bolt 2% | Feather key 7 x 28 47 | NutM12
4 Washer ! 26 | Bali bearing 6205 48 | Cotterpin3éx25
i
0 Hex bott MEB x 20 27 1 Lock nut 49 | Push rod W/Roller
& Lovk washer ;28 | Washer 50 | V-lever
7 Paraltel pin8 8 x 18 i 25 | Bush 51 | Link
X sen b M0 R 35 . 30 | Lever 52 | Fin
T L b oraher ¢ 31 : Fork lever 53 | Joint
T Pty Coliar L3 P Oring P18 54 | Pin
1T Eroran plate b3 Feather kay b x 18 RS | Circlip 7
17 Clger i 34 | Circlip 18 56 | Rear case assy, ahead shaft
; 5
3 Wy, by 35 ! Stopper, O-1ing 57 1 Packing, rear case
P
j i
TE Ane shaht |36 | Hex. bolt MI0x 26 58 | Hex. bolt M8 x 20
1% Froouon dig ass’y 37 i Spring washer 10 59 | Hex, bolt MB x 80
i Shafs ass'y
B Hes boit M8« 12 38 5 Shaft, shifiing 60 1 Hex. bolt MBx 36
17 W (80 39 Case 61 | Hex. bolt M8 x 5B
18 Plate, clisk 40 | Taper pin 4 é x40 62 | Spacer, pinion
19 Bah oearing DHE205H 41 | Spring {autside) 63 | Parallelyin 64 x 8
20 | Shaft, reversing 42 | Spring finside) 64 | Claw
21§ Cichip 65 43 | Retainer 6% | Spring, claw
22 1 Rall bearing 8006 44 | Retainer
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3. Electric Wiring

Model SKE Electrical Wiring Diagram (Electric start type)
Charge lamp

Yellow/Green Yellow
OFF

0

ST

N Key
switch
ART

Low oil pressure
warning light

Connector White

=< Grounded-case
type

2+ Grounded-case type

Qil pressure switch
ON

Batter switch

Note: The oil pressure switch is installed on
the forward cylinder block, beside the
water pump.

1) Wiring precautions.
® Use the wire size specified in the wiring
diagram for wires marked *
® Insure polarity is not reversed during wiring
installation.
® Protect all terminals with an anti-corrosion
coating,
2 Operational precautions
® To maintain the battery at peak performance,
check the level and specific gravity of the
electrolyte monthly.
® Turn the battery switch OFF when charging
the battery from another source.
® Check the starter drive belt for correct
tension and damage monthly.
® DO NOT turn off the battery switch when
the engine is running.
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3 ELECTRIC STARING DEVICE

ltem Part Name Item Part Nme Item Part Name

1 Starting dynamo IR Hex. bolt M10 x 45 21 Fuse 10A

2 | V-belt HM-type 12 | Nut M10 22 | Screw M4 x 8

3 Adjuster, V-belt 13 | Lock nut M10 23 | Plain washer 4

4 Hex. bolt M10 x 32 14 | Hex.bolt M10x 25 24 | Wire harness

5 Hex, bolt M10 x 45 18 | Shim, dynamo bracket 25 | Switch, battery
6 Spring washer 10 16 | Dashboard 26 | Screw M8 x 20
7 Piain washer 17 | Switch 27 | Terminal BAGOB
8 Nut M10 18 | Lamp ass'y 28 | Terminal BES18
9 Lock nut M10 19 | Lamp, charging-indicator 29 | Terminal BES16
10 Bracket, starting dynamo 20 | Lamp, oil-indicator
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V. Maintenance Standards for Main Components

When an engine is used over a long period
of time, parts will wear. This not only
reduces engine performance, but also
resuits in engine problems unless the . . .
worn parts are replaced. A list con- 1. Engine Disassembly Precautions
taining maximum wear limits for main
engine components follows at the end of

reduce maintenance costs and lost operat-
ing time due to unscheduled maintenance.

Prior to disassembling the engine, the
following precautions should be observed:

this section. These limits of wear are 1} A clean, dust-free workshop should
estimated values which assure maximum be available for the disassembly,
engine performance, thus they are not 2}y Prepare a table or workbench on which
ahbsolute values by which component  life the disassembled parts can be placed
is guaranteed. As indicated in the and covered to prevent damage or loss
section on periodic checks and servicing, before reassembly.

it is recommended that those parts which 3) A clean container full of cleaning

may require replacement before the next
scheduled check be replaced during the
current inspection, This procedure will 4)

solvent is required to clean the parts
as they are removed.
Assemble the following tools:

T00LsS

REMOVING TOOL
//
GASOLINE FEEDER ’

ol FEEDER LAPPING
POWDER

FEELER GAUGE, 0.15

BOX SPANNER 32 DOUBLE RING

K 20 ¢
BOX SPANNER HANDLE

. TURNING BAR
REMOVING 94 x 200

CRESCENT TOOL
SPANNER - LAPPING
TOOL

SPECIAL
SPANNER

. ~ > SCREW DRIVER
SPANNER 24 x 27

SPANNER 19 x 22

——PHILLIPS SCREW
DRIVER 8 x 100

TOOL BAG
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® Special tools (special order)

(1)
(2)
(3)

(4)
(9)
(6)
()

Gear puller tools, complete

Flywheel puller tools, complete
Spline piece & free wheel puller tool,

complete

Gear box puller tool, complete

Piston insertion tool
Cylinder liner removal tool

Suction/exhaust valve seat cutters,

complete

® Measuring instruments:

(1)
(2)
(3)
{4)
(3)
(6)
(7)
(8)
(9)

Vernier calipers
Micrometer

Cylinder gauge

Feeler gauge

Deplh gauge

Tachometer

Torque wrench

Fuel injection pump tester
Fuel injection valve tester

® Other items to be prepared:

(1)
(2)
(3)
(4)
(3)

White paint

Sealing agent

Red lead

Fine lapping powder
Chromium oxide
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General Precautions for Maintenance and Cleaning

The following precautions should be observed

during maintenance and cleaning:

{1) Make a good visual inspection of each part
for carhon deposits and scoring, This
practice will be very helpful in determing
required maintenance,

(2) Be careful not to damage the parts when
removing carbon deposits.

(3) Avoid using a wire brush or sandpaper for
cleaning precision parts, such as the
contact surfaces of suction and exhaust
valves, the reciprocating surface of
plungers, etc.

{4) Use only clean solvent for the final washing.

(9) Thoroughly ciean the outside of the engine
block and the inside of the crankcase at the
time of disassembly. Prior to reassembly
also clean those parts and locations that
may be difficult to clean afterwards.

(6) Clean all oil holes subject to oil sludge
settling and the inside of oil pipes
thoroughly, not only with solvent but also
with pressurized air.

(7)y Clean all rusty surfaces with fine sandpaper
and apply oil afterwards.

(8) Replace all scored parts.

If scratches or small dents occur during
disassembly, remove such marks or dents
by rubbing with an oil-stone.

(10) After installing new parts, carefully in-
spect them for correct installation, contact,
and clearances.

Precautions for Disassembling the Engine

The following precautions should be observed

during disassembly of the engine:

(1) Disassemble the engine according to the
given disassembly procedures.

(2) Do not disassemble any parts unnecessarily.

(3) Do not scratch or damage parts.

{(4) Use only proper tools.

(5) Provide appropriate locks when disas-
sembly work is difficult, since such parts
as shafts tend to turn with their accessories.
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TR

Thrust Shaft & Propeller Shaft

STty tark

!
! AN,
s _,KD‘H
f r‘vg.x/
e
ey ety o

Setting mark

Pinion & Rack

Setbmg mar k.

/

(6)

(M
(8)

(9)

For removal of such parts as shafts, use
appropriate brass or copper rod and
doubling plates,

Arrange the disassembled parts in order

of removal.

Confirm original positions by score marks.
The following parts are provided with score
marks:

Connecting rod large end, and its metal
bushing, connecting rod large end and rod

bolt: metal bushing and rod bolt nuts; crank
Journal metal bolts and nuts; camshaft gear
and crank & gear:; clutch box front cover
and clutch box; friction plate support and
clutch box sliding side cover; spline piece
and friction plate: shaft couplings for
thrust shaft and propeller or intermediate
shaft: fuel control pinion and fuel adjusting
rack of fuel injection pump; fuel control
pinion and plunger of fuel injection pump.
Make the most out of disassembly by clean-
ing those sections usually difficult to clean.

(10) Wash clean the disassembled parts and ar-

range in order,
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2. Clearances and Tolerances of Main Components

{1}

When the engine used over a long period of time, each part will wear, reducing performance

Maximun Wear Limits

or causing breakage of the crank shaft and piston pin, unless such defective parts are
replaced. Figures fo be referred to for replacement of parts are given in the following

table. In practical operations, however, no trouble will ococur immediately when wear of
some parts exceeds these figures.

Time should always be considered in judging wear of parts.

Therefore, care must bhe taken

to avoid customer misunderstanding when using the figures in this table.

{2} Clearances & Tolerances
Nomi-b Differ- Strndard Muximiun Limits Corrective
Parf Name na cace Cletance Allowable of Use Measures
sbre in size uf Aw'y Clearance
. Up 1o wear-
Inper dia, g | HLO30 ing of chrome : Change Hoer
o plating
Cylinder liner [ a ]
] ' side lange when
Lug of rubber packing O'Ek side '\“' .
(A2~ 07s changing linee
. ~ERA0S
Frp LA 535
Clearanve | Ouier diu. et e e e SR S
betwueen  § of piston LN ‘
piston ind Skirt 93¢ “' }é‘“ i3 Change piston
cylinder S e
finey . N HLDI0
Inner dia. of liner 0 3 13~10.19
Compression clearinee i +01 E P ~12
) | Pressure ring (1.3 ~11.5 1.3 Change tings
lnside ol
Contact finer Oil seraping ring 0.3~0.35 1.5 Change rings
vlearpnge B AT S
t_;lf-'asln-;:d Prossure | No. | i Approx. 11.5
\.l.u?[ ar Free ring No. 2.3 Approx. 11.5
i), L. SO, DS
vonditivn
il seraping ring Appax, 11,5
Piston - e i 1)
Ting . i -
ring Widih No.1 |35 aut 010
of ring No, 23,25 S 03
21 BSRU T H ’ ,
Cl Presre ; f.02 ~1.055 0.2 Change tims
caAtane | rag N TR
53 o, 1 3.5 [+HL025
between “’_““h +.15
1 Hston ring ofgronve: No. 2,31 2.5 +0.010
L oand ging
; Nt
1 Froove 3 - s .
; Width of ring 003 nio
i Qi ring 4.5 11042 ~(1.055 0.2 Change rings
_ _ +H.025 - _
Width of groove 6010 115
L - 0.4 . "
inner dia. of piston buss 328 | pag | Clearance Change
: {Tightening} ~1L07
: L2 ~ (L0609
Piston s e . T332 (0 Change
pin. Quter dia. of piston pin § ST
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Nomi-| Dilfer- Standard Maximun Limits Corrective
Purt Name ni ence Clearance Allowable of Use Measures
size in size of Ass'y Clearance
Piston . .. +(1.050 Clearance
o di: ! ) 5 .
pin loner dia. of piston bush 324 £0.030 0.03 0063 0.15 Change
. N . -(l.(MEl When uneven wear
Cuter dia, of crank pin 0060 0.7 of pin exceeds
Crank pin 56 4 0,105 .15 .06 mm, regrind
Inner dia. of beari +0.045 the pin and use
o1 dia, of bearing . .
e dit. ul bearmg 0 undersized insert.
(size: -0.25,-0.5})
, . 0.036 When uneven wear
Guter dia. of journal 0061 0.7 of pin exceeds
Crank Dia. 384 (L.039~00,096 0,15 (.06 mm, regrind
. +0.035 the pin and usc
shaft 4. of bearing
Dia. of bearing +0.018 ' undersized insert.
Journal _ ) ) ; (size: -0.25,-0.5)
\ | !
Width of 3 i n ‘ : 0.5 When the metal is
idth ot journal Wos - worn beyond
Side o } 99 013 =025 hmns. of IJ.SE, use
Eoclearaney) | fard wi . o oversized insert.
| Standard width of bearine 0,1, 0.2,
' Outer dia, uf jourpal — - I - _— -
Dia. —_— =
; [nner dia. of bearing — —_ —_— —_ — -
Standard width ol journal P— P i N N _ -
) i\\" L . . _ _ e e b
Cam i idth Standard width of bearing — —_— —_— -_— _— -
shaft & e e
CHeight of cam for sue. & exh. valves 38 +iL03 —_ -— n.3 Change
. i -0.041 -
Valve rod outter dia ! 0051 015
g e ) ) — {10 .25
‘Clearance Suc. o ) : 94 +0.015 0.041 66
he tween Valve guide inner dia, : 0 Change :-'alve or
valve Loa [ B t vilve guide
! ' -0.041
& valve Valve rod outer dia. _0.055 0.15
gulide : ’
) iy (L4 ~ {(LOTD 20
Exh. - . 9é 001s I
Valve guide inner dia, i 0
i Angle 9Qo —_— — —_— — —
Section| T
& exh. Width 216 | — — - 2.6 —
vilves
Valve T
sseat
| Change vilve scat
ol . —_— 2- .
Sink 1-25 25 {exhaust side)
0.0~
Suction valve — 0.15 - 0.21) _
Top J—
Clearance 0.10~ .
Exhaust valve — 0.15 - 0.20
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3. Exchange Standards for Wear of Main Parts

- | . Caiculation Basis Standard Size .
Specifications for Main Parts for Wear Limits (unit-mm) Limits of Measument
Inner dia. of cylinder liner 0.003D 92 4 +0.3
Quter dia, of piston skirt 0.0025d 92 4 -0.25
Quter dia. of piston pin 0.005d 324 -0.19
Inner dix. of piston pin insert 0.005D 324 +0.19
Outer dia. of crankshaft pin part 0.003d 56 ¢ +(.20
OQuter dia. of crankshaft journal 0.003d 58 ¢ ~0.20
Inner dia. of crank pin insert 0.004D 56 ¢ +0.28
§
- Inner dia. of crank insert (.004D 58 @ +0.28
£ Width — 3.5 ~0.20
No. | piston ring
Thickness 0.15t 3.7 —0.65
Width — 2.5 -~0.20
No. 2 — 3 piston ring
Thickness 0.15¢ 3.7 —0.63
Width — 4.5 -0.20
Oil ring (without expansion ring)
Thickness 0.151 3.2 —0.65
) . 03d 304 -0.15
Quter dia. cam shaft journal 0.0 25 ¢ _0.10
Height of cam shafi cam — 38 —-0.40
Clearance between piston ring and piston groove — 0.037 +0.40
8 . . .
=] Clearance between piston pin and bushing 0.0075¢ 0.048 +0.28
3
“ Clearance between crank pin and crank pin insert 0.0055d 0.072 +0.42
Clearance hetween crank journal and crank insert 0.0055d 0.067 +0,42
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Measured Part

fnner dia, of Cylindee liner

Outer dia, of pistan skirt !
i
\
!
|
|
I
i

Clearance between
wlinder lmmer and piston

Outer dia. of piston pin

Inner dia. of pisten pin
insert

Clearancee between piston
and piston pin anscert

Outer dia. of crankshatt
journul and crank msest

Measuring Pusition

|
|

Remuarks

Measure in daM by directions at
*marked position, t* muark is
pusitioned on No. | piston ring
Jiupper dead center)

Measuring
Instrument

Cyvlinder gauge

Measure i faH b)Y direction at

marked posttion of pistan
shart.

fisert piston sKirt into the
upper part o ey linder hner
tihol ! opision ring position ar
top dead centery and measune
Clearamee i the direcenions ot
crank shatft motion and at rvhi
angles 1o the crank shaft,

Maamuoem wear measured in
faltb) directions at central
© marked position.

Micrometer

Feeler gauge

Micrometes

Masamum wear dimensions,
measure imsert inner din, in
Luk ) directions,

Mavamum clearance measured
horezontal and vertical direc-
1tons,

Mavimum wear dimensions

measured at * mark tn {adby
directions,

i

Cylinder pauge

Feeler g

Micresneter
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Measured Part

Mcasuring Position

Remarks

Measuring
instrument

Enner dia. of crank inserts
thandle side and Mywheel
sidey

Measure in horizontul and
vertical directions at * marked
positian,

Cyhnder gauge

Pistion rings

Thickness & width of :

Width

Thivkness

Micrometer

Wodth of sing grocve

Use new piston
ring as thickness

Lauge

Clearznce between piston
nng and nng groove

Simple method of
measuring inney di.
of cylinder liner or
thickness of piston
nng

Use a new part for either the
cylinder liner vg pistor
ning

Meximum ¢learanee between
ring and groove

Fecler gange

Measure piston ring fitd
dimension.

Caleulaiion of wear in inaer
dia. direction,

A 03

3.14

tlere, if the cylinder liner is
new, i1 is the doubled amount
ol wear in thickness of ring.
I g new ring s used, it is the
amount of wear in innesr dia.
of cylinder liner.

= wrar

leeler mrape




Measured Part

Measuring Position

Remarks

Measuring
Instrument

Heizht of cam on cam
shats

| S,

_|
P_{EJ} ;lmgh:

Ll

Maximum height of vam

Micrometer

4. Specified Tightening Torque for Major Parts

Alajor bolts and nuts of the engine should be tightened to the specified torgue.

PParts

Cylinder head bolts

Connecting rod bolts & nuts

Flywheel retaining nut

Balance weight retaining bolt

Torque

|

10 kg-m
2+ kg-m

|
i 6 kg-m
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VI. Trouble

Engine troubles must be detected in the
early stages and defective parts repaired
in order to prevent further damage.Trouble
symptoms must be found quickly by
heating, seeing, smelling, touching, or
operator reports. Once the leocation of
the troble has been determined, it should
he decided what kind of repair is required.

To do this properly, itis necessary to

1. Engine Problems, Causes, and Corrective Measures

(1

Causes

| Slow ot llh)-il-_l_‘\
N\!l‘[lr'll_ maotor

(1) Viscosity of eng.
uil too high

hl

PO ——

i?\!n fuel injection

2 fuel system
-

. . Zovernor

{21} Partial scizure of >
muoving parts

- strainer

-

(3} Fngine too vold

1o} (I()gg:.d fud lan!\ cock
(6) Ciuggcd fu;_l pipe

(2) Fuel cut due to defective

(3)(Inggo.d fu:,l lll|Lt

‘(4) lnsufﬁc

S hooting

follow logical troubleshooting procedures.
In order to readily find and repair mal-
functions, the operator is required to
completely understand each system and
its function., If trouble is caused by
operator misuse, he must be instructed
so that the problem does not reoccur.
The main engine problems, causes, and
corrective measures are as follows.

When engine does not start, or is difficult to start:

Fuel injection
valve detective

(1) Imperfect pnming of

(1) Defective
valve seat
p
(2) Sticking needle valve
Stk e

jent fuel QE’L‘,’,”} !lt?l.’.(”_é _v.;lvg

"(4) Clogged injection nozzle
W R

“(5) Reduced injection

{7) Defective fuel pump ._Me._ ——
(8)Water mixed with fuel
S { 9. o y No start ar

timing of fuel
injection pump
_(ZT_I_m:m: fuel high

(1Y Wear of plunger prssure pipe

(2 Detective pluner 51 aged fuel igh
- pressure plpt
(4) Atlr mixing into high (s5)

pres‘%urL‘ mpe

(5) Clogging of fuel
high pressure pipe

J3 Sticking of pluni.e

(4)()1! ieak from dis-
vharge valve

.’

ASYAdr v ante pump [/
“ : T . ;;,l[‘ef“ a

;’f(p) Detective discharge

wve spring sprin
villve spring Y Spring.

(1) Incorrect injection

(4-) Wear on t()p of

7 ) ot
A1) Alr leak from suc. hard 1o start

Jexh, valve

4
/
A2y No tappet clesrance /
{3} Detective gasket
packing

l(l } Impraper thickness

of g Easkut mukmg
linder 1 -

Scylinder Hner /(2) l):.fu.tlve Hnk and

Wear of piston nng lever in governor system

A6) Stic klng of piston
ring

/(‘1‘) 'lnqufﬁcrlcrnt rtlg.hlv

(3) Governor handle
at stop position

f head bolts

{8) Defec tive valve

Defective fuel
injection system

Defective fuel

RAPROR Compressed air leak
injectioon pumnp

' 8

5

7 |— Others
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Measures

Causes Measures Causes Measures
11 Wiarm engine oil or change - Reinstall valve
P2 Disassemible and adjust - Vent air
P-3 Warm up - Change
2-1 Pririe system 5-1 Readjust
2-2 Readjust 5-2 Tighten firmly
2-3 Remove dist/grease 5-3 Change
-4 Fill fuel tank 5-4 Vent air
1-5 Open cock 5--5 Clean or replace with new one.
2--6 Clean -
-7 Disassemble and adjust or 6-1 Re-seat valve
change part 6.2 Readjust
2-R Remove water by draining 6--3 Change
: tuel pipe and prime system 6--4 Change
— oo e e o 6--5 Change
-1 i Change part 6--6 Disassemble and adjust, or change.
3-2 ; Change part 67 Tighten head bolts evenly
3-3 Chunge 6-8 Change
3-4 | Clean injection hole or change e
3--5 Readjust 7-1 Change
—— — 7.-2 Readjust
4.-1 Change setting of plunger 7-3 Shift the governor handle
and barrel to higher speed position
4.2 Change
4-3 | Disassemble and adjust, or change
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{2) When power is insufficient:

Causes

Insufficient fuel

1 delivered by fuel pump

2 Insufficient fuel 3
from fuel injection vatve

_ (5) lmproper adjustment (1) Clogging of injection
(1) Wear of plunger of fuel pump nozzle

(2} Sticking of plunger :(6) Incorrect position of
adjust rack

Defective governor I
i
Pl

\ (2) Defective valve seat (1) Defective governor bearing

(3) Cil leak from dis- . . -
charge valve (7) Clogging of fuel strainer {3) Sticking of needle valve \12) Length of governor

8) Clogging of fuel oil pi link incorrect
(4) Qil leak from high (8 S8Ing © oV pipe ; (4) Loose high pressure pipe
pressure pipe joint } (9) Damaged valve spring

K_(l 0) Defective pump R {5) Wear of needle valve

\ \ | Power insufﬁcient—l
{1) Gas Jeak from suc.fexh.
vaive {1) Improper fuel

Z(Z) Too little tappet clearance

/1) Injection timing too carty / (2) Clogging of exhaust pipe
/
/ {3) Wear of top part of
J cylinder liner

!

:’(2) Injection timing too late (3) Partial seizuse of moving parts

/ (4)Wear of piston ring (4) hisufficient cooling water

/(S) Sticking of piston ring
/‘%— {5) Insufficient eng. oil

4 Compression leak 5 Incorrect timing of 6 QOthers
inside cylinder fuel injection

Measures
Causes Measures Causes Measures
-1 Change Re-seat vaive
1-2 Disassemble and adjust, Readjust
or change -3 Change
1-3 Reinstall valve - Change
1-4 Tighten firmly - Disassemble and adjust, or
1-5 Readjust change
1-6 Readjust
1-7 Clean 5-1 Retard injection timing
1-8 Clean 5-2 Advance timing
-9 Change —
1-10 Repair 61 Replace with good oil
6-2 Clean
2-1 Clean injection nozzle 6-3 Disassemble and adjust
or change 6-4 Re-seat the suction and dis-
- Reinstall or change charge valves of cooling
- Reinstail or change water pump
- Tighten firmly 6-5 Disassemble and clean
- Change lubricating oil pump and
strainer
-1 Change
3-2 Repair




(3)

When engine r.op.om. is not smooth:

Cuauses

Abnarmal operation
of injection valve

2 IFuel not evenly

injected

3 \
kS . . .
. (1) Defective needle valve
[

L AT Prefertive vabve spring

\ T
s AT Defective fuel pump plunger

(21 Basuged fuel pump plunger

_——— :

£3) Damaged plunger spring

———

(4} tmproper setting of fuel
Merion pump

T8) Clogged fuel strainer

et e
L L6Y Dunaged fuel cam and solter
e i

{7) Adr mixing into fuel in-
Jection system

(3) Prefective operation of
adjust rack

[ TP

3 o

y
/

{1y Defectinve governor hearing

3} S kiy of sovernor
sleove

{2 Detecens e apergtion

o moverior fink
' A Defectne vperationn

oY Tuel wdinst mivk
:

/," /

B e e e e -

Revatution is not smodath

(1} Orverdoond aperation

-

(23 Partial serztre of moving paris
A e a0 e e e e
£3) Stippage of chistch

Y Pefevtive operalion )
- of governer 3 ithess
Meusures
]
Chiunes Measures { Causes Measures
Pt Chunge part 1 28 ¢ Repair
b2 Change i T T e e
A S SR B 3 | Change
1 Clean R i Repair
2.2 P Change 33 5 Clean and adjust
2.3 : Change 1.4 I Disassemble, clean, and adjust
2.4 | Set pump correctly L -
2.5 J Clean : 4.1 } Reduce [oad
20 I Change 4.2 Disassemble and adjust
2.7 Vent air and prime system ! 401 ] Check and repair
!
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(4

When engine knock occurs:

Causes

| Defective fuel 2
injection valve

Improper fuel injection

\‘( 1) Lower injection pressure

3

fuel valve spring

. (3)Sticking of needle valve

\_(4) Bad fuel atomization

(1)} Too earty injection

X{z) Too nigh injection pressure

(1) Excessive discharge from
fuel injection pump

| Knocking takes place

Z( by Improper cooling
ion

/ (2) Large piston clearance

i

{3) Bearing assembly
clearance too large

'// {4) Improper fuel
J (5) Water mixed in fuel
2
/’/ /76) Improper compression (See 1-7)
3 Too much fut{! 4 Others
: injected at a time
Measures
Causcs Measures Causes Measures
-1 Adjust for higher 3-1 Readjust the pump adjust rack
injection pressure
1.-2 Change 4.-] Check cooling water pump
-3 Disassemble and fit and valve
1-4 Disassemble and clean, or replace -2 Change
-3 Change
2-1 Retard injection timing Replace with proper fuel
2-2 Adjust to specified - Replace with proper fuel
injection pressure - Check and adjust
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(5) When engine stops suddenly

Causes

No fue! supply

Defective operation
of governor

8]

(1) Insufficient fuel

in fuel tank

(2) Air mixing into fuel
pipe, fuel injec-
tion pump, or pipe system

(3} Witer mixed with
fuel in tank

(1) Damaged governor spring

slenve

(2) Sticking of governor
(4) Closed fuel cock

{5) Clogged fuei
strainer

(6) Damaged fuel pipe

w1 Engine stops suddenly
(1) Seizure of moving parts
(2) Over-heating due to insuf-
ficient cooling water
i
3 Others
Measures
Causes Measures Causes Measures
1-1 Refill fuel tank and prime system 2-1 Change
1-2 Vent air 2-2 Clean and adjust
1-3 Drain fuel tank and pipe through 1
drain hole and prime systegn, | 3-1 Adjust or change
1-4 Check and repair, if necessary 4 3-2 Disassemble and adjust cooling
| .

1-5 Clean i waler pump and check cooling
1-6 Change ‘ water pipe
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(6) Abnormal color of exhaust gas

Causes

1 ll)al:fec.tive fuel 2 Defective fuel
injection pump injection valve

(1) Defective operation of plunger (1) Cloggad injection nozzle

R {2) Wear of plunger R {2) Sticking of needle valve
N (3) Defective discharge valve R_(s) Reduced injection pressure
X‘M) Uneven fuel injection \_54) Poor atomization
\(5) Uneven injection timing ; {5} Carhon deposits

\ K\ ] Ahnormal color of

| exhaust gas

{1} Over-load operation  /

(2) Excessive eng, oil

(3) Carbon deposits on /
suc. fexh. valve

-
(4Y Improper fuel /

3 Others
Measures
Causes Measures Causes Measures
!
-1 i Check und repair, or change -3 Readjust
1-2 ' Change 24 Repair or change
1-3 ; Check and repair, or change 2-5 Clean
14 . Readjust b e
1--5 Readjust : EXS| Reuuce load
- 3-2 Adjust oil quantity
2-1 Clean 3-3 Clean
2.2 Repuir or change 3-4 Drain and refill fuel tank
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(7} Other malfunctions

Causes
1 Abnormal noise 5 Low fuel 3 Low eng. oil
pressure pressure
\il) Loose flywheel set bolts {1} Loose pressure regulating (1) Clogged eng,
bt valve

(2) Loose crank pin
bearing bolt

oil strainy

(2) Eng. oil temperature too high

(2) Defective supply pump K (3} Defective eng. cil pump

{3) Wear of crank pin insert

{3) Fuel tank position low
in relation to fuel pump

(4) Impropet engage-

K(_a) Loose pressure regulating valve

X‘(S)Oil leak from pump safety valve

(6) Insufficient viscosity of eng. oil used

ment of gears

(7} Tnsufficient eng. oil

(8} Defective pressure gavge

(1) Increase of cooling

Z((l) Insufficient cooling water

|
- Other troubles
(1) Clogged cooling water pipe

witer temperature

{2) Defective cooling water pump

(2) Defertive water pump

/(2 ) Over-load operation

Z;J) Clogged cooling water pipe

(3) Excessive cooling water suction

/(3-) Malfunction of eng. oil

l temperature regulating valve 1;4) Air mixed into cooling water

{4) Air mixed into cooling water

/
L( 5)Over-load aperation

{5) Not regulated at engine outlet
due to too high temperature of
cooling water

{7) Defective suction nn%) Leak from cooling water pipe

discharge valves joint
4 Eng. »il temperature too high |5 f;l(:)lhiingghwater remperature [ Cooling water pressure too low
Measures
Causes Measures Causes Measures

1-1 Tighten nut 4-1 Adjust return water flow or check
1-2 Tighten nut and insert And tighten cooling water pump

split pin Decrease load
1-3 Remove liner and 4-3 Check and adjust

adjust, or change o
1-4 Check gears and change, 5-1 Increase regulator setting

if required, 5-2 Check and repair pump

5-3 Clean
2-1 Tighten regulating valve 5-4 Check suction inlet
2-2 Check and repair 5-5 Decrease load
2-3 Chagne operating position
6t Clean

3-1 Clean 6-2 Check and repair pump
3-2 Increase cooling water flow 6-3 Reduce suction or change pump
3-3 Disassemble and repair, or change 6—4 Check suction hole
3-4 Tighten regulator valve 6-5 Rectify cause of increased
3-5 Tighten safety valve water temp. and adjust regulator
3-6 Change eng. oil 6-6 Check and repair
3-7 Add ojl 6-7 Check and repair
3-8 Change
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(8) Cuauses and corrective measures for reduction reversing gear malfunctions

Causes

1 Abnormal heating 2 Noise
\ (1) Cluteh slip due to \ (1) Excessive backlash in gears
overload operation
\ o (2) Defective bearing
(2) Defective bearing - SRR
3 . ‘i
\\(J)Exceﬁh?tﬁl (3) Return vibration
(4) Malfunctioning oil cooler
(5) Improper oil
Defective reduction
—® ceversing pear
(1) Ol leak
(1) Seirure of friction plate
~ e - /A2y Clogged oil strainer
; e IR bl
/(3) Defective oil
‘ pressure regulating valve
; f(d)SﬁcHngufnﬂ
g pressure regulating valve
/ /
3 Turning together 4 Abnurmal oil pressure
Measures
Causes Measures Causes Measures

1-1 | Reduce load 203 Avoid high r.p.m. with vibration
1-2 . Change ! o
1-3 : Check oil quantity and drain 3-1 Change

, to proper level. ! T
1.4 i Adjust minutely 4-1 Check and adjust

. i
1-5 i Drain and refill with proper vil i 4-12 Disassemble and clean

- 4-3 Change
2-1 i Change i 4.4 Adjust or change
2--2 l Change d




yI. Fuel Feed Pump (Optional Parts) (72022052510)

T

R
/ 7.’7—“@
A‘f !
Hex, belt M8 x 28 Connectar Ass'y 120220-59460
(26117 x 080282} (122510591560
23414-130000
A fuel pump is to be installed When the Fuel Feed Pump
when location of the fuel tank is Device is ordered (720220-
not in accordance with the con- 52510), parts from 1 to 23
ditions specified by YANMAR. shown in the sketch will be
Since the fuel feed pump is an delivered.
optional item, special ordering Refer to the sketch during
is required, installation.

— 65 —




/——~ Fuel injection pump

Fuel pipe {120220-59480)

T Oil level stick [120220-34830)
L “0" ring P7 {24311-000070)
7~ Hex, bolt M8x 20 (26117-080202)

= Spring washer (22212-680000)

Bracket for fuel strainer
(120220-56760)

Fuel pipe {120220-50450)

- e——Lever fittings {120220-01450)
- Lever pin 86 x 52(120220-01460)

Cotter pin (22411200200}

/

! ———Washer (22131.08B0000)

§ e P30 king {12261 0-52040)

e Fiet feed pump AsS'y

(122510—52010 122510~5231()
122510-52300

Driving lever 1120220-01440}

T~ gide cover {operation side)
{120220-01430

Hex, bolt M8x 28
/‘ {26117-080282}

e Washer [120220-01470)

Lever spring (120220-01480)
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VI. List of Approved Oils

(1) APPROVED DIESEL OILS

Brand Type

SHELL Shell Diesoline or local equivalent
CALTEX Caltex Diesel OQil

MOBIL Mobil Diesel Oil

ESSO Esso Diesel Oil

B-P B.P. Diesel Oil

(2) APPROVED LUBRICATING OILS

SAE NO,
Operating Condition
Brand Type Below 10°C | 10° ~ 20°C | 20°~-35°C | Over 35°
. 10W 30
Shell Rotella Qil 20/20W 20/20W 40 50
SHELL Shell Talona Oil 10w 20 23 50
. . 30
Shell Rimula Oil 20/20W 20/20W 10
. . 30
RPM Delo Marine Qil 10W 20 40 50
. . . 20/20W 30
CALTEX RPM Delo Multi-Service~0il 10W 20 40 50
. 30
Delvac Special 10W 20 40
Delvac 20W-40 20W-40 20W-40
. 10W 30
MOBIL Delvac 1100 Series 20-20W 20-20W 40 50
. 10W 30
Delvac 1200 Series 20-20W 20-20W 40 50
30
Estor HD 10W 20 40
ESSO 30
Esso Lube HD 20 40 50
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SAE NO.
Operating Condition

Brand Type Below 10°C | 10°~20°C | 20°~35°C | Over 33

ESSO Standard Diesel Engine Oil 10W 20 28 50
B.P. Energol ICM

B.P E:g: gigi:;‘lsm?’ 20W-20 20W-30 23 50
B.P

. Vanellus S3
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YVaMAaR DIESEL ENGINE CO..LTID

i-1, Yaesu 2-chome. Chuo-ku Tokyo, Japan Cable: YANMAR TOKYO Telex No. 0222-2310

0000AGA 1027 & 8501 Prnted in Japan
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