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FOREWORD 

This service manual has been complied for engineers engaged in sales, 
service, inspection and maintenance. Accordingly, descriptions of the 
construction and functions of the engine are emphasized in this manual 
while items which should already be common knowledge are omitted. 
One characteristic of a marine diesel engine is that its performance in a 
vessel is governed by the applicability of the vessel's hull construction 
and its steering system. 
Engine installation, fitting out and propeller selection have a substantial 
effect on the performance of the engine and the vessel. Moreover, when 
the engine runs unevenly or when trouble occurs, it is essential to check 
a wide range of operating conditions - such as installation to the hull 
and suitability of the ship's piping and propeller - and not just the engine 
itself. To get maximum performance from this engine, you should com­
pletely understand its functions, construction and capabilities, as well 
as proper use and servicing. 
Use this manual as a handy reference in daily inspection and mainte­
nance, and as a text for engineering guidance. 
Model 4JH3E has been used for the illustrations in this service manual, 
but they apply to models 3JH3E, 3JH3BE, 3JH3CE, 4JH3BE, and 4JH3CE 
as well. 

METRIC 
ALL DIMENSIONS IN MILLIMETERS 

UNLESS OTHERWISE SPECIFIED 

The contens of this service manual may not be copied or 
reproduced without permission. 
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1 . Exterior Views 
1-1 3JH3E 

• Operation Side Intake manifold 

Dipstick 

Fuel filter 

Marine gear 
Fuel oil pump 

Shift !ever ...____ Oil filter cap 

Fuel feed pump 

"'Lube oil filter 

• Non Operation Side V-be!t Fresh water tank 

Fresh water pump Alternator 

Exhaust manifold 

Starter motor 

Sea water pump 

<Note> This illustration shows Yanmar marine gear (Model: KM3P) when it has been attached. 
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1-2 4JH3E 

Dipstick 

• Operation Side 
Intake manifold 

Fuel filter 

Marine gear 
Fuel oil pump 

Shift lever Oil filter cap 

Fuel feed pump 

Lube oil filter 

Oil Filter cap (Marine gear) 

• Non Operation Side V-belt Fresh water tank 

Fresh water pump 
Alternator 

Exhaust manifold 

Starter motor 

~ 

Sea water pump 

< Note> This illustration shows Yanmar marine gear (Model: KM3P) when it has been attached. 
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2. Specifications 
2-1 3JH3E, 3JH3BE, 3JH3CE 

Model 
Type 

Combustion system 

Aspiration 

Number of cylinders 

Bore X stroke mm 

Displacement .e 

One hour rating 

Output/crankshaft 
speed 

kW/rpm 
(HP/rpm) 

output Brake mean effective kgf/cm' (flywheel output) pressure 

Piston speed m/sec. 

Continuous rating 
Output/crankshaft 
speed 

kW/rpm 
(HP/rpm) 

outpot 
Brake mean effective (DIN6270A) kgf/cm' 

flywheel output pressure 

Piston speed m/sec. 

Compression ratio 

Fire order 

Fuel injection pump 

Fuel injection timing 
degree 

(b.T.D.C.) 

Fuel injection pressure kg/cm• 

Fuel injection nozzle 

Direction of (Crankshatt) rotation 

Power take off 

Cooling system 

Lubrication system 

Starting system 
Starting motor 

AC generato 

Model 

Type 

Reduction rate (ahead/astern) iii 

Propeller speed (ahead/astern) rpm 

Standard propeller 

Marine Gear (Dia. XpitchXnumber) 
mm 

Propeller shaft dia. 
X Countershaft dia. 

mm 

Lubrication system 

Lube oil pan I Total caoacltv R, 

I Effective capacity i. 
Cooling system 

Weight [kg] 

Overall length mm 

Dimensions Overall width mm 

Overall height mm 

Engine weight without marine gear (dry) kg 

Lubricating oil capacity Effect/max. R, 
. ' (Note) Rating cond1t1on: ISO - 3046/1, 1 HP =;: 0. 7355 kW 

Printed in Japan 
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3JH3E 3JH38E 3JH3CE 
Vertical 4-cycle water cooled diesel engine 

Direct injection 

Normal aspiration 

3 

84 X 90 

1.496 

26.5/3650 
(36/3650) 

5.93 

10.95 

29.4/3800 
(40/3800) 

0.621 
(6.33) 

11.4 

17.7 

240" 240' 240" 
1 - 3 - 2 - 1 

YPES-CL (with Timer} 

12· 

200±5 

Hole type 

Counter-clock wise 
viewed from stern 

At Flywheel side 

Constant high temperature fresh water cooling 

Fresh water : Centrifugal pump 

Sea water :Rubber impeller pump 

Forced lubrication with trochoid pump 

DC 12V,1.2kW 

12V,55A (12V80A: Option) 

KM3P KM3A (Sail Drive SD-3t can be used) 

Mechanical cone clutch Mechanical cone clutch directly on location. 
(torque limiter no angle) 

2.361316 2.61/3.16 3.2013.16 2.3313.04 2.64/3.04 --

1610l12031457112031188/1203 1629/1249 1441 /1249 --

--

--

Splash 

0.35 0.45 --

0.05 0.05 --
-- -- --

[13] [13] --

755.6 752.8 545.8 

520.6 520.6 

628.6 628.6 

186 173 

4.4/1.8 4.9/2.1 4.9/2.1 

1-3 
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2-2 4JH3E, 4JH3BE, 4JH3CE 

Engine Model 

Type 

Combustion system 

Aspiration 

Number of cylinders 

Bore X stroke mm 

Displacement .e 

Output/crankshaft kW/rpm 

One hour rating 
speed (HP/rpm) 

output Brake mean effective kgf/cm' (flywheel output) pressure 

Piston speed m/sec. 

Output/crankshaft kW/rpm 
Continuous rating speed (HP/rpm) 
outpot 

Brake mean effective (DIN6270A) kgf/cm' 
flywheel output 

pressure 

Piston speed m/sec. 

Compression ratio 

Fire order 

Fuel mjection pump 

Fuel injection timing 
degree 

(b.T.D.C.) 

Fuel injection pressure kg/cm' 

Fuel injection nozzle 

Direction of (Crankshaft) rotation 

Power take off 

Cooling system 

Lubrication system 

Starting system 
Starting motor 

AC generato 

Model 

Type 

Reduction rate (ahead/astern) iii 

Propeller speed (ahead/astem) rpm 

Standard propeller 
mm 

Marine Gear (Dia. XpitchXnumber) 

Propeller shaft dia. 

X Countershaft dia. 
mm 

Lubricat'ion system 

Lube oil pan I Total capacity e 
I Effective capacity e 

Cooling system 

Weight [kg] 
Overall length mm 

Dimensions Overall width mm 

Overall height mm 

Engine weight without marine gear (dry) kg 

Lubricating oil capacity Effect/max. .e 
(Note) Rating condition: ISO - 3046/1, 1HP =;: 0.7355kW 

4JH3E 4JH3BE 4JH3CE 

Vertical 4-cycle water cooled diesel engine 

Direct injection 

Normal aspiration 

4 

84 X 90 

1.995 

36.8/3650 34.6/3650 
(50/3650) (47/3650) 

6.18 5.81 

10.95 

41.2/3800 38.2/3800 
(56/3800) (52/3800) 

6.65 

11.4 

17.7 

mo· 100· 180' 180' 
1 - 3 - 4 - 2 - 1 

In-line type YPES-CL (with Timer) 

(b.T.D.C.) 12· 

220±5 

Hole type 

Counter-clock wise 
viewed from stern 

At Flywheel side 

Constant high temperature fresh water cooling 

Fresh water : Centrifugal pump 

Sea water :Rubber impeller pump 

Forced lubrication with trochoid pump 

DC 12V,1.2kW 

12V,55A (12V, 80A: option) 

KM3P KM3A ( Sail Drive SD-31 can be used ) 

Mechanical cone clutch Mechanical cone clutch directly on location. 
(torque limiter no angle) 

2.36/3.16 2.61 /3.16 2.33/3.04 2.64/3.04 

1610/1203 1457/1203 1629/1249 1441 /1229 

--

--

Splash 

0.35 0.45 
0.05 0.05 
-- --

[13J {13) 

849.6 

563.1 

623.6 

223 

5.3/1.1 at engine installation angle o· 

1-4 

--

--

--
--
--
--
639.8 

563.6 

623.6 

210 
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2-3 Sales condition, Marine gear 

Reduction ratio 

{Marine gear model) 

3.20 

3.21 

2.61 

2.64 

2.36 

2.33 

Primed in Japan 
HINSHI-118009 

(KM3P) 

(KM3A) 

{KM3P) 

(KM3A) 

(KM3P) 

(KM3A) 

No. of blades 

3 

4 

3 

4 

3 

4 

Outer diameter Moment of propeller Propeller Engine 

of propeller inertia {GO2kg-m2 ) maleria!s application 

;;i;if,490 

~0.23 3JH3(B)E 

~¢,460 

,;;;; ,f 470 

;;;iQ,19 Bronze 

~,;f440 3JH3(B)E 

;;;.ef,450 4JH3(B)E 
;;;i0.15 

;;i;ef,425 

1-5 
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MAHKSOF 
PIPING 

RH 
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- ... 
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NAME 

RUBBER HOSE 

STEEL PIPE 

COPPER PIPE 

SCREW JOINT (UNK'IN) 

RANGE JOINT 

EYEJOJNT 

INSERTION JOINT 

DR!llHOLE 

COOLING FRESH 
WA lER PIPING 
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WATERPIPiNG 

LUB. OIL PIPING 

FUEL OIL PIPING 

Note : The following piping diagram is for the 4JH3E model. The piping diagram for the 3JH3E model is 
the same with the exception that this model has 3 cylinders. 

FUEL Oil FILTER (CARTRIDGE TYPEi 
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DIMENSION OF RUBBER PIPE: INNER DIA. XTHICKNESS 
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1 . Cylinder Block 
The cylinder block is a thin-skinned, (low-weight), short 
skirt type with rationally placed ribs. The side walls are 
wave shaped ta maximize ridigity for strength and low 
noise. 

Cap plug 50mm -­
(camshaft hole) 

Cap plug 30mm 

1-1 Inspection of parts 
Make a visual inspection to check for cracks an engines 
that have frozen up, overturned or otherwise been sub• 
jected to undue stress. Perform a color check on any por­
tions that appear to be cracked, and replace the cylinder 
block if the crack is not repairable. 

1-2 Cleaning of oil holes 
Clean all oil holes, making sure that none are clogged up 
and the blind plugs do not come off. 

Colar check kit 
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Quantity 
Penetrant 
Oeveloner 2 
Cleaner 3 

2-1 

Cap plug 

0 

'a,---cap plug 12mm 
(main gallery) 

1-3 Color check procedure 
(1) Clean the area to be inspected. 
(2) Color check kit 

The color check test kit consists of an aerosol cleaner, 
penetrant and developer. 

(3) Clean the area to be inspected with the cleaner. 
Either spray the cleaner on directly and wipe, or wipe 
the area with a cloth moistened with cleaner. 

( 4) Spray an red penetrant 
After cleaning, spray an the red penetrant and allow 5 
~10 minutes for penetration. Spray on more red pene• 
trant if it dries before it has been able to penetrate. 

(5) Spray an developer 
Remove any residual penetrant an the surface after 
the penetrant has penetrated, and spray an the developer. 
If there are any cracks in the surface, red dots or a red 
line will appear several minutes after the developer 
dries. 
Hald the developer 300-400mm away from the area 
being inspected when spraying, making sure ta coat 
the surface uniformly. 

(6) Clean the surface with the cleaner. 

NOTE : Without fail, read the instructions for the color 

check kit before use . 
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1-4 Replacement of cup plugs 

Step 
Description 

No. 

1 Clean and remove grease rrom the hole into 
which the cup plug is to be driven. 
(Remove scale and sealing material previously 
applied) 

2 Remove grease from the cup plug. 

3 Apply Threebond No. 4 to !he seat surtace 
where the plug is to be driven in. 

4 Insert the plug into the hole, 

5 Place a driving tool on the cup plug and drive it 
in using a hammer. 

I 

~ 

f+-
""" 
( 

-- 2~3mrn 

·using the special tool, drive the cup 
plug so that the edge or the plug ls 
2mm (0.0787in.) below the cylinder 
surtace. 

Procedure Tool or material used 

• Screw driver or saw blade 
•Thinner 

c----.c: [::> "'"""" ''"''" materiafs with a 
screw driver 
or saw blade. 

_..L 

1( 

Visually check the nick around • Thinner 
the plug. 

Apply over the whole outside of • Threebond No. 4 
the plug. 

Insert the plug so thaf it sits 
conectly. 

Drive in the plug parallel to the • Driving tool 
seating surface. 

•Hammer 

---

'tl Q 

-

3mm 100mm 

mm 

Plug dia. d D 
<,6 12 1' 11.9~12.0 ¢,20 

¢30 

2-2 

'P 29.9~30.0 ¢,40 
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1-5 Cylinder bore measurement 
Measure the bore diameter with a cylinder gauge at the 
positions shown in the figure. 
Replace the cylrnder bore when the measured value 
exceeds the wear limit. Measurement must be done at 
least at 3 positions as shown in the figure, namely, top, 
middle and bottom positions ln both directions along the 
crankshaft rotation and crankshaft center lines. 
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Cylinder gauge 
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Top position 

Middle position 

Bottom position 

0 
N 

mm 

Direction of 
crankshaft 
center line 

Direction of 
crankshaft 
rotation 

Standard Wear limit 

Cylinder bore dia. j 84.00~16 84.03 rf,84.20 

Cylinder roundness 0~0.01 0.03 

mm 
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2. Cylinder Head 
The cyllnder head is of 4-cy!inder integral construction, 
mounted with 18 bolts. Special alloy stemte with superior 
resistance to heat and wear is fitted on the seats, and the 
area between the valves is cooled by a water jet. 

Valve rocker arm shaft 

,.oo 0 • ~de::-; 
,sOei,~ 

e""c:3 
,.ei .. ~e 

sc::5 
.,a .<:S 

e 

Cylinder head gasket 
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2-1 Inspecting the cylinder head 
The cylinder head is subjected to very severe operating 
conditions with repeated high pressure, high temperature 
and cooling. Thoroughly remove all the carbon and dirt 
after disassembly and carefully inspect all parts. 

2-1.1 Distortion of the combustion surface 

Carefully check for cylinder head distortion as this leads to 
gasket damage and compression leaks. 
(1} Clean the cylinder head surface. 
(2) Place a straight-edge along each of the four sides 

and each diagonal. Measure the clearance between 
the straight-edge and combustion surface with a feeler 
gauge. 

Measurement procedure 

Straightedge 

n 

feeler gauge 

Cylinder head distortion 

mm 

Standard Wear limit 

0.05 or less 0.15 

2-1.2 Checking for cracks in the combustion surface 

Remove the fuel injection nozzle, intake and exhaust 
valve and clean the combustion surface. Check for discol­
oration or distortion and conduct a color check test to 
check for any cracks. 

10-=...J 

!@, 
__,.c:;,., -

•' 
~ 
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2-1 .3 Checking the intake and exhaust valve seats 

Check the surface and width of the valve seats. 
If they are too wide, or if the surfaces are rough, correct to 
the following standards: 

Seat angle 

Seat width 
Intake 
Exhaust 

Intake valve seal 

Exhaust valve seat 

(3) 

2: 
(I) 

> 
w 
::::J 
~ 
.c 
>< w 

Intake 120· 
Exhaust 90' 

Standard Wear limit 
1.07 ~1.24 1.74 
1.24~1,45 1.94 

€,Ly,, 
120· 

Standard dimension 

.,, 
0 
~ 

Q,) 
> 

<U 
> 
Q,) 
c.: 
II'.) :s 

<f- ¢35 
120· 

C, 
0 
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2-2 Valve seat correction procedure 
The most common method for correcting unevenness of 
the seat surface with a seat grinder is as follows: 
(1} Use a seat grinder to make the surface even. 

As the valve seat width will be enlarged, first use a 10· 
grinder, then grind the seat to the standard dimension 
with a 15· grinder. 

Seal grinder 

Intake valve 30° 
Seat grinder 

Exhaust valve 45· 

NOTE : When seat adjustment is necessary, be sure to 
check the valve and valve guide. If the clearance 
exceeds the tolerance, replace the valve or the 
valve guide, and then grind the seat. 

Seat width 

(2) Knead valve compound with oil and finish !he varve 
seat with a lapping tool. 

(3) Final finishing should 
be done with oil only. 

Lapping tool 
Use a rubber cap type lapping 
tool for cylinders without 
a lapping tool groove slit. 

2-6 

NOTE: Clean the valve and cylinder head with fight oil or 
the equivalent after valve seat finishing is com­
pleted and make sure that there are no grindings 
remaining. 

Lapping tool 

NO TE: 1. Insert adjusting shims between the valve spring 
and cylinder head when seats have been re­
finished with a seat grinder. 

2. Measure valve distortion after valve seat re­
finishing has been completed, and replace the 
valve and valve seat if it exceeds the tolerance. 

2·3 Intake/exhaust valves, valve guides 

2-3.1 Wearing and corrosion of valve stem 

Replace the valve if the valve stem is excessively worn or 
corroded. 

30mm 

Valve stem 
outside dia. 

Intake 

Exhaust 

60mm 

Standard 

,f, 7.960~ ,f, 7.975 

,f, 7.955~ ,f, 7.970 

Wear llmit 

ef,7.900 

¢, 7.900 
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2-3.2 Inspection of valve seat wear and contact 
surface 

Inspect for valve seat scratches and excessive wear. 
Check to make sure the contact surface is normal. The 
seat angle must be checked and adjusted if the valve seat 
contact surface is much smatler than the width of the 
valve seat. 

NOTE: Keep in mind the fact that the intake and discharge 
valve have different diameters. 

2-3.3 Valve sinking 

Over long periods of use and repeated lappings, combus• 
tion efficiency may drop. Measure the sinking distance 
and replace the valve and valve seat if the valve sink 
exceeds the tolerance. 

Sink 

Depth gauge 

mm 
Standard Wear limit 

Valve sink 0.306~0.506 1.0 

2-3.4 Valve guide 
(1} Measuring inner diameter of valve guide. 

Measure the inner diameter of the valve guide and 
replace it if it exceeds the wear limit. 

mm 
Standard Wear limit 

Valve guide I Intake ,f, 8.01 0~ ¢ 8.025 +0.2 
inside dia. !Exhaust ¢8.015~¢8.030 +0.2 

NOT£: The inner diameter standard dimensions 
assume a pressure fit. 
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(2) Replacing the valve guide 
Use the insertion tool and tap in the guide with a 
mallet 

Tool 

The intake valve guide and exhaust valve guide are of 
different shapes/dimensions. The one with a groove 
around it is the exhaust valve guide and the one with­
out is the intake valve guide. 

I 

Exhaust valve gu~ ! 
(3) Valve guide projection 

E 
E 
0) 
"St 

-

j 

' 

-

I I 

E 
E 

Intake vav, gu<l: I 
The valve guide should project 15mm from the top 
of the cylinder head. 
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(4) Valve stem seals 
The valve stern seals in the intake/exhaust valve 
guides cannot be re-used once they are removed - be 
sure to replace them. 
When assembling the intake/exhaust valves, apply an 
adequate quantity of engine oil on the valve stem 
before inserting them. 

Valve stem seal 

, Valve guide 
f---+--+ 

2-4 Valve springs 

! Cylinder head 
' t. 
' ' . 
' 

2-4.1 Checking valve springs 
(1) Check the spring for scratches or corrosion. 
(2) Measure the free length of the spring. 

(3) Measure inclination. 

Square gaude 
A 

2-8 

(4) Measure spring tension. 

Spring tension tester 

(Inside) mm 
Valve spring Standard Wear limit 
Free length 44.4 43.0 
Distortion - 1.1 
Tension (1mm pressure) 2.36/3.101 -

<Remarks> Tension is shown for the smaller pitch. 

Assembling valve springs. 
The side with the smaller pitch (painted yellow} should 
face down (cylinder head). 

Up side t 

~ 
Down side f 

11 j } Smalle, pitch side (yellow) 

NOTE : The pitch of the valve spring is not even. The side 
with the smaller pitch (yellow) should face down 
(cylinder head) when assembled. 

(5) Spring retainer and spring cotter 
Inspect the inside face of the spring retainer, the out­
side surface of the spring cotter, the contact area of the 
spring cotter inside surface and the notch in the head 
of the valve stem. Replace the spring retainer and 
spring cotter when the contact area is less than 70%, 
or when the spring cotter has been recessed because 
of wear. 

Printed in Japan 
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2-5 Assembling the cylinder head 
Partially tighten the bolts in the specified order and then 
tighten to the specified torque, being careful that the head 
does not get distorted. 

(1) Clean out the cylinder head bolt holes. 
(2) Check for foreign matter on the cylinder head surface 

where it comes in contact with the block. 
(3) Coat the head bolt threads and nut seats with lube oil. 
(4) Use the positioning pins to line up the head gasket 

with the cylinder block. 
(5) Match up the cylinder head with the head gasket and 

mount 

Exhaust manifold side 

Q) 
'O 

0 0 0 0 ·v; 
Q) 18 12 10 3 1 5 7 13 15 <l) 
'O gJ .iil 0 0 0 0 0 

0 
<ii 0 0 0 0 0 0 0 0 ro Q) 
,,::; <J) 

;\:: O'I 
:>,. 0 0 0 0 Ol u::: 0 0 0 0 0 t:: 

16 14 B 6 2 4 9 11 17 l~ 0 0 0 0 F 

Intake manifold side 

kg-m 

First Second 

Tightening torque 4.5~5.5 8.7~9.3 

2-6 Measuring top clearance 
( 1} Place a high quality fuse ( ¢1.Smm, 10mm long) in three 

posi!ions on the flat part of the piston head. 
{2) Assemble the cylinder head gasket and the cylinder 

block and tighten the bolls in the specified order to the 
specified torque. 

{3) Turn the crank, (in the direction of engine revolution), 
and press the fuse against the piston until it breaks. 

(4) Remove the head and take out the broken fuse. 
(5) Measure the three positions where each fuse is broken 

and calculate the average. 
(O.Tl ~0.75mm is ideal) 

Top clearance 
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mm 

0.660~0. 780 
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2~ 7 Intake and exhaust valve arms 
Valve arm and valve arm bushing wear may change open­
ing/closing timing of the valve, and may in turn affect 
engine performance according to the extent of the 
change. 

Valve rocker w~m '"'. port u ~,~; Exhaust valve ~ A 

rocker arm r"f:-, JJ 
I l ~ 

Intake valve i ~ 
rocker arm · 

(1) Valve arm shaft and valve arm bushing 
Measure the outer diameter of the shaft and the inner­
diameter of the bearing, and replace if wear exceeds 
the limit 

mm 

Standard Wearllmit 

Intake and exhaust 
valve rocker arrh A 15.966~ 15. 888 15.955 
shaft outside dia. 

Intake and exhaust 
valve rocker arm B 16.000~16.010 16.090 
inside dia. 

Valve rocker arm shaft 
and bushing clearance 0.016~0.054 0.140 
at assembly 

Replace the valve arm shaft bushing if it moves and 
replace the entire valve arm if there is no tightening clear• 
ance. 
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(2) Valve spring 
Check the valve arm spring and replace it it i1 is corrod-
ed or worn. 

(3) Valve arm and valve top retainer wear 
Inspect the contact surface of the valve arm and 
replace it it there is abnormal wear of flaking. 

(4) Inspect the contact surface of the valve clearance 
adjustment screw and push rod and replace if there is 
abnormal wear or flaking. 

2-8 Adjustment of valve head clearance 
(1) Make adjustments when the engine is cool. 

Intake and exhaust valve head clearance 0.2 

mm 

(2) Be sure that the opening and closing angles for both 
the intake and the exhaust valves are checked when 
the timing gear is disassembled (The gauge on the fly­
wheel is read when the push rod turns the flywheel). 

T.D.C 

Exhaust 254 • 

8.O.C. 

(3JH3E,3JH3BE,3JH3CE) 

Clearance 

Exhaust 254 • 

( 4JH3E,4JH3E) 

Intake valve Open 

Intake valve Closed 

Exhaust valve Open 

Exhaust valve Closed 

2-10 

T.D.C. 

B.D.C. 
3JH3E 

3JH3BE 
3JH3CE 

b.TDC. 6°~20· 

a.BOC. 40•~50• 

b.BDC. 51 '~60° 

a.TDC. 13'~23° 

Adjusting 
screw 

Lock nut 

Intake 288. 

4JH3E 
4JH3BE 
4JH3CE 

10·~20· 

4s·~5a· 

51 '~61' 

13"~23" 
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3. Piston and Piston Pins 
Pistons are made of a special light alloy with superior ther­
mal expansion characteristics, and the top of the piston 
forms a swirl type toroidal combustion chamber. The 
opposite face of the piston combustion surface is oil-jet 
cooled. 
Piston for engines with superchargers have a valve ress 
for the intake and exhaust valves. 
The clearance between the piston and cylinder liner is 
kept at the pronper valve by the piston cylinder liner prop­
erty fit effected during assembly at the Yanmmar factory. 
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1 st compression ring 

2nd compression ring 

_,.---- Applicable engine model 
!.D. mark 

Piston pin 

Circ!ip 

ID Mark for Piston 

L 

ML 

Ms 
s 
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IMPORTANT: 
Piston shape differs among engine models. If an incorrect 
piston is instafled, combustion performance will drop. Be 
sre to check the applicable engine model identification 
mark (f.D.Mark) on the piston to insure use of the correct 
part. 
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3-1 Piston 
3-1.1 Piston head and combustion surface 
Remove the carbon that has accumulated on the piston 
head and combustion surface, taking care not to scratch 
the piston. Check the combustion surface for any damage. 

3-1.2 Measurement of piston outside diameter/ 
inspection 

{1) Replace the piston it the outsides of the piston or ring 
grooves are worn. 

(2) Measure the piston 22mm from the bottom at right 
angles to the piston pin. 

Standard Wearlfmit 

83.945~83.975 83.90 

2-12 

3-1.3 Replacing the piston 

A floating type piston pin is used in this engine. The 
piston pin can be pressed into the piston pin hole at 
room temperature {coat with oil to make it slide in 
easily). 

0 
3·2 Piston pin 
Measure the outer diameter and replace the pin if it is 
excessively worn. 

Standard 

Piston pin insert 
hole dia. ,f, 26.000~26.009 

Piston pin 
outside dia. ¢ 25987~26.000 

Standard clearance 0~0.022 

mm 

Wear limit 

1'26.020 

¢25.900 

0.12 
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3-3 Piston rings 
There are 2 compression rings and 1 oil ring. 
The absence of an oil ring on the piston skirt prevents oil 
from being kept on the thrust surface and in tum provides 
good lubrication. 

A 

~f"-8 
A 

Barrel face 
8-side chrome piated, 
A-side friction-proof 

,,...-- hardening processed 

Coil expander 

3-3.1 Measuring the rings. 

Measure the thickness and width of lhe rings, and the 
ring-to-groove clearance after installation. Replace if wear 
exceed the !iml!. 
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Thickness 

2-13 

mm 
Standard Weariimit 

Groove width 2.065~2.080 --
First 
piston Ring width 1.970~1.990 --
ring Groove and 0. 075~0.11 O ring clearance 0.2 

Groove width 2.035~2.050 --
Second 
piston Ring width 1.970~ 1.990 --
rtng Groove and 0.2 ring clearance 0.045~0.080 

Groove width 4.015~4.030 --

Oil ring Ring width 3.975~3.990 --

Groove and 0.025~0.060 0.2 ,ing clearance 

3-3.2 Measuring piston ring gap 

Press the piston ring onto a pfston liner and measure the 
piston ring gap with a gauge. Press on the ring about 
30mm from the bottom of the liner. 

Piston ring Cylinder lrner 

Gap 

mm 

Standard Wear limit 

First piston ring gap 0.20~0.40 1.5 

Second piston ring gap 0.20~0.40 1.5 

Oil ring gap 0.20~0.40 1.5 
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3-3.3 Replacing the piston rings 

(1) Thoroughly clean the ring grooves when replacing 
piston rings. 

(2) The side with the manufacturer' s mark (near piston 
ring gap) should face up. 

The side with the maker 
mark faces up 

(3) After fitting the piston ring, make sure ii moves easily 
and smoothly. 

(4) Stagger the piston rings at 120° intervals, making sure 
none o! them line up with the piston. 

2nd 
compression ring 

1st compression ring 

2nd compression ring 

Oil ring 

1st compression ring 

Oil ring 

2-14 

1st compression ring 

~ 
::::, 
(/J 
(/J 
(]) 

C. 

l (]) 

1:1 
(/J 

0 
C 
0 ·n 
~ 
0 

2nd compression ring 

(5) The oil ring is provided with a coil expander. The coil 
expander joint should be opposite (staggered 180") 
the 0·11 ring gap. 

I 

Gap 

;;':_~lllllmI!lllllff~/ 

', ', 
oint of 

coil expander 
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4. Connecting Rod 
The connecting rod is made of high-strength forged car• 
bon steel. 
The large end with the aluminium metal can be separated 
into two and the small end has a 2-layer copper alloy coil 
bushing. 

Connecting rod 
(big end cap) 

Connecting rod bolt 

4-1 Inspecting the connection rod 
4-1.1 Twist and parallelism of the large and small ends 

Insert the measuring tool into the large and small ends of 
the connecting rod. Measure the extent of twist and paral­
lelism and replace if they exceed the tolerance. 

Printed in Jap:in 
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Measuring twist and parallelity 

Connecting rod 
twist and parallelity 

Standard 

less than 0.05 
(at 100mm) 

4-1.2 Checking thrust clearance 

mm 

Wear limit 

0.07 

Fit the respective crank pins to the connecting rod and 
check to make sure that the cfearance in the crankshaft 
direction is correct 

Connecting rod side 
clearance 

\ 
---<;,r;) 

~ ; 

Standard 

0.20~0.40 

Feeler gauge 

mm 

Wear limit 

0.55 
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4-2 Crank pin bushing 

4-2.1 Checking crank pin bushing 
Check for flaking, melting or seizure on the contact sur­
face. 

4•2,2 Measuring crank pin oil clearance 
Use a plastic gauge. 

Procedure 
(1) Use the press gauge (Plastigage) for measuring oil 

clearance in the crank pin. 
(2) Mount the connecting rod on the crank pin (tighten to 

specified torque). 

Connecting rod tightening torque 4.5~5.5kg-m 

(3) Remove the connecting rod and measure the broken 

plastic gauge with measuring paper. 

Plastic gauge 

2-16 

4-2.3 Precautions on replacement of crank pin 
bushing 

(1) Wash the crank pin bushing. 
(2) Wash the large end cap, mount the crank pin bushing 

and make sure that it fits tightty on the large end cap. 
{3) When assembling the connecting rod, match up the 

large end and large end cap number. Coat the bolts 
with engine oi! and graduatly tighten them alternately 
to the specified torque. 
If a torque wrench is not available, make match marks 
on the bolt heads and large end cap (to indicate the 
proper torque position) and retighten the bolts to those 
positions. 

Alignment mark (Punched mark) 

Matching mark 

(4) Make sure there is no sand, meta! cuttings or other for­
eign matter in the lube oil, and that the crankshaft is 
not scratched. Take speciaf care in cleaning the oil 
holes. 

4~3 Piston pin bushing 
( 1} Measuring piston pin clearance. 

Excessive piston pin bushing wear may result in 
damage to the piston ptn or the piston inself. 
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mm 

Standard Wear limit 

Pin pin bushing 
26.025~26.038 26.10 inside dia 

Piston pin and bushing 
oil clearance 

0.025~0.051 0.2 

Since the small end is tapered, bush insertion is extremely 
difficult Any minor mistake will cause abnormalities such 
as twist and bite. Do not insert the bush on-site. 
(No piston pin bush spare part is available. It is included in 
the con-rod assembly supplied as a spare part.) 

4-4 Assembling piston and connecting rod 
The piston and connecting rod should be assembled so 
that the match mark on the connecting rod large end 
faced the fuel injection pump side and the combustion 
chamber above the piston is close to the fuel injection 
pump. 

Flywheel side 

' 
1.0. mark 

Fuel injection 
pump side 

Alignment mark 
(casting mark) 
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Cam shaft side 

"" Gear case side 
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5. Crankshaft and Main Bearing 
The crank pin and crankjournal have been induction hard­
ened for superior durability, and the crankshaft is provided 
with four balance weights for optional balance. The 
crankshaft main bearing is of the hanger type. The upper 
metal (cylinder block s·1de) is provided w·1th an oil groove. 
There is no oil groove on the lower metal (bearing cap 
side). The bearing cap (location cap) of the flywheel side 
has a thrust metal which supports the thrust load. 

Main bearing metal {basic)~@ 

Thrust metal 

Main bearing cap (basic) 

Main beacing bolt ---! 
5-1 Crankshaft 
(1) Color check of shaft 

Perform a color check after cleaning the crankshaft, 
and replace the crank shaft if there is any cracking or 
considerable damage. 

Balance weight 

Crank shaft 

2-18 

Main bearmg cap 
(intermediate) 

Main bearing bolt 
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(2) Bending of the crankshaft 

Support the crankshaft with V •blocks at both ends of 
the journals, Measure the deflection of the center jour­
nal with a dial gauge while rotating the crankshaft to 
check the extent of crankshaft bending. 

Dtal gauge 

Bend 

Deflection 

mm 
Crankshaft bend Less than 0.02 mm 

(3) Measuring the crank pin and journal 

Measure the extent of journal wear (roundness, taper). 
Regrind it to the proper shape if it is within the outer 
diameter limit, and replace if not. 

I 

Crank pin 
Outside dia, 

Crank pin and bearing oil clearance 

Outside dia, 
Crank journal 

Crank journal and bearing oil clearance 

Fillet rounding of crank pin and journal 
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Crank pin 

mm 

Standard Wear limit 

f 47.952~67.962 47.91 

0.038~0.068 0.25 

49.952~-49.962 49.75 

0.036~0.068 0,15 

3.5D0~3.8D0 ~-
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(4) Checking side clearance of the crankshaft 
Atter assembling the crankshaft, tighten the main 
bearing cap to the specified torque, and move the 
crankshaft to one side, placing a dial gauge on one 
end of the shaft to measure thrust clearance. 
This measurement can also be effected by inserting 
the gauge directly into the clearance between the 
thrust bearing and crankshaft thrust surface. 
Replace the th rust bearing if it ·1s worn beyond the 
limit. 

mm 

Standard Wear limit 

Crankshaft side gap 0.14~0.22 0.30 

5-2 Main bearing 
(1) Inspecting the main bearing 

Check for flaking, seizure or burning of the contact sur­
face and replace if necessary. 

(2) Measuring the inner diameter of metal 
Tighten the cap to the specified torque and measure 
the inner diameter of the metal. 

Bearing cap bolt tightening torque ] 9.8~10.2kgf-m 

Dial indicator 

Crankshaft 

NOTE : When assembling the bearing cap, keep the fol­

lowing in mind. 

1 )The lower metal (cap side) has no oil groove. 

2)The upper metal (cylinder block side) has an oil groove. 

3)Check the cylinder block alignment No. 

4)The "FW" on the cap fies on the flywheel side. 

ci Ma;n bea,mg metal (bas;cJ 

f0 Thrust m,tal(ge" s,da) 

Thrust metal (Flywheel side) 

Main bearing cap {basic) 

Ma;, b,a,;og bolt--! 

2-20 

Main bearing cap(intermediate} 
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6. Camshaft and Tappets 
6-1 Camshaft 
The camshaft is normalized and the cam and bearing sur­
faces are surface hardened and ground. The cams have a 
curve that minimized the repeated shocks on the valve 
seats and maximizes valve seat life. 

(1) Checking the camshaft side gap 
The load is received by the standard bearing near the 
end of the camshaft by the cam gear, resulting in rapid 
wear of the end of the bearing and enlargement of the 
side gap. Therefore, measure the thrust gap before 
disassembly. As the cam gear is shrink-fitted to the 
cam, be careful when replacing the thrust bearing. 

Camshaft side gap 
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Camshaft gear 

Thrust metal 

Side gap 

Standard 

0.05~0.25 

mm 

Wear limit 

0.4 

Push rod 

2-21 

Camshaft bushing 

Camshaft gear 

Thrust metal 

(2} Measure the camshaft height, and replace the cam if it 
is worn beyond the limit. 

Camshaft height 

lntakecam 

Exhaust cam 

Standard 

.c 
Cl> ·a; 

::c 

38.635~38. 765 

mm 

Wear limit 

38.40 
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(3) Measure !he camshaft outer diameter and the 
camshaft bearing inner diameter. Replace if they 
exceed the wear limit or are damaged. 

Gear case side 

Camshaft journal outside dia. 44.925~44.950 

Camshaft journal bushing inside dia. 44.990~45.050 

Cylinder block bearing inside dia. -~-

Oil clearance 0.040~0.125 

(4) Bending of the crankshaft 
Support both ends of the crankshaft with V•bfocks, 
place a dial gauge against the central bearing areas 
and measure bending. Replace if excessive. 

Dial gauge 

NOTE : The reading on the dial gauge is divided by two to 
obtain the extent of bending. 

mm 

Wear limit 

Camshaft deflection Less than 0.02 

I 

mm 

Standard 

Intermediate Flvwheel side 
Wear limit 

44.910~44.935 44.925~44.950 44.8 

-- ~- --
45.000~45.025 45.000~45.025 -~ 

0.065~0.115 0.050~0.100 0.2 

2-22 

6-2 Tappets 
(1) The tappets are offset to rotate during operation and 

thereby prevent uneven wearing. Check the contact of 
each tappet and replace if exces~ively or uneveniy 
worn. 

Abnormal contact Normal contact 

Offset Offset 

NOT£ : When removing tappets, be sure to keep them 
separate for each cylinder and intake/exhaust 
valve. 
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(2) Measure the outer diameter of the tappet, and replace 
if worn beyond the limit. 

mm 

Standard Wear limit 

Tappet stem outside dia. 11.975~11.990 11.93 

Tappet guide hole inside 12.000~12.018 12.05 dia. (cylinder block) 
Tappet stem and guide 0.010~0.043 0.10 hole oil clearance 

(3) Measuring push rods. 
Measure the length and bending of the push rods. 

Feeler gauge 

-----
Push rod length 

Push rod bend 

Push rod dia. 
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Standard 

178.25~178.75 

Less than 0.03 

8.5 

Wear limit 
--

0.3 
--

mm 
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7. Timing Gear 
The timing gear is helical type for minimum noise and spe­
cially treated for high durability. 

Fuel injection pump gear 

Lubricating oil pump gear 

No. of teeth Face width Spiral angle 

Sea waler pump gear 31 12.0 right 

Camshaft gear 56 18.0 left 

Idle gear 43 18.0 right 

Crankshaft gear 28 40.0 left 

Lubricating oil pump gear 29 8.0 right 

Idle gear 43 18.0 right 

Fuel inJection pump gear 56 10.0 left 

7-1 Inspecting the gears 
(1) Inspect the gears and replace if the teeth are damaged 

or worn. 
(2} Measure the backlash of all gears that mesh, and 

replace the meshing gears as a set if wear exceeds 
the limit. 

NOTE: If backlash is excessive, it will not only result in 
excessive noise and gear damage, but also lead 
to bad valve and fuel injection timing and a 
decrease in engine performance. 

Camshaft gear 

Crankshaft gear 

mm 

Center distance Back lash Back lash Wear limit 

92.544~92.592 0.07~0.15 0.2 

105.318~105.380 0.07~0.15 0.2 

75.525~ 75.573 0.07~0.15 0.2 

60.629~60.677 0.11 ~0.19 0.22 

105.254~105.316 0.04~0.12 0.2 

2-24 

(3) Idling gear 
The bushing is pressure fitted into the idling gear. 
Measure the bushing inner diameter and the outer diam­
eter of the shaft, and replace the bushing or idling gear 
shaft if the oil clearance exceeds the wear limit. 
A, Band Care inscribed on the end of the idling gear. 
When assembling, these marks should align with those 
on the cylinder block. 
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Idle gear 

Idle gear bushing 

• Idle gear shaft 

/'-.... ·; 

IOt:2 
Alignment mark ~ 

mm 

Standard Wear limit 

Idle shaft dia. 45.950~45.975 45.88 

Idle shaft bushing 
inside dia. 46.000~46,025 ~ 

Idle shaft and bushing 0.025~0.075 0.15 oil clearance 

7-2 Gear timing marks 
Match up the timing marks on each gear when assembling 
(A, Band C). 

Lubricating oil pump gear 
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Fuel injection pump gear 
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Camshaft gear 

Sea water pump gear 
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8. Flywheel and Housing 
The function of the flywheel is through inertia, to rotate the 
crankshaft in a uniform and smooth manner by absorbing 
the turning force created during the combustion stroke of 
the engine, and by compensating for the decrease in turn­
ing force during the other strokes. 
The flywheel is mounted and secured by 6 bolts on the 
crankshaft end at the opposite end to the gear case; it is 
covered by the mounting flange (flywheel housing) which 
is bolted to the cylinder block. 
the fitting surface for the damper disc is on the crankshaft 
side of the flywheel. The rotation of the crankshaft is 
transmitted through this disc to the input shaft of the 
reduction and reversing gear. The reduction and reversing 
gear is fitted to the mounting flange. 
The flywheel's unba!anced force on the shaft center must 

8-1 Specifications of flywheel 

Engine Model 3JH3(B)(C)E 

Outside dia. of flywheel mm ,f 300 

Width of flywheel mm 74 
Weight of flywheel kg 20.4kg (including ring gear) 

GD2 value kg·m' 1.15 

Circumferential speed m/s 59. 7 (al 3800rpm) 

Speed fluctuation rate (Y 1/128 (al 3800rpm) 

Allowable amount of unbalance g·cm 32 

Pitch circle mm 170 Fixing part of dia. of bolts 
damper disc No. of bolts 6-M8 thread 

Xbolt dia. equally spaced 
Pitch circle mm 66 
dia. of bolts 

Fixing part of No. of mm 6-M10 crankshaft thread holes 

Fit jo·1nt dia. ¢ 85.000~85.035 

Model of reduction and KM3P, KM3A reversing gear 

Ring gear Center dia. mm 322.58 

No of teeth 127 

2-26 

be kept below the specified value for the crankshaft as the 
flywheel rotates with the crankshaft at high speed. 
To achieve this, the balance is adjusted by drilling holes in 
the side of the flywheel, and the unbalanced momentum is 
adjusted by drilling holes in the circumference. 
The ring gear is shrink fitted onto the circumference of the 
flywheel, and this ring gear serves to start the engine by 
meshing with the starter motor pinion. 
The stamped letter and line which show top dead center 
of each cylinder are positioned on the flywheel circumfer­
ence, and by matching these marks with the arrow mark 
at the hole of the flywheel housing, the rotary position of 
the crankshaft can be ascertained in order to adjust tappet 
clearance or fuel injection timing. 

4JH3(B)(C)E 

¢ 300 

74 

20.4kg 

1.15 

59.7(at 3800rpm) 

1/409 (at 3800rpm) 

32 

170 

6-M8 thread 
equally spaced 

66 

6-M10 

¢ 85.000~85.035 

KM3P, KM3A 

322.58 

127 
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8-3 Ring gear 
When replacing the ring gear due to excessive wear or 
damaged teeth, heat the ring gear evenly at its drcumfer­
ence, and after it has expanded drive it gradually off the 
flywheel by tapping it with a hammer, a copper bar or 
something similar around the whole circumference. 

Interference of ring gear 0.21 ~0A5 

8-4 Position of top dead center and fuel 
injection timing 

(1} Marking 

mm 

Flywheel 

Flywheel housing 

Injection 
timing marks 

T.D.C. 
1.4 
(or 2.3) 

Stamped marking line 
indicating T.O.C. 

Stamped marking 
line indicating fuel 
injection timing 

Flywheel 
Hole 

2-28 

Wooden stand 

Stamped marking fine 
indicating fuel injection 
timing 

Stamped marking line 
..._..i.:....J__j__ indicating T.D.C. 
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(2) Matching mark 

Flywheel housing 

The matching mark is made at the hole of the flywheel 
housing. 

8-5 Damper disc and cooling fan 

Torsional rigidity 

Max.angle of torsion 

Stopper torque 
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Matching mark 

I 
Damper disc 

16 
Flywheel side 

mm 

0 
0 '."/: 0 

0 C\I 0 
C\I 0 0 LU ,..,__ 0) 
<( ~ 

~ 

(/) s:I" I 1 s:I" cq (X) 
Q) "'6- C\I 
.S 0) O'l U'.) 
ci 0) 

(/) "'6-
CD 

"'6-

19.5 
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1 . Fuel Injection Pump Service Data 
1-1 3JH3{B)(C)E 

Engine model 
Part code (Back No.) 

Adjustment SPEC 

Fuel valve (Valve pressure) 

Item Nozzle type ID mark 

Fuel injection pipe mm 
Starting Pump rpm Ns(rpm) 

Average injection volume Qs(mm'/st) 

Rated load Pump rpm No(rpm) 

lniection volume Qo(mm'/st) J Nonunifomity % 
Injection Torque rize Pump rpm N,(rpm) 

Adjustment Injection volume Or(mm'/st} J Nonunifomity % 
Hi-idle Pump rpm NK;(rpm) 

lnjection volume OH;(mrn'/st) 

Idle Pump rpm N;(rpm) 

Qi (mm'ts!) I Nonunifomity % 
Cam {mm) 

Plunger dia. (mm) 

Delivery {mm) 

Pre-stroke (mm} 

Top clearance (mm) 

Gov spring (KXL) (mm} 

1~2 4JH3(B}(C)E 

Engine model 
Part code {Back No.) 

Adjustment SPEC 

Fuel valve (Valve pressure} 

Hem Nozzle type 1D mark 

Fuel injection pipe mm 

Starting Pump rpm Ns(rpm) 

Average injection volume Qs(mm0/st) 

Rated load 

Injection Torque rize 

Adjustmen1 

Hi-idle 

Idle 

Cam 

Plunger dia, 

Delivery 

Pre-stroke 

Top clearance 

Gov spring (KXL) 
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Pump rpm 

Injection volume 

Pump rpm 

Injection volume 

Pump rpm 

Injection volume 

Pump rpm 

Oi(mm'lst} 

No(rpm) 

Qo(mm'/s!) I Nonunifomity % 
Nr(rpm) 

Or(rnm•fst) I Nonunifomity % 
NH,(rprn) 

OH;(mm0/st) 

N;(rpm) 

1 Nonunifomily % 
(mm) 

(mm} 

(mm) 

(mm) 

(mm) 

{mm) 

3-1 

3JH3(B)(C)E 
729270-51300(8759) 

ENG SPEC SERVICE STD 

BJ(220) (170) 

150P225TCO DN-i2SD12 

,P2X360 ,f,2X600 

200 ~--
45±3.5 --

1900 -·-

27.5±0.75 ! ±3 --- I --
--· --
-- ~-
2070±1% -·-

6~7 ---

400 --
9~10 I ±10 -- I --

8.0 
¢,8 

36 (0.22) 

3.0 

0.5 

0.431X42 

4JH3(B}{C}E 
729670-51300(8760) 

ENG SPEC SERVICE STD 

BJ(220} (170) 

i50P225TCO DN-12$012 

-;12X400 ¢, 2X600 

200 --
55~60 ---
1900 ~--

29±0.75 I ±3 ---·- I -··--

--- --
--- --

2070±1& --
6~7 ~-

400(325) --

9~10 \ ±10 -- l --
8.0 

¢8 

36 (0.22} 

3.0 

0.5 

0.431X42 
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2. Governor 
2-1 Cold start knob (For 4JH3(B)(C)E only) 

(1) When the engine is difficult to start due to low tempera­
tures, pull out the Cold start knob to facilitate the start­

ing operation. 

Speed control lever 

Cold start knod 

Acceleration adjusting screw 

Fuel limiter 

Adiust bolt 

3-4 

Cold start knob 

)!I 

At Cold start 

,.,-:.-~ AdjuS! ring <;:::i F.O-increase 
~~! 

.',~,,, (]) _,.. F.O-decrease \,.,._., 
\\ ,~ 
,\ 

" 
... \, 1 

.~ ~~ ... 

' 
', I 

-- /;;/ _, ,,•-~~/ 
-- - /. (l) ', !/ -,1 

,- "\ ,. ' ,_ ~, 
Stop •,;/ 

~ Tension adJust lever 
Stop lever 

~ ',( overnor set SP 

F.O. limiter (( Q 

Ii ~ 
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(3) Operation of cancel knob 
1 Since this device is the device that limits the fuel injec­

tion amount for starting the engine in cold tempera­

tures (below -5'C ), it is necessary to increase the fuel 

injection amount. 

2 If the engine is hard to start in cold temperatures, start 

the engine by pulling the cold start knob. 

3 Once the engine is started, push the knob back into 

resume the !unction of the boost compensator. 

(4) Adjustment of cold start knob 

The initial rack of this device has been adjusted prop­

erly at the time of shipment. However, the accelera­

tion can be increased at the request of the customer. 

Watch the color of the exhaust while making the 

adjustment. 

Ad1ust bolt 

(Procedure> 
Remove the cap nut of adjust bolt, loosen the lock nut and 
adjust the bolt wi1h the blade-type screw driver. 

Right tum 

Left tum 
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Large effect 

Small effect 

• Higher acceleration 

• More black exhaust 

• Lower acceleration 

• Less black exhaust 
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2-2. Disassembly Reassembly and Inspection 
of Governor 

This illustration shows the fuel injection pump for model 
4JH3(8)(C)E. Model 3JH3(B)(C)E differs only in the num• 
ber of cylinders. However, only the fuel injection pump 
for model 4JH(B){C)E has a boost compensator. 

2-2-1 Governor disassembly 
(1) Remove the governor case. 

NOTE: Loosen the hex bolt on models with an angleich 
spring. 

(2) Remove the control lever hex nut, and pull out the con­
trol lever from the control lever shaft. 

3-6 

(3) Remove the governor case bolt. Remove the governor 
case (parallel pin) from the fuel pump until while lightly 
tapping the governor case with a wooden hammer. 
Create a gap between the governor case and fuel 
pump by moving parts of the governor lever. 

~ 
(4) Pull out the governor link snap pin by inserting needle 

nosed pliers between the fuel pump and governor 
case. 

(5) The governor and fuel pump come apart by sliding the 
governor case and fuel pump apart and pulling out the 
link pin of the fuel control rack. 
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(6) Remove the stop lever return spring from the governor 

lever shaft. 

(7} Use needle nose pliers to unhook the governor spring 

from the tension lever and control lever shaft. 
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(8) Remove the snap•rings on both ends of the governor 

lever shaft. 

(9) Put a rod S mm in dia. or less in one end of the governor 

lever shaft, and tap the governor shaft until the O-ring 

comes out the other side of the governor case. 

(10) After removing the O-ring, lightly tap the end of the shaft 

that you removed the O-ring tram, and remove the 

governor lever shaft. Then remove the governor shaft 

assembly and washer_ 
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(11) Remove the governor link from the governor lever. 

3-8 

NOTE: The governor assembly consists of the governor 
fever, tension bar, bushing, throttle spring and 
shifter, and is normally not disassembled. 
The spring pin is removed when you replace 
the shifter or throttle spring. 

(12) When you need to pull out the stop lever, remove the 
stop lever shaft stop pin, and lightly tap the inside of 
the governor case. 

(131 When you need to pull out the control fever shaft, tap 

the end of the shaft with a wood hammer. 

NOTE : 1. Do not remove the fuel limit nut from the governor 

case unless necessary. 
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(14) Pull out the governor sleeve on the end o! the fuel 
camshaft by hand. 

(15) Turn the governor weight with a box spanner two or 
three times to loosen ii, stopping ii with the hole in the 
fuel coupling ring or holding the coupling with a vise. 

NOTE : When the taper fit comes apart after you have 
removed the nut, the governor weight may fly out 
- Be Careful. 
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(16) Remove the governor weight assembly from the fuel 
pump cam using the governor weight pulling tools. 

NOTE: The governor weight assembly is made up of the 
governor weight, support and pin. Do not disas­
semble. 
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2-2-2 Inspection of governor 

Inspection of governor weight assembly 
(1) Replace the governor weight if it does not open and 

close smoothly. 

(2) Replace the governor weight if the contact surface with 
governor sleeve is extremely worn. 

(3) Replace if there is governor weight support/pin wear or 
the caulking is loose. 

(4) Replace if the governor weight support stopper is ex­
cessively worn. 

Inspection of governor sleeve 

Contact surface 
w·1th shifter 

Sleeve inner dia. 

Contact surface 
with governor weight 

( 1) Replace the governor sleeve if the contact surface with 
governor weight is worn or there is pitching. 

(2) Replace the governor sleeve if the contact surface with 
shifter is considerably worn or there is pitching. 

(3) II the governor sleeve does not move smoothly 
above the cam shaft due to governor sleeve inner dia. 
wear or other reasons, replace. 

Inspection of governor shaft assembly 
(1) Measure the clearance between the governor shaft 

and bushing, and replace if it exceeds the limit. 
mm 

Standard Clearance Limit 

0. 065~0. 124 0.5 

(2) Inspect the shifter contact surface, and replace the 
shifter (always by removing the pin to disassemble) if it 
is worn or scorched. 

(3) Disassemble and replace throttle springs that are settl­
ed, broken or corroded by pulling the spring pin. 

(4) Check link parts for bends or kinks that will cause mal­
functioning, and replace any parts as necessary. 

NOTE: 1. Side gap on top of governor lever shaft. 
mm 

Standard side gap 0.4 

2. Replace the governor lever, tension bar, bush­
ing, shifter and throttle spring as an assembly. 

3-10 

(5) Inspection of springs 
1) Check the governor spring and other springs and replace 

if they are broken, settled or corroded. 
2) Measure the free length of the governor spring, and 

replace if it exceeds the limit. 
See service data sheet for free length of governor spring. 

------- Free length ------....i 

Governor spring spec. table 

Spring constant kg/mm 0.32 

Free length mm 12 

2-3 Assembling governor 
Inspect all parts after disassembly and replace any parts 
as necessary. Before starting reassembly, clean new 
parts and parts to be reused, and put them in order. 
Make sure to readjust the unit after reassembly to obtain 
the specified performance. 

(1) Insert the governor weight assembly in the taper 
portion at the end of the fuel pump camshaft, stopping 
it with the hole in the fuel coupling ring or holding the 
coupling with a vise, mount the rest, and tighten the 
governor weight nut. 

Governor weight nut tightening torque 

kg-m 

4.5~5.0 
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(2) Open the governor (weight to the outside, and insert the 
sleeve in the end of the fuel pump camshaft. 

NOTE : Make sure that the sleeve moves smoothly after 
inserting it. 

(3) When the stop lever has been disassembled, mount 
the stop lever return spring on the stop lever, tap the 
stop lever lightly with a wooden hammer to insert it, 
and tighten the stop lever stop pin. 

) 
(4) When the control lever shaft has been removed, lightly 

tap the control lever shaft and washer from inside the 
governor case, using an appropriate plate. 

(5) II the governor has been disassembled, tap in the spring 
pin. 
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(6) Mount the governor lever assembly to the governor link. 

NOTE : 1. Make sure that the correct governor link mount­
ing holes are used, and that it is mounted in the 
correct direction. 

2. Make sure that the governor link moves smoothly. 

(7) Put the governor lever shaft assembly in the governor 
case, insert the governor lever shaft, and tap it in until 
the 0-ring groove comes out the opposite side of the 
governor case. 

NOTE: 1. Fit the 0-ring to the side you have tapped in. 

2. Be sore to insert the governor lever shaft in the 
correct direction. 
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3. Don't forget to mount the washers to both sides 
of the governor lever. 

(8) After you have mounted the O-ring, tape the governor 
lever in the opposite direction, and mount the E-shaped 
stop rings on !he grooves at both ends. 

NOTE: After mounting the governor lever assembly, make 
sure the governor lever assembly moves smoothly. 

3-12 

(9) Fit the stop lever return spring to the end of the gover­
nor lever shaft. 

(10) Hook the governor spring on the control lever shaft and 
tension lever hook with radio pliers. 

(11) Pull the governor link as far as possible towards the 
governor case mounting surface, insert the governor 
link pin in the fuel control rack pin hole and fit the 
snap pin on it. 
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(12) Mount the governor case to the fuel pump unit while 
lightly tapping it with a wooden hammer, and tighten 
the bolts. 

(13) Place the adjusting spring and adjusting rod on the 
governor case cover adjusting bolt, and mount the 
governor case cover. 

(14) lnsert the control lever in the control lever shaft, and 
tighten the nut. 

NOTE : Move the control lever back and forth to make sure 
that the entire link moves smoothly. 
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3. Disassembly, Reassembly and Inspection of 
Fuel Injection Pump 

~30 

31 @--29 

@)-2a 

37 

1. Fuel pump unit 
2. Delivery valve retainer stop 
3. Delivery valve retainer 
4. Delivery valve stopper 
5. Delivery valve spring 
6. Delivery valve assembly 
7. Delivery valve 
8. Delivery valve seat 
9. Plunger assembly 

10. Plunger barrel 
11. Plunger 
12. Fuel pump camshaft 
13. Bearing 
14. Bearing 
15. Bearing holder 

33 

16. ·'oi! seal 
17. Adjusting packing (shim) 
18. Tappet stopper 
19. Tappet assembly 
20. Pin 
21. Roller guide 
22. Roller (outer) 
23. Roller (inner) 
24. Adjusting shim 
25. Adjusting bolt 
26. Plunger spring rest 8 
27. Plunger spring 
28. Plunger spring rest A 
29. Control sleeve (reduction ring) 
30. Control pinion B 

12 

31 . Stop screw 
32. Aux. spring 
33. Control rack stopper 
34. Plunger barrel stopper 15 
35. Deflector 
36. Pump side cover 
37. Pump bonom cover 

NOTE : 1. Some models are equipped with ball bearings 
and some with taper roller bearings. 

3-14 

2. * Oil seal : Some models are equipped with oil 
seals and some are not. The shape of the 
bearing holder differs for models with and with­
out oil seals. 

Printed in Japan 
HINSHI-H8009 



Chapter 3 Fuel Injection Equipment 

.::3:... ;:;;D.;;is;;.:a::::s.::.se:.:m=b=-ly:.:.•..;;R.;;,;e;;.:a:;:s,;;.se:.:m=b;;lY;,..;;;;an;,;.d;;;..;;;L:.::n~sp:.:e:.:c:.:.tl;.;·o.;,;n;.;.o;.;f;.;.F;.;.u;.;.e;.;.J..;L;.;.n:..je;.;c:.:.tl;.;·o.;,;n;.;.P;..;;;;um=p--------3.4JH3(B)(CJE 

3-1 Disassembly of fuel injection pump 
When disassembling the fuel pump, separate the parts for 
each cylinder and be careful not to get them mixed up. 
Be especially careful to keep the plunger/plunger barrel, 
delivery valve/delivery valve seat and other assemblies 
separate for each cylinder (the parts of each assembly 
must be kept with that assembly and put back in the same 
cylinder). 

Preparation 
1. Wash off the dirt and grease on the outside of the pump 

with cleaning oil (kerosene or diesel oil) before disas­
sembly. 

2. Perform work in a clean area. 
3. Take off the fuel pump bottom cover and remove lubri­

cant oil. 
4. Turn the fuel pump upside down to drain fuel oil. 

(1) Loosen the nut with a box spanner and take it off. 
holding it with the hole in the fuel coupling ring or hold­
ing the coupling with a vise and take out the governor 
weight assembly. 
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(2) Remove the fuel feed pump. 
NOTE : Do not disassemble the fuel feed pump. See in­

structions for fuel feed pump for details. 

(3) Remove the fuel pump side cover. 
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(4) Turn the camshaft until the roller guide is at the maxi­
mum head, and insert the plunger spring support plate 
in between the plunger spring washer B (lower side) 
and fuel pump unit. 

Piunger spring supportplate 

NOTE : If the camshaft does not turn, put double nuts on 
the end of the cam shaft or remove the coupling. 

(5) Remove the camshaft wood ruff key. 
(6) Put a screwdriver in the two grooves on the camshaft 

bearing holder mounting surface, and pull out the 
camshaft bearing holder. 

NOTE : 1. Be sure not to damage the oil seal with the thread­
ed part of the camshaft. 

2. Be careful not to loosen the shims in between 
the pump and bearing holder. 

3-16 

(7) Turn the fuel pump upside down, move all the roller 
guides to the plunger side, and then put the pump 
on its side. Turn the camshaft to a position so that 
none of the cylinder cams hit the tappets. 

(8) Put a plate against the governor end side of the cam­
shaft and lightly tap it, and pull out the camshaft and 
drive side bearing. 

(9) Remove the roller guide stop. 

(10) Use a hammer handle or the like to push up the roller 
guide from the bottom of the pump, and remove the 
plunger spring support plate. 

NOTE : The plunger spring may make the roller guide and 
plunger, etc. fly out when the plunger support 
plate is removed. 

Printed in Japan 
HINSHl-118009 



Chapter 3 Fuel Injection Equipment 

.;;;S;.. ;.;;D,;;.is;;;a;.;;s.;;.se;;;m=b;;:;IY;;;•.;;R,;;.e;;;a;.;;s.;;.se;;.;m=bcaly'---an_d_l_ns..,p_e_c_t1_·0_n_o_f_F_u_e_I_L_n._:ie_c_t1_·0_n_P_um_,_p ________ 3_41H3(B)(CJE 

(11) Remove the roller guide. 

NOTE: When you stand the fuel pump up, all of the roller 
guides drop out at one time. Therefore, first 
remove the stop bolt for one cylinder at a time, 
and then the roller guide for each cylinder-con­
tinue this process. 

(12) Remove the plunger, plunger spring and lower washer 
from the lower part of the pump. 

NOTE: Keep the parts separate for each cylinder. 
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(13) Loosen the small screw on control pinion. 

NOTE : 1. Check to make sure the match marks on the 
pinion/sleeve are correct before loosening the 
small screw on the control pinion, as the pin­
ion and sleeve come apart when~ the screw ,s 
loosened. If the mark is hard to read or off 
center, lightly inscribe a new mark. This will 
serve as a guide when adjusting injecuon vol­
ume later. 

/ Smalt screw on control pinion 

Match mark 

2. Keep parts separate for each cylinder. 
(14) Remove the control pinion, sleeve and upper rest. 

NOTE : Keep parts separate for each cylinder. 
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(15) Remove 1he control rack stop bolt and remove the rack. 

NOTE: Be careful not to lose the spring or rest on the 
control rack. 

(16) Loosen the delivery valve retainer stop bolt, and 
remove the delivery valve holder stop. 
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(17) Remove the delivery valve holder. 

(18) Remove the delivery valve assembly. 

NOTE: 1. Be careful not to lose the delivery valve pack­
ing, delivery valve spring, delivery valve stopper 
or other small parts. 
Keep the delivery valve assemblies for each 
cylinder clearly separated. 

(19) Take the plunger barrel out from the top of pump. 

NOTE : Keep it as a set with the plunger that was remov­
ed earlier. 
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3-2 Inspection of fuel injection pump 
(1) Inspection of plunger 

1) Thoroughly wash the plungers, and replace plungers 
that have scratches on the plunger lead or are dis­
colored. 

2} The plunger is in goad condition if it slides dawn 
smoothly when it is tilted about so·. Repeat this 
several times while turning the plunger. Repair or 
replace if it slides down tao quickly or if it stops part 
way. 

(2) Inspection of delivery valve 

1) Replace as a set 1f the delivery valve suck-back collar 
or seat are scratched, scored, scuffed, warn, etc. 

2) The valve is in good condition if it returns when released 
after being pushed it down with your finger (whHe the 
holes in the bottom of the delivery guide seat are cov­
ered). Replace it necessary. 

3} likewise, the valve should completely dose by its own 
weight when you take your finger off the holes in the 
bottom of the delivery guide sheet. 

NOTE : When fitting new parts, wash with diesel oil and 
perform the above inspection. 

{3) Inspection of pump 
1) Inspect for extreme wear of roller guide sliding surface. 

Scratches on 1he roller pin sliding surface are not a 
problem. 

2) Inspect the plunger barrel seat. 
lf there are bum or discoloration, repair or replace as 
this will lead to dilution of the lubricant. 

{4) Inspection of fuel camshaft and bearings 
1) Fuel camshaft 

Inspect for scratches or wear of camshaft, deforma­
tion of key grooves and deformation of screws on both 
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ends, and replace if necessary. 

2) Bearings 
Replace if the taper rollers or outer race surface is flak­
ed or worn. 

NOTE: Replace fuel camshafts and bearings together. 

(5) Inspection of roller guide assembly 
i} Roller 

Replace if the surface is worn or flaked. 
2) Roller Guide 

Replace if the outer rofler pin hole is extensively worn 
or there are many scratches. 

3) Replace if the play of the roller guide assembly pin/roller 
is 0.2 mm or more. 

4} Injection timing adjustment bolt 
Replace if the surface in contact with the plunger side 
is unevenly or excessively worn. 

(6) Inspection of rack and pinron 
1) Rack 

fUiJi,Ju ,;JlllMUIWTu.WJ.ii;~\\,\~ ~ 

~ 
Inspect for bending of rack and wear or deformation of 
fit with pinion. 

2) Pinion 
Inspect for wear or deformation of fit with rack. 

NOTE : If the tooth surface or sliding surface is not in good 
working order, rack resistance increases, affect­
ing the condition of the engine (rough rpm, over 
running, etc.). 

{7) Inspection of plunger spring and delivery spring 
Inspect springs for scratches. cracks, breakage, uneven 
w~ar and rust 
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(8) Inspection of oil seals 
Inspect oil seals to see if they are burred or scratched. 

(9) Inspection of roller guide stop 
Inspect the side of the tip, replace if excessively worn. 

(10) Inspection of O-rings 
Inspect and replace if they are burred or cracked. 

3-3 Reassembly of fuel injection pump 

Preparation 

After inspection, put all parts in order and clean. 
See Inspection of Fuel Pump for inspection procedure. 

(1) Pu.t in the plunger barrel from the top of pump. 

NOTE: Make sure the barrel key groove is fitted properly 
to the barrel stop pin. 

(2) Place the delivery valve assembly, packing, spring and 
stopper from the top of the pump, in that order. 

NOTE : Replace the delivery valve packing and 0-ring. 
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(3) Place the control rack, and tighten the control rack stop 
bolt. 

NOTE: 1. Do not forget the lack aux. spring. 
2. Make sure the rack moves smoothly through a 

full cycle. 

(4) Place the rack set screw (using the special tool) in the 
rack stop bolt screw hole to fix the rack. 

(5) Looking from the bottom of pump, align the match 
marks on the rack and pinion. 

P:nch section 

(6) While holding the pinion with one hand and keeping it 
aligned with the match mark, fit in the sleeve, and 
lightly tighten the small pinion screw. 

NOTE : Fitting of sleeve; Face towards small pinion screws 
and align with match mark. 

Pinion/sleeve match mark 
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(7) Mount the plunger spring upper rest 

NOTE : 1 _ Be sure to mount the upper rest with the hollow 
side facing down. 

2. Recheck to make sure that the lack moves 
easily. 

(8) Mount the plunger spring_ 
(9) Mount the lower rest on the head of the plunger, and 

fit the plunger in the lower part of pump while aligning 
the match marks on the plunger flange and the sleeve. 

Plunger inserting tool 

NOTE : If the plunger is mounted in the opposite direction, 
the injection volume will increase abnormafly and 
cannot be adjusted. 
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(10) Insert the plunger spring support plate between the 
plunger spring seat 8 (lower) and fuel pump, by put· 
ting the handle of a hammer in the lower part of pump 
and pushing the roller guide up. 

NOTE : 1. Face the roller guide stop groove upwards, and 
align it with the stop screw hole on the pump, 

~------.., 
i ,,,.- I : o-~:-- Stop screw hole 

: i J-- : Stop groove 
' - f 

2. Check the movement of the rack. The plunger 
spring may be out of place if the movement is 
heavy - insert a acrewdriver and bring it to the 
correct position_ 

3. When replacing the roffer guide assembly, fit 
shims and lightly tighten: 

Standard shim thickness 1.2mm 

(11) Make sure that the roller guide stop groove is fn the 
correct position, and tighten the roller guide stop bolt 



Chapter 3 Fuel Injection Equipment 
.;;.3·;..D~is;..a;..s_se_m....;.b_ly;..,_R_e_a_s_s_em_b_ly __ a_n_d_L_n_sp ___ ec_t_io_n_o_f_F_u_e_J_In_1_·e_c_ti_on_P_u_m ....... P ________ 3,4JH3(B)(C)E 

(12) Fit the bearings to both ends of the camshaft and in­
sert from the drive side by tapping lightly. 

NOTE: Turn the pump upside down, and tap in the cam­
shaft while moving the roller guide to the plunger 
spring side. 

(13) Fit the oil seal on the inside of the bearing retainer and 
mount the bearing retainer. 

NOTE: Coat the camshaft and oil seal with oil to prevent 
the oil seal from being scratched. 

(14) Fix the pump, lightlytap both ends of the cam shaft with 
a wooden hammer, and adjust the cam shaft side 
clearance wlth the adjustment shims while checking 
with a side clearance gauge. mm 

Camshaft side clearance 0.02~0.05 

Adjusting 
Pull out the adjusting sh'1ms if the clearance is too small, 
and add adjusting shims if it is too large. 

Adjusting shim thickness 

0.50 
0.40 
0.30 
0.15 

mm 

3-22 

(15) Mount the fuel pump side cover. 
(16) Tap in the camshaft wood ruff key. 
(17) Turn the camshaft, and pull out the plunger spring 

support plate. 

NOTE: Fit double nuts to turn the camshaft. 
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(18) Tighten the delivery valve retainer. 

kg-m 

Tightening torque 3.5~4.0 

NOTE.· 1. Tighten the retainer as far as possible by hand­
if the bolt gets hard to tum part way, the pack­
ing or delivery valve are out of place. Remove, 
correct, and start tightening again. 

2. Overtightening can result in malfuncfjoning of 
the rack. 

(19) Fit the delivery retainer stop and tighten the stop bolt. 

kg-m 

Tightening torque 0.3 

NOTE : Overtightening can upset the delivery retainer and 
cause oil leakage. 
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{20) Mount the fuel feed pump 

NOTE: Refer to the instructions for reassembly of the fuel 
feed pump. 
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4. Adjustment of Fuel Injection Pump and Governor 
This illustration shows the fuel injection pump for model 4JH3(B){C)E. Model 3JH3(B){C)E differs only in the 
number of cylinders. 

Adjust the fuel injection pump after you have completed 
reassembly. The pump itself must be readjusted with a 
special pump tester when you have replaced major parts 
such as the plunger assembly, roller guide assembly, fuel 
camshaft, etc. Procure a pump tester like the one illustrat­
ed below. 

4-1 Preparations 
Prepare for adjustment of the fuel injection pump as 
follows: 
(1) Adjusting nozzle assembly and inspection of injection 

starting pressure 

kg/cm2 

Adjusting nozzle type DN-12SD12 

Injection starting pressure 215~225 

(2) Adjusting injection pipe. 

Inner dia./outer dia. Xlength 2.0/6.0 X 600 

Minimum bending radius 25 (0.9842) 

(3) Mount the fuel injection pump on the pump tester plat­
form. 

3-24 

mm 

Tester used 2 1 22 
Yanmar 110 150 

Robert Bosch 125 165 

(4) Remove the control rack blind cover and fit the rack 
indicator. 
Next, turn the pinion from the side of the pump until 
the control rack is at the maximum d[ve side posi· 
tion, and set it to the rack indicator scale standard 
position. 
Then make sure that the control rack and rack indi· 
cator slide smoothly. 

Rack indicator 

Part code number 

15 10 5 0 

Cont~ bliod covet 

~o, 

Base line 
I 

15 0 

~ 
Scale mark 

158090-51500 
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(5) Check control rack stroke 
Make sure the rack position is at 11.5~12.5mm 
(0.4527~0.4921 in.) on the indicator scale when the 
governor control lever is set at the maximum operating 
position. 
If it is not at this valve, change the link connecting the 
governor and control rack to adjust it. 

NOTE: Links are availabe in 1mm (0.0394in.) increments. 

(6) Remove the plug in the oil fill hole on the top of the 
governor case, and fill the pump with about 200cc of 
pump oil or engine oil. 

(7) Complete fuel oil piping and operate the pump tester to 
purge the line of air. 

(S) Set the pressure of oil fed from the pump tester to the 
injection pump at 0.2~0.3kg/cm2• 

4-2 Adjustment of top clearance 
Adjust the top clearance (the clearance between the top of 
plunger and the top of barrel with the cam at top dead 
center) of each cylinder plunger to bring it to the specified 
value by changing the thickness of the shims. 

Top clearance 

_l_ 

t 

Top clearance 

Pre-stroke 

Standard shim thickness 
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Plunger barrel 

mm 

0.5 

3.0 

1.2 

3-25 

Relation between top clearance, standard shim thickness 
and pre-stroke. 

Adjusting shim thickness 

Part Code No. 

1.0 
1.2 
1.3 
1.4 
1.5 
1.6 

129155-51600 

mm 

(1) Place the top clearance gauge on a level surface and 
set the gauge to zero. 

(2) Remove the injection pump delivery retainer, take out 
the deiivery valve assembly, insert the top clearance 
gauge and tighten by hand. 

(3) Turn the camshaft, and bring the cam to the top dead 
center while watching the gauge needle. 
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(4) Read the gauge at this position, and adjust until the 
clearance is at the specified value by changing adjust­
ing shims. 
Tighten the adjusting screw after completing adjust­
ment. 

~Adjusting bolt. 

~Adjusting shim 

~Tappcl 

(Greater shim thickness decreases top clearance and 
smaller shim thickness increases top clearance). 

NOTE : Adjust while watching gauge, and then tighten. 

(5) After adjustment is completed, insert the delivery valve 
assembly and tighten the delivery retainer. 

kg ·rn 

Delivery retainer tightening torque I 3.5~4.0 

Repeat the above procedure to adjust the top clearance of 
each cylinder. 

4-3 Adjusting of injection timing 
After adjusting the top clearance for all cylinders, 
check /adjust the injection timing. 

Cylinder No.4 
Cylinder No.3 

Cylinder No.2 

Cylinder No.1 

Direc1ion of ro1ation 

0 
) 

3-26 

(1) Set the governor control lever to the operating position 
and fix (bring plunger to the effective injection range). 
turn the camshaft clockwise, and check the injection 
starting time (FID) of cylinder No.1 (start of discharge 
of fuel from the delivery retainer). 

Cylinder no. Count from the drive side 

Direction of rotation Right baking from drive side 

(2) In the above state, set the tester needle to a position 
easy to read on the flywheel sc~.le, and check the 
injection timing several times by reading the flywheel 
scale, according to the injection order. 

Engine model 3JH3(B)(C)E 4JH3(B)(C)E 

Injection order 1-2-3-1 1-3-4-2-1 

Injection timing 120· 90· 

Allowable deviation ±30' 

(3) Readjust the top clearance of cylinders that are not 
within the allowable deviation (increasing adjusting 
shim thickness makes injection timing faster, and 
decreasing makes it slower). 
The change in injection timing effected by adjusting 
shims is as follows : 

Change in shim thickness 
Change in injection timing 

Cam angle I Crank angle 

0.1mm o.s· I 1.0· 

(4) When you have readjusted top clearance, make sure it 
is within allowable values after completing letin adjust­
ment. mm 
Allowable top clearance 0.3 

NOTE: 1. All cylinden must be readjusted it any one shows 
less than the allowable value. 

2. If the top clearance is less than the allowable 
value, the plunger will hit the delivery valve or 
the plunger flange will hit the plunger barrel. 
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4~4 Plunger pressure test 
(1) Mount the pressure gauge to the delivery retainer of 

the cylinder to be tested. 

Max. pressure gauge reading 1000 kg/cm' 

Connecting screw dimensions M12X1.5 

(2) Set the governor control lever to the stop position, 
operate the injection pump al about 200 rpm, and 
make sure that the pressure gauge reading is 500 
kg/cm' (7110 lb/in.'} or more while lightly moving the 
control pinion gear towards lull throttle (ddve side) 
from the pump. 
Replace the plunger if the pressure does not reach 
this value. 

(3) Immediately release the gear after the pressure rises 
to stop injection 
At the same time, check to see that oil is not leaking 
from the delivery retainer or fuel injection piping, and 
that there is no extreme drop in pressure. 

4~5 Delivery valve pressure test 

(1} Perform the plunger pressure test in the same way, 
bringing the pressure to about 120kg/cmi {1706 !bin.:>), 
and then stopping injection. 

Pressure gauge 

(2) After pressure rises to the above value, measure the 
time it takes to drop from 100~90 kg/cm:> . 

100--+90 kg/cm• 5 seconds 

lf the pressure drops faster than this, wash the deliv­
ery valve, and retest Replace the delivery valve if the 
pressure continues to drop rapidly. 
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4~6 Adjusting injection volume 
(uniformity of each cylinder) 

The injection volume is determined by the fuel injection 
pump rpm and rack position. Check and adjust to bring to 
specified value. 

4-6.1 Measuring injection volume 
(1) Preparation 

Set the pump rpm, rack position and measuring stroke 
to the s ecified value and measure: 

Engine model 3JH3(B)(C)E j 4JH3{B)(C)E 

Pump RPM 1900 rpm 

Pump rotating direclion Right looking from drive side 

Rack indicator scale reading 7mm I 8mm 

Remove the rack stop bolt behind the pump and screw 
in the rack fixing bolt to fix the rack. 

4 

¢3 

~ 
i 

Part Code No. 

(2) Measuring injection volume 

158090-51510 

Measure the injection volume at the standard stroke, 
and adjui=;t as follows ii it is not within the specified 
value. 

Measuring stroke 

Specified injection volume 
at standard rack position 

Non uniformity of cylinders 

1,000 st 

See injection pump 
service data 

±3%, 

4·6.2 Adjustment of injection volume 
Measure the injection volume in measuring cylinders for 
each cylinder, and adjust if necessary to obtain 1he speci­
fied values. 
(1) Push the control rack all the W8:Y to the driveside, stop 

with the rack fixing bolt, and loosen the pinion/sleeve 
fixing bolt 1/3 of a revolution. 
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(2) When the control sleeve is turned to the right or left, 
the plunger is turned through the same angle to in­
crease or decrease injection volume. 
The injection volume is increased when the control 
sleeve is turned in the -. direction and decreased 
when turned in the+- direction in the followinq fioure. 

Pinion 

Alignment mark 

Sleeve 

(3) Measure the injection volume of each cylinder again. 
Repeat this process until the injection volume for 
every cylinder is the same (within the specified limit). 

(4) Next, measure the injection volumes under different 
conditions, and make sure the injection volume for 
every cylinder is within the specifications. 
Replace the plunger if the injection volume is not 
within specifications. 

NOTE: See adjustment data for the specified injection 
volume value at other measuring points. 

(5) After completing measurement, firmly tighten the 
piston/sleeve fixing screw. 

(6) If not aligned with the match mark, make a new 
match mark. 

4-7 Adjustment of governor 
4-7.1 Adjusting fuel limit bolt 
(1) Mjust the tightness of the fuel limit bolt to bring the rack 

position to the specified value (R1) with the governor 
control lever all the way down towards the fuel increase 
position, while keeping the pump at rated rpm N1. 

[For 3JH3(B)(C)E] 

E .s 
C 
.g 
·;;; 
g_ 

-"' 
0 
fO 
a: 

Note: The figure in the , . 
blank ( ) is the At !he star/mg: Q adIustment 

19 

indicator/ bolt t1gh1m1ng ad1ustment bolt 
±0,5 

(12) - ----n 

14 
(7) 

R3 
R2 

Pump rpm N (rpm) 
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[For 4JH3(B)(C)E] 

E 
E 

C 
0 
.:; 
·;;; 
0 
a. 
-"' 
0 
fO 

er. 

±0.5 

19 
(12) 

15 
(8) 

RJ 
R2 

Note: The figure in the 
blank ( ) IS !he 

mdicator At the starling· Q adJustment 

-- \ 
· / bolt tighllning adjustment bolt 

Pump rpm N (rpm) 

(2) Measure fuel injection volume at rack position (Ri). 
Tightening of fuel limit bolt. 

(3) If the injection volume is at the specified value, tighten 
the fuel limit bolt lock nut at that position. 

4-7.2 Adjusting RPM limit bolt 

(1) Gradually loosen the governor control lever while 
keeping the pump drive condition in the same con­
dition as when the fuel limit bolt was adjusted, and 
adjust the tightness of the RPM limit bolt to the point 
where the rack position just exceeds the specified 
value (Ri). 

Maximum spped 
adjuslme 

Control lever 

(2) Check maximum RPM at no load 
Further increase rpm, and make sure that rack position 
(R2 = R1-L} corresponding to maximum rpm at no 
load is within specified value (NHi). 
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4-7 .3 Adjusting idling 
{1} Maintain the pump rpm at speclfled rpm {Ni}. 

Control !-ever 

Idling rpm {Pump RPM} 325 rpm 

(2) Measure the injection volume while lowering the 
governor control lever to the idling position, and adjust 
the position of the con!rol lever with the idling adjust­
ment bolt to bring it to the specified value. 

Measurins ~roke 1000 st 

Idling injecion volume See injection pump seryice data 

4-7.4 Check injection volume when starting 
( 1) Make sure the control rack moves smoothly white 

gradually reducing idling rpm. 
(2} Next, fix the governor control lever at the full load 

position with the pump at the specified rpm {R4}, Make 
sure that control rack is a1 the maximum rack position 
(11.05~12.05}. 
Measure the injection volume and check to make sare 
it is within the specified value. 

Pump rpm (N1) 200 rpm 

Rack indicator scale 115~12.5 mm 
Measuring stroke 1000 st 

Injection volume See injection pump seNice data 

Checking injection stop 
Drive the pump at rated rpm (N1) and standard rack posi• 
fion (R1) with the governor control lever at the full load 
position, operate the stop lever on the back of the gover• 
nor case, and make sure that injection to afl cylinders 
is stopped. 

NOTE: Be sure to remove the rack fixing bolt when doing 
this. 
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5. Fuel Feed Pump 
The fuer feed pump pumps fuel from the fuer tank, pass­
es it through the fuel filter element, and supplies it 10 the 
fuel injection pump. 
The fuel feed pump is mounted on the side of this engine 
and is driven by the (eccentric) cam of the fuel pump 
camshaft. lt is prov·1ded with a manual priming lever so 
that fuel can be supplied when the engine is stopped. 

5-1 Construction of fuel feed pump 

2 5 4 7 8 9 10 11 12 13 

Fuel feed pump 

14 15 

\\ \' \ I I I /11 ~/ 
' I 
I 

\ \ \ 
I I . \ 

i-, I I , ' 

/ 

6 

5-2 Fuel feed pump specifications 

Head 

Discharge volume 

Closed off pressure 

1m 

230cc/min 
at 1500 earn rpm, discharge pressure 
of 0.2 kg,cm• 

0.3 kg/cm' 
or more (at 400 cam rpm} 

1. Bottom body 
2. Piston spring 
3. Piston 
4. Diaphragm spring 
5. Diaphragm assembly 

3-30 

1:1; 

6. Pin 
7. Lever retum spring 
a. Lever assembly 
9.0-ring 

W.Sloppin 

w 

11. Top body assembly 
!2. Packing 
13. Cover 
14. Small screw 
l5.Cap 
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5-3 Disassembly and reassembly of fuel feed pump 
5-3.1 Disassembly 
(1) Remove the fuel feed pump mounting nut, and take the 

fuel feed pump off the fuel injection pump. 
{2) Clean the fuel feed pump assembly with fuel oil. 
(3) After checking the orientation of the arrow on the cover, 

make match marks on the upper body and cover, 
remove the small screw, and disassemble the cover, 
upper body and lower body. 

5-3.2 Reassembly 
(1) Clean all parts with fuel oil, inspect, and replace any 

defective parts. 
{2) Replace any packings on parts that have been dis­

assembled. 
(3) Make sure that the intake valve and discharge valve on 

upper body are mounted in the proper direcHon, and 
that you don't forget the valve packing. 

(4) Assemble the diaphragm into the body, making sure 
the diaphragm mounting holes are fined up {do not 
force). 

{5} Align the match marks on the upper body of the pump 
and cover, and tighten the small screws evenly. 

kg•cm 

Tightening torque 15~25 

5-4 Fuel feed pump inspection 
(1) Place the fuel feed pump in kerosene, cover the dis­

charge port with your finger, move the priming lever 
and check for air bubbles (Repair or replace any part 
which emits air bubbles). 

Measuring cylinder -Air pressure kg/cm3 

Tappet 
Container filled 
wiih !igh1 oil 

Blocked 

(2) Attach a vinyl hose to the fuel feed pump intake, keep 
the pump at the specified depth from the fuel oil sur• 
face, move the priming lever by hand and check for 
sudden spurts of fuel oil from the discharge port. If oil 
is not spurted out, inspect the diaphragm and 
diaphragm spring and repair/replace as necessary. 

(3) Diaphragm inspection 
Parts of the diaphragm that are repeatedly burned will 
become thinner or deteriorate over a long period of time. 
Check the diaphragm and replace if necessary. 
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(4) Valve contact/mounting 
Clean the valve seat and valve with air to remove any 
foreign matter. 

(5) Inspect the diaphragm spring and piston spring for se1tl· 
ing and the piston for wear, and replace as necessary. 

NOTE : Replace parts as an assembly. 
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6. Fuel Injection Nozzle 
When fuel oil pumped by the fuer injection pump reach­
es the injection nozzle, it pushes up the nozzle valve (h_eld 
down by spring), and is injected into the combustion 
chamber at high pressure 
The fuel is atomized by the nozzle to mix uniformly with 
the air in the combustion chamber. How welt the fuel is 
mixed with high temperature air directly affects combus­
tion etficiency, engine performance and fuel economy. 
Accordingly, the fuel injection nozzles must be kept in top. 

condition to maintain performance and operating efficiency. 

(1} Hole type fuel injection nozzle 

F.O. return pipe joint 

Applicable engine model 
I.D. mark 

-- Nozzle cover mounting groove 

Nozzle holder 

I}- Fuel starting pressure ad/usting shim 

I--- Nozzle spring 

~ Nozzle spring seat 
l;)---- Stop plate 

6 Nozzie valve 
Positioning pin 1i r 

Nozzle 

Nozzle body 

0--Nonie clamp nut 

Nozzle 1.0. Mark 155P225TCO 

Spray angle 150· 

No. of injection hoteXdia 5X0.22mm 

Nozzle opening prassure 215~225Kg/crn' 

3-32 

6-1 Functioning of fuel injection nozzle 
Fuel from the fuel injection pump passes through the oil 
port in the nozzle holder, and enters the nozzle body 
reservoir 
When oil reaches the specified pressure, it pushes up the 
nozzle valve (held by the nozzle spring), and is injected 
through the small hole on the tip of the nozzle body. 
The nozzle valve is automaticatly pushed down by the 
nozzle spring and dosed after fuel is injected. 
Oil that leaks from between the nozzle valve and nozzle 
body goes from 1he hole on top of the nozzle spring 
through the oil leak.age fitting and back into the fuel tank. 
Adjustment of injection starting pressure is effected wilt 
the adjusting shims 

Nozzle holder 

Fuel starting pressure 
Adjusting shim 

Nozzle valve .--­

Nozzle body _,, 

F.O. return pipe joint 

1/ Nozzle cover 

Nozzle clamp nut 

Nozzle body 

Injection hofe 

Spray angle 
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Nozzle body identification number 
The type of nozzle can be determined from the number 
inscribed on the outside of the nozzle body. 
1) Hole type fuel injection nozzles 

Sample 
y DLL A -150 P 225TCO 

1 -lT ~oesigh code 

L_ Nozzle size P s,tze 
S size 

Spray angle 

Mounting angle 
of nozzle on 
cylinder head 

Code A: at angle 
No code: not at angle 

Type (Dll: semi-long type) 

YANMAR 

ldentification number 

6-2 Fuel injection nozzle disassembly 
NOTE : 1. Disassemble fuel injection nozzle in a clean 

area as for the fuel injection pump. 
2. When disassembling more than one fuel injec­

tion nozzle, keep the parts for each injection 
nozzle separate for each cylinder (i.e. the 
nozzle for cylinder 1 must be remounted in 
cylinder 1 ). 

(1) When removing the injection nozzle from the cylinder 
head, remove the high pressure fuel pipe, fuel leak­
age pipe, etc., the injection nozzle retainer nut, and 
then the fuel injection nozzle. 

Fuel injection nozzle 
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© 
~-Fuel injection nozzte retainer 

Hole type 
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(2) Put the nozzle in avise 

NOTE : Use the special nozzle holder for the hole type 
injection nozzle so that the high pressure mount­
ing threads are not damaged. 

(3) Remo.ve the nozzle nut 

NO TE : Use a special box spanner for the hole type (the 
thickness of fhe two nozzle nuts is 15mm. 

(4) Remove the inner parts 

NOTE: Be careful not to loosen the spring seat, adjusting 
shims or other small parts. 

6-3 Fuel injection nozzle inspection 
6.3.1 Washing 
(1) Be sure to use new diesel oil to wash the fuel injection 

nozzle parts 
(2) Wash the nozzle in clean diesel oil with the nozzle clean. 

ing kit. 

Nozzle cleaning kit 

1) Zexel nozzle cleaning kit: 
Type NP-8486B No.5789-001 

2) Anzen Jidosha Co., ltd. nozzle cleaning kit: 
Type NCK-001 

(3) Clean off the carbon on the outside of the nozzle body 
with a brass brush. 
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(4) Clean the nozzle seat with cleaning spray. 

(5) Clean off the carbon on the tip of nozzle with a piece of 
wood. 

(6) Clean hole type nozzles with a nozzle cleaning needle. 

Nozzle deaning needle (piano wire) 
0.2 mm dia. wire, 22mm long.XS wires 

---'--ii cQi 
Part code no. 

6-3.2 Nozzle inspection 
(1) Inspect for scratches/wear 

2821 0-00001 0 

Inspect oil seals for abnormal scratches or wear and 
replace the nozzle if the nozzle sliding surface or seat 
are scratched or abnormally worn. 

(2) Check nozzle sliding 
Wash the nozzle and nozzle body in clean diesel oil, 
and make sure that when the nozzle is pulled out 
about half way from the body, it slides down by itself 
when released. 
Rotate Irie nozzle a little; replace the nozzle/nozzle 
body as a set ii there are some places where it does 
not slide smoothly 

(3) Inspecting stop plate (inter-piece) 
Check for scratches/wear in seals on both ends. check 
for abnormal wear on the surface where it comes in 
contact with the nozzle; replace if the stop plate is 
excessively worn. 
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Nozzle contact surfa~e Pin 

<-> ' (J 

I 
Sealsurtace : 

Hoie type 

mm 

Nozzle contact surfaoe wear limit 0.1 

(4) Inspecting nozzle spring 
Replace the nozzle spring if it is extremely bent, or the 
surface is scratched or rusted. 

(5) Nozzle holder 
Check the oil seal surface for scratches/wear; replace 
if the wear is excessive. 

6-4 Fuel injection nozzle reassembly 
The fuel injection nozzle is reassembled in the opposite 
order to disassembly 
(1) Insert the adjusting shims, nozzle spring and nozzle 

spring seat in the nozzle holder, mount the stop plate 
with the pin, insert the nozzle body/nozzle set and 
tighten the nut. 

(2) Use the special holder when tightening the nut for the 
hole type nozzle as in disassembly. 

Nozzle nut tightening torque 

Hole type nezzle 
kg·m 

4~4.5 
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6-5 Adjusting fuel injection nozzle 
6-5.1 Adjusting opening pressure 
Mount the fuel injection nozzle on the nozzle tester and 
use the handle to measure injection starting pressure 1f it 
is not at the specified pressure. use the adjusting shims to 
increase/decrease pressure (both hole and pintle types). 

Injection starting pressure 
kg/cm' 

Injection starting pressure I 195~205 

6-5.2 Injection test 
After adjusting the nozzle to the specified starting pres­
sure, check the fuel spray condition and seat oil tightness. 

(1) Check seat oil tightness 
After two or three injections, gradually increase the 
pressure up to 20 kg/cm 2(284 lb/in 2) before reading the 
starting pressure, maintain the pressure for 5 seconds, 
and make sure that no oil is dripping from the tip of the 
nozzle. 

Test the injection with a nozzle tester; retighten and 
test again if there is excessive oil leakage from the 
overflow coupling. 
Replace the nozzle as a sat if oil leakage is still ex­
cessive. 

(2) Injection spray condition 
Operate the nozzle tester lever once to twice a second 
and check for abnormal injection. 

1) Hole type nozzles 
Replace hole type nozzles that do not satisfy the fol­
lowing conditions: 
• Proper spray angle ( 8) 
• Correct injection angle (a) 
• Complete atomization of fuel 
• Prompt starting/stopping of injection 
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Correct 

Poor 
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a 

Spray from each nozzle 
hole is uniform 

• Excessive difference 
in apray angle( fJ) 

• Excessive difference 
in injection angle (er) 

• Incomplete atomization 
• Sluggish starting/stopping 

of injection 
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7. Trouble shooting of fuel injection pump 
Basic check points 7-1 Troubleshooting of fuel injection pump 

Complete repair means not only replacing defective 
parts, but finding and eliminating the cause of the trouble 
as well. The cause of the trouble may not necessarily be 
in the pump itself, but may be in the eng·ine or the fuel 
system. If the pump is removed prematurely, the true 
cause of the trouble may never be known Before remov• 
ing the pump from the engine, at least go through the 
basic check points given here. 

• Check for breaks or oil leaks throughout the fuel sys­
tem, from the fuel tank to the nozzle. 

• Check the injection timings for all cylinders. Are they 
correctly adjusted? Are they too fast or too slow? 

• Check the nozzle spray. 
• Check the fuel delivery Is it in good condition? Loosen 

the fuel pipe connection at the injection pump inlet, and 
test operate the fuel feed pump. 

7-2 Major faults and troubleshooting 

Fault Causa 

1. Engine Fuel not (1) No fuel in the fuel tank. 
won't delivered to (2) Fuel lank cock is closed. 
start injection (3) Fuel pipe system is clogged 

pump (4) Fuel fitter element is clogged 

(5) Air is sucked into the fuel due to defective connections 
in the piping from the fuel tank to the fuel pump. 

(6) Defective valve contact of feed pump 
(7) Piston spring of feed pump is broken. 
(8) Inter-spindle or tappets of feed pump are stuck 

Fuel (1) Defective connection of control lever and accel. rod of 
delivered injection pump. 
to injection (2) Plunger is worn out or stuck. 
pump. (3) Delivery valve is stuck 

(4) Control rack doesn't move 
(5) Injection pump coupling is damaged, or the key Is broken. 

Nozzle (1) Nozzle valve doesn't open or close normally 
doesn't work. (2) Nozzle seat is defective. 

(3) Case nut is loose. 
(4) Injection nozzle starting pressure is too low 
(5) Nozzle spring is broken. 
(6) Fuel oil filter is clogged. 
(7) Excessive oil leaks from the nozzle sliding area. 

Injection (1) Injection timing is retarded due to failure of the coupling. 
timing is (2) Camshaft is excessively worn. 
defective. (3) Roller guide incorrectly adjusted or excessively worn. 

(4) Plunger is excessively worn. 

2. Engine starts, but ( 1) Fuel pipe is clogged. 
immediately stops. (2) Fuel filter is clogged. 

(3) Improper air-tightness of the fuel pipe connection. 
or pipe is broken and air is being sucked in. 

(4) Insufficient fuel delivery from the feed pump 
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Remedy 

Resupply 
Open 
Clean 
D'lsassemble and clean, 
or replace element 
Repair 

Repair or replace 
Replace 
Repair or replace 

Repair or adjust 

Repair or replace 
Repair or replace 
Repair or replace 
Replace 

Repair or replace 
Repair or replace 
Inspect and tighten 
Adjust. 
Replace 
Repair or replace 
Replace the nozzle assembly 

Adjust 
Replace camshaft 
Adjust or replace 
Replace plunger assembly 

Clean 
Disassemble and clean, 
or replace the element 
Replace packing repair pipe 

Repair or replace 
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Fault 

3. Defective 
Engine's injection 
output ls liming. and 
insufficient. other failures. 

Nozzle 
movements 
is defective. 

lnjection 
pump is 
defective. 

4. Idling is rough. 

5. Engine runs at high 
speeds, but cuts out 
at !ow speeds. 

6. Engine doesn't reach 
max. rpm. 

7. Loud knocking. 

8. Engine 
exhausts 
too much 
smoke. 
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When exhaust 
smoke is 
black: 

When exhaust 
smoke is 
white: 

Causa Remedy 

(1) Knocki09 sounds caused by improper {too fast) injection timing. Inspect and adjust 
(2} Engine overheats or emits large amount of smoke due Inspect and adjust 

to improper (to slow) injection timing. 
(3) Insufficient fuel delivery from feed pump. Repair or replace 

(1) Case nut loose. Inspect and retighten 
(2) Defective injection nozzle performance. Repair or replace nozzle 
(3) Nozzle spring is broken. Replace 
{4) Excessive oil leaks from nozzle. Replace nozzfe assembly 

(1) Max delivery limit boll is screwed in too far. Adjust 
(2) Plunger is worn Replace 
(3) Injection amount is not uniform. Adjust 
(4} Injection timings are not even. Adjust 
(5) The 1st and 2nd levers of the governor and the control Repair 

rack of the injection pump are improperly lined up 
(6} Delivery stopper is loose. Inspect and retighten 
(7} Delivery packing is defective Replace packing 
(8) Delivery valve seat is defective. Repair or replace 
(9) Delivery spring is broken. Replace 

(1) Movement of control rack is defective. 
1) Stiff plunger movement or sticking. Repair or replace 
2) Rack and pinion lilting is defective. Repair 
3) Movement of governor is improper Repair 
4) Delivery stopper is too tight. Inspect and adjust 

(2) Uneven injection volume. adjust 
(3) Injection timing is defective. adjust 
(4) Plunger is worn and fuel injection adjustment is difficult.. Replace 
(5) Governor spring is too weak. Replace 
(6) Feed pump can't feed oil at low speeds, Repair or replace-
(7) Fuel supply is insufficient at low speeds due to clogging Disassemble and clean, 

of fuel filter. or replace element 

(1) The wire or rod of the accel. is caught Inspect and repair 
(2) Control rack is caught and can't be moved, Inspect and repair 

(,) Governor spring is broken or excessively worn, Replace 
(2) Injection performance or nozzle is poor Repair or replace 

( 1) Injection timing is too fast or too slow, Adjust 
(2) Injection from nozzle is improper. Adjust 

Fuel drips after each injection 
(3) Injection nozzle starting pressure is too high Adjust 
{4) Uneven injection. Adjust 
(5} Engine overheats, or insufficient compression. Repair 

(1) Injection timing is too last. Adjust 
(2) Air volume intake is insufficient Inspect and repair 
{3} The amount of injection is uneven. Adjust 
(4) Injection from nozzle is improper. Repair or replace 

(1) Injection timing is too slow. Adjust 
{2} Water is mixed in fuel. Inspect fuel system, 

and clean 
(3) Shortage or lube oil in the engine. Repair 
(4) Engine is over-cooled. Inspect 
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8. Tools 
Name of tool 

Pump mounting scale 

for Yanmar tester 158090-51010 
ror Bosch (lester) 158090-51020 

Measuring device 
(cam backlash) 
158090-51050 

Plunger insert 

158090-51100 

Tappet holder 

158090-51200 

Weight extractor 

158090-51400 

Shape and size 
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Application 

t-, 
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'F 
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Name of tool 

Rack indicator 
158090-51500 

Rack lock screw 
158090-51010 

Dummy nut 
1 58D9D-51520 

Nozzle plate 

158090-51700 

Plunger gauge 

121820-92540 

Top clearance gauge 

1 58090-51300 

Timer extraction tool 
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9. Fuel Filter 
The fuel filter is installed between the fuel feed pump and 
fuel injection pump, and removes dirt/foreign matter from 
the fuel pumped from the fuel tank. 
The fuel filter element must be changed periodiically. The 
fuel pumped by the fuel feed pump goes around the ele­
ment, is fed through the pores ·1n the filter and d'1scharged 
from the center of the cover. Dirt and foreign matter in the 
fuel are deposited in the element. 

Discharge 

r----Fuel filter bracket 

0 
co ..,_ 

>----Element 

75 
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9-1 Fuel filter specifications 

Filtering method filter paper 

Filtering area 840cm' 

Maximum flow 1 .5 J1 /min 
Pressure loss 20mm Hg or less 
Max. dia. or unfiltered particle 10 µ 

9-2 Fuel filter inspection 
The fuel strainer must be cleaned occasionally lf there is 
water or foreign matter in the strainer bowl, disassemble 
the strainer and wash with clean fuel oil to completely 
remove foreign matter. Replace the element every 300 
hours of operation. 
Replace the filter prior to this if the filter is very dirty, 
deformed or damaged. 

M20 X 1.5 Make sure there are 
3.5 effectlve threads 

8-f6 hole 
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10.FuelTank 
A triangular 30 liter fuel tank with a 2000mm (78.7402 in.) 
rubber fuel hose to fit all models is available as an option. 
A fuel return connection is provided on top of the tank 
to which a rubber hose can be connected to retun fuel 
from the fuel noz!les. 

~1 
l_~~t=====~=====:::--

D 
a, 
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Rubber hose 

Clamp·~ 

15 362 

0 
M 
N 

gl x,111 
/[ ~! 30 36 

/ I ,._ 
Pr 1/2, I ~ 
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11. Troubleshooting (Concerning engine and fuel injection equipment) 
Malfunctions Causes 

The engine does 
not operate 
1. Fuel Oil is not 1. There is no fuel oil in the fuel 

injected from tank 
the injection 2. The fuel line from the fuel tank is 
pump blocked 

3. The fuel filter is clogged 
4. There is air in the fuel filter or the 

pump chamber 
5. The accelerator linkage is not 

properly connected 
6. The magnet valve wiring is 

broken or its armature is Sticking 
7. The feed pump blades are 

sticking, and therefore not 
operating 

8. The drive gear or woodruff key is 
broken 

2. Injection timing 1 . The drive gear or belt 
is incorrect connections are incorrect 

2. The injection pump is incorrectly 
installed on the engine 

3. The roller holder assembly's roller 
or pin is worn excessively 

4. The plunger is worn excessively 

3. The nozzle does 1 . The nozzle or nozzle holder is 
not operate functioning incorrectly 

The engine 1. The pipe(s) to the injection pump 
operates. but is blocked. or the fuel filter is 
only for a short clogged 
time 2. The fuel oil contains air or water 

3. The feed pump's delivery 
quantity (or pressure) is 
insufficient 

The engine 1. The injection timing is too 
"knocks" advanced 

2. The nozzle or nozzle holder is 
functioning incorrectly 
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Remedies 

Supply fuel and bleed the system 

Clean or replace 

Clean or replace 
Bleed the system 

Repair 

Repair or replace 

Repair or replace 

Replace 

Repair 

Repair and adjust injection timing 

Replace the assembly 

Replace the distributor assembly 

Inspect. then repair or replace 

Clean or replace the pipe(s) or 
fuel filter 

Bleed of air or replace the fuel oil 
Repair or replace 

Readjust the timing 

Inspect. then repair or replace 
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Malfunctions 

The engine 
exhaust contains 
smoke and the 
engine "knocks" 

The engine 
output is unstable 

Insufficient 
output 
1. The injection 

quantity is 
insufficient 

2. The injection 
timing is too 
advanced and 
the engine is 
"knocking" 
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Causes Remedies 

1. The injection timing is incorrect Readjust the timing 
2. The nozzle or nozzle holder is Inspect, then repair or replace 

functioning incorrectly 
3. The injection quantity is Readjust 

excessive 

1 . The fuel filter element is clogged Clean or replace 
and fuel oil delivery is poor 

2. The amount of fuel or pressure Inspect and repair 
delivered by the feed pump is too 
little 

3. The injection pump is sucking air Inspect and repair 
4. The regulating valve is stuck in Replace 

the open position 
5. The plunger is sticking and does Replace the distributor assembly 

not travel its full stroke 
6. The plunger spring IS broken Replace 
7. The control sleeve is not sliding Repair or replace 

smoothly 
8. The governor lever is not Repair or replace 

operating properly or is worn 
excessively 

9. The delivery valve spring is Replace 
broken 

10. The delivery valve is not sliding Repair or replace 
properly 

11. The nozzle or the nozzle holder Inspect, and then repair or replace 
is not functioning properly 

12. The injection timing is incorrect Readjust 

1. The specified full-load injection Readjust 
quantity is not delivered 

2. The control lever is not reaching Readjust 
the maximum speed position 

3. The governor spring is weak and Replace 
therefore the governed speed is 
too low 

4. The plunger is worn Replace the distributor assembly 
5. The delivery valve seating Replace 

portions are damaged 

Readjust 
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Malfunctions 

3. The injection 
timing is too 
retarded and the 
engine is 
overheating or 
the exhaust 
conta·1ns smoke 

4. The nozzle or 
the nozzle 
holder is not 
functioning 
properly 

The engine 
cannot reach its 
maximum speed 

The engine's 
maximum speed 
is too high 

Idling is unstable 

Causes 

1. The governor spring is too weak 
or is improperly adjusted 

2. The control lever is not reaching 
the maximum-speed position 

3. The nozzle's injection operation is 
poor 

1. The governor spring is too strong 
or is improperly adjusted 

2. The governor flyweights or 
governor sleeve movement is not 
smooth 

1. The injection quantities are not 
uniform (the delivery valve is not 
operating properly) 

2. The governor's idling adjustment 
is improperly adjusted 

3. The plunger is worn 
4. The plunger spring IS broken 
5. The rubber damper is worn. 
6. The governor lever shaft pin is 

worn excessively 
7. The feed pump blades are not 

operating properly 
8. The regulating valve is stuck in 

the open position 
9. The fuel filter element is clogged 

and therefore fuel oil delivery is 
poor 

10. The nozzle or the nozzle holder 
is not functioning properly 
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Remedies 

Readjust 

Inspect and then repair or replace 

Readjust or replace 

Readjust 

Repair or replace 

Readjust or replace 

Repair or replace 

Inspect or replace 

Readjust 

Replace the distributor assembly 
Replace 
Replace 
Replace 

Repair or replace 

Replace 

Clean or replace 

Inspect and then repair or replace 
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1. Intake System 
Air enters in the intake silencer mounted at the end of the 

intake manifold, is fed to the intake manifold and then on 

to each cylinder. 

Exhaust gas goes into the exhaust manifold (in the fresh 

water tank) mounted on the cylinder head discharge. 

After cooling it enters the mixing elbow which is directly 

connected wilh the exhaust manifold, and is discharged 

from the ship along with waste cooling water. 

Intake system 

Intake air silencer 

When the inside of the intake manifold becomes dirty, 
intake resistance is created reducing engine power. 
Periodically check the inside of the intake manifold. In the 
same way, the net portion of the intake air silencer should 
be checked for dirt periodically and cleaned. 
When the intake manifold is being attached to the cylinder 
head, the attachment surfaces should be checked for dirt 
and cleaned. Care should also be taken to insure there is 
no air leakage. 
Do not operate with the intake air silencer removed. 

~a 
Cylinder head 
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2. Exhaust System 

2-1 Construction 
There are two types of mixing elbows, the L-type and the 
U-type. The mixing elbow is attached to the exhaust man· 
ifold. Refer to the exterior diagrams included here. 

[Example assembly diagram: L~type mixing elbow.] 

4-2 

2-2 Mixing elbow inspection 
( 1) Clean dirt and scale out of the air and cooling water 

lines. 
(2) Repair crach or damage to welds, or replace. 
(3) Inspect the gasket packing and replace as necessary. 

(Option} 

U-type 
Mixng elbow 

/4 . 

Exhaust manifold 
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1 . Lubrication System 
The lube oil in the oil pan Is pumped up through the intake 

filter and intake piping by the lube oil pump, through the 

holes in the cylinder body and on to the discharge filter. 

The lube oil which flows from the holes in !he cylinder 

body through the bracket to the oil element is filtered and 

sent to the oil cooler. lt returns from the oil cooler to the 

bracket, the pressure is regulated, and it is fed back to 

main gallery in the cylinder body. 

The lube oil which flows in the main gallery goes to the 

crankshaft journal, lubricates the crank pin from the 
crankshaft journal, and a portion of the oil is fed to the 

camshaft beadngs. 
Oil ls sent from the gear case camshaft bearings through 

Lubricating oil cooler 

[4JH3E only} 

Lubricating oft filter 

Oil pressure switch 

the holes in the cylinder body and cy!irder head to the 

valve arm shaft to lubricate the valve arm and valves. 

Oil is also sent from the main gallery to the piston cooling 

nozzle to cool the piston surface, and is sent through !he 

intermediate gear bearing (oil) holes to lubricate the in­

termedia!e gear bearings and respective gears. 

Lube oil for the fuel injection pump is sent by pipe from 

the main gallery to the fuel injection pump. 

Part of the lube oil is sent from the oil cooler discharge to 

the supercharger in engines fitted with one, and is then 

piped backfrom the supercharger to the oil pan. 

Fuel injection pump 

Oil pressure 
regulating valve 

Cylinder block main gallery 

Lubricating oil pump Cam shaft bearing Cooling nozzle 

Lubricating oil filter Idle gear tace Crank pin Piston 

\ .... ____________ -T_ap_p_e_t_an_d_c_am-fa-ce ______ O_il_p_a_n _________ ---J/ 
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2. Lube Oil Pump 

2-1 Lube oil pump construction 
The trochoid type lube oil pump is mounted on the gear 
case side engine plate, and the rotor shaft gear is driven 
by the crankshaft gear. 
The lube oil flows from the intake filter mounted on the 
bottom of the cylinder body through the holes in the 
cylinder body and engine plate, and out from the holes in 
the engine plate and cylinder body to the discharge filter. 
The lube oil pump is fitted with a pressure regulating 
valve which maintains the discharge pressure at 3kg/cm2 • 

Intake 
Exhaust 

Outer rotor 

Inner rotor 

28 

b 

Cylinder block 

C5 
Os:) 

~o 
Plate 

c@J'• ~' 
~ p 

0 0 
0 

0 0 

Lube oil pump 

-Packing ~ 
Bolt 

-Strainer 
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Oil pressure regulator valve 

Outer ro!or 

Rator shaft 

Side cover 

Side cave 

Outer rotor 

Inner rotor 

2~2 Specifications of lube oil pump 

Table of helical gear 

Precision(JIS) 

Gear !eeth shape 

Tool Gear teeth shape 

Module 

Angle of pressure 

Number of teeth 

Straddle 

Gear (Reference) 

thickness 
Overpin dia. 

Distortion angle 

Dislortion direction 
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Class 4 

Standard 

Gear teeth average 

2.0 

20· 

29 

4(21.516) 

67.956±0.04 
(Pin dia.:3.969) 

20· 

RIGHT 

Standard pitch dia. 161.722 

Transposition faclor -0.0866 

Finishing method shaving 

Crowning None 

Number of teeth 28 

Other gear Transposition factor -0.025 

Finishing method shaving 

Distance to center 60.65±0.05 

Backlash 0.15±0.04 

Tough-ride surface trea1ment 

Remarks Hardness: HV570~680 
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Oil pressure regulator valve 

Rotor shaft 

L/0 pump specifications 

Engine speed 3600(rpm) 800{rpm) 

Pump speed 3477(rpm) 772{rpm} 

Delivery theory G 19.0(l/min) G8.0(l/min) 

Delivery pressure 4.4 (kgf/cm2) ~0.5(kgl!cm') 

Oil temp. 60±5(°C) +-

Suction head 1/28·40cm -
Lube oil SAE#30 +-
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2-3 Lube oil pump disassembly 
(1) Remove the lube oil pump assembly from the 

engine plate 
(2) The lube oil pump cover may be disassembled. but 

do not disassemble the rotor, rotor shaft or drive gear. 
The oil pressure regulating valve plug is coated with 
adhesive and screwed in, so it cannot be disassem­
bled. These parts cannot be reused after disassembly. 
Replace if necessary as an assembly. 

2-4 Lube oil pump inspection 
(1) Clearance between outer rotor and pump body 

Insert a feeler gauge between the outer rotor and 
pump body to measure the clearance, and replace if 
it exceeds the limit. 

Outer rotor 

Feeler gauge 

mm 

Standard Wear limit 
Outer rotor and 
pump body clearance 0.09~0.16 0.25 

(2) Clearance between outer rotor and inner rotor 

To measure clearance, insert a feeler bauge between the 
top of the inner rotor tooth and the top of the outer rotor 
tooth, and replace if ·11 exceeds the 1'1m'1t. 

Inner rotor 

Outer rotor 

Feeler gauge 

5-4 

Inner rotor 

Outer rotor 

mm 

Standard Wear limit 
Outer rotor and 
inner rotor clearance 0.050~0.105 0.15 

(3) Clearance between pump body and inner rotor side of 
outer rotor. 
Place a straight-edge against the end of the pump 
body and insert a feeler gauge between the straight­
edge and the rotor to measure side clearance. Replace 
the assembly if the clearance exceeds the limit. 

Pump body and inner rotor, 
outer rotor clearance 

Straight scale 

Feeler gauge 

mm 

Standard Wear limit 

0.05~0.10 0.13 

(4) Clearance between rotor shaft and Side cover 
Measure the rotor shaft outer diameter and the side 
cover hole diameter, and replace the entire assembly 
if the clearance exceeds the limit. 

Rotor shaft and 
body clearance 

Standard 

0.016~0.049 

mm 
Wear limit 

0.25 

(5) Check for looseness of driver gear/rotor shaft fitting, 
and replace the entire assembly if loose or wobbly 

(6) Push the oil pressure regulating valve piston from the 
oil hole side, and replace the assembly if the piston 
does not return due to spring breakage, etc. 

(7) Make sure that the rotor shaft rotates smoothly and 
easily when the drive gear is. rotated. 

Turning torque less than 1.5 kg-cm 
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2-5 Oil pressure regulating valve construction 
The oil pressure regulating valve attached with lube oil 

pump controls the oil pressure from the time the lube oil 
leaves the filter and is cooled in the lube oif cooler until 
just before it enters the cylinder body main gallery. 

When the pressure of lube oil entering the cylinder body 

main gallery exceeds the setting, the regulating valve pis­
ton opens the bypass hole and lube oil flows back into the 

oil pan. 

Regulating pressure 

Printed in Japan 
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3. Lube Oil Filter 
3-1 Lube oil filter construction 
The lube oil filter is a lull-flow paper element type. 
mounted to the side of the cylinder body with the filter 
bracket. The cartridge type filter is easy to remove. 
To prevent seizure in the event of the filter clogging up, a 
bypass circuit is provided in the oil filter. The bypass valve 
in the filter element opens when the difference in the pres­
sure in front and behind the paper element reaches 0.8~ 
1.2 kg/cm~ 

Filter 

To lubricating oil cooler 

t 

\ Eiemen1 

Option 
oi I pressure 
sender unit 

By~pass vaive 

'By-pass 
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Cylinder body main gallery 
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Type 

Filtration area 

Discharge volume 

Pressure loss 

By-pass valve 
regulating pressure 

Full flow, paper element 

o.10rn• 

30 R, /min 

0.3 ~ 0.5 kwcm' 

0.8 ~ 1 .2 kg/cm' 

3-2 Lube oil filter replacement 

(1) Period 
The paper element will get dogged up with dirt after 

long hours of usage, and eventually unfiltered oil wi!I 
be fed to the engine through the bypass circuit. 

Replace the filter according lo the following standard, 

as the dirt in unfiltered oil wiH of course have a detri­

mental sffect on the engine. 

(2) Replacement 

1} Remove the lube oil filter with the special too! 

2) Clean the filter mounting surface on the filter bracket 

and mounting screws. 

3) Coat the filter rubber packing with lube oil 

4} Screw in the filter until the rubber packing comes in 
contact with the bracket mounting surface, and then 
2 ~ 3 turns more. 

5) Run the engine after mounting the filter, and make 

sure that there is no oil leakage. 
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4. Lube oil Cooler 
4-1 Lube oil cooler construction 
The lube oil coole'r is comprised of 36 cooling pjpes and 9 
internal baffle plates. 
The lube oil flows through this passageway and is cooled 
by the cooling water (sea water) flowing through the inner 
pipe. 

[4JH3E only] 

I 

~ ~-------~-'-1-..c,-.. / 

CJ 
ui 
"<I" 

CJ 
co 
<') 

Connections M20 X 1.5 
213.0 

57.5 80.0 

122.0 

20.0 
REF 

Sweat header ASSY in1o casing 

NOTES 
1. TUBE THICKNESS: 0.355 (MATERIAL 90/10 CuNi) 

2. PNEUMATIC TEST 

SEA WATER SIDE: 0.4 MPa (4 kgf/cm 2) 

OIL SIDE : 1.0 MP a ( 10 kgf/cm 2) 

3. MATERIAL (EXCEPT TUBES) : BRASS 

5-8 

4-2 Inspecting the lube oil cooler 
(1} Clean the inside of the sea water pipes with a wire 

brush to prevent the build.up of saale 
(2) If the rubber hose connection or welds are corroded, 

repair or replace the cooler 
(3) Apply the following water pressures to the sea water 

and lube oil lines to check for any leakage. Repair or 
replace the cooler if there are any leaks. 

Lubricating oil circuit 

Sea waler circuit 

Test pressure 

1.5 kg/cm2 

4 kg/cm2 
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5. Rotary Waste Oil Pump (Optional) 
A rotary waste oil pump to pump out waste oil dur1ng oil 
changing is available as an option. 
This is a vane type pump. Turning the handle rotates the 
vanes and pumps out lube oil. 

5-1 Construction 

Rotary waste oil pump 

Delivery capacity 
of one stroke 

Delivery pressure 

Suction head 

Part No. 

Rubber hose 
Inner dia, X length 

Part No. o1 rubber hose 

/'rinted in Japan 
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Vane 

Spindle 

0.13.€ 

1 5 kg/cm2 or below 

less than 1m 

43600-002311 

¢ 12XlO00mm 

43720-001220 
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Rubber hose 

Body 

Shalt 

Spindle 

~._,___Jj 
5-2 Inspecting the waste oil pump 
{1) Disassemble the waste oit pump and check for spring 

breakage or vane damage when there is an extreme 
drop in discharge volume, and replace if necessary. 

(2) Replace the oil seal if there is excessive oil leakage 
from the handle shaft. 

{3} Replace the impeller if there is an excessive gap 
between the impeller and the covers on both sides 
of casing. This wilt cause a drop in discharge volume. 

(4) The hose coupling is coated with adhesive and screw· 
ed in It therefore cannot be disassembled 
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1 . Cooling Water System 
The cooling water system is of the indirect sea water 
cooled, fresh water circulation type. The cylinders, cylin­
der heads and exhaust manifold are cooled with fresh 
water, and fresh water cooler (heat exchanger) use sea 
water. 
Sea water pumped in from the sea by the sea water 
pump cools the tube oil in the lube oil cooler and then 
goes to the heat exchanger, where it cools the fresh 
water. Then it ls sent to the mixing elbow and is dis­
charged from the ship with the exhaust gas. 
Fresh water is pumped by the fresh water pump from 
the fresh water tank to the cylinder jacket to cool the 
cylinders,and the cylinder head. The fresh water pump 

Sea water circuit 

Fresh water circuit 

---+-

body also serves as a discharge passageway (line} at the 
cylinder head outlet. and is fitted with a thermostat. 
The thermostat is dosed when the fresh water tempera­
ture is low, immediately after the engine is started and 
during low load operation, etc. Then the fresh water flows 
to the fresh water pump inlet, and is circulated insfde the 
engine without passing through the heat exchanger. 
When the temperature of the fresh water rises, the ther• 
mostat opens, fresh water flows to the heat exchanger, 
and it is then caoled by the sea water in the tubes as 
it flows through the cooling pine. The temperature of 
the fresh water is thus kept within a constant range by the 
thermostat. 

--Heal exchanger -
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Fresh water pump 

t Sea water pump 

Kingston cock 

t 

Cyi, head 

Cyi. Black 
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cooler 
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Fresh water line 

Heat exchanger 

Inlet for water heater Fresh water pump 

Sea water line 

Mixing elbow 

Lubricating oil cooler 

gston cock 

- ----......... --~ 
M =~• • ., V,. ... 
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Outlet for water heater 

--. Water temperature switch 

V-pulley 

Heat exchanger 

Sea water pump 
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2. Sea water pump 

A-A A-A 

6 

2-1 Specifications of aea water pump 
1 . Performance 

Flow 

Seltpriming 
ability 

Thightness test 

2. Durability 

Impeller 
Flow drop 

Leakage from 
seal 
Llpseal, water 
Lipseal,oil 

Endcover, 
wear plate 
Other parts 
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min 3800 !/;/hat 
pin=-0.05 bar 
pout=0.95 bar 
n=3250rpm 
after1500h duty 

max 10 s al 
suctionhead=0.Sm 
length o! pipe=0.6m 
n=500rpm 

4bar 

min1500h 
max10% after 
1000h 

max3cc/h 

1000h 
3000h 

min3000h 

min6000h 
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2-2 Sea water pump disassembly 
{ 1) Remove the rubber hose from the sea water pump 

outlel and then the sea water pump assembly from the 
gear case. 

(2) Remove the sea water pump cover and take out the 
O-ring, impeller and wear plate. 

(3) Remove the mechanical seal side stop ring. 
(4} Insert pliers from the drive gear long hote and remove 

the stop ring that holds the bearings. 
(5) Lightly tap the pump shaft from the impeller side and 

remove the pump shaft, ooarings, and drive gear as a 
set 

(6) Remove the oil seal and mechanical seal if necessary. 

2-3 Sea water pump Inspection 
( 1) Inspect the rubber impeller, checking for splitting 

around the outside, damage or cracks, and replace if 
necessary. 
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(2) Inspect the mechanical seal and relace if the spring is 
damaged, or the seal is corroded. Also replace the 
mechanical seal if there is considerable water leak· 
age during operation. 

Cooling water leakage less than 3 cc/h 

(3) Make sure the ball bearings rotate smoothly. Replace 
if there is excessive play. 

2-4 Sea water pump reassembly 
(1) When replacing the mechanical seal, coat the No.1101 

oil seal and pressure fit Coat the sliding surface with a 
good quality silicon oil, taking suffident care not to 
cause any scratches. 

(2} When replacing the oil seal, coat with grease and in­
sert. 

(3} Mount the pump shaft, ball bearing and gear assembly 
to the pump unit and fit the bearing stop ring. Be 
sure not to forget the water O-ring when doing this. 

NOTE: Coat the shaft with grease. 

(4) After inserting the mechanical seal stop ring, mount 
the wear plate and impeller. 

(5) Mount the 0-ring side cover. 

NOTE : Replace the 0. ring. 

2-5 Current characteristics 
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3. Fresh Water Pump 
3-1 Fresh water pump construction 

The fresh water pump is of the centrifugal (volute) type, 
and circulates water from the fresh water tank to the 
cylinders and cylinder head. 
The fresh water pump consists of the pump body, im­
peller, pump shaft, bearing unit and mechanical seal. 
The V pulley on the end of the pump shalt is driven by a V 
belt from the crankshaft. 
The bearing unit assembled in the pump shaft uses grease 

Thermostat 

Cylinder head 

Printed in Jap:m 
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lubricated ball bearings and cannot be d:isassembted. 
The totally enclosed mechanical seal spring presses the 
fmpe!!er seal mounted on the impeller side away from the 
pump body side. This prevenis water from leaking along 
the pump shaft 
As the impeller and pulley flanges are press fit assembled, 
they cannot be disassembled, 

V-pulfey 
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~ To heat exchanger 

Inlet for water heater 
(fresh water tank) 

For turbine cooling water joint . . 
and water temperature switch Bearing unit 

For sender unit V-pulley \ 

From heat -
exchanger 
(fresh water tank} 

3-2 Specifications of fresh water pump 

Pulley ratio 
(crank shaft'pump shaft) 

¢,134/¢>120 

Pump shaft speed(Max) 4020 rpm 

Delivery capacity 70£/min 
Total head 4m 

3-3 Fresh water pump disassembly 
(1) Do not disassemble the fresh water pump. It is difficult 

to disassemble and, once disassembled, even more dif­
ficult to reassemble. Replace the pump as an assembly 
in the event of trouble. 

(2) When removing the fresh waler pipe as an assembly 
from the cylinder and cylinder head, replace the 
cylinder intake pipe O-ring. 

(3) When the fresh water pump body and cylinder intake 
flange and/or fresh water pump and pump plate are 
disassembled, retighten to the specified torque. 

Tightening torque for 
pump setting bolts 70~11 O kg ·cm 

3-4 Fresh water pump inspection 
(1) Bearing unit inspection 

Rotate the impeller smoothly. If the rotation is not 
smooth or abnormal noise is heard due to excessive 
bearing play or contact with other r::,arts, replace the 
pump as an assembly. 

(2) Impeller inspection 
Check the impeller blade, and replace if damaged or 
corroded. or if the impeller blade is worn due to contact 
with pump body_ 

V-pulley flange 

6-6 

- To cylinder body 
,-....__--U-....J 

Gaskel Pipe flange 

(3) Check the holes in the cooling waler and bypass lines, 
clean out any dirt or other foreign matter and repair as 
necessary. 

(4) Replace the pump as an assembly if there is excessive 
water leakage due to mechanical seal or impeller seal 
wear or damage. 

(5) Inspect the fresh water pump body and flange, clean 
off scale and rust, and replace if corroded. 

(6) Measure the clearance between the impeller and the 
pump body. and the impeller and the plate. 
Measure the clearance between the Impeller and the 
pump body by pushing the impeller all the way towards 
the body, and inserting a thickness gauge diagonally 
between the impeller and the body. 
Measure the clearance between the impeller and the 
plate (pump body bracket) by placing a straight-edge 
against the end of the pump body and inserting a 
thickness gauge between the impeller and the straight­
edge. 
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Measuring clearance between impeller and pump body. 

Thickness gauge 

Measuring clearance between impeller and pump body 
bracket. 

Clearance between 
impeller and body 
Clearance between 
impeller and plate 
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15 

Straightedge 

mm 
Wear limit 

1.5 

--
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4. Heat Exchanger 
4-1 Heat exchanger construction 
The heal exchanger cools the hot fresh water that has 
cooled the inside of the engine with sea water. 
The inside of the heat exchanger cooling pipe consists of 
36 small dia. tubes and baffle plates. 
The sea water flows through the small dia tubes and the 
fresh water flows through the maze formed by the baffle 
plates. 

Outletsr~ Side cover 

Inlet : Y,; - c O-ring 
. I, 

I u" 
Seawater ~~ 

Cooling pipe 

There is a reservoir at the bottom of the cooling pipe 
which serves as the fresh water tank. There is an exhaust 
water passageway (line) in the reservoir which forms a 
water cooled exhaust gas manifold. 
The filler cap on top of the heat exchanger has a pressure 
valve, which lets off steam through the overflow pipe 
when pressure in the fresh water system exceeds the 
specified value. It also takes in air from the overflow pipe 
when pressure in the fresh water system drops below 
the normal value. 

Filler cap body (with pressure control valve) 

Overflow tube 

Heat exchanger (fresh water cooler) 

O-ring 

~c....==:o......c=::,._,:==--==--F====--, 

Exhaust gas ¢ 
in plug 

=- n 
I ' 

!_J 
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~·~- _J 
' : l f 

. L_ 

I:_~ 

Filler cap 

Heat exchanger 

Sea water Outlet 

-,-.----++-,-·""F9-"~--b 
r-~=::::.,··-- Sea water inlet 

Cooling tube Baffle plate 

Exhaust manifold 

9 Exhaust gas 
outlet 
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4-2 Specifications of heat exchanger 

MODEL UNIT 3JH3E 

Tube dia. mm ¢, 6 I tf 5X54 

Tube surface area rn' 0.193 

Tube surface area/output m 0.0048 

Fresh water frow Uhr 4200 

Sea water frow €/hr 3800 

Fresh water velocity mis L21 

Sea water velocity m/s 1.99 

4-3 Disassembly and reassembly of the heat 
exchanger 

{ 1 } Remove the covers on both sides and take out the cool­
ing pipe and O-ring{s}. 

NOTE : Replace the 0-ring(s) when you have removed the 
cooling pipe. 

(2} Remove the filler assembly 

4-4 Heat exchanger inspection 
(1) Cooling pipe inspection 

1) Inspect the inside of the tubes for rust or scale buildup 
from sea water, and clean with a wire brush ii neces­
sary. 

NOTE: Disassemble and wash when the cooling water 
temperature reaches 85 t'. 

2} Check the joints at both ends of the tubes for loose­
ness or damage, and repair if loose, Replace ii dam­
aged or corroded 

3) Check tubes and replace if leaking. 
4) Clean any scale or rust off the outside of the tubes. 

(2) Heat exchanger body inspection 
1) Check heat exchanger body and side cover for dirt and 

corrosion. Replace if excessively corroded, or cracked. 
2) Inspect sea water and fresh water inlets and outlets, 

retighten any joints as necessary and clean the insides 
of the pipes. 

3) Check the exhaust gas intake flange and line, and 
replace if corroded or cracked. 

Prinled in Japan 
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<f,6/,p5X54 

0.347 

0.0062 

4200 

3800 

1.11 

1.99 

(3} Heat exchanger body water Leakage test 
1) Compressed air/water tank test 

Fit rubber covers on the fresh water and sea water in­
lets and outlets. Place the heat exchanger in a water 
tank, feed in compressed air from the overflow pipe 
and check for any (water) leakage, (air bubbles}. 

Pressure gauge 

/Air hose 

Test pressure 

2} Use of the tester 

0 

0 

0 

Filler cap 

r------,~ Rubber 
cap 

Tast tank 

2kg/cm2 

Fit the fresh and sea water inlets and outlets with rub­
ber covers and fill the fresh water tank with fresh 
water. Fit a pressure cap tester in place of the pres­
sure cap, operate the pump for one minute and set the 
pressure at 1.5kg/cm2 (21.331b/in.l). If there are any 
leaks the pressure will not rise. If there are no leaks 
the pressure wm not fall. 

Pressure tester 

Pressure gauge 

Rubber cap 

Rubber cap 0 

0 
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5. Pressure Cap and Sub Tank 
5-1 Pressure cap construction 
The pressure cap mounted on the fresh water filler neck 
incorporates a pressure control valve. The cap is mounted 
on the filter neck cam by placing it on the rocking tab and 
rotating. The top seal of the cap seals the top of the filler 
neck, and the pressure valve seals the lock seat. 

5-2 Pressure cap pressure control 
The pressure valve and vacuum seal both seal the valve 
seat when the pressure in the fresh water system is with­
in the specified value of 0.9kg/cm2 • This seals the fresh 
water system. 
When the pressure within the fresh water system exceeds 
the specified value, the pressure valve opens, and steam 
is discharged through the overilow pipe. When the fresh 
water is cooled and the pressure within the fresh water 
system drops below the normal value, atmospheric 
pressure opens the vacuum valve, and air is drawn in 
through the overflow pipe. 

Pressure valve spring 

Overflow pipe 
\ 

_______ \\\ 

~[ITCJ 

The sub tank {which will be described later), keeps the 
water level from dropping due to discharge of steam when 
the pressure valve opens. 

Action of pressure control valve 

Pressure valve Open al 0.9 kg/cm' 

Vacuum valve Open at 0.05 kg/cm' or below 
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5-3 Pressure cap inspection 
Precautions 
Do not open the pressure cap while the engine is running 
or right after stopping because high temperature steam 
will be blown out. Remove the cap only after the water 
has had a chance to cool down. 

(1) Remove scaie and rust, check the seat and seat valve, 
etc. for scratches or wear, and the spring for corrosion 
or settling Replace if necessary 

NOTE : Clean the pressure cap with fresh water as it will 
not close completely if it is dirty. 

(2) Fit the adapter on the tester to the pressure cap. Pump 
until the pressure gauge is within the specified pres­
sure range (0.75~1.05kg/cm2) and note the gauge 
reading. The cap is normal if the pressure holds for 
six seconds If the pressure does not rise, or drops 
immediately, inspect the cap and repair or replace as 
necessary. 

Parts No. of cap tester i 20445-44600 

5-4 Function of the sub tank 
The pressure valve opens to discharge steam when the 
steam pressure in the fresh water tank exceeds 0.9kg/cm' 
(12.80lb/in.'). 
This consumes water. The sub tank maintains the water 
level by preventing this discharge of water. 
The steam discharged into the sub tank condenses into 
watch, and the water level in the sub tank rises. 
When the pressure in the fresh water system drops 
below the normal value, the water in the sub tank is 
sucked back into the fresh water tank to raise the water 
back to its original level. 
The sub tank facilitates long hours of operation without 
water replacement and eliminates the possibility of burns 
when the steam is ejected from the filler neck because the 
pressure cap does not need to be removed. 
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Subtanke!J 
,_ 

30 

Filler cap 
/ 

mm 

-----~m 
d 

! '-::::,:--,---+ 0J 

0 
r--

5-5 Specifications of sub tank 

Overall capacity 

Subtartk capacity Full-scale positiOn 

low-scale pasition 

5-6 Mounting the sub tank 

61 
1120 

1251 t 
0,81 Q 

0.21 Q 

{1) The sub tank is mounted at approximately the same 
height as the heat exchanger (fresh water tank). 
(allowable difference in height : 300mm (11.8110 in.) 
or less) 

(2) The overflow pipe should be less than 1000mm 
{39.370i in) long. and mounted so that it does not sag 
or oend, 

Sub lank 

NOTE : Make sure that the overflow pipe of the sub tank is 
not submerged in bilge If the overflow pipe is sub­
merged in bilge, water in the bilge will be 
siphoned into the fresh water tank when the wafer 
is being cooled. 

Printed in Japan 
HINSHr-H8009 6-11 

5-7 Precautions on usage of the sub tank 
(1) Check the sub tank when the engine is cool and refill 

with fresh water as necessary to bring the water level 
between the tow and fult marks, 

(2) Check the overflow pipe and replace if bent or cracked 
Cfean out the pipe if it is dogged up. 
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6. Thermostat 
6-1 Functioning of thermostat 
The thermostat opens and closes a valve according to 
changes in the temperature of the fresh water inside the 
engine, controlling the volume of water flowing to the heat 
exchanger from the cylinder head, and in turn maintain­
ing the temperature of the fresh water in the engine at a 
constant level. 
The thermostat is bottom bypass type It is located in a 
position connected with the cylinder head outlet line at 
the top of the top of fresh water pump unit. 
When the fresh water temperature is low (75.0°C ~ 7s.o·c 
or less}, the thermostat is closed, and fresh water goes 
from the bypass line to the fresh water pump intake and 
circulates in the engine. 
When the fresh water temperature exceeds the above 
temperature, the thermostat opens, and a portion of the 
water ls sent to the heat exchanger and cooled by sea 
water, the other portion going from the bypass line to the 
fresh water pump intake. 
The bypass line is closed off as the thermostat valve 
opens and is completely closed when the fresh water 
temperature reaches 81.5°C (valve lifts 4mm (0.1575in)), 
sending all of the water to the heat exchanger. 

- Impeller 

When valve is closed (by-pass passage is opened) 
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To heat exchanger 

When valve is opened (by-pass passage is closed) 

6-2 Thermostat construction 
The thermostat used in this engine is of the wax pellet 
type, with a solid wax pellet located in a small chamber. 
When the temperature of the cooling water rises, the wax 
melts and increases in volume. This expansion and con­
struction is used to open and close the valve 

6-3 Characteristics of thermostat 

Opening temperature 

Full open temperature 

Valve lift at full open 

By.pass valve lift 

By.pass valve close temperature 

75~78"C 

90' 

8mm 

3.7mm 

a1.s·c 
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6-4 Thermostat inspection 
Remove the thermostat cover on top of the fresh water 
pump and take out the thermostat. Clean off scale and 
rust and inspect, and replace if the characteristics (pertor­
m an c e) have changed, or if the sprfng is broken, 
deformed ar corroded. 

Thermostat cover 
(fresh water oul!et connection} 

~Gasket 

Printed in Japan 
HINSHI-H8009 

..--Thermostat 

C) 

~- Fresh water pump body 
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6-5 Testing the thermostat 
(1) Put the thermostat in a Leaker with fresh water, and 

heat it on an electric stove. The thermostat is function­
ing normally if it starts to open between 75~780'C, 
and opens 8mm or more at 90"C Replace the thermo­
stat if it is not functioning normally. 

{2) Normally, the thermostat should be inspected every 
500 hours of operation, but, lt shoufd be inspected 
before this if the coating temperature rises abnormafly 
or white smoke is emitted for a long time after engine 
starting. 

(3) Replace the thermostat every year or 2000 hours of 
operation {whichever comes first}. 



Chapter 6 Cooling Water System 
_7_. _B_il~g_e_P_u_m...;p:...,_a_n.;.d_B_1~·1g~e-S_tr_a_in_e_r_(...,O_p_t_io_n_a..;.l) _________________ 3,41H3(B)(C)E 

7. Bilge Pump and Bilge Strainer (Optional) 
7-1. Introduction 
7-1.1 General Introduction 

Name Bilge pump 

Time 10 minutes 

Rotation direction Right (viewed from !he impeller side) 

Weigh! Pump 1.4kg 

Switch ASSY 0.3kg 

Negative pressure 
detector Diaphragm type 

Temperature -30'C~ 80'C 

7-1.2 Exterior 
(1) Pump dimensions 

Length 225mm 

Yoke diamete ¢ 61 

Assembly hole diameter ¢5.3 

Assembly pitch 50X90mm 

For further details on the above dimensions, refer to 
External View (0790 001 0710). 

(2) Switch ASSY dimensions 

Length 64mm 

Assembly hole diameter ¢ 4.5 

For further details on the above dimensions, refer to 
External View . 

{3) Surface condition 
Paint, plating, assembly, and finishing touches are 
well-done and without rust , scratches or other blem­
ishes. 

7-2. Description 
7-2.1 Characteristics 
(1) Discharge At lift : Om discharge capacity : 20 £ /min. or 

greater. 
(2) Automatic feeding height : 1 m or greater 

(Limit for automatic feeding height : new pump with 
inside parts wet, approx. 2m) 

(3) Automatic feeding time : 2~5secs. 
(Limit for automatic feeding time : new pump with 
inside parts wet, approx. 1 sec.) 

(4) Automatic stopping : Air intake causes negative pres­
sure triggering automatic stopping. 

6-14 

7-2.2 Insulation 

(1) Insulation resistance : SOOV with a megatester when 
the difference between the continuity point and the 
body is 1 M Q or greater. 

(2) Insulation proof stress : ACSO between the 
continuity point and the body, or 60hz 500v for 1 
minute when impressed current leakage is 1 OmA or 
lower. 

7-2.3 Durability: Rated voltage when there is 3% salt 
water 60 .e + engine oil 3%, and operation is 
at 1800 cycles and there are no difficulties. 

7-2.4 Vibration proof: Amplitude 0.51 mm (one side 
of the amplitude) 

Vibration frequency 10~55Hz 
Sweep time 90secs. 
Direction of vibration each direction 4 hours 
No difficulties after test period 

7-3. Cautions 
(1) Attach at a position higher than the bilge water away 

from rain or other water, and 50~ 70cm above the bot­
tom of the boat. 

(2) Never run the pump dry. Be sure that the strainer is 
inserted in the drain water before pushing the switch. If 
no water is being drawn up after a period of 1 O sec­
onds or more, prime the pump. (Do not run the pump 
for longer than 1 0 seconds when no water is being 
drawn up.) 

(3) When the pump has not been used for a long period of 
time, the inside of the pump will be dry and drawing 
ability will be lowered. Before reusing, clean the inside 
of the pump or prime it to insure that it is wet. and 
check to be sure that the pump is then operating cor­
rectly. 

(4) When charging the diesel engine oil, wait a period of 
30 minutes or longer from the time of stopping (oil 
temperature 20~ 70'C). Refrain from operation when 
the oil temperature is below 1 s·c, or above so·c. 

(5) When the bilge inside the pump or hose freezes, com­
pletely melt the water with a steaming towel before 
beginning operation. When the temperature inside the 
pump is low, it will take a longer amount of time for the 
pump to drain off the bilge. 

(6) The impeller replacement kit includes one impeller and 
3 washers for adjusting the side gap. If after replacing 
the impeller the pump does not drain, place side gap 
adjustment washers underneath the bottom plate to 
adjust. Select the number of washers used in accor­
dance with the following. (When the pump is draining, 
the electric current load is about SA. When there are 
too many washers, the electric current value will be 
too great and will blow a fuse.) 
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(7) The pump cannot be used to drain oft rain water or 
large amounts of flood water. The pump can be run 
continuously for a period of 1 O minutes. After this time 
it must shut off for a period of 2 hours before reusing. 

(8) Do not use the pump for showering. 
If the pump outlet is deformed for showering, the 
increase in water pressure w ill increase the load on 
the motor and cause motor seizure. 

(9) Fix the strainer so that it will not turn upside down or 
on its side. 

(10) When sludge has built up in the bilge to be drained, 
position the strainer about 20mm above the sludge. 
When the pump is stopped, be sure there is no sludge 
remaining inside the pump. 

(11)The specific gravity for the battery fluid is 1.25 or more. 

Assembly Procedure 

*When bilge is being used, assemble in accordance with 
the following. 

1. Assembling the bilge pump 
• Select a dry place above the bilge water level. 
• Select the location for the bilge pump taking into consid• 

eration the length of the switch cable (approx. 3m) and 
its attachment point, and the position of the battery. 

• Position at a 45° angle as shown in the illustration with 
the nozzle facing up, and 5O~7Ocm from the bottom of 
the boat. 

15X12 screw, 4each 
45' 

////1 Bilge ///ill 

2. Assembling the switch 
• Attach in a place to insure easy operation away from 

rainwater. 
• Connect the terminal to the battery. 

(When the cord will not reach the battery, an extension 
of no greater than 3m length suitable for AV3mm'can be 
attached.) 

6-16 

;5X12screw, 
Controller 

~ /2mm' 
~ AV2wire Red(+) 

J~ 2mm' c 
AV2wire White(-) ( - ) : 

3. Positioning the strainer 
• Attach at the place where the greatest amount of water 

is collected when the boat is stopped. 
• It is best to place the strainer as close to the bilge pump 

as possible. Cut the 3m hose to a length of 1.2m~1.8m 
and attach allowing plenty of give. 

• Check the strainer during a test operation before screw­
ing firmly into place. 
(When the strainer is screwed in, be especially careful 
not to damage the bottom of the boat.) 

• The strainer contains a weight, and can be used with 
the weight in place. 

• Always keep the strainer clean. 

/4X16screw, 1 each 

4. Attaching the delivery nozzle {outlet) 
• Make a fixing hole of ¢ 21 or less for attaching the noz­

zle. The hose attached at the nozzle should be 1.8m or 
less and should reach without any strain, therefore care 
should be taken in deciding on the best position. 

• Fix the nozzle (outlet) in place and attach on the dis 
charge side of the pump. 

' "''~% . ---h-0s1-e--

' Delivery nozzle ? 

Printed in japan 
HlNSHl-H8009 



Chapter 6 Cooling Water System 

.:.Z:.. ;;;B;;;il,:..g;;.e.:.P..;;u;;,;m;aP:...;;;an;;,;d::..;;;B.:.il;;.g.:.e..;;S_;;tr;;.;a;;i;;.;.ne,;;;r;...:.;(O""p;;.;t.:.io_;;n_;;a.:.1) ________________ 3_4JfI3(BJ(C)E 

5. Attaching the hose 
• Attach the hose from the strainer to the pump inlet. 
• Attach the delivery nozzle hose to the pump outlet. 
• Make the hose as short as possible and avoid sharp 

bends. 

6. Test operation 
• Collect water in the bottom of the boat, and check for 

any problems with the hose or wiring. After doing this, 
connect the battery. 

• Turn on the pump switch, and check to see that water is 
being taken in and discharged properly. The pump will 
stop automatically when there is no water left. 

• If the inside of the pump is dry, or if the water is not 
being drawn up initially after a period of 1 O seconds, lift 
the strainer above the water surface and stop the pump. 
Prime the pump before starting it up again. 

7. Fixing the strainer 
• Alter the test operation, fix the strainer into place with 

screws. 
(Be careful not to damage the bottom of the boat with 
the screws.) 

Cautions for Assembling 
Observe the following cautions for handling. 

'1)Do not use gasoline or solvents. 
i. gasoline 2. ester 3. benzol 4. battery fluid 
5. liquids at 70°C or greater or engine oil 

QNever run when there is no water in the bilge. 
Check to be sure that the strainer is in the water before 
turning on the switch. 

QKeep the cord terminal away from the water. Water 
inside the motor or switch may lead to damage. When 
the insulation around the cord is damaged, water can 
seep in to the wires; thus, care should be taken not to 
scratch or nick the cord. 

QWhen the pump has not been used for a long period of 
time, the inside of the pump will be dry and it may not 
operate properly at first. If after1 O seconds the pump is 
not working, turn off the switch and prime the pump 
before trying again. 
(Never run the pump dry for a period of greater than10 
seconds.) 
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OReplace the diesel engine oil only alter the engine has 
been stopped for a period of 30 minutes (oil temp. 20-
700C). Whenever possible refrain from operation when 
the oil temperature is below 15°C or above so·c. 

©Bilge water left in the hose or inside the pump can 
freeze, and care should be taken to see that any excess 
bilge is completely discharged. If bilge water should 
freeze inside the hose or pump, it should be completely 
melted before starting up the pump. When the temper­
ature inside the pump is low, it will take a longer time for 
the pump to operate. (0°C, 5-10secs,) 

QKeep the pump in a dry place away from rain or other 
water. 

QUse the regulation hose; do no use thin vinyl hose or 
hose which is not heat• resistant. 

©The pump cannot be used to drain off rainwater or large 
quantities of flood water. This pump can be operated 
continuously for a period of 1 O minutes. 

QDo not use the pump for showering. 
If the pump outlet is deformed for showering, the 
increase in water pressure will increase the load on the 
motor and cause motor seizure. 

©When sludge has built up in the bilge to be drained, 
position the strainer about 20cm above the sludge. 
When the pump is stopped, be sure there is no sludge 
remaining inside the pump housing. 

©The specific gravity for the battery fluid is 1.25. 
QRefer to your local dealer for impeller replacement. 

The local dealer will perform the following. 
The impeller replacement kit includes one impeller and 
3 films for adjusting the side gap. If after replacing the 
impeller the pump does not drain, place side gap adjust• 
men! washers underneath the bottom plate to adjust. 
Select the number of films used in accordance with the 
following. (When the pump is draining, the electric cur­
rent load is about 10A for 12V and 5A for 24V. The 
pump operates efficiently at these electric current 
loads.) 
•steps for replacement 
1. Remove the impeller plate by taking out the M4 

screws (4) and opening the top of the diaphragm 
switch and the. 
(Screw lock has been applied to the screw, and a 
dryer should be used to heat the screw before remov­
ing it.) 

2. Clean the inside of the pump. 
3. Grease the plate, impeller, and film for side gap 

adjustment, and then reassemble the pump by insert­
ing first the film plate and then the impeller. 
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Troubleshooting 
Refer to the following countermeasures for difficulties that arise. 

Problem Cause 

1. Pump does not turn Faulty wiring 

Faulty battery 

Faulty starter switch 

Faulty pump 

2. Pump turns but does not draw up Draws up air. 
water. 

Low voltage in battery. 

The distance between the pump 
and the surface of the water is 
too great. 

The pump is too high. 

Pump intake is weak. 

3. Pump turns, but the amount of Clogged stra"iner 
discharge is low. 

Hose is broken or damaged. 

4. Water leakage from pump Water leakage from packing 

Faulty pump seal 

5. Pump draws up bilge, but motor Faulty diaphragm switch 
stops when hand is removed from 
starter switch. Damaged diaphragm switch 

6. Motor does not stop when there. Clogged strainer or hose 
is no bilge water left 

Damaged diaphragm switch 
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Countermeasure 

Check the wiring between the motor and battery. 

Check to see if the specific gravity of the battery 
fluid is greater than 1.25. 
Recharge or replace the battery. 

Consult your local dealer. 

Consult your local dealer. 

Check hose connections. 
Retighten pump screws. 

Check to see if the specific gravity of the battery 
fluid is greater than 1.25. 
Recharge or replace the battery. 

Lower the pump. (Position the pump so that it is closer 
to the surface of the water.) 

Lower the pump. (Position the pump so that it is 50~ 
70cm above the bottom of the boa!.) 

ff intake is still faulty after priming, consult your local 
dealer. 

Clean strainer. 

Check for damage and repair. If incorrect hose has 
been used, replace with the regulation type of hose. 

Retighten pump screws. 

Consult your local dealer. 

Check for loose wiring in diaphragm switch and correct. 

Consult your local dealer. 

Clean strainer or hose. 

Check for continuity of diaphragm switch terminal. 
Consult your local dealer if there is continuity. 
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Marine Gear Models 

KM3A 
for Engine Models 3JH3BE 

4JH3BE 

1 . Construction 
1 -1. Construction 
This clutch is a cone-type, mechanically operated clutch. 

When 1he drive cone (which is connected to the output 

shaft by the lead spline}is moved forward or backward, 

its taper contacts with the large gear and transfers power 

to the output shaft. 

The construction is simple when compared with other 

types of clutch and if serves to reduce !he number of 

components, making for a lighter, more compact unit 

which can be operated smoothly. Although it is Small, 

the power transmission efficiency is high even under 

;;i heavy load. Its durability is high and it is also reliable 

because high grade materials are used for the shaft 

and gear, and. a taper roller bearing is incorporated. 

Power transmission is smooth because connection with 

the engine is made through the damper disc. 

• The drive cone is made from special aluminum 
bronze which has both higher wear-resistance and 

durability. The drive cone is connected with the 

output shaft through the thread spline. The taper 

c1ngle, diameter of the drive cone, twist angle, and 

diameter of the thread spline, are designed to give the 

greatest efficiency, thus ensuring that the drive cone 

can be readily engaged or disengaged. 

• Helical gears are used for greater strength. 

The intermediate shaft is supported at 2 points to 

reduce deflection and gear noise. 

• The clutch case and mounting flange are made 
from an aluminum alloy of special composition to 

reduce weight. 
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It is also anticorrosive against seawater. 

• As the damper disc is fitted to the input shaft, power 
can be transmitted smoothly. 

• There is small clearance between the dipstick and the 
inside of the dipstick tube. A small hole in the dip­

stick works as a breather. 

• When the load on the propeller is removed, the 
engagement of the drive cone and the large gear is 

maintained by the shifter and V-groove of the drive 

cone. Even when the drive cone's tapered area and 

V-groove are worn, this engagement is maintained by 

the shift lever device and accordingly no adjustment of 

the remote control cable rs required. 

• The cup spring on the rear of the larger gear absorbs 
rotational fluctualions and stabilizes the engagement 

of the drive cone and the larger gear. Thus, the 

durability of the cone against wear is enhanced. 
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1-2 Specifications 

Model 

For engine models 

Clutch 

Forward 
Reduction ratio 

Reverse 

Propeller shaft rpm (Forward) 

Input shaft 

Direction of rotation I Forward 
Output shaft I Reverse 

Control head 

Cable 
Remote control 

Clamp 

Cable connector 

Outer diameter 

Output shaft coupling Pitch circle diameter 

Connecting bolt holes i 

Position of shift lever 

Lubricating oil 

Lubricating oil capscity 

Dry weight 

Note 

In the case of clutch model KM3A, when are larger pro­

peller or moment of inerta of the propeller than those list­

ed in the table bellow is used, install the limiter (Option). 

KM3A 

3JH3BE 4JH3BE 

Constant mesh gear with servo cone clutch (wet type) 

2.33 2.64 2.33 2.64 

3.04 3.04 3.04 3.04 

1577 1396 1577 1396 

Counter-clockwise, viewed from stern 

Clockwise, viewed from stern 

Counter-clockwise, viewed from stern 

Single lever control 

Morse. 33-C (cable travel 76.2mm or 

YANMAR made. standard accessory 

YANMAR made, standard accessory 

¢100mm 

¢78mm 

4-¢10.Smm 

Right side, viewed from stern 

SAE 20/30 

0.452 

12kg 

Reduction ratio No. of blade Diameter of the propeller Moment of inertia (GD'kg-m') Material 

3 450 
2.33 

4 425 

3 470 
2.64 

4 440 

3.21 
3 490 

4 460 

(mm) 

7-2 

_;;,;0_15 

~0.19 

~0.23 

Bronze 
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1 ~3 Power transmission system 
1 -3-1 Arrangement of shafts and gears 

large gear of 
output shaft 

Idle gear Input gear 

_.,,..- Input shaft 

Output shaft 

Shatt arrangement 
viewed from the stem 

Intermediate shsft 

/ 
/ 

Forward large gear 

Forward small gear 
with input shaft 

,/ 

Reverse small gear 
with input shaft 

Reverse large gesr Output shaft 

1 ·3-2 Reduction ration 

Forward 

Model 

KM3A 

Reverse 

No. of teeth 
Model of reverse small gesr Zif 

KM3A 
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23 

Na. of teeth No. of teeth 
Reduction retio Zof/Zif of forward small gesr Zif of forward 18rge gear Zof 

24 56 56124 = 2.33 

22 58 58/22 = 2.64 

19 61 61/19 = 3.21 

No. of teeth No. of teeth 
Reduction ratio Zi/Zir • Zdr/ZI of intemediate shaft gear Zi of reverse large gear Zdr 

36 70 70/23 = 3.04 

7-3 
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1. Construction 
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Drive cone 

ll 
Intermediate gear I 

Reverse large gear 

Drive cone 

1-3-4 Power transmission routine-reverse 

Drive cone 

Reverse large gear 

Drive cone 

7-4 

Oulput shaft 

I 
Output shaft coupling 

Output shaft 

0 

Output shaft coupling 
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Damper disc 

Fan 
• 

• ·c . 
c:,. 
• • <? 

Marine gear box 
Model & serial No . 

Lock nut . 
Roller bearing 

Collar 

Packing 
Drain plug 

Stay 
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1-5 Sectional view 
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2. Shifting Device 
2-1 Construction of shifting mechanism 

Washer Split pin 
Shift lever l ff 

Pivot ") 
I ·V 

19~~, 

~\. <f ~.\ 
Stopper bolt ✓ 

I 
Bolt (MS x 25) 

Bolt (MS x 30) 

The shift lever shaft is installed on the side cover with 

neutral, forward and reverse positions provided on this 

cover. The neutral, forward and reverse location pins of 

the shift lever shaft are constantly inserted into their 

respective grooves on the shift lever by the tension of 

the shifter spring. The shifter is set on the eccentric hole 

of the shift lever shaft and moves the drive cone in the 

neutral position either to the forward or reverse posi­

tions.and then back to the neutral positions. (The shift 

lever shaft moves slightly to the shift lever or drive cone 

side when the shift lever is placed in the forward on 

reverse positions.) 
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--------- . ~-ID-✓· --~ 
Eccentric 

; 

Shifter installation , 
center .1 / 

~/ 
==-------- Shifter 

~"'=-~ 
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2-2 Forward and reverse clutch operation 
(Neutral ⇒ Forward; Neutral ⇒ Reverse) 

When the shift lever is moved to forward position from 
the neutral position, the shift lever shaft starts to revolve, 
and the location pin disengages from the neutral V­
groove position of the side cover, (Shift lever moves 
approx. 0.5mm to the drivecone side.) Al this time the 
shifter, moves the drive cone's V-groove to the forward 
large gear. 

When the location pin of the shift lever shall falls in the 
forward position groove of the side cover, the shift lever 
shaft moves approx. 3mm to the shift lever side, and the 
shifter stars to press the drive cone V-groove to the for­
ward large gear side through the spring force. 

2-3 Engagement and disengagement of clutch 
(Forward ⇒ Neutral; Reverse ⇒ Neutral) 

When the shift lever is moved to the forward position 
from the neutral posit'1on, the sh·1ft lever shaft starts to 
revolve, and the location pin disengages from the for­
ward position groove of the side cover. (The shift lever 
shaft moves approx. 3mm to the drive cone side.) At 
tt1is time, the shifter which is set on the eccentric hole 
of the shift lever shaft is moved to the neutral side 
(reverse large gear side). The drive cone, however, is 
engaged with the forward large gear through the torque 
force produced by the revolving centrifugal force. 

Further, when the shilt lever shaft starts to revolve, and 
the positioning pin falls in to the neutral V-groove position 
of the side cover (the shift lever shaft travels approx. 
5mm to the shift lever side), the shifter moves to the shift 
lever side(to the spring side) while moving the _V-groove 
of the drive cone to the reverse large gear side. The 
movement of the shifter to the shift lever side, howev­
er, is stopped when the shifter end contacts the stop­
per bolt. The shifter only works to press the V-groove 

of the drive cone to the reverse large gear side. Thus, 
the drive cone is disengaged from the forward large 
gear. After this disengagement, the transmission torque 
of the drive cone is decreased to zero and the shift lever 
is returned to the neutral position by the spring force. 

7-8 

Shifter center 
__ F_o_rw_a_r_d_~ (Cone center) 
i\ ~ Side I / Shift lever shaft 

~
\\, I Shift lever center 
'I I 

' I' 

Forward side 
Cone center 

Reverse 
side 

At 

Reverse 
side 

Shifter center 

Shift lever shaft 
I 

' (Shift lever shaft 
moves approx. 3mm) 

engagement position 

Shifter center 
Shift lever shaft 

/ 
/ 

(Shift lever shaft 

moves approx. 3mm) 
Shifter center 

1rr----~ Cone cenlar 
Shift lever shaft 

Forward 
Side 

Reverse (Shift laver 
side shaft moves 

~,..._ ___ __, approx. 0.5mrrt-. 
Side cov~r 
neutral pcsition 
(V.groove) 
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2-4 Clutch shifting force 

\shifting position Shifting lever posi- Remote control handle 
postition at 170mm 

shifting direction"" lion at 56mm (Cable length, 4m) 

Engaging force 3~4kg 4~5kg 
at 1000rpm 

Disengaging force 3.5~5 kg 4~6 kg 
al 1000rpm 

2-5 Adjustment of shifting device 
Whenever the side cover, shift lever shaft, shifter, stopper 

boll or drive cone is replaced,be sure to adjust the clear­

ance between the shi1ter end and the stopper bolt by 

using shims. When the adjustment of this clearance is 

not proper the drive cone may be improperly fitted When 

the shift lever is moved to the neutral position from either 

the for ward or the reverseposition. 
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Forward side 

Reverse side Shifter top clesrance 
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2-5-1 Measurement and adjustment of clearance 

(1) Assemble the shifting mechanism (without installing 
the stopper bolt of the shifter) to the marine gear 

case. 

NOTE : Ensure the correct alignment of the shifter 
before assembly. 

Top side 

f 
Shift lever ----Ft--+--+-------- __ _ 
shaft center 

Shifter center -+-1--+-----:i>+- ----JI--

t 
Bottom side 

(2) Turn the shift lever 10~15 degree either to the forward 

or reverse position from the neutral position. 
(3) Measure the L-distance between the shift lever shaft 

end surface and the shifter end and measure the mini­

mum L (Lmln). 

(4) Measure the H-distance (the distance from the neck of 
the stopper bolt to its end). 

(5) Obtain the shim thickness T" by the following formula. 

T = (H-Lmin + 1.25) ±0.1 mm 

NOTE : Shim set includes one each of 1 mm, 0.4mm, 
0.3mm, 0.25mm shims. 
(YANMAR Part No. 177088-06380) 

(6) Insert shim (s) of proper thickness to the stopper bolt 

side and tighten to the shift lever shaft. 

NOTE : When tightening the stopper bolt, apply either a 

non-drying type liquid packing (THREE BOND 
No.1215), or a seal tape around the bolt threads. 

Approx. 

5mm., 

Do not apply 
liquid packing1 

or seal tape to 
this area. 

7-10 

(mm) 

2-5-2 Inspect for the following points 

(to be inspected every 2-3 months) 

(1) Looseness at the connection of the cable connector 

and the remote control cable. 

(2} Looseness of the attaching nut of the cable connector 

and the shift lever. 
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2-6 Adjustment of the remote control head 
Marine gear box control side 

(1) Equal distribution of the control lever stroke. 

Neutral 

S1 S2 

Reverse Forward 

Remote Control Head 

The stroke between the neutral position - forward posi­
tion (S2), and the neutral position - reverse position {S1) 

must be equalized. 
When either stroke is too short, clutch engagement 
becomes faulty. 

(2) Equalizing the travel distance of the control cable. 

After ensuring the equal distribution of the stroke 
described in (1 ), connect the cable to the control head. 
Adjust so that the cable shift travel of the S1 and S2 
control lever strokes becomes identical. 

Newtral 

S1 S2 

Reverse 

/ 

To engine speed 
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Remote Control Head 

Note ; ( *) Cable shift travel 
S1 = More than 36mm 
S2= More than 36mm 

7-11 

Reverse 

<:, '\ 
Newtral ~ '-'! c,'b·' 

' I, 

,1;;/ 
·~1 

Forward_.-:;;,,-

2-7 Cautions 

\ 
/,, 

( \ \ 

(1) Always stop the engine when attaching, adjusting, 
and inspecting. 

(2) When conducting inspection immediately after stop­
ping the engine, do not touch the clutch. 

The oil temperature is often raised to around 90°C 
(194"F). 

(3) Half-clutch operation is not possible with this design 
and construction. Do not use with the shift lever 
halfway to the engaged position. 

NOTE: The dual (Two} lever remote control device can­
not be usded. 
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3. Inspection and Servicing 
3-1 Clutch case 
(1} Check the clutch case with a test hammer for cracking. 

Perform a color check when required. 
If the case is cracked, replace it. 

(2) Check for staining on the inside surface of the bearing 

section. 
Also, measure the inside diameter of the case. 
Replace the case if it is worn beyond the wear limit. 

3-2 Bearing 
(1) Rusting and damage. 

lf the bearing is rusted or the taper roller retainer is 
damages, replace the bearing. 

(2) Make sure that the bearings rotates smoothly. 
If rotation is not smooth, if there is any binding, or if 
any abnormal sound is evident, replace the baring. 

3-3 Gear 
Check the surface, tooth face conditions and backlash of 
each gear. Replace any defective part. 
(1} Tooth surface wear. 

Check the tooth surface for pitting, abnormal 
wear,dents,and cracks. Repair the lightly damaged 
gears and replace heavily damaged gears. 

(2) Tooth surface contact. 
Check the tooth surface contact. The amount of tooth 
surface contact between the tooth crest and tooth flank 
must be at least 70% of the tooth width. 

(3) Backlash. 
Measure the backlash of each gear, and replace the 
gear when it is worn beyond the wear limit. 

Maintenance 
standard 

Input shaft forward gear 
and output shaft forward 0.05~0.14 
gear 

Input shaft reverse gear 
0.06~0.12 and intermediate gear 

Intermediate gear and 
0.06~0.12 output shaft reverse gear 

3-4 Forward and reverse large gears 
(1) Contact surface with drive cone. 

mm(in) 

Wear limit 

0.2 

0.2 

0.2 

Visually inspect the tapered surface of the forward and 
reverse large gears where they make contact with the 

7-12 

drive cone to check if any 
abnormal condition or sign 
of overheating exists. 
If any defect is found, 
replace the gear. 

(2) Forward/reverse gear needle bearing. 

Tapered surlace 

When an abnormal sound is produced at the needle 
bearing, visually inspect the rollers; replace the bear­
inq if the rollers are faulty. 

0 i2 
'Rollers 

3-5 Drive cone 
(1) Visually inspect that part of the surface that comes 

into contact with the circumferential triangular slot 
to check for signs of scoring, overheating or wear. If 
deep scoring or signs of overheating are found, 
replace the cone. 

contact surface 

Helical involute spline 

(2) Check the helical involute spline for any abnormal 
condition on the tooth surface, and repair or replace 
the part should any defect be found. 

(3} Measure the amount of wear on the tapered contact 
surface of the drive cone, and replace the cone when 
the wear exceeds the specified limit. 
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mm 

Standard dimensions Limited dimensions 

Dimensions 2 j KM3A 29.2-29.8 28.1 

NOTE : When dismantled, the forward or reverse direc­
tion of the drive cone must be clearly identified. 

(4) If the wear of the V-groove of the drive cone is exces­
sive, replace the part. 

NOTE : When replacing the dive cone, the dnve cone and 
forward large gear and reverse large gear must 
be lapped prior to assembly. 
The lapping procedure is descnbed below. 

3-5-1 Lapping Procedure for Drive Cone 

(1) Coat the lapping powder onto the cave of the clutch 
gear (Lapping powder : 67 micron silicon carbide 
#280) 

(2) Set the large gear on the clutch shaft with a needle 
bearing and then set the drive cone on the clutch 
shaft 
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(3) Lap the large gear's cave and drive cone, pushing 
them together by hand. 

(4) Push and turn the clutch gear about 5 times both 
clockwise and counter-clockwise. 

(5) After lapping them, wash them with washing oil. The 
lapped parts should be cleaned completely. 

Large 

NOTE: Do not mix the combination of the lapped parts. 
The washing oil should be changed frequently in 
order to prevent residual powder being left on the 
parts. 

When assembling the drive cone, be sure to 
check its alignment. The larger chamferrng face 
should be on the forward large gear side. 
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3-6 Thrust collar 

/ 

Thrust collar A 

Cup spring 

Forward large gear 

Thrust collar B 

u 
I 

7-14 

Thrust collar B 

Printed in Japan 
HINSHI-H8009 



Chapter 7 Reduction and Reversing Gear 
~3:..;. I!!n:,,:;s~p;;,e:;,;ct;:,;io~n.;.,:.an:.:;d::..:,;S;;;e.:;;,.r.;.;v1;;·c:.:in.:.figi:.-______________________ 3,4JH3(B)(C)E 

(1) Visually inspect the sliding surface of thrust collar A 
or B to check for signs of overheating, scoring, or 

cracks. 
Replace the collar if any abnormal condition is 

found. 
(2) Measure the thickness of thrust collar A or B, and 

replace it when the dimension exceeds the specified 

limit. 

t1 
t2 

1-Sliding surface Sliding surface~-r 

Thrust collar A Thrust collar B 

Stepped wear Limit for use 

Thrust collar A, t1 O.C5 

Thrust collar B, t2 0.20 

3-7 Cup spring 
(1} Check for cracks and damage to the cup spring. 

Replace the part if defective. 
{2) Measure the free length of the cup spring. lf the length 

or the thickness deviates from the standard size, 
replace the part. 

Cup spring 

Cup spring.T 
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r 

mm 

Standard 

2.8~3.1 2.6 

7-15 

3-8 Oil seal of output shaft 
Visually inspect the oil seal of the output shaft to check if 
there is any damage or of! leakage; replace the seal when 
any abnormal condition is found. 

3-9 Input shaft 

Oil seal 

~~ ~®../ Rollar bearing 

~/ 

I tJ ·. 
lnput shaft 

Roller bearing 

(1} Spline part 

Whenever uneven wear and/or scratches are found, 
replace with a new part. 

(2) Suriace or rn! seaL 

1f the sealing surface of the oil seal is worn or 
scratched, replace. 

3-1 o Output shaft 

f)_ Straight pin 
Key slot y 

I 

'r o Hellca! invofute sp!lne 

Ket slot 

(1) Visually inspect the spline and the helical involute 
spline, and repair or replace a part when any abnor­
mal condition is found on its surface. 
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3-11 Intermediate shaft 

Ball bearing 

Intermediate shaft 

(1) Ball bearing 

Check the turning condition with gently rotate, and 
when bearing is sticked or damaged. 
Replace if necessary. 

3-12 Shifting device 

3-12-1 Shifter 

Locatioo pio-n IA 
~ Slidiog sorlace of shiftet 

Spring 

Shift lever shaft 

(1) Visually inspect the surface in contact with the drive 

cone, and replace the shifter when signs of overheat­
ing, damage or wear are found. 

(2) Measure the shaft diameter of the shifter. 

Replace the shaft if the size deviates from the stan­
dard. 

7-16 

D2 D1 

mm 

Standard Limit 

D1 6.69~6.70 6.50 

D2 11. 966~11.984 11. 95 

Shift lever shaft, 12.0~12.018 12.05 Shifter insert hole 

3-12-2 Shift lever shaft and location pin 

(1) Check the shift lever shaft and location pin for 
damage or distortion, and replace defective parts. 
If the location pin must be replaced, replace it 
together with the shift lever shaft. 

(2) Measure the diameter of the shift lever shaft and the 
shifter insertion hole. Replace the part if the size devi­
ates from the standard value. 

¢ 5, Location pin 

Standard 

01 27.959~27.98 

D2 12.0~12.018 

Side cover, 28.0~28.021 Shifter insert hole 

mm 

Limit 

27.90 

12.05 

28.08 
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3-12-3 Shifter spring 
(1) Check the spring for scratches or corrosion. 

(2} Measure the free length of the spring. 

Shifter spring Standard Limt 

Free length 22.6mm 19.8mm 

Spring constant 0.854kg/mm 

Lenglh when attached 14.35mm 

Load when attached 7.046kg 6.08kg) 

3-12-4 Stopper bolt 
Check the stopper bolt. If it is worn or stepped, replace. 

Approx. J!==t====::::::!...-------1 
5mm (0.1968in.) -------Do not applv 

liquid packing' 
or seal tape to 
this area. 

3-12-5 Side cover and oil seal 

(1) Check the neutral, forward and reverse position 

grooves. 

Replace if the grooves are worn. 

(2) Measure the insertion hole of the shift lever s haft. 

Replace if the size deviates from the standard value. 

(3) Check the oil seal and the O-ring for damage. 

Replace if the part is defective. 

Neutral -

Forward--
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3-13 Damper disc 

%;) 
() 

Spline-:.--,....-"-....,..;-v-:Y 

f;;i .., 

Pin Spring 

( 1 ) Spline part. 

Whenever uneven wear and/or scratches are found, 

replace with a new part. 

(2) Spring. 

Whenever uneven wear and/or scratches are found, 

replace with a new part. 

(3) Pin wear 

Whenever uneven wear and/or scratches are found, 

replace with a new part. 

(4) Whenever a crack or damage to the spring slot is 

found replace the defective part with a new one. 

3-14 Shim adjustment for output and input 
shafts 

Check the thickness of shims for both input and output 

shafts. When the component parts are not replaced after 

dismantling, the same shims can be reused. When the 

clutch case and flange or any one of the following parts ls 

replaced the thickness of the shim must be determined in 

the following manner. 

For input shaft part: input shaft, bearing. 

For output shalt parts: output shaft, thrust collar A, thrust­

collar B, gear, bearing. 
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(1} Shim thickness (T2,T3} measurement of output shaft 

(a) Measure the bearing insertion hole depth (A) of the 
mounting flange, and the bearing insertion hole 
depth (A) of the clutch case. 

(b} Measure the length (B} between the bearing outer 

race. 
NOTE : Tighten the mounting flange nut of the output 

shaft assembly with the specified torque. Press­
fit the inner race of the clutch case roller bearing 
to the large gear side . 

r -~-, .-. iU3 Clutch case. 

. .1 ..r 7 )n J .J . . 

! O"tp,t shaft I i . ~ 

T2 

l fl c9··r v 
";_J L _J' ·t_ - 'u· I ·- ~_J~-

Mounting flange 

(c) Measure lenghts (D) and (C) from the outer race 
end of the clutch case bearing included in the out­
put shaft assembly. 

NOTE: Before measuring length (D) and (CJ, press the 
forward large gear and the reverse large gear to 
the drive cone untif there is no clearance. 

(d) Obtain thicknesses (T2) and (T3) by the following 
formulas: 

T2 = A+A'-B-T3 (T2: Clearance ±g.,mm) 

T3(KM3A} = A' -50-C/2-D (Tolerance±0.05mm) 

Clutch case 

7-18 

Out put shalt assy 

C D 

B 

. T1 
Mn,ntmgn~~ 

r----"4i-= 1-1--Fm 
. j~·-·j·-·-L~ 

Clutch case 

T1 : Clearance±0.05 

1. Assemble the outer bearing race without inserting 
shims into the clutch case body and flange, and then 
assemble only the input shaft. 

(Caution): The outer bearing race should be inserted all 
the way to the bottom. 
Do not suspend it halfway. 

2. Fasten the case body and the flange by tightening 2 
bolts diagonally. 

3. Fasten the dial gauge to the flange and fit the needle 
to the end lace of the input shaft 

4. Move the input shaft up and down manually and read 
the dial gauge figure to decide the shim thickness. 

{Note): The bearing installation hole does not make a right 
angle to the joint face of the case and flange. 
Accordingly, precise measurement at the service 
site is not possible. 
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(2} Standard size of parts 
mm 

A+A.' B C D 
Drive cone ne ~tr al 

center position 

138.40~ 136.56~ 20.50~ 57.83~ 
50 

138.75 138.10 21.10 58.65 

NOTE: Compare your measurements with the above 
standard size. If your measurements differ large­
ly from the standard sizes, measurements may 
not be correct. Check and measure again. 

(3} Adjusting shim set 

Part No. Tickness. mm(in.) No.of shims 

1.0 1 
Input and 17708 8- 02300 0.5 1 
Output shaft 0.3 2 

0.1 3 

3-15 Torque limiter 

Housing Coupling 

The torque limiter assembly includes these parts. 

The conversion to the torque limiter specification is easy 

by exchanging the standard shaft coupling. (Use the 

check nut, not the end nut, to install the torque limiter.) 
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4. Disassembly 

4-1. Dismantling the clutch 
(1} Remove the remote control of cable. 
(2) Remove the clutch assembly from the engine mounting 

flange. 

{3} Drain the lubricating oil. 
Drain the lubricating oil by loosening the plug al the 
bottom of the clutch case. 

Drain plug 

7-20 

(4) Remove the end nut and output shaft coupling. 

Torque wrench 

NOTE: Take care as it has a left-handed thread. 

(5) Remove the oil dip stick and O-ring. 

{6) Remove the fixing bolts on the side cover, and also 

remove the shift lever shaft, shift lever and shifter. 

[l(~il 
_......_.L r-z-r-.:,: 

---- ~----~·~ 
_·-__ {~. 
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(7) Remove the bolts which secure the mounting flange to 
the case body, give light taps to the left and right with 
a plastic headed hammer while supporting the clutch 
case with your hand, then remove the mounting 
flange. 

Mounting flange Plastic headed 
hummer 

(8) Withdraw the output shaft assembly. 
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Clutch housing 
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(9) Take out the intermediate shaft and input shaft and 
intermediate shaft. 
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(101 Remove the oil seal of the output shaft from the case 
booy. 

(111 Remove the outer bearing race from the case body by 
using the special tool. 

Outer bearing race 

0 

0 

0 

Special tool 
P/No. 177088-09010 
Case body 

Outer bearing race 

7-22 

(12) Remove the oil seal of the input shaft from the mount­
ing flange. 

(13) Remove the outer bearing race from the mounting 
flange in the same way as with the case body. 

(14) Remove each adjusting plate from the input our output 
shaft. 

NOTE : The same adjusting plates can be revsed when 
the tallowing parts are not replaced. 
When any part is replaced however, readjustment 
is necessary. 

4-2 Removal of the output shaft 
(1) Take out the reverse large gear, thrust collar A, cup 

spring and inner bearing race. 
The reverse large gear must be withdrawn using a 
pulley extracter, by fixing the nut at the forward end 
in a vice. 

Revene large gear 

I 

(2) Loosen the calking of the forward nut and remove the 
nut. 
Remove the nut by using a torque wrench after setting 
the output shaft coupling and fixing the coupling bolt in 
a vice. 

Calking chisel 
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(3) Place the pulley extractor against the end surface of 
the forward large gear, and withdraw the forward 
large gear, thrust collar A, cup spring, and inner bear­
ing race. 

Forward large gear 

NOTE : Take care as the nut has left-handed thread. 
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(4) While gripping the drive cone, tap the end of the shaft 
with a plastic headed hammer.and withdraw the thrust 
extractor may be used. 

Output shaft 
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4-3 Removal of the intermediate shaft. 
(1) Remove the ball bearing using a pulley. 

(2) Remove the ball bearing opposite narrow end using 
screw driver. 

7-24 

4-4 Dismantling the shifting device 
(1) Take out the shifter and shifter spring. 

(2) Remove the stopper bolt of the shifter and shim. 

(3) Loosen the bolt of the shift lever anrl remove the shift 

lever from the shift lever shaft. 

J 
(4) Remove the shift lever to the anti-shit lever side. 

(5) Remove the oil-seal and O-ring. 
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5. Reassembly 

5-1 Reassembly of output shaft 
(1) Fit the forward side thrust collar B onto the shaft. 

(2} Drive in the forward end inner needle bearing race 
using a jig. 

needle bearing race 

I 

{3) Assemble the needle bearing and forward large gear. 

NOTE : Check that the forward large gear rotates smoothly. 

(4) Fil the cup spring, Pin and thrust collar A, and dive in 

the inner bearing race using a jig. 

Primed in }llpan 
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Pin 

Stepped surface 
I 

, . I 
:. : "' ':.t . 
✓ ' • 

Thrust collar A 

7-25 

Inserting too! ~__,_ -----

Roller bearing .--iiimii 

NOTE : 1} Drive in with a plastic headed hammer. 
Do not hit it hard. 

2) When fitting the thrust caffar A, note the fitting 
direction. Fit it keeping the stepped surface 
toward the roller bearing side. 

3) Note that the pin cannot be fitted after the 
inner bearing race has been driven in. 

4) Check that the forward large gear rotates 
smoothly. 

(5) Set and tighten the forward end nut. Insert the bolt 

into the coupling, and fix it in a vice, keeping the spline 
part upward. 

Insert the shaft into the spline of the coupting, fit the 

spacer, and tighten the nut with a torque wrench. 

Output shaft 

Tightening torque 10±1.5kg-m 

(The same torque applies to both models KM2P and KM3P) 

NOTE : 1) Take care as iris a left-handed thread. 

2) Use the reverse side nut used before disman­
tling at the forward eng. This is to provide 

effective ca/king to the nut by changing the 
ca/king position . 
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Calking chisel 

(6) Insert the drive cone while keeping the output shaft set 
for reverse. 

Output shaft 

(7) Apply procedures 1 through 4 to the forward end. 

Stepped surface 

Thrust coller A 

Output shaft 

NOTE : 1) Fit thrust collar A so that the stepped surface 
faces the roller bearing side. 

2) Check that the reverse large gear rotates 
smoothly. 

7-26 

5-2 Reassembly of the clutch 
(1) Fit the oil seal, bearing outer races and shim (output 

shaft side) in the clutch case. 
(2) Insert the input shaft into the clutch case. 

(3) Drive the intermediate shaft into the clutch case. 

(4) Insert the output shaft into the clutch case. 
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(5} Fit the adjusting plate to the mounting flange, and 

drive in the outer bearing race. 
NOTE; The outer bearing race can be easily driven in 

by heating the mounting flange to about 100 'C, 
or by cooling the outer race with liquid hydrogen. 

(6} Apply non-drying liquid packing around the outer 
surface of the oil seal, and insert the oil seal into the 
mounting flange while keeping the spring part of the 
oil seal facing the inside of the case. 

{7) Apply non-drying liquid packing to the matching 

surfaces of the mounting flange end the case body, 
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/ Non-drying liquid packing 
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(8} Insert the input shaft and output shaft into the shaft 
holes of the mounting flange, assemble the mounting 
flange on the case body, and tighten the bolt. 

-- Intermediate shaft 

NOTE : Apply non-drying liquid packing to either the 
mounting flange or the case body. 

(9) Assemble the output shaft coupling on the output 
shaft, and fit the O-ring. 

(10) Tighten the end nut by using a torque wrench, then 
ca!k it. 

NOTE : Take care as it is a left-handed thread. 

Tightening torque 
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5-3 Reassembly of the shiating device 
(1) Fit the oil seal and O-ring to the side cover. 

(2) Insert the shift lever shaft to the side cover. 

(3) Fit the shift lever to the shill lever shaft 

NOTE ; Check the direction of the shift lever Ll. mark. 

~ 
Side cover 

7-28 

/ 
~~0~-

', 

/ 

/ ,1/ 
(4) Insert the shiater spring and shifter to the shift lever 

shaft 

(5) Fit the side cover assembly to the clutch case. 

NOTE: 1) Check the direction of the shifter (Top and 
bottom side) . 

2} The shift lever may not tum smoothly if the 
clutch case is not filled with lubricating oil. 

(6) Fit the shim and stopper bolt to the shift lever shaft. 

NOTE : Apply non-drying liquid packing or sea/tape to 
the thread of the stopper bolt . 

·t-----;-.------1-1--...J 
Approx. 

5mm., 

Do not apply 
liquid packing 
or seal tape to 
this area. 

(7) Fit the pivot to the shift lever. 

Split pin 

' Was~ ~ 

Pivot ~\).,.,, 

~\ 
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Marine Gear Models 

KM3P 
for Engine Models 3JH3E 

4JH3E 

1 . Construction 
1-1. Construction 

This clutch is a cone-type, mechanically operated clutch. 

When the drive cone (which is connected to the output 

shatt by the lead spline)is moved forward or backward, 

its taper contacts with the large gear and transfers power 

to the output shaft. 

The construction is simple when compared with other 

types of clutch and if serves to reduce the number of 

components, making for a lighter, more compact unit 

which can be operated smoothly. Although it is Small, 

the power transmission efficiency is high even under 

a heavy load. Its durability is high and it is also reliable 

because high grade materials are used for the shaft 

and gear, and. a taper roller bearing is incorporated. 

Power transmission is smooth because connection with 

the engine is made through the damper disc. 

• The drive cone is made from special aluminum 

bronze which has both higher wear-resistance and 

durability. The drive cone is connected with the 

output shaft through the thread sp!lne. The taper 

angle, diameter ot the drive cone, twist angle, and 

diameter of the thread spline, are designed to give the 

greatest efficiency, thus ensuring that the drive cone 

can be readily engaged or disengaged, 

• Helical gears are used for greater strength. 

The intermediate shaft is supported at 2 points to 

reduce deflection and gear noise, 

• The clutch case and mounting flange are made 

tram an aluminum alloy of special composition to 

reduce weight 
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ft is also anticorrosive against seawater. 

• As the damper disc is fitted to the input shaft, power 

can be transmitted smoothly. 

• There is small clearance between the dipstick and the 

Inside of the dipstick tube. A small hole in the dip­

stick works as a breather. 

• When the !oad on the propeller is removed, the 

engagement of the drive cone and the large gear is 

maintained by the shifter and V-groove of the drive 

cone. Even when the drive cone's tapered area and 

V-groove are worn, this engagement is maintained by 

the shift lever device and accordingly no adjustment of 

the remote control cable is required. 

• The cup spring on the rear of the larger gear absorbs 

rotational fluctuations and stabilizes the engagement 

of the drive cone and the larger gear. Thus, the 

durability of the cone against wear is enhanced. 
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1-2 Specifications 

Model KM3P 

For engine models 3JH3E 4JH3E 

Clutch Constant mesh gear with servo cone clutch (wet type) 

Forward 
Reduction ratio 

Reverse 

Propeller shaft rpm (Forward) 

Input shaft 

Direction of rotation I Forward 
Output shaft 

\ Reverse 

Control head 

Cable 
Remote control 

Clamp 

Cable connector 

Outer diameter 

Output shaft coupling Pitch circle diameter 

Connecting bolt holes i 

Position of shift lever 

Lubricating oil 

Lubricating oil capscity 

Dry weight 

Note 
In the case of clutch model KM3A, when are larger pro­

peller or moment of inerta of the propefler than those list­

ed in the table bellow is used, install the limiter (Option). 

2.36 

3.16 

1559 

Reduction ratio No. of blade Diameter of the propeller 

3 450 (17.5) 
2.36 

4 425 (16.5) 

3 470 (18.5) 
2.61 

4 440 (17.5) 

3.20 
3 490 (19) 

4 460 (18) 

7-30 

2.61 3.20 2.36 

3.16 3.16 3.16 

1411 1150 1559 

Counter-clockwise, viewed from stern 

Clockwise, viewed from stern 

Counter-clockwise, viewed from stern 

Single lever control 

Morse. 33-C (cable travel 76.2mm or 

YANMAR made. standard accessory 

YANMAR made, standard accessory 

4' 100mm (3.93") 

4' 78mm (3.07'') 

4-4' 10.5mm (4- 4' 0.41 ") 

Right side, viewed from stern 

SAE 20/30 

0.35 R, 

12kg (26.5Ibs) 

Moment of inertia (GD2kg-m') 

;;i.0.15 

;;i.0.19 

;;i.0.23 

2.61 

3.16 

1411 

Material 

Bronze 
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1-3 Power transmission system 
1-3.1 Arrangement of shafts and gears 

Intermediate shsft 

Forward small gear of input shaft 

Reverse small gear of input shaft 

, Large gear of pu! shaft 
output shaft 

Output shaft 
Forward small gear 
with input shaft 

1-3.2 Reduction ration 

Forward 

Model 

KM3P4 

Reverse 

No. of teeth 

Shaft arrangement 
viewed from the stem lntermediate shaft 

Forward large 
gear 

D . I 
rive cone 

idle gear 

Reverse large gear 

No. of teeth No. of teeth 
of forward small gesr Zil oi forward 18rge gear Zof 

25 59 

23 60 

20 64 

No. of teeth No. of teeth 
Model of reverse small gesr Zif of intemed\ate shaft gear Z-1 of reverse large gear Zdr 

KM3P4 
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19 26 60 
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Reverse small gear 
with input $haft 

Reduction retio Zof!Zil 

59/25"" 2.36 

60/23 = 2.61 

64/20 .. 3.20 

Reduction ratio Zi/Zir • Zdr!Zi 

60/19 = 3.16 
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1-3-3 Power transmission routine~Forward 

Contact 

\ 

I 
Forward large gear 

Clearance 

Reverse large gesr 

Drive cone 

I 

Forward large/ ,.__ 
gear ....., 

Drive cone 

/ Input shaft 

Intermediate gear 

Reverse large gear 

1-3-4 Power transmission routine-Reverse 

Clearance 
\ 

Contact 

-
-f~ 

1 Input shaft 

,/ 

utput shaft 

i i 
Forward large gear I Reverse large gear 

I 
Drive cone 

Forwar 
gear 'I I/ 

Intermediate gear / 

I 
Drive cone 

Reverse large gear 

7-32 

Oulput shaft 

/ 
/'0/' ~ 

/'~/ 'I 0 I r; .• 
I 

(0 _,?/ 

~ D 
I 

Output shaft coupling 

Output shaft , 

/0 

/~o 
o~1 

0 

I 
Output shaft coupling 
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I 
w w 

Damper disc 

Fan 

• 
c,. " . 

'<? • @ . {// 
6' I 

'· 

Marine gear box 
Model & serial No. 

~~ 
Lock nut 

Shim set 

~ Roller bearinq 
Collar 

Collar
O 

. 
-rmg 

Oil seal 

Shim set 

Pin Roller bearing 

( Output shaft 
Forward large gear / ,~Input shaft 

Bearing inner race 
1

, Drive cone .·, :✓ 
Collar " . · Roller bearing 

Needle bearing , 

~-.. up spring 
/ O-ring 

((:> Colla, / / Collar 
~- Sear mg inner rac ,--. 

Intermediate ;:;hsft ~ Reverse lsrge gear 

Needle bearing © Roller bearing 
gear 1 

·:.....-Dipstick 

..... 
' .i:. 

Cl ... 
Ill ;;_ 
:, 
(C 

Washer 
0-ring Spring pin 

Location pin -iJ l _,.<5) \) 

Oil seal 

Stay --~ ' ] . ~ I Shifter 1 
,, Shift lev?r shaft. I.' ;\jl,1> 91-

j i ~ · Spring ~ Packing 

Shift levi , ~
1

1
~ O-ring Drsin plug 

\~~' ✓, 1 
Side cover 

~if>~· 
~hil\ 
Bolt ~ 

Bcilt (M8 x 25) 

Output shaft coupling 
0-ring 

Lock nut 

:---g 
<:')" 
C 'O 
::, @' 

"' ... 
:, " i::: "" " " ::i-. "--
g C: 

n 

§· 
" ::, 
"--

"" " <: 

" ... ,,, 
s· 

Os 
<;') 

" " ... 
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1-5 Sectional view 

7-34 Printed in Japan 
HINSHl-118009 



Chapter 7 Reduction and Reversing Gear 
,::2·:..;S:::;h:.:;:i:,;ft~in~g:::...:;:D;;;e.:..v1:;:;·c;,:;e __________________________ 3,41H3(B)(C)E 

2. Shifting Device 
2-1 Construction of shifting mechanism ~ 

Location pin---{J '']'$ £)! 
Lock nut 

Cable clam I 

8

~ /ii seal 
O 
\) 

~1~' oCg 
~/ ! 

Washer Split pin 
Shift lever I ~ Qi 

e~'\{' /"~ 
\ /4 

~\@ 

<f ~\ 
Stopper bolt ~ 

I 
Bolt (MBX25) 

(g?- · Sid€! cover 

I 

Bolt (MB x 25) 

®Jl~ I , 
/ Shifter 

Spring 

Shift lever shaft 

Shift lever shaft 

The shift lever shaft is installed on the side cover with 

neutral, forward and reverse positions provided on this 

cover. The neutral, forward and reverse location pins of 

the shift lever shalt are constantly inserted into their 

respective grooves on the shift lever by the tension of 

the shifter spring. The shifter is set on the eccentric hole 

of the shift lever shaft and moves the drive cone in the 

neutral position either to the forward or reverse posi­

tions.and then back to the neutral positions. (The shift 

lever shaft moves slightly to the shift lever or drive cone 

side when the shift lever is placed in the forward on 

reverse positions.) 
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2-2 Forward and reverse clutch operation 
(Neutral ⇒ Forward; Neutral ⇒ Reverse) 

When the shift lever is moved to the forward position 
from the neutral position, the shift lever shaft starts to 
revolve, and the location pin disengages from the 
neutral V•groove position of the side cover. (Shift lever 
moves approx. 0.5mm to the drive cone side.) At this 
time the shifter, which is set on the eccentric hole of the 
shift lever shaft, moves the drive cone's V·groove to the 
forward large gear. 

When the location pin of the shift lever shaft falls in the 
forward position groove of the side cover, (the shift lever 
shaft moves lo the shift lever side approx. 3mm), and the 
shifter stars to press the drive cone V-groove to the for· 
ward large gear side through the spring force. 

2-3 Engagement and disengagement of clutch 
(Forward ⇒ Neutral; Reverse ⇒ Neutral) 

When the shift lever ·1s moved to the forward posif1on 
from the neutral position, the shift lever shaft starts to 
revolve, and the location pin disengages from the for­
ward position groove of the side cover. (The shift lever 
shaft moves approx. 3mm to the drive cone side.) At 
this time, the shifter which is set on the eccentric hole 
of the shift lever shaft is moved to the neutral side 
(reverse large gear side). The drive cone, however, is 
engaged with the forward large gear through the torque 
force produced by the revolving centrifugal force. 

Further, when the shift lever shaft starts to revolve, and 
the positioning pin falls in to the neutral V-groove position 
of the side cover (the shift lever shaft travels approx. 
5mm to the shift lever side), the shifter moves to the shift 
lever side(to the spring side) while moving the V-groove 
of the drive cone to the reverse large gear side. The 
movement of the shifter to the shift lever side, how13v­
er, is stopped when the shifter end contacts the stop­
per bolt. The shifter only works to press the V-groove 
of the drive cone to the reverse large gear side. Thus, 
the drive cone is disengaged from the forward large 
gear. After this disengagement, the transmission torque 
of the drive cone is decreased to zero and the shift lever 
is returned to the neutral position by the spring force. 
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Shifter center 
(Cone center) 

Forward 
Side 

_p /r Reverse 
/ I side 

(Shift lever ~----'-'-'-I 
Side cover shaft moves approx. 0.5mm) 

neutral position (V-groove) 

Shifter center 

7 
(Shift lever shaft Reverse 
moves approx. 3mm) side 

At forward engagement position 

/-
(Shift lever shaft 

Forward Side 
Cone center 

Reverse 
side 

moves approx. 3mm) L._... ____ L..LLJ 

Shifter center 
Cone centar 

Shift lever shaft 
Forward 
Side 

Reverse 
side 

~ 
Ii 

Side cover 
(Shift laver ~-----'--'--'-I 

shaft moves approx. 0.5mm 

neutral position (V-groove} 
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2-4 Clutch shifting force 

\ Shifting position Shift lever posi- Remote control handle 
postition at 170mm 

shifting direction\ lion at 56mm (Cable length, 4m) 

Engaging force 3~4kg 4~5kg 
at 1000rpm 

Disengaging force 3.5~5 kg 4~6 kg 
at 1000rpm 

2-5 Adjustment of shifting device 
Whenever the side cover, shift lever shaft, shifter, stopper 

bolt or drive cone is replaced.be sure to adjust the clear­

ance between the shitter end and the stopper bolt by 
using shims. When the adjustment of this clearance is 

not proper the drive cone may be properly fitted When the 

shift lever is moved to the neutral position either from the 

forward or reverse position. 
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2-5-1 Measurement and adjustment of clearance 

(a} Assemble the shifting mechanism (without installing 
the stopper bolt of the shifter) to the marine gear 
case. 

NOTE : Ensure the correct direction of the shifter 
before assembly. 

Top Side 

t 
-- ~ --------+-+----Pl----- Shift lever 

shaft center 

Bottom side 

(b) Turn the shift lever 10~15 degree either to the forward 
or reverse position from the neutrai position. 

(c} Measure the L-distance between the shift lever shaft 
end surface and the shifter's end. 

(d} Measure the H-distance (the distance from the neck oi 
the stopper bolt to its end). 

(e) Obtain the shim thickness T" by the following formula. 

T = (H-L + 1.25) ±0.1mm 

NOTE : Shim set includes one piece each of 1 mm, 
0.4mm, 0.3mm, 0.25mm shims. 
(YANMAR Part No. 177088-06380) 

(f) Insert shim (s) of proper thickness to the stopper bo:t 
side and tighten to the shift lever shaft. 

NOTE : When tightening the stopper bolt, apply either a 
non-drying type liquid packing (TREE BOND 
No.1215), or a seal tape around the bolt threads. 

Rll--------1:.] ====i::::=lili ! App,o,. BJ mmr.i. 
not apply 

q id packing 
or seal tape to 
this area. 

2-5-2 Inspect for the following points 
(to be inspected every 2-3 months) 

(1) Looseness at the connection of the cable connector 
and the remote control cabie. 

(2) Looseness ot the attaching nut of the cable connector 
and the shift leve1. 
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2-6 Adjustment of the remote control head 
Marine gear box control side 

(1) Equal distribution of the control lever stroke. 

Neutral 

S1 S2 

Reverse Foiward 

, ---· Remote Control Head 

The stroke between the neutral position - forward posi­
tion (S2), and the neutral position - reverse position (S1) 

must be equalized. 
When either stroke is too short, clutch engagement 
becomes faulty. 

(2) Equalizing the travel distance of the control cable. 
After ensuring the equal distribution of the stroke 
described in (1 ), connect the cable to the control head. 
Adjust that the cable shift travel of the S1 and S2 con­
trol lever strokes becomes identical. 

S1 

Reverse 

,t 
To engine speed 
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Neutral 

S2 

Forward 

Remote Control Head 

Note ; (*)Cable shift travel 
S 1= More than 36mm ( 1.42") 
S2= More than 36mm (1.42") 

"-lt::::;;==-r-nClamp 
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"' "' 

2-7 Cautions 

50 

Newtral 

Forward 

(1) Always stop the engine when attaching, adjusting, 
and inspecting. 

(2) When conducting inspection immediately after stop­
ping the engine, do not touch the clutch. 
The oil temperature is often raised to around go•c 
(194'F). 

(3) Half-clutch operation is not possible with this design 
and construction. Do not use with the shift lever 
halfway to the engaged position. 

NOTE: The dual (Two) lever remote control device can• 
not be usded. 
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3. Inspection and Servicing 
3-1 Clutch case 
( 1) Check the clutch case with a test hammer for cracking. 

Perform a color check when required. 
If the case is cracked, replace it. 

(2) Check for staining on the ·inside surface of the bearing 
section. 
Also, measure the inside diameter of the case. 
Replace the case if it is worn beyond the wear limit. 

3-2 Bearing 
(1) Rusting and damage. 

lf the bearing is rusted or the taper roller retainer is 
damages, replace the bearing. 

(2) Make sure that the bearings rotates smoothly. 
If rotation is not smooth, if there is any binding, or if 
any abnormal sound is evident, replace the baring. 

3-3 Gear 
Check the surface, tooth face conditions and backlash of 
each gear. Replace any defecf1ve part. 
(1) Tooth surface wear. 

Check the tooth surface for pitting, abnormal 
wear,dents,and cracks. Repair the lightly damaged 
gears and replace heavily damaged gears. 

(2) Tooth surface contact. 
Check the tooth surface contact. The amount of tooth 
surface contact between the tooth crest and tooth flank 
must be at least 70% of the tooth width. 

(3) Backlash. 
Measure the backlash of each gear, and replace the 
gear when it is worn beyond the wear limit. mm 

Maintenance 
standard 

Input shaft forward gear 
and output shalt forward 0.06~0.12 
gear 

Input shaft reverse gear 0.06~0.12 and intermediate gear 
Intermediate gear and 0.06~0.12 output shaft reverse gear 

3-4 Forward and reverse large gears 
(1) Contact surface with drive cone. 

Wear limit 

0.2 

0.2 

0.2 

Visually inspect the tapered surface of the forward and 
reverse large gears where they make contact with the 
drive cone to check if any abnormal condition or sign 
of overheating exists. 
If any defect is found, 
replace the gear. 

Tapered surface 

(2) Forward/reverse gear needle bearing. 
When an abnormal sound is produced at the needle 
bearing, visually inspect the rollers; replace the bear­
ing if the rollers are faulty. 

0 c2 
·'-- Rollers 

3-5 Drive cone 
(1) Visually inspect that part of the surface that comes 

into contact with the circumferential triangular slot 
to check for signs of scoring, overheating or wear. If 
deep scoring or signs of overheating are found, 
replace the cone. 

contact surface 

Helical involute spline 

(2) Check the helical involute spline for any abnormal 
condition on the tooth surface, and repair or replace 
the part should any defect be found. 

(3) Measure the amount of wear on the tapered contact 
surface of the drive cone, and replace the cone when 
the wear exceeds the specified limit. 

Reverse 
large gear 

Forward large gear 
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mm 

Standard dimensions limited dimensions 

Dimensions 2 j KM3P4 32.7~33.3 32.4 

NOTE : When dismantled, the forward or reverse direc­
tion of the drive cone must be clearly identified. 

(4) It the wear of the V-groove of the drive cone is exces­
sive, replace the part. 

NOTE : When replacing the dive cone, the dnve cone and 
forward large gear and reverse large gear must 
be lapped prior to assembly. 
The lapping procedure is described below. 

3-5-1 Lapping Procedure for Drive Cone 

(1) Coat the lapping powder onto the cave of the dutch 
gear (Lapping powder : 67 micron silicon carbide 
#280) 

(2} Set the large gear on the clutch shaft with a needle 
bearing and then set the drive cone on the clutch 
shaft. 
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(3) Lap the large gear's cave and drive cone, pushing 
them together by hand. 

(4) Push and tum the clutch gear about 5 times both 
clockwise and counter-clockwise, 

(5} After lapping them, wash them with washing oil. The 
lapped parts should be cleaned completely. 

Small 

LO.mark "O" 
Large 

NOTE : Do not mix the combination of the lapped parts. 

The washing oil should be changed frequently in 
order to prevent residual powder being left on the 
parts. 

When assembling the drive cone, be sure to 

check its alignment. The larger chamfermg face 
should be on the forward large gear side. 
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3-6 Thrust collar 

Forward large gear 

(l>Jd,;""" ~,"" 
' 
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Thrust collar B 

Thrust collar A 

Cup spring /4 
I 

Spring retainer ' 
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(1) Visually inspect the sliding surface ol thrust collar A 

or 8 to check for signs of overheating. scoring, or 

cracks. 
Replace the collar if any abnormal condition is 

found. 
{2) Measure the thickness of thrust collar A or B, and 

replace it when the dimension exceeds the specified 

limit 

t1 
t2 

i-Sliding surface Sliding surface __ r 

Thrust collar A Thrust oollar B 

mm 

Stepped wear Limit for use 

Thrust collar A t 1 0.05 

Thrust collar B, 12 0.20 

3-7 Cup spring and spring retainer 
(1} Check for cracks and damage to the cup spring and 

spring retainer. 

Replace the part if defective. 

{2) Measure the free length of the cup spring and the 

thickness of the spring retainer. If the length or the 

thickness deviates tram the standard size, replace the 

part. 

Cup spring 

T 

Cup spring. T 

Spring retainer,T 

Spring retainer,t 
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Standard 

2.8~3.1 

2.92~3.08 

--

Spring retainer 

-1---!-

L 

T 

mm 

limit 

2.6 

2.8 

0.1 
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3-8 Oil seal of output shaft 
Vlsually inspect the oil seal of the output shaft to check if 
there is any damage or oil leakage; replace the seal when 

any abnormal condition is round. 

3-9 Input shaft 

Ollseal 

("/~Rrnla, bearing 
~ 1 Sptine 

Input shaft 

(1) Spline part 

Whenever uneven wear and/or scratches are found, 

replace with a new part. 
(2) Surface of oil seal. 

If the sealing surface of the oil seal is worn or 
scratched, replace. 

3-10 Output shaft 

Key slot, 

1 Helical involute spline 

Spline 

(1) Visually inspect the spline and the helical involute 

spline, and repair or replace a part when any abnor­

mal condition is found on its surface. 
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3-11 Intermediate shaft 

Intermediate shaft 

Needle bearing 

Thrust washer 

/ ring 
I 

"-

(1} Needle bearing dimensions, staining. 

Check the surface of the roller to see whether the 
needle bearing sticks or is damaged. Replace if 
necessary. 

3-12 Shifting device 

3-12-1 Shifter 

Location pin--{j 

Spring pin 

l~\ 
©))))) Sliding surface of shifter 

I 
Spring 

Shilt lever shaft 

(1) Visually inspect the surface in contact with the drive 

cone, and replace the shifter when signs of overheat­
ing, damage or wear are found. 

(2} Measure the shaft diameter of the shifter. 
Replace the shaft if the size deviates from the stan­
dard. 

7-44 

D1 

mm 

Standard Limit 

01 66.9~67.0 65 

02 11 .966~ 11 .984 11.95 

Shift lever shaft, 
12.0~12.018 12.05 Shifter insert hole 

3-12-2 Shift lever shaft and location pin 
(1 )Check the shift lever shaft and location pin for 

damage or distortion, and replace defective parts. 
If the location pin must be replaced, replace it 
together with the shift lever shaft. 

(2) Measure the diameter of the shift lever shaft and the 
shifter insertion hole. Replace the part if the size devi­
ates from the standard value. 

,f, 5, Location pin 

Standard 

D1 27.959~27.98 

D2 12.0~12.018 

S'1de cover, 28.0~28.021 Shift insert hole 

mm 

Limit 

27.90 

12.05 

28.08 
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3-12-3 Shifter spring 
(1) Check the spring for scratches or corrosion. 

(2) Measure the free length of the spring. 

Shifter spring Standard Limt 

Free length 22.6mm 19.8mm 

Spring constant 0.854kgf/mm -

Length when attached 14.35mm -

Load when attached 7.046kg 6.08kg 

3-12-4 Stopper bolt 
Check the stopper bolt. If it is worn or stepped, replace. 

Check point Bl Top 

8]1----------1:)=~]/ 

3-12-5 Side cover and oil seal 

(1) Check the neutral, forward and reverse position 

grooves. 

Replace if the grooves are worn. 

(2) Measure the insertion hole of the shift levers haft. 

Replace if the size deviates from the standard value. 

(3) Check the oil seal and the O-ring for damage. 

Replace if the part is defective. 
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3-13 Damper disc 

(1) Spline part. 

Whenever uneven wear and/or scratches are found, 

replace with a new part. 

(2) Spring. 

Whenever uneven wear and/or scratches are found, 

replace with a new part. 

(3) Pin wear 

Whenever uneven wear and/or scratches are found, 

replace with a new part. 

(4) Whenever a crack or damage to the spring slot is 

found replace the defective part with a new one. 

3-14 Shim adjustment for output and input 
shafts 

Check the thickness of shims for both input and output 

shafts. When the component parts are not replaced after 

dismantling, the same shims can be reused. When the 

clutch case and flange or any one of the following parts is 

replaced the thickness of shim must be determined in the 

following manner. 

For input shaft part: input shaft, bearing. 

For output shaft parts : output shaft, thrust collar A, 
thrustcollar B, gear, bearing. 
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(1) Shim thickness (T1) measurement of output shalt 

(a) Measure the bearing insertion hole depth (A) of the 

mounting flange, and the bearing insertion hole 

depth (A) of the clutch case. 

(b) Measure the length (8) between the bearing outer 

race of the input shaft assembly. 
(c) Obtain the (T1) thickness by the following formula: 

T1 = A+A'-B (T1: Clearance ±0.05mm) 

T1 

Mo"nting fl~~. -

,--~ -. f.-- --1 
. __ I I i 
L ) ~ - }---{_ __ _ 

Clutch case 

Mounting flange 

Clutch case 
/ 

B 

Input shaft ass'y 

(2) Shim thickness (T2, T3) measurement of output shaft 

(a) Measure the bearing insertion hole depth (C) of 

the mounting flange, and the bearing insertion hole 

depth (C') of the clutch case. 

(b) Measure the length (0) between the bearing 
outer races. 

NOTE : Tighten the mounting flange nut of the output 
shaft assembly with the specified torque. Press­
fit the inner race of the clutch case roller bearing 
to the large gear side . 
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T2 
__ ~- ~3 Clutchcase. 

r· '7 .r 7 n 
. j 1J . ~- ) ~ 
I Output shaft I i I : 

·_l fl ~·~ ·-r· v 
::'J. s ·l_ ' I I l L __ . __ _J L.J 

Mounting flange 

(c) Measure the (F} and (E) length from the outer race 

end of the clutch case bearing included in the out­

put shaft assembly. 

NOTE : Before measuring the (F) and (E) length, press 
the forward large gear and the reverse large gear 
to the drive cone until there is no clearance 
among them. 

(d) Obtain the (T2) and (T3) thicknesses by the following 
formulas: 

T2 = C+C' -D-T3 (Clearance ±g 1 mm) 

T3{KM3P) = C' -4 7.3-+-F (Clearance±0.05mm) 

Clutch case 

/ ""'-=-~---~ 

Drive cone neutral 
position center 

KM3P··· · · ·47.3mm 

Output shaft ass'y 

E F 

D 
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(3) Standard size of parts 

A+A' B c+c-

KM3P 132.40~132.75 131.20~132.10 141.20~141.55 

NOTE : Compare your measurements with the above 
standard size. If your measurements largely dif­
fer from the standard sizes, measurements may 
not be correct. Check and measure again. 

(4) Adjusting shim set 

Tickness. mm (in.) 

lnput shaft 

Output shaft 

3-15 Torque limiter 

~-I older 

Housing 

Shim\ 

0.5 
0.4 
0.3 

1.0 
0.5 
0.3 
0.1 

No.of shims 

I 

1 
2 

1 
1 
2 
,, 
,J 

Coupling 

I 

The torque limiter assembly includes thes1:,- parts. 

-~ 

The conversion to the torque limiter specification is easy 

by exchanging the standard shaft coupling. (Use the 

check nut, not the end nut, to install the torque limiter.) 
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139.56~141.0D 
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E 

23.50~24.10 

F 

57.83~58.65 

0-ring 
I 
I 

!,-"'.~~- i.~~~--\ 

I'""--==_~ __ ='-~:--:. _-.;-:-:-·.:.J:..J2\\(if 

mm 

Drive cone neutral 
center position 

47.3 

Check Nut 
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4. Disassembly 

4-1. Dismantling the clutch 
(1) Remove the remote control of cable. 
(2) Remove the clutch assembly from the engine mounting 

flange. 

Clutch assembly 

(3) Drain the lubricating oil. 
Drain the lubricating oil by loosening the plug at the 
bottom of the clutch case. 

Dipstick 

(4) Remove the end nut and output shaft coupling. 

Torque wrench 

NOTE: Take care as it has a left-handed thread. 

(5) Remove the oil dip stick and O-ring. 

(6) Remove the fixing bolts on the side cover, and also 

remove the shift lever shalt, shift lever and shifter. 

~j/,. ,.----. --- . ' •-- - - ,\ 

- G~~,-~
1
~f~-~~-
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(7) Remove the bolts which secure the mounting flange to 
the case body, give light taps to the left and right with 
a plastic headed hammer while supporting the clutch 
case with your hand, then remove the mounting 
flange. 

(8) Withdraw the output shaft assembly. 
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"" Input shatt 
Intermediate shaft 

(9) Take out the intermediate shaft and input shaft. When 
taking out the intermediate shaft, place a bolt or 
spacer on the shaft hole of the case, and drive the 
shaft out by tapping it lightly. 

Bolt or spacer 

I 
Input shaft 

Output shaft 
assembly 
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(10) Remove the oil seal of the output shaft from the case 

body. 

Oil seal 

(11) Remove the outer bearing race from the case body by 

using the special tool. 

Outer bearing race 

0 

0 

---+---I-If- Special tool 

Case body 

--~-Outer bearing race 
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(12) Remove the oil seal of the input shaft from the mount­
ing flange. 

(13) Remove the outer bearing race from the mounting 

flange in the same way as with the case body. 
(14) Remove each adjusting plate from the input our output 

shaft. 
NOTE : The same adjusting plates can be revsed when 

the following parts are not replaced. 
When any part is replaced however, readjustment 
is necessary. 

4-2 Removal of the output shaft 
(1) Take out the reverse large gear, thrust collar A, cup 

spring, spring retainer and inner bearing race. 

The reverse large gear must be withdrawn using a 
pulley extracter, by fixing the nut at the forward end 
in a vice. 

(2) Loosen the calking of the forward nut and remove the 
nut and spacer. 

Remove the nut by using a torque wrench after setting 
the output shaft coupling and fixing the coupling bolt in 
a vice. 

Calking chisel 
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(3) Place the pulley extractor against the end surface of 
the forward large gear, and withdraw the forward 
large gear, thrust collar A. cup spring, spring retainer 
and inner bearing race. 

Cradle---

Foiward large gear 

____ Output shaft 

J 
I ( 

NOTE: Take care as the nut has left-handed thread. 
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(4) While gripping the drive cone, tap the end of the shaft 
with a plastic headed hammer.and withdraw the thrust 
collar B and inner needle bearing race. A pulley 
extractor may be used. 

/ Output shaft 

4-3 Removal of the intermediate shaft. 
(1) Remove the "O" ring. 
(2) Remove the thrust washer. 
(3) Remove the intermediate gear and needle bearing. 

Intermediate shaft 

Intermediate gear ~ °' 
'\ 0-ring 

Thrust washer 
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4-4 Dismantling the shifting device 
(1) Take out the shifter and shifter spring. 

(2) Remove the stopper bolt of the shifter and shim. 

{3) Loosen the bolt of the shift lever and remove the shift 

lever from the shift lever shaft. 

7-52 

{4) Remove the shift lever to the anti-shit lever side. 

(5) Remove the oil-seal and O-ring. 
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5. Reassembly 

5-1 Reassembly of output shaft 
{1) Fit the forward slde thrust collar B onto the shaft. 

(2) Drive in the forward end inner needle bearing race 
using a jig. 

Inserting tool -~ 

Inner needle bearing race 

_....------

(3) Assemble the needle bearing and forward large gear. 

NOTE : Check that the forward large gear rotates smoothly. 

(4) Fit the cup spring, spring retainer, thrust collar A and 

Pin, and driven in the inner bearing race using a jig. 
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Thrust coller A 

Pin 
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Inserting tool 

I 

NOTE: 1) Drive in with a plastic headed hammer. 
Do not hit it hard. 

2) When fitting the thrust collar A, note the fitting 
direction. Fit it keeping the stepped surface 
toward the roller bearing side. 

3) Note that the pin cannot be fitted after the 
inner bearing race has been driven in. 

4) Check that the forward large gear rotates 
smoothly. 

(5) Assemble the collar and pin so that the pin is in the 
groove of the collar. 

(6) Set and tighten the forward end nut. Insert the bolt 
into the coupling, and fix it in a vice, keeping the spline 
part upward. 
Insert the shaft into the spline of the coupling, fit the 
spacer, and tighten the nut with a torque wrench. 

Output shaft 

Tightening torque 10±1.Skgf-m 

NOTES: 1) Take care as it is a left.handed thread. 
2) Use the reverse side nut used before disman­

tling as the forward end nut. This is so as not 
to match the calked portion to the same point . 
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Calking chisel 

-- Output shaft 

(7) Insert the drive cone while keeping the output shaft set 
for reverse. 

_ _.-,- Output shaft 

Drive cone 

(8) Apply procedures 1 through 4 to the forward end. 

Stepped surface ...__ 

@·\. 
Thrust roller A · -~--=-~ 

Spring retainer 

Cup spring 

NOTE : 1) Fit thrust collar A so that the stepped surface 
faces the roller bearing side. 

2) Check that the reverse large gear rotates 
smoothly. 
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5-2 Reassembly of the clutch 
(1) Fit the oil seal, bearing outer races and shim (output 

shaft side) in the clutch case. 

(2) Insert the input shaft into the clutch case. 

(3) Drive the intermediate shaft into the clutch case. 

Intermediate shaft 

~------~ 
~~ 

_..- Input shaft 

NOTES : 1) If the output shaft is not fitted into the clutch 
case before driving-in the intermediate shaft, 
it cannot be ass/iimbled. 

2) Note the assembly direction of the thrust 
washer. 

(4) Insert the output shaft into the clutch case. 

Input sh~ 

, Output shaft 

'·-~ \ 

Intermediate shaft 
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(5) Fit the adjusting plate to the mounting flange, and 

drive in the outer bearing race. 
NOTE : The outer bearing race can be easily driven in 

by heating the mounting flange to about 100"C, 
or by cooling the outer race with liquid hydrogen . 

(6) Apply non-drying liquid packing around the outer 

surface of the oil seal, and insert the oil seal into the 
mounting flange while keeping the spring part of the 
oil seal facing the inside of the case. 

(7) Apply non-drying liquid packing to the matching 
surfaces of the mounting tlange end the case body. 
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\ 
\ 

"' 
{w.~----

CL~-~~ 

·-~ 

\ \ 

"< 

1/ p 
Non-drying liquid packing 
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(8) Insert the input shaft and output shaft into the shaft 

holes of the mounting flange, assemble the mounting 
flange on the case body, and tighten the bait. 

"\ ·-,"\ 
. \ 
,\ . '" \ . , 

"'·· 
~-s ---. ~ 

. ff!!) 

put shaft 

NOTE : Apply non-drying liquid packing to either the 
mounting flange or the case body. 

(9) Assemble the output shaft coupling on the output 

shaft, and fit the O-ring. 

(10) Tighten the end nut by using a torque wrench, then 
calk 1t. 

Torque wrench 

w. ~ ~~ 
. 7 -~-d-
~ ~ 

r ' 
I 

NOTE: Take care as it is a left-handed thread. 

Tightening torque 10± 1. Skgl-m 
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5-3 Reassembly of the shiating device 
(1) Fit the oil seal and O-ring to the side cover. 

(2} lnsert the shift lever shaft to the side cover. 

(3) Fit the shift !ever to the shift lever shaft. 

NOTE : Check the direction of the shift lever L'.'l. mark . 

Side cover 

7-56 

' 

L:::.Mark(KM3P) 
I 

/ . (o 
' \ 
\ ~' i - _) 

er:.:,_ 
., ;::;:.:;:-

,.;..-

(4) Insert the shiater spring and shifter to the shift lever 
shaft. 

(5) Fit the side cover assembly to the clutch case. 

NOTE: 1) Check the direction of the shifter (Top and 
bottom side) . 

2) The shift fever may not tum smoothly if the 
clutch case is not filled with lubricating oil. 

(6) Fit the shim and stopper bolt to the shift lever shaft. 

NOTE : Apply non-drying liquid packing or sealtape to 

the thread of the stopper bolt . 

Approx. 
5mm 

Do not apply 
liquid packing 
or sea! tapeto 
this area. 

(7) Fit the cable connec1or to the shift lever. 
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1 . Remote Control System 
1-1 Construction of remote control system 
The remote control permits one handed control of the 
engine speed changing from forward to reverse, and stop­
ping. 
Fittings which allow for easy connection of the remote 
control cables with the fuel injection pump and transmis­
sion are provided with the remote control set. 
The use of Morse remote control cables, clamps and 
a remote contra! head, are also provided for The device 
to stop the engine is electric and will be explained under 
the section on electrical equipment 

1-2 Remote control device components 

Remote 
control head 

Remote 
control cable 

Engine 
stop cable 

Morse description 
Morse MT3 top mounting 
single lever 
Morse MV side mounting 
single lever 
Morse 33C X 4m 
Morse 33C X 7 m 
Yanmar 4m 
Yanmar7m 

{1) Remote control handle 

The model MT-3 remote control has been designed 
so that operation of the clutch {shift) and governor 
{throttle) can be effected with one !ever. 
Two cables are required for the MT-2 single, one for 
the clutch and the other for the governor, 
When warming up the engine, to freely control the 
governor separately from the clutch put the lever in• 
neutral, the central position. and pull the knob in the 
center of the control lever. When the lever is returned 
to the neutral position, the knob automatically returns 
to its original position, and the clutch is tree. The gov• 
ernor can then be freely operated. 
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MVType 

The MV type controller has been designed so that 
operation of the clutch and throttlo can be effected 
with one iever. When the button next to the control 
lever is pulled out with the lever in the central position, it 
holds the clutch in the neutral positron so that the throttle 
can be opened all the way and warm up the engine. 
When the engine is warmed up, return the handle to 
the central position and push the button back in, Con­
trol ot the clutch and throttle is thus effected with one 
handle. 

(2) Remote control cable 

Use only Super Responsive Morse Control Cables 
These are designed specifically for use with Morse 
control heads. This engineered system of Worse 
cables, control head and engine connection kits 
ensures dependable, smooth operation with an 
absolute minimum of backlash. 

{3) Engine stop cable 
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2. Remote Control Installation 
2-1 Speed control 

\ \.~ 
Clamp➔/\ 

Cable bracket~ 

!® 
"' ® 

Remote control Cable 

Cable joint _ 

tO;P) 
if \UO Control lever '. 

2-2 Clutch control 

11, 

0 

/\ 

c~~ o 

'--"'- ,, 
-----✓ ~ 
~ / '/ 

~D, 

I 

I 

8-2 

Idle stopper 

,:5:) 

Clamp 

0 
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2-3 Engine stop 
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3. Remote Control Inspection 
(1) When the control lever movement does not coincide 

with operation of the engine, check the cable end stop 
nut to see whether or not it is loose, and readjust/ 
retighten when necessary. 

Free throttle 

(2) Too many bends (turns} in the cable or bends at too 
extreme an angle will make it difficult to turn the han­
dle. Reroute the cable to reduce the number of bends 
or enlarge the bending radius as much as possible (to 
200mm or more}. 

(3) Check for loose cable bracket/clamp bolts or nuts and 
retighten as necessary. 

(4) Check cable connection screwheads, cable sleeves 
and other metal parts for rust or corrosion. Clean off 
minor rust and wax or grease the parts. Replace if the 
parts are heavily rusted or corroded. 
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4. Remote Control Adjustment 
(1) Shift lever adjustment 

Move the lever several times-the movement of the 
clutch lever on the engine from forward, neutral and 
reverse must coincide with the forward, neutral and 
reverse on the control lever. If they do not coincide, 
adjust the fittings as necessary {first engine side, 
then controller side). 

(2) Throttle lever adjustment 
Move the control lever all the way to full throttle sever­
al times, and then return. The throttle lever on the 
engine must lightly push against the idle switch 
when it is returned If it is property adjusted, the knob 
can be easily pulled out when the lever is in the neu­
tral position, and will automatically return when the 
control lever is brought back to the neutral position If 
the control lever presses loo hard against the knob, 
ii may not return automatically, in which case the cable 
end must be adjusted as explained for the clutch. 
The knob cannot be pulled out when the lever is not in 
the neutral /central) position. 

Idle stopper 
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1 . Electrical System 
1-1 System diagram of electric parts (B-type) 

B2-type instrument panel 

Extension 
wireharness 

~ ·- · · - Lube oil pressure switch 

f-" ~- Joint 

(,,2--:,, @-- Air heater (option) /,i/ 
~~ 

Tachometer sensor ~ 
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Starter relay ;.,-" 
(only 6m extension, 
wireharness use) 

, 
Water temperature switch 

9-1 

Starting motor 

Battery switch 

Battery 
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C-type 

Oil pressure sender unit 

~G) 

Tachometer sensor 

Alternator-

"' ~ 
Water temperature switch 

9-2 

n~ Lube oil pressure switch 

~iJ_ Joint 

Starting motor 

Battery switch 

Water temperature 
sender unit 

Battery 
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2. Battery 
2-1 Construction 

Terminal Filler cap 

Cover 

Negative plate 

,.,.,l;l-,L,___.__~ Separate plate 

Battery c~~ Glass mat 

Positive plate 

The battery utilizes chemical action to convert chemical 
energy to electrical energy. This engine uses a read acid 
battery which stores a fixed amount of power that can be 
used when required. After use, the battery can be 
recharged and used again. 
As shown in the figure, a nonconductive container is filled 
with dilute sulfuric acid electrolyte. Lead dioxide positive 
plates and lead dioxide negative plates separated by 
glass mats are stacked alternately in the electrolyte. The 
positive and negative plates are connected to their 
respective terminals. 
Power is removed from the battery by connecting the load 
across these two terminals. 
When the battery is discharging. an electric current flows 
from the positive plates to the negative plates. When the 
battery is being charged, electric current is passed 
through the battery in the opposite direction by an external 
power source. 

2-2 Battery capacity and battery cables 
2-2.1 Battery capacity 
Since the battery has a minimum capacity of 12V, 70AH. it 
can be used for 100~150AH. 

minimum 12V-100AH 

Battery capacity standard 12V-120AH 

coold weather 12V-150AH 

Full charged specific gravity 1.26 

2-2.2 Battery cable 
Wiring must be performed with the specified electric wire. 
Thick, short wiring should be used to connect the battery 
to !he st~rter, (soft automotive low-voltage wire [AV wire)} 
Using wire other than that specified may cause the fol. 
lowing troubles: 
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[ Wire thinner than specified 

Wire longer than specified 

Hign wiring resistance 

Low current 

Faulty starting 

Ba1tery switch 

Single conductor wire 

Open circuit caused 
by vibrations 

Faulty charging 

The overall lengths of the wire between the battery (+) 
terminal and the starter (8) terminal, and between the bat­
tery (-) terminal and the starter (E) terminal, should be 
determined according to the following table. 

Allowable Conductor a+b+c Voltage wiring cross- allowable system voltage section 
drop area length 

20mm' Up to 2.Sm 
12V 0.2V or less/1 ODA 

40mm' Up to 5m 

Note : Excessive resistance in the key switch circuit 
(between the battery and start [SJ terminals) can 
cause improper pinion engagement. To prevent 
this, follow the wiring diagram carefully. 

2-3 Inspection 
The quality of the battery governs the starting perfor­
mance of the engine. Therefore the battery must be rou­
tinely inspected to ensure that it functions perfectly at all 
times. 

2-3.1 Visual inspection 
(1) Inspect the case for cracks, damage and electrolyte 

leakage. 
(2) Inspect the battery holder for tightness, corrosion, and 

damage. 
(3} Inspect the terminals for rusting and corrosion, and 

check the cables for damage. 
(4) Inspect the caps for cracking, electrolyte leakage and 

clogged vent holes. 
Correct any abnormal conditions found. Clean off 
rusted terminals with a wire brush before reconnect­
ing the battery cable. 
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2-3.2 Checking the electrolyte 
(1) Electrolyte level 

Good Low High 

F 
Check the electrolyte level every 7 to 10 days. The 
electrolyte must always be 10 - 20 mm (3937-
0.7874in) over the top of the plates. 

NOTES: 1. The "LEVEL" line on a transparent olastic bat­
tery case indicates the height of the electrolyte. 

2. Always use distilled water to bring up the e/ec­
trolyre level. 

3. When the electrolyte has leaked out, add dilute 
sulfuric acid with the same specific gravity as 
the electrolyte. 

(2) Measuring the specific gravity of the electrolyte 
1) Draw some of the electrolyte up into a hydrometer. 

-------- Hydrometer 

2) Take the specific gravity reading at the top of the 
scale of the hydrometer. 

Rubber bulb~) 

"" ·~ "(: ~\-' ~·· "" ""' 
Float~~ 

3) The battery is fully charged if the specific gravity is 
1.260 at an electrolyte temperature of 2o·c. The 
battery is discharged if the specific gravity is 1.200 

9-6 

(50%). If the specific gravity is below 1200, recharge 
the battery. 

4) If the difference in the specific gravity among the 
cells of the battery is ±0.01, the battery is OK. 

5) Measure the temperature of the electrolyte. 
Since the specific gravity changes with the tempera­
ture, 2o·c is used as the reference temperature. 
Reading the specific Gravity at 2o·c 
S20 = St+O.OOO?(t-20) 
S20 : Specific gravity at the standard temperature of 
2o·c 
St : Specific gravity of the electrolyte at t°C 
0.0007 : Specific gravity change per 1 ·c 
t: Temperature of electrolyte 

2-3.3 Voltage test 
Using a battery tester, the amount of discharge can be 
determined by measuring the voltage drop which occurs 
while the battery is being discharged with a large current. 

Battery tester 

(1) Connect the tester the battery. 
12V battery tester 
Adjust the current (A). 

(2) Connect the (+) lead of the tester to the (+) battery 
terminal. and the(-) tester lead to the(-) battery ter­
minal. 

(3) Push the TEST button, wait 5 seconds, and then read 
the meter. 
• Repeat the test twice to make sure that the meter 

indication remains the same. 

2-3.4 Washing the battery 
(1) Wash the outside of the battery with a brush while 

running cold or warm water over the battery. (Make 
sure that no water gets into the battery.) 

(2) When the terminals or other metal parts are corroded 
due to exposure to electrolyte leakage, wash off all the 
acid. 

(3) Check the vent holes of the caps and clean if clogged. 
(4) After washing the battery, dry it with compressed air, 

connect the battery cable, and coat the terminals with 
grease Since the grease acts as an insulator, do not 
coat the terminals before connecting the cables. 
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2-4 Charging 
2-4. 1 Charging methods 

There are two methods of charging a battery: normal and 
rapid. 
Rapid charging should only be used in emergencies. 
• Normal charging···Should be conducted at a current of 

1/10 or less of the indicated battery 
capacity (1 0A or less for a 1 00AH 
battery) 

• Rapid charging··· Rapid charging is done ove~ a short 
period of time at a current ot ~ /5 ~ 
1/2 the indicated battery capacity 
(20A~50A for a 100AH battery). 
However, since rapid charging 
causes the electrolyte temperature 
to rise too high, special care must 
be exercised .. 

2-4.2 Charging procedure 
( 1) Check the specific gravity and adjust the electrolyte 

level. 
(2) Disconnect the battery cables. 
(3) Connect the red clip of the charger to the (+) battery 

termlnal and connect the black clip to the(-) terminal. 

\ 
\ 

Charger 

(4) Set the current to 1/10 ~1/5 of the capacity indicated 
on the outside the battery. 

(5) Periodically measure the specific gravity during 
charging to make sure that the specific gravity 
remains at a high fixed value. Also check whether gas 
is being generated. 

2-4.3 Charging precautions 

(1) Remove the battery caps to vent the gas during 
charging. 

(2) While charging, ventilate the room and prohibit smok­
ing, welding, etc. 

(3) The electrolyte temperature should not exceed 45°C 
during charging. 

(4) Since an alternator is used on this engine, when 
charging with a charger, always disconnect the battery 
(+) cable to prevent destruction of the diodes. 
(Before disconnecting the (+) battery cable, discon­
nect the(-) battery cable [ground side].) 
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2-5 Battery storage precautions 
The life of a battery depends considerably on how it is 
handled. Generally speaking, however, after about two 
years its performance will deteriorate, starting will 
become difficult, and the battery will not fully recover its 
original charge even after recharging. Then it must be 
replaced. 
(1) Since the battery will self-discharge about 05%/day 

even when not in use, it must be charged 1 or 2 
times a month when it is being stored. 

6 ,---,--------,~-,--,-------~-~-~ 

Self-discharge/ 
day (%) 3 f------J---l'---c--~--1------:P--+-----1 

0 1 2 3 4 6 
Number of days alter charging 

(2) If charging by the engine alternator is insufficient 
because ol frequent starts and stops, the battery will 
rapidly lose power. 
Charge the battery as soon as possible after it is 
used under these conditions. 

(3) An easy-to-use battery charger that permits home 
charging is available from Yanmar. Take proper care 
of the battery by using the charger as a set with 
a hydrometer. 
When the specific gravity has dropped to about 1.16 
and the engine will not start. charge the battery up to a 
specific gravity of 1.26 (24 hours). 

(4) Before putting the battery in storage for long periods, 
charge it for about 8 hours to prevent rapid aging. 

~mp;e charger 

-:::----::tJ. ~ --;/ 
CJ I] ·~d 

i, \I " -~ 1~; ~ .~,A 
:----....::---.. _____ _ 
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3. Starter Motor 
3-1 Specifications 

YANMAR Part No. 

HITACHI Model No. 

Yoke diameter (mm) 

Nominal power (kW) 
Nominal voltage (V) 
Rating (sec) 
Direction of Rotation 
(Looking from the Pinion side) 
Number of Pinion teeth 
Weight (kg) 

Terminal voltage (V) 
No load Electric current (A) 

Revolutions (r/min) 

Terminal voltage (V) 
Load Electric current (A) 

Torque (N · m) 
Revolutions (r/min) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

129698-77010 

S114-815 

68 

1.2 
12 
30 

Clockwise 

11 
3.0 

11 
90 (MAX) 
2.750 (MIN) 

8.4 
250 

7.2 (MIN) 
1.200 (MIN) 

14 6 

Armature 
Yoko 
Brush 
Rear Cover 
Pinion Shaft 
Center Bracket (A) 
Center Bracket (P) 

3-2. The planetary gear starter system 
3-2.1 The planetary gear starter 
While these only had specialized applications in the past. 
they currently are being widely adopted because of their 
compact, lightweight design. 
Although smaller than the direct-drive type starter with its 
armatuer and pinion driven at the same speed, the plane­
tary gear starter actually reduces the motor speed to 
approximately 17% prior to driving the pinion. 
It does this without reducing output, hence the derivation 
of its name. 
Furthermore, use of heat-resistant insulating materials 
and advanced production technology makes the compact, 
light weight design possible and improves its starting 
capabilities in cold regions. 

13 

8. Internal Gear 
9. Planet Gear 

10. Pinion 
11. EearCase 
12. Shift Lever 
13. Torsion Spring 
14. Hagnetic Switch 

Fig .1 Planetary Gear Starter Construction 
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3-2.2 The Engagement Mechanism 
This type utilizes electromagnetic force. The pinion is 
engaged with the ring gear by means of the torsion spring 
and shift lever. The plunger is shifted by the attracting 
force, and depresses the pinion. When the pinion does not 
strike the ring gear, smooth engagement occurs, and 
then the contacts close to start the motor. 
Also, when the pinion strikes the ring gear teeth, it com­
presses the torsion spring and closes the contacts. When 
the current flows through the motor and the armature 

Pinion 

starts rotating, the pinion is depressed strongly on the ring 
gear and rotated by means of the torsion spring pressure 
and the helical spline's force. Then, the pinion teeth are 
arranged in engagement with the ring gear teeth. When 
the key start switch is turned OFF, the magnetic switch is 
demagnetized, and the pinion is returned by the torsion 
spring force. Simultaneously, the contacts open to stop 
motor operation. In Fig. 2, engagement between the pin• 
ion and ring gear is illustrated. 

CD @ (3) 
Fig. 2. Engagement of Pinion ;nd Ring Gear 

Ring Gear 

2 
1. Pinion 
2. Armature 
3. Magnet 
4, Torsion Spring 
5. Shift !ever 
6. Stationary Contactor 
7. Movable Contactor 

11 

S. Shunt Coit (Holding Goi!) 
9. Series Coil (Attracting Coil) 

10. Plunger 
11. Key Start Switch 
12 Battery 
13. Riug Gear 

Fig. 3. Schematic Layout of Planetary Gear Starter's Electricaf Circuit 

3~3 Removal 
(1) Disconnect the battery's negative or 8 side cable at 

the battery. 
(2) Disconnect the battery's posilive or © cable and the 

main harness' feed wire from the magnetic switch of 
the starter. 
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(3) Disconnect 0 cable at the starter. 
(4) Remove the starter retaining bolts and lockwashers. 

Then, withdraw the starter. 
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tO 
I ..... 

0 

Engine does not start. 

Does engine turn over 
with continued 
cranking? 

Yes 

NO 

NO 

Does the flywheel 
rotate? 

:or turns slowly) 

Yes 

Check fuel syatem. 

Starter does not stop 
if key start switch is 
turned of1. 

Does starter rotate ? 
NO Check battery for charging condition 

1--------- and battery terminals for connections 
_____ ..,... _______ ., and corrosion. 

Yes 

Is there anything unusual about 
the meshing of the pinion and 
ring gear's teeth. 

Check the pinion's overruning clutch 
for damage. 
Replace if necessary. 

• Adjust the dimension "e ". (P.13) 
• Check the shift lever for deforma­

tion. the torsion spring for exces­
sive wear and the pinion for its 
sliding condition. 

Yes 

• Correct meshing condition of the / 
pinion and the ring gear. 
Replace if necessary. ._____ 

Check the battery's charge. the 
ba11ery terminals connections and 
tor any corrosion. 

NO 

Check the consistency of the oil in 
the engine. Is it thick? 

NO 

Does engine turn over if the starter 
is replaced ? 

Yes 
---~ ·1 

Yes 

Yes 

NO (or rotation is slow) 

Inspect the inside of the engine. 

OK 

Can you bear the starter's magnetic 
switch operating ? 

Yes 

Remove starter from engine. 
Does starter turn under no load conditi­
ons by connecting battery EB· terminal lo 
M terminal of starter and battery 8 
terminal to the starter ground terminal? 

Yes 

• The magnetic switch connection 
is 1au!ty Replace It. 

Change the engine oil. 

Repair or replace old starter. 

Repair or replace key start switch. 
starter relay or magnetic switch. 

NO 

NO 

• Charge or replace battery. 
• Repair connections and clean 

corrosion ol battery terminals. 

Check and repair wiring system and 
connections between magnetic ---..i switch and key start switch. 

NO 

Check and replace if necessary: 
• Key atart switch. 
• Magnetic switch. (P.10) 

• Check the brush. If there is.fric­
tion, replace it. 

• If there is no wear and tear on 
the brush, replace the motor 
( including the field coil and 
armature.) 

. -.......... +. ,. .. -..... +-o .................................. •~ ............. - •• 
' ' . ~-~ ~---~ . 
j{ } ---- i 
: Check item Problem or : 
: corrective action : 
' . .............. ........................................... -................ . 

CAUTION 
If any abnormality is found. 
immediately disconnect battery 
negative terminal. 
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3-5 Disassembly 
• 1) The Magnetic switch's 8 mm nut 

2) The 6 mm Bolts (2) 
• 3) Magnetic switch 

4) _The·4 mm Screws (2) 
5) The 5 mm Through Bolts (2) 

• 6) The Rear Covee 
7) Thrust Washer 

• 8} The Brush Holder 
9) Yoke 

10) Armature 
• 11) Center Bracket (A) 

12) Gear Case 

.._ 13) Shift Lever 
14) Dust Cover 
15} Internal Gear 

.._ 16) Planet Gear (3) 
• 17) The Pinion Stopper clip 

18) Pinion Stopper 
• 19) Pinion 
• 20) E Ring 

21) washer (2) 
22) Center Bracket (p) 

_. 23) Pinion Shatt 

• : Disassembly reference exhibit is provided 

Magnetic Switch Oust cover (Adjusting washer) 
Adjust clearance ".€ " to washer 
thickness (ie 0.5, 0.8 mm} 

Resistance value (at 2o·q 
Serres Coil: 0.340 

"M,B" T ermina! Nut 
(j) 7.35-9.81 N·m 

J 
2 

Bolts 6 mm 
(j)5.9-8.3 N•m 

Shunt Coil: 0.72Q 

4--,,,_~ 

®00 
t I I 

11 9 10 

Armature 
Commutator dia. : 29128 mm 
Depth ot insulating mold 

(0.5-0.8/0.2 mm) 
Shaft bend: less than 0.1 mm 

I 
B 7 6 

I 
Brush Holder 

15 

1 

o&l 

I 
4 

I 
Screws 4 mm 
®1.7-2.3 N·m 

Brush Length: 16/12 mm 
Brush spring tension: 14.6-17.8 N 

Clearance " i " between Pinion's front 
edge and pinion stopper : 0.3-1.5 mm 

q; : N·m 
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Unit : mm (Standard "New" I limit "Used") 

Fig. 4. Exhibit of dissembled parts 
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1) The Magnetic switch's 8 mm nut 

Remove the magnetic switch's 8 mm nut 
and disconnect the connecting wire. 

2) The 6 mm Bolts (2) 
3) Magnetic Switch 

The Magnetic Switch can be disassembled once the 
6 mm Bolts are reamoved. 

4) The 4 mm Screws (2) 

5) The 5 mm Through Bolts (2) 

6) The Rear Cover 

The Rear Cover is disassembled by removing the 4 mm 

screws and the 5 mm through bolts. 

7) Thrust Washer 

The Thrust Washer is removed with a standard screwdriver. 

4 

/L 
~ 
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Fig. 5 

Fig. 6 

Fig. 7 

Fig. 8 
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8) The Brush Holder 

Pull the Brush Spring up with a Brush Spring lifter tool so 
that the Brush is separated from the surface of the 
Commutator. 

9} Yoke 
10) Armature 
11) Center Bracket (A} 

12) Gear Case 
13) Shift Lever 
14) Dust Cover 

Th& Shift Lever can be removed once the Dust Cover is 
disassembled from the Gear Case. 

15) Internal Gear 

16} Planet Gear {3) 

The lntemal Gear and the Planet Gear disassemble. 
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Fig.9 
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17) The Pinion Stopper Clip 

The Pinion Stopper Clip is removed with a standard 
screwdriver while the Pinion Stopper is pushed toward the 
Pinion. 

18) Pinion Stopper 
19) Pinion 

The Pinion Stopper and the Pinion can be disassembled 
once the Pinion Stopper Clip has been removed. 

20) E Ring 

The E Ring is removed by hammer with special fixture. 

21) Washer (2) 
22) Center Bracket (p) 
23) Pinion Shaft 

The Center Bracket (P) and the Pinion 
Shaft can be diassembled once the E Ring is removed. 

0 
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Fig. 13 

Fig. 14 

Fig. 15 

Fig. 16 

Printed in Japan 
HINSHI-H8009 



Chapter 9 Electrical System 
.... 3._S_t_a_r_te_r_M_o_to_r __________________________ 3,4JH3(B)(C)E 

3-6. Inspection and Repair 
3-6.1 Armature 
( 1) Check the diameter of the Commutator. 

If the outside diameter of the commutator is below the 
minimum limit then replace it 

mm 

Standard (New) Limit (Used) 

29 28 

{2) Continuity Test for the Armature Coil. 

Use a tester to check for continuity between parallel 
points on the commutator. Ii there is continuity, the 
armature is still good. 

No continuity : (Disconnected coil} 
Replace the armature. 

(3) Insulation Test for the Armature Coil. 

Use a tester to check for continuity between a point on 
the commutator and the shaft or the core. 
If there is no continuity the armature is still good. 
Continuity Exists : (Short circuited coil) 

Replace the armature, 

(4) Check for Surface Distortion on the Armature 
and the Commutator. 

Use a dial gauge to measure the distortion of the outside 
surfaces ot the armature core and the commutator, If it is 
above the limit, then repair or replace it. 

Armature 

Commutator 

Printed in ]aJnln 
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Standard (New) 

0.05 (MAX) 

0.05 (MAX) 

mm 

Limit (Used) 

0.1 

0.1 

Fig. 17 

Fig. 18 

Fig. 19 

Fig. 20 
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(5) Check the Surface of the Commutator 

lf the commutator surface is rough, then please use 
No. 500-600 sandpaper to make it smooth. 

(6) Check the Depth of Insulating Material from the 
Commutator Surface. 
II the depth of the insulating material from the commu­
tator segments is less than the limit, then please repair 
it by filing it down. 

mm 

Standard (New) Limit (Used) 

0.5~0.8 0.2 

3-6.2 Brush 

Measure the length of the brushes and if they are under 
the limit, replace them. 

mm 

Standard (New) Limit (Used) 

16 12 

3-6.3 Brush Holder 

Insulation Test for the Brush Holder 

Check for continuity between the brush holder's positive 
side and its base (negative side) with a tester. II there is 
no continuity the brush holder are still good. 
Continuity Exists : (Unsatisfactory insulation) 

Replace the brush holder. 

9-16 

Fig. 21 

05~0.8 mm 

In 

Correct 

Incorrect 

Fig. 22 

Fig. 23 

Fig. 24 

Commutator 
segments 
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(3) Inspection of the Brush Springs. 

Check the weight of the brush springs. 

Standard Weight (N) 

14.6~17.8 

3-6.4 Magnetic Switch 
(1) Continuity Test for the Shunt Coil 

Check for continuity between the "S" terminal and 
the switch body with a tester. If there is continuity, 
then it is still good. 

No continuity : (Disconnected coil) 
Replace tne magnetic switch. 

(2) Continuity Test for the Series Coil 

Check for continuity between the "S" and "M" 
terminals with a tester. If there is continuity, 
then it is still good. 

No continuity : (Disconnected coil) 
Replace the magnetic switch. 

(3) Continuity Test for Contact-Points 

Put the plunger on the under side and then push the 
magnetic switch down. At this time, check for continu­
ity between the "B" and "M" terminals with a tester. If 
there is continuity, then it is still good. 

No continuity : (Insufficient Continuity) 
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Replace the magnetic switch. 

Fig. 25 

Teste 

I 

Fig. 26 

Fig. 27 

Fig. 28 
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3·6.5 Pinion 
(1) Inspection of the Pinion 

Rotate the pinion manually. While rotating it in the direc­
tion of normal operation, smoothly reverse the direction of 
rotation to confirm that it locks. 
In the event of any irregularity, replace it. 

3·6.6 Yoke Assembly 
(1) Inspection of the Yoke 

Check the magnet of the yoke assembly for damage. 

3•6.7 Check the Bearing Diameter 
(1) Inspection of the Gear Case 

If the diameter of the gear case is above the limit then 
replace it. 

mm 

Standard (New) Limit (Used) 

0.1 

(2) Inspection of the Rear Cover 
ll the diameter of the rear cover is above the limit 
then replace it. 

Standard (New) 

12 +a 027 
0 

mm 

Limit (Used) 

0.1 

Fig. 29 

Fig. 30 

Fig. 31 

Fig. 32 
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(3) Inspection of the Center Bracket (P) 

ll the diameter of the center bracket (P) is above the 
limit then replace it. 

Standard (New) 

18 +0037 
+0.012 

(4) Inspection of the Pinion Shaft 

mm 

Limit {Used) 

0.1 

If the diameter of the Pinion Shatt is above the limit 
then replace it. 

Standard (New) 

6 7 +0.070 
· +0.025 
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mm 

Limit (Used) 

0.1 

Fig. 33 

Fig. 34 
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3-7 Reassembly 
Reassembly is in the reverse order of disassembly, how­
ever please note the following points. 

1. Tightening Torques : Refer to page 4 of the referece 
materials for the tightening 
torques of particular screws. 

2. The Places to Apply Grease : 
(D----The moving parts of shift lever. 
(2)-T--The sliding suriace of magnetic switch plunger. 

l--The sliding surface of pinion. 
@----The tooth of Internal Gear and Planet Gear. 

(1) Measurement of the Pinion's Motion 

After connecting the positive EB side of the battery to 
the "S" terminal and the negative 8 side to the "M" 
terminal and turning the switch on, measure the 
amount of movement "R, " in the direction of the pin­
ion's thrust. 

Standard length " 2 " 
0.3~1.5mm 

Note: When taking the measurement, please do so by 
pushing the pinion softly in the direction of the large 
arrow in the exhibit. 

(2) When the measurement " R, " is outside of the standard 
range, please adjust the dust cover by inserting it fur­
ther or loosening it in order to achieve an acceptable 
measurement. 
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Part (D (2) Q) 

Grease 
Shell Alvania NPC FG-6A Multemp SRL 
Grease No. 2 GREASE GREASE 

Switch 

t s 
M 

Battery T 
J 

..L 

2 

Q = 0.3 ~1.5 mm 

Fig. 35 

Magnetic switch 

@--•Dustcover 

I 

Fig. 36 

Pinion 
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3-8. Operation Specifications Check 
Please follow the directions in Performing a no-load test, 
since to a certain extent, it provides an easy way to 
confirm the specifications. 
Note : The rating is 30 seconds, so please perform the 
test expeditiously. 

(1) The No-load Test 
Set the starter securely on a test bench and lay the 
lines as shown in fig.37. 
When the switch is turned off, the electric current flows 
into the starter in noload operating conditions. With 
the electric current flowing, please measure the volt­
age and the r/min, and determine if they satisfy the 
specifications. 

Printed in Japan 
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Vo!tme1er 
D 

Ammeter 

CJ 
Battery 

s 

r[JO 
Digital Tachometer 

Fig. 37 
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4. Alternator Standard, 12V/55A 
The alternator serves to keep the battery constantly 
charged. It is installed on the cylinder block by a bracket, 
and is driven from the V-pulley at the end of the crankshaft 
by a V belt. 
The type of alternator used in this engine is ideal fur 
high speed engines with a wide range of engine 
speeds. It contains diodes that convert AC to DC, and 
an lC regulator that keeps the generated voltage con­
stant even when the engine speed changes. 

4-1 Features 
The alternator contains a regulator using an IC, and has 
the following features. 
(1) The IC regulator is self-contained, and has no moving 

parts (mechanical contact points) It therefore has supe­
rior features such as freedom from vibration, no fluctu­
ation of voltage during use, and no need for readjusment 
Also, it is of the over-heating compensation type and 
can automatically adjust the voltage to the most suit­
able level depending on the operating temperature. 

(2) The regulator is integrated within the alternator to 
simplify external wiring. 

(3) It is an alternator designed for compactness, light­
ness of weight and high output 

(4) A newly developed U-shaped diode is used to provide 
increased reliability and easier checking and mainte­
nance. 

(5) As the alternator is to be installed on board, the follow-
ing measures are taken to provide salt-proofing. 

1) The front and rear covers are salt-proofed. 
2) Salt-proof paint is applied to the diode. 
3) The terminal, where the inboard harness is connected 

to the alternamr. is mckel plated. 

4-3 Characteristcs 

15 
100 I . 

12 ... 80 

> 
~ 

a, ... ~ 
Cl 

9 $ 
0 
> 

60 c 
~ 

4-2 Specifications 

Model of altern~tor 

Model of IC regulator 

Battery voltage 

Nominal output 

Earth polarity 

Direction of rotation 
(viewed from pulley end) 

Weight 

Rated speed 

Operating speed 

Speed for 13.SV 

Output current at 20°C 

Regulated voltage 

I 

! Regulated voltage 

i 
I ! 

I 

I 

'O 
a, 

i :5 --- Output current for 13.SV 
>- u 

/" I 
OJ 
:5 

6 Cl 
a, 
a: 

:5 I 

~ _g. 40 ::, V 0 

3 20 I 
~ I I 

I 
0 

0 
0 2 4 6 8 10 12 

Speed of alternator (rpm) 

9-22 

LR155-20 (HITACHI) 

TRIZ-63 (HITACHI) 

12V 

12v/55A 

Negative earth (0) 

Clockwise 

4.3kg 

5000 rpm 

1000 ~ 9000 

1000 or less 

over 53A/5000 rpm 

14.5±0.3V(Standard temperature 
voltage gradient,-0.01/"C) 

14X10 3 
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4-4 Construction 
This is a standard rotating field type three-phase alterna­
tor. 
It consists of six major parts: the pulley, fan, front cover, 
rotor, stator and rear cover. The IC regulator is an integral 
part of the alternator. 

Bearing retainer 

\ 
\ 

Fan 

Pulley 

Stator assembly 

Fronit cover assembly 

Stator 

\ 

\ 
Rotor 

Rear cover assembly 

Bearing retainer 
Brush assembly 

Spacer 
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Screw (M5X0.8X14) 

IC regulator assembly 

Brush set 
Through bolt 

Ball bearing 

Rear cover 

lnsulatmg bushing 
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Rear cover 

Capacitor assembly 

/ Brush regulator assembly 

Bolt MS 
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4-5 Alternator functioning 
(1) IC regulator 

The IC regulator is the transistor (Tri) which is series­
connected with the rotor. The IC regulator controls the 
output voltage of the generator by breaking or conduc­
ting the rotor coil (exciting) current. 
When the output voltage of the generator is within the 
standard value, the transistor (Tr1) turns on. When the 
voltage exceeds the standard value, the Zener 
diode goes on and the transistor(Tr1) turns off. 
With the repeated turning on and off of the transistor, 
the output voltage is kept at the standard value. (Refer 
to the circuit diagram below.) 

{2) Charge lamp 
When the transistor (Tr1) is on, the charge lamp key 
switch is turned to ON, and current flows to R 1, R4 
and to Tn to light the lamp. When the engine starts to 
run and output voltage is generated in the stator coil, 
the current stops flowing to this circuit. turning oft the 
charge lamo. 

(3) Circuit diagram 

I 
D1-D3 

D1-0g 
~ 

L. 

Rotor coil 
04-06 

F 

r 
I 
I 
I 
I 
I 
L 

E 

Regulator 

AC generator 

BAT: 
D10: 
L: 
ZD: 
E: 

4-6 Handling precautions 
(1) Be careful of the battery's polarity (+,-terminals). and 

do not connect the wrong terminals to the wrong 
cables, or the battery will be short-circuited by the gen­
erator diode. 
In this case too much current will flow, the IC regulator 
and diodes burn out. and the wire harness will burn. 

(2) Make sure of the correct connection of each terminal. 
(3) When quick-charging, etc., disconnect either the bat­

tery terminal on the AC generator or the terminal on 
the battery. 

(4) Do not short-circuit the terminals 
(5) Do not conduct any tests using high tension insulation 

resistance. (The diodes and IC regulator will burn out.) 

BAT 

R, 
R 

1""'~ switch 

... 
: Battery 

-'-

R3 

_ _J 
E 

_ _j 

Generator output terminal 
IC protecting diode 
Charge lamp terminal 
Zener diode 

D1-Ds: Output commutation diode 
R1-R4: Resistor 
D1-D9: Charging lamp switching diode 
F: To supply current to rotor coil 

Earth Rn: Thermistor 
Tri, Tr2: Transistor (Temperature gradient resistance) 
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4-7 Disassembling the alternator 
(1) Remove the through-bolt, and separate the front as­

sembly from the rear assembly. 

=• ====\100 
,::::~•====iD 

(2) Remove the pulley nut, and pull out the rotor from the 
front cover. 

(3} Remove the ¢,5mm {.,-b0.1969 in.) screw from the front 
cover, and then remove the ball bearing. 

Printed in Japan 
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(4) Remove the nut, the brush-holder and diode fixing nut 
at the SAT, and the terminal screws of the rear cover 
Separate the rear cover from the stator (with the diode 
and brush holder). 

@I® 
@® 
@® 

(5) Disconnect the soldered joint of the stator lead wire, 
and remove the diode and brush regulator assemblies 
from the stator at the same time, 

{6) Separating the regulator 
1) To separate the regulator, remove the ,t, 3mm ( ¢, 0.1181 

in) rivet which keeps the diode assembly and the 
brush!ess regufator in place, and the soldered jo[nt of 
the L-termrnaL 
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2} To replace the IC regulator, disconnect the soldered 
joint the IC regulator and pull out the two bolts. Do not 
remove these two bolts except when replacing the IC 
regulator. 

' '""'" 
~ 

0 
4-8 Inspection and adjustment 
(1) Diode 

Between terminals 

Tester wire 

+ side 
U.V.W. 

- side 

Between terminals 

Tester wire 

+ side 
U.V.W. 

- side 

u 

+ side diode --C 

- side diode, --­

; 

/ 
Current direction 

BAT ( +side diode) 

+ side - side 

------ Continuity 

No Continuity -----
E ( +side diode) 

-side -side 

------ No continuity 

Continuity -----
V w 

➔ BAT 

U.V.W.: terminal from the stator coil 

Current flows only in one direction in the diode as shown 
in Fig. 181. Accordingly, when there is continuity 
between each terminal (e.g. BAT and U), the diode is in 
normal condition (photo). When there is no continuity, the 
diode is defective. 
When the tester is connected in the reverse of above, 
there should be no continuity If there is, the diode is defec· 
tive. 

9-26 

After repeating the above test, if any diode is found to be 
defective, replace the diode assembly. Since there is no 
terminal on the auxiliary diode, check the continuity 
between both ends of the diode. 

-~·p-. ""'-...: __,~' . . / 
. . .· ___.:.,-

. : ·.___; 
I_~- / ' 

', 

CAUTION: Do not use high tensile insulation resistance 
such as meggers, etc. for testing. The diode 
may burn out. 

(2) Rotor 
Inspect the slip ring surface, rotor coil continuity and 
insulation. 

1) Inspecting the slip ring surface 
Check if the surface of the slip ring is sufficiently 
smooth. ff the surface is rough, grind the surface with 
No. 500·600 sand paper. 11 it is contaminated with 
oil, etc., wipe the surface clean with alcohol. 

Standard Wear limit 

Slip ring outer dia. ¢31.6mm s6 30.6mm 

2} Rotor coil continuity test 
Check the continuity in the slip ring with the tester. If 
there is no continuity, there is a wire break. Replace 
the rotor coil. 

Resistance value 

!Gr~\ 

\J~!~~~~ 
'--~~~-, 

Approx. 3.340 at 20°C 
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3) Rotor coil insulation test 
Check the continuity between the slip ring and the 
rotor core, or the shaft. If there is continuity, insulation 
inside the rotor is defective, causing a short with the 
earth circuit. Replace the rotor coil, 

~ ..._:~ ',t <S~ 

\'~~ 
f)--~--
:------

4) Check the rear side ball bearing. If the rotation of the 
bearing is heavy, or produces abnormal sounds, 
replace the ball bearing. 

(3} Stator 
1) Stator coil continuity test 

Check the continuity between each terminal of the sta­
tor coil. If there is no continuity, there is a wire break in 
the stator coil. Replace the stator coil. 

Resistance value 

Pn·nred in Japan 
HI!\SHJ.ll8009 

Approx. 0.0770 at 20'C 
1-phase resistance 
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2} Stator coil insulation test 
Check the continuity between the terminais and the 
stator core. II there is continuity, insulation of the sta­
tor coil is defective. This wm cause a short-circuit with 
the earth core. Replace the stator coil. 

(4) Brush 
The brush is hard and wears slowly, but when it is 
worn beyond the allowable limit, replace ft. When 
replacing the brush, also check the strength of the 
brush spring. 
To check, push the spring down to 2mm (0.0787in.} 
from the end surface of the brush holder, and read the 
gauge. 

Brush spring stre rath 255-3459 

{5) Brush wear 
Check the brush length. 
The brush wears very little, but replace the brush lf 
worn over the wear limit line printed on the brush. 

/ 
Wear limit line (brush) 

mm 
Maintenance standard Wear limit 

Brush length 16 9 
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(6) IC regulator 
Connect the variable resistance, two 12V batteries, 
resistor, and voltmeter as shown in the diagram. 

1) Use the following measuring devices. 
Resistor (R1) 1000, 2W, 1pc. 
Variable resistor (Av) 0-300 Q, 12W, 1 pc. 
Battery (BAT1, BAT2) 12V, 2pcs 
DC voltmeter 0-30V, 0.5 class 1 pc. 

(measure at 3 points) 
2) Check the regulator in the following sequence, accor­

ding to the diagram. 
a) Check V3, (BAT1+BAT2 voltage). If the voltage is 

20-26V, both BAT1, and BAT2, are normal. 
b) While measuring V2 (F-E terminal voltage), move 

Rv gradually from the O-position. Check if there 
is a point where the V2, voltage rises sharply from 
below 2.0V to over 2.0V. If there is no such point, 
the reg1Jlator is detective. Replace the regulator. If 
there is a sharp voltabe rise when testing, return the 
Av to the 0-position, and connect the voltmeter to 
the V1, position. 

c) While measuring V1, (voltage between L-E terminals), 
move RV gradually from the O-position. There 
should be a point where the voltage of V,. rises 
sharply by 2-6V. Measure the voltabe of V,, just 
before this sharp voltage rise. This is the regulating 
voltage of the regulator. If this voltage of V,, is within 
the standard limit, the regulator is normal. If the volt­
age deviates from the limit, the regulator is defective. 
Replace the regulator. 

l __ E ___ F __ L __ R __ R_j 

4-9 Reassembling the alternator 
Reassembly is done in the reverse order of disassembly. 
For reassembly, be careful of the following points (Refer 
to 4-7 disassembling alternator.) 
(1) Assembling the brush regulator 

1) Solder the brush. 
Position the brush as shown in the drawing and solder 
it. Be careful not to let the solder drip into the pig tail 
(lead wire). 

9-28 

Wind the wire 1.5 times 
around the terminal groove. 

1mm 

Mount the insulation tube 
on the terminal surface. 

NOTES : 1. Use non-acid type paste. 
2. The soldering iron temperature is 300~350"C. 

2) Mount the IC regulator on the brush holder as illustrated, 
and press in the M5 bolt. Do not forget to assemble 
the bushing and the connecting plate at the same 
time. 
(If the bushing is left out, the output terminal will be 
earthed and the battery short-circuited). 

NOTES: 1. Insertion pressure is 100kg 
2. Insert vertically. 

(2) Connecting the brush regulator assembly and diode 
1) Check the rivets 

Place the rivets as shown in the figure, and then calk 
them using the calking tool. 

Calking torque 500kg 

2) Connect the brush to the diode. 
Insert the brush side terminal into the diode terminal, 
calk it, and then solder into place. 

3.0mm dia rivet. 

Rivetting pressure 500kg 
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(3) Assembllng the rear cover 
Insert pins from the outsice of the rear cover. lnsta!! 
the brush on the brush holder, then attach the rear 
cover. 
After assembly, pull out the pins. 

(4) Tightening torques 

Positions 

Brush holder fixing 
Diode fixing 
Bearing retainer fixing 
Pulley nut tightening 
Through-bolt tightening 

4-10 Performance test 

Brush hclder 

Pin 

Rear cover 

Tightening torque 
kg-cm 

32-40 
32-40 
32-40 

400-600 
32-40 

Conduct a performance test on the reassembled AC gen­
erator as fotlows. The following ls the circuit for the perfor­
mance test. 

-\ 
~-----.... -'\fl.Iv-' 

'-----+'!f't-------4 . ./ 
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0.25 Q Resistor 
Connect when 
1he batterries 
are discharged 
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(1) Measuring devices 

DC voltmeter 0-15V or 0-30V, 0.5 Class, 1pc. 

DC ammeter o-100A, 1.0 Clsss 1pc. 
Variable resistor 0-0.25O. 1kW, 1pc. 
Lamp 12V, 3W 

100 Q resistor 3W 

O .25 Q resistor 25W 

(2) Measuring the regulatlng voltage 
1) When measuring devices are connected in the per• 

formance test circuit as shown above, the charge 
lamp lights. 

2) Close SW2 while keeping SW1 open and run the AC 
generator. When the revolutions of the generator are 
gradually raised, the charge lamp goes off. 

3} Raise the revolutions of the AC generator, and read the 
voltmeter gauge when the revolutions reach about 
5,000 rpms. 

NOTES : 1. Make sure that the ammeter indication at this 
time is less than SA If the indication is over 
SA, connect the 0.25 0 resistor. The volt­
meter indication at this time must be with­
in the prescribed regulating voltage value. 

2. Raise the AC generator revolutions high to 
make sure the regulating voltage does not 
fluctuate along with changes in the revolu­
tion speed. 

{3) Precautions for measuring the regulating voltage 
1) When measuring the voltage, measure the voltage 

between the AC generator BAT terminal, or Battery 
+ terminal, and AC generator E-termina!. 

2) Use a fully charged battery. 
3) Measure the voltage quickly. 
4} Keep SW, open for measurement. 
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5. Alternator 12V/80A (OPTIONAL) 
The alternator serves to keep the battery constantly 
charged. It is installed on the cylinder block by a bracket, 
and is driven from the V-pulley at the end of the crankshaft 
by a V belt. 
The type of alternator used in this engine is ideal for 
high speed engines with a wide range of engine speeds. 
It contains diodes that convert AC to DC, and an IC regu• 
lator that keeps the generated voltage constant even 
when the engine speed changes. 

5-2 Specifications 

Model of alternator 

Model of IC regulator 

Battery voltage 

Nominal output 

Earth polarity 

Direction of rotation 

5-1 Features (viewed from pulley end) 

The alternator contains a regulator using an IC, and has 
the following features. 
(1) The IC regulator is self contained, and has no mov· 

ing parts (mechanical contact points) It therefore 
has superior features such as freedom from vibration, 
no fluctuation of voltage during use, and no need for 
read·justment. 
Also, it is of the over•heating compensation type 
and can automatically adjust the voltage to the 
most suitable level depending on the operating tern· 
perature. 

(2) The regulator is integrated within the alternator to 
simplify external wiring. 

(3) It is an alternator designed for compactness, light· 
ress of weight, and high output. 

~4) A newly developed U·shaped diode is used to provide 
increased reliability and easier checking and mainte· 
nance. 

(5) As the alternator is to be installed on board. the follow· 
ing measures are taken to provide salt-proofing. 

1) The front and rear covers are salt·proofed. 
2) Salt·proof paint is applied to the diode. 
3) The terminal, where the inboard harness is con· 

nected to the alternator, is nickel plated. 

5-3 Characteristcs 

15 

12 

(l) 

O> 9 
~ 
0 
> 

"O 
QJ 

1§ 6 
~ 

gi 
0: 

3 

0 

<( 

c 
~ 
:5 u 
-s 
a. ... -s 
0 

100 
I 

80 _v .--
7 

60 

I 
I 

40 I 

20 

0 
0 2 4 

Weight 

Rated speed 

Operating speed 

Speed for 13.SV 

Output current at 2o·c 

Regulated voltage 

I I 
Regulated voltage 

Output current for 13.SV 

6 8 10 
Speed of alternator (rpm) 
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12 

LR180·03 (HITACHI) 

TRIZ·63 (HITACHI) 

12V 

12V/80A 

Negative earth (S) 

Clockwise 

5.8kg 

5000 rpm 

1000 ~ 9000 

1000 or less 

over 78A/5000 rpm 

14.5±0.3V(Standard temperature 
voltage gradient,-0.01/°C) 

14X10 3 
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5-4 Construction 
This is a standard rotaing field type three-phase alterna­
tor. 
It consists of six major parts: the pulley, fan, front cover, 
rotor, stator and rear cover. The IC regulator is an integral 
part of the alternator. 

Brush 

Stator 

Bearing retainer 

\ 
~ Rear cover 

Flont cover 

Fan 

flfo@)~ \ 
\_~ Spacer 

Pulley 

Stator assembly 

Front cover assembly 

Condenser 

\\ Rtitar 

Ball bearing 

Rear cover assembly 

Brush assembly 
Bearing retainer 

Ball bearing 
IC regulator assembly 

~~--'r""Jo~==t=~ / Brush set Through bolt 
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Screw (M5X0.8Xt4) 

Ball bearing 

Rear cover 

lnsulatmg bushing 
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\ 
\ 
\ 

Diode 

Capacitor assembly 

Brush regulator assembly 

Brush holdar 

Diode assembly 
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5-5 Alternator functioning 
(1) IC regulator 

The IC regulator is the transistor (Tr1) which is series­
connected with the rotor. The IC regulator controls the 
output voltage of the generator by breaking or conduc 
ting the rotor coil (exciting) current. 
When the output voltage of the generator is within the 
standard value, the transistor (Tr1) turns on. When the 
voltage exceeds the standard value, the Zener 
diode goes on and the transistor (Tn) turns off. 
With the repeated turning on and off of the transistor, 
the output voltage is kept at the standard value (Refer 
to the circuit diagram below.) 

(2) Charge lamp 
When the transistor (Tr1) is on, the charge lamp key 
switch is turned to ON, and current flows to R1 ,R4 
and to Tr1 to light the lamp. When the engine starts to 
run and output voltage is generated in the stator coil, 
the current stops flowing to this circuit, turning off the 
charge lamp. 

(3) Circuit diagram 

Rotor coil 

F 

r 
I 
I 
I 
I 
I 
L 

5-6 Handling precautions 
(1) Be careful of the battery's polarity (+,-terminals). and 

do not connect the wrong terminals to the wrong 
cables, or the battery will be short-circuited by the gen­
erator diode. 
In this case too much current will flow, the IC regulator 
and diodes burn out. and the wire harness will burn. 

(2) Make sure of the correct connection of each terminal. 
(3) When quick-charging, etc., disconnect either the bat· 

tery terminal on the AC generator or the terminal on 
the battery. 

(4) Do not short-circuit the terminals 
(5) Do not conduct any tests using high tension insulation 

resistance. (The diodes and IC regulator will burn out.} 

.,. 
: Battery ....._ 

E i RegulaW _J" 
--·· 

AC generator 

BAT: Generator output terminal 
D1 o : IC protecting diode 
L : Charge lamp terminal 
ZD: Zener diode 
E: Earth 
Tr1, Tr2: Transistor 
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D1-Ds: 
R1-R4: 
Dt-D9: 
F: 
Rn: 

E 

Output commutation diode 
Resistor 
Charging lamp switching diode 
To supply current to rotor coil 
Thermistor 
(Temperature gradient resistance) 
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5-7 Disassembling the alternator 
( 1) Remove the through-bolt, and separate the front as­

sembly from the rear assembly. 

= ilO 
--00 

(2) Remove the pulley nut, and pull out the rotor from the 
front cover. 

(3) Remove the ,f:, 5mm ( ,f:, 0.1969 in.) screw from the front 
cover, and then remove tte ball bearing. 
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(4) Remove the nut, the brush-holder and diode fixing nut 
at the SAT, and the terminal screws of the rear cover 
Separate the rear cover from the stator (with the diode 
'3.nd brush holder). 

:.5i Disconnec! ,he soldered joint of the stator lead wire, 
ano remove the diode and brush regulator assemblies 
from the stator at the same time. 

(6) Separating the regulator 
1 ) To separate the regulator, remove the ,f:, 3mm ( ,j, O .1181 

in} rivet which keeps the diode assembly and the 
brushless regulator in place, and the soldered joint of 
the L-terminal. 
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2) To replace the IC regulator, disconnect the soldered 
joint the IC regulator and pull out the two bolts. Do not 
remove these two bolts except when replacing the IC 
regulator. 

. I . -
a 

5-8 Inspection and adjustment 
(1) Diode 

Between terminals 

Tester wire 

+ side 
U.V.W. 

- side 

Between terminals 

Tester wire 

+ side 
U.V.W. 

- side 

u 

+ side diode --c 

- side diode ~ ~ 

I 
Current direction 

BAT ( +side diode) 

+ side - side 

----------
No continuity 

Continuity -----
E ( -side diode) 

+ side -side ---- continuity 

No Continuity =-------------· 

V w 

➔ 
BAT 

,= 

U.V.W.: terminal from the stator coil 

Current flows only in one direction in the diode as shown 
in Fig. 181. Accordingly, when there is continuity 
between each terminal (e.g. BAT and U), the diode is in 
normal condition. When there is no continuity, the diode is 
defective. 
When the tester is connected in the reverse of above, 
there should be no continuity. If there is, the diode is 
defective. 

9-34 

After repeating the above test, ii any diode is found to be 
defective, replace the diode assembly. Since there is no 
terminal on the auxiliary diode, check the continuity 
between both ends of the diode. 

CAUTION: Do not use high tensife insulation resistance 
such as meggers, etc. for testing. The diode 
may burn out. 

(2) Rotor 
Inspect the slip ring surface, rotor coil continuity and 
insulation. 

1) Inspecting the slip ring surface 
Check if the surface of the slip ring is sufficiently 
smooth. If the surface is rough, grind the surface with 
No. 500-600 sand paper. If it is contaminated with 
oil. etc., wipe the surface clean with alcohol. 

Standard Wear limit 

Slip ring outer dia. <p31.6mm ,f,30.6mm 

2) Rotor coil continuity test 
Check the continuity in the slip ring with the tester. If 
there is no continuity, there is a wire break. Replace 
the rotor coil. 

Resistance value 

ol~\ 

\\--;_!~~ \ 
,-'------~, 

Approx. 2.580 at 20°C 
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3} Rotor coil insulation test 
Check the continuity between the slip ring and the 
rotor core, or the shaft. 11 there is continuity, insulation 
inside the rotor is defective, causing a short with the 
earth circuit. Replace the rotor coil. 

- ..r""T"-,, --. .. --~ 
~j 

\~-__.:::::, 
!,•-----
:---

4} Check the rear side ball bearing. If the rotation of the 
bearing is heavy, or produces abnormal sounds, 
replace the ball bearing. 

(3) Stator 
1) Stator coil continuity test 

Check the continuity between each terminal of the sta­
tor coil. If there is no continuity, there is a wire break 
in the stator coil. Replace the stator coil. 

~ 
\ . ' ~:, ~~- \ ·~ 

t 
' 'c; 

Resistance value 
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~ 

I . I 

Approx. 0.04 0 at 2o·c 
u,v-phase resistance 

Approx. 0.036 o at 2o·c 
w-phase resistance 
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2} Stator coil insulation test 
Check the continuity between the terminals and the 
stator core. If there is continuity, insulation of the sta­
tor coil is defective. This will cause a short-circuit with 
the earth core. Replace the stator coil. 

(4) Brush 
The brush is hard and wears slowly, but when it is 
worn beyond the allowable limit, replace it. When 
replacing the brush, also check the strength of the 
brush spring. 
To check, push the spring down to 2mm (0.0787in.) 
from the end surface of the brush holder, and read the 
9auge. 

Brush spring strerath 255-345g 

(5} Brush wear 
Check the brush length. 
The brush wears very little, but replace the brush if 
worn over the wear limit line printed on the brush. 

Wear limit line (brush) 

mm 
Maintenance standard Wear limit 

Brush length 16 9 
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(6} IC regulator" 
Connect the variable resistance, two 12V batteries, 
resistor, and voltmeter as shown in the diagram. 

1) Use the following measuring devices. 
Resistor (R1) 1000, 2W, 1pc. 
Variable resistor (Rv) 0-3000, 12W, 1pc. 
Battery (BAT1, BAT2) 12V. 2pcs 
DC voltmeter 0-30V, 0.5 class 1 pc. 

(measure at 3 points) 
2) Check the regulator in the following sequence, accor­

ding to the diagram. 
a} Check V3, (BAT,+BAT2 voltage). If the voltage is 

20-26V, both BAT1, and BAT2, are normal. 
b) While measuring V2 (F-E terminal voltage). move 

Rv gradually from the O-position. Check if there 
is a point where the V2, voltage rises sharply from 
below 2.0V to over 2.0V. If there is no such point, 
the regulator is defective. Replace the regulator If 
there is a sharp voltabe rise when testing, return the 
Av to the 0-position, and connect the voltmeter to 
the V1, position. 

c) While measuring V1 (voltage between L-E termi nals), 
move RV gradually from the O-position. There 
should be a point where the voltage of V,, rises 
sharply by 2-6V. Measure the voltabe ol V1, just 
before this sharp voltage rise. This is the regulating 
voltage of the regulator. If this voltage of V,, is within 
the standard limit, the regulator is normal. If the 
voltage deviates from the limit, the regulator is 
defective. 
Replace the regulator. 

l..__E ----'-F------'L=--___:_:_R _ __:_:_R _j 

5-9 Reassembling the alternator 
Reassembly is done in the reverse order of disassembly. 
For reassembly, be careful of the following points (Refer 
to 4-7 disassembling alternator.) 
(1) Assembling the brush regulator 

1} Solder the brush. 
Position the brush as shown in the drawing and solder 
it. Be careful not to let the solder drip into the pig tail 
(lead wire). 

9-36 

Wind the wire 1.5 times 
around the terminal groove. 

II 

~mm 

Mount the insulation tube 
on 1he terminal surface. 

NOTES: 1. Use non-acid type paste. 
2. The soldering iron temperature is 300~350"C. 

2) Mount the IC regulator on the brush holder as illustrated, 
and press in the M5 bolt. Do not forget to assemble 
the bushing and the connecting plate at the same 
time. 
(If the bushing is left out, the output terminal will be 
earthed and the battery short-circuited). 

M5boll 

NO TES : 1. Insertion pressure is 100kg 
2. Insert vertically. 

(2) Connecting the brush regulator assembly and diode 
1) Check the rivets 

Place the rivets as shown in the figure, and then calk 
them using the calking tool. 

Calking torque 500kg 

2) Connect the brush to the diode. 
Insert the brush side terminal into the diode terminal, 
calk it, and then solder into place. 

3.0mm dia rivet. 

Rivetting pressure 500kg 
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(3) Assembling the rear cover 
Insert pins from the outsice of the rear cover. Install 
the brush on the brush holder, then attach the rear 
cover. 
After assembly, pull out the pins. 

(4) Tightening torques 

Positions 

Brush holder fixing 
Diode fixing 
Bearing retainer fixing 
Pulley nut tightening 
Through-bolt tightening 

5-10 Performance test 

Brush hclder 

Brush 

Pin 

Rear cover 

Tightening torque 
kg-cm 
32-40 
60-70 
32-40 

400-600 
32-40 

Conduct a performance test on the reassembled AC gen­
erator as follows. The following is the circuit for the per­
formance test. 

a. 
E 
L'!l 

Q.1 

ei 
L'!l 
.c 
() 
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(1) Measuring devices 

DC voltmeter 0-15V or 0-30V, 0.5 Class, 1 pc. 

DC ammeter 0-100A, 1.0 Clsss 1pc. 

Variable resistor 0-0.25Q.1kW, 1pc. 

Lamp 12V, 3W 

100 Q resistor 3W 

0.25 Q resistor 25W 

(2} Measuring the regulating voltage 
1} When measuring devices are connected in the per­

formance test circuit as shown above, the charge 
lamp lights. 

2) Close SW2 while keeping SW1 open and run the AC 
generator. When the revolutions of the generator are 
gradually raised, the charge lamp goes off. 

3} Raise the revolutions of the AC generator, and read the 
voltmeter gauge when the revolutions reach about 
5,000 rpms. 

NOTES : 1. Make sure that the ammeter indication at this 
time is less than 5A. If the indication is over 
SA, connect the 0.25 Q resistor. The volt­
meter indication at this time must be with­
in the prescribed regulating voltage value. 

2. Raise the AC generator revolutions high to 
make sure the regulating voltage does not 
fluctuate along with changes in the revolu­
tion speed. 

(3) Precautions for measuring the regulating voltage 
1} When measuring the voltage, measure the voltage 

between the AC generator BAT terminal, or Battery 
+ terminal, and AC generator E-terminal. 

2} Use a fully charged battery. 
3) Measure the voltage quickly. 
4) Keep SW, open for measurement. 

0.250 Resistor 
Connect when 
the batterries 
are discharged 

9 
0.250 

9-37 
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5-11 Troubleshooting 
(1) Charging failure 

Doesn't 
go off 

r-----------------, Defective --------------, 

Does the charge lamp go off 
when the key switch is turned 
(after engine starting)? 

Goes off 

*Measuring condition 
Generator rpms: 5,000 

Check fan belt 

OK 

After stopping the engine, tum on the key switch. 

Remove the R-L generator coupler. 

----------------, Defective 
Measure the voltage between the 
BAT termirnal, and the R-L 
coupler terminal. 

BAT, R-L terminal 
Voltage: 9-12V 

OK 

Insert the R-l coupler to the generator. 

Turn on the key switch for engine startiny 

*Measure the voltage between 
the genArator BAT, and the l 
terminal. 

OK 

Light the night lamp. Measure 
the BAT terminal voltage of 
generator: 0.3-2V is normal. 
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Defective 

Defective 

• Replace fan belt. 
• Adjust fan belt. 

• Check electrical wiring for defective 
continuity of the BAT, and R 
terminals. 

• Check the key switch and charge 
lamp for defective continuity of the 
l-terminal. 

• In case of detective continuity J' 
BAT terminal, replace the IC n,\}U­
lator. 

• In case of defective continuity of 
the L-terminal, check or replace 
the diode, sta rto r and rotor. 

Check the electrical wiring for the 
night lamp. 

Printed in Japan 
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(2) Overcharging 

Tum on the key switch. 
(Start the engine.} 

(3) Charge lamp failure 

Check if the charge lamp lights 
after turning on the key switch. 

OK 

After turning on the key switch 
(after engine starting), check ii 
the charge lamp goes off. 

Check !he fan belt. 
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Defective 

*Measure the BAT voltage of 
the generator. 

Check the wiring. 
Replace the charge lamp, 

The Charge lamp is OK ii it goes olf. 

OK 

Measure the BAT voltage of 
generator. 
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Defective 

,---.I0-1 Replace the JC reg1ator or generator. 

Defective 

Defective 

... 

• Replace the fan belt 
• Adjust fan belt. 

Replace the charge lamp . 
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6. Instrument Panel 
6-1 B2-type instrument panel with wiring 

Water temperature warning lamp 
Oil pressure warnina lamp 

Charge hmr, 
a.--;--------,,--+----+----.'---t- I 

Tachometer Light switch 

I 
I / 

.. I Tachometer 

'---'--'-='--+---,,....\----'',------' 6., 

sealed lamp (sail drive) 

ter temperature warning lamp 

· pressure warning limp 

~

Keysw,tch 

,-,-,,,__ -- r,o .. a 
12a (5.03931 1---~=-v,ls~o~3~9;)] - 20~ 

10 (0.39 -- 276 tic[.__ ----y---- 10 6) 

Alarm buzzer 
Light switch 

For engine stop cable 

6-2 C-type instrument panel 

Alarm buzzer *Engine stop switch (0.3937) 

Tachometer 

mm(1r,. 

Cooling water thermometer 

I 

Warning lamp 
C.W. temperature lamp 

-+---._ Engine LO. pressure lamp 
Charge lamp 

~ I 

m f' 

8 

-"-i-~~-~~+--i---1----;:iry,,__.,._ __ $...,! 

\ 

'K/· 

Fuse box Staner switcr. 

Buzzer switch Engine stoo switc1 
Integral hour meter 

Light switch 

9-40 

Engine stop switch 
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6-3 Extension codes 

Extension cord 4M 

Extension cord 6M 

Printed in Japan 
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Part code No. 

129574-77710 

1295 7 4-77720 

mm 

L 

3750 - 3850 

5750 - 5850 

9-41 
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7. Warning Devices 
7-1 Oil pressure alarm 
It the engine oil pressure is below 0.1 ~0.3 kg/cm2 (1.42~ 
4.26 lb/in.'), with the main switch in the ON position, the 
contacts of the oil pressure switch are closed by a spring. 
and the lamp is illuminated through the lamp _. oil pres· 
sure switch_. ground circuit system. If the oil pressure is 
normal, the swltc contacts are opened by the lubricating 
oil pressure and the lamp remains off. 

Main switch 

l_ 
: Battery 

_]_ 

(Oil pressure aiarm circuit) 

Oil pressure 

Oil pressure switch 

Inspection 

Problem 

Lamp not illuminated when 
main switch set to ON 

Lamp not extinguished 

while engine running 

Contacts 

Oil pressure ....... 

Inspection Item 

1. Oil pressure tamp 
blown out 

2. Operation of oil pressure 
switch 

1 . Oil level low 

2. Oil pressure low 

3. Oil pressure faulty 

4. Wiring between lamp and oil 
pressure switch faulty 

r7::::~ .a-°' c~. 
"'v . c· 

·-- .. co<;::::;; .. 
~ Q . 

Lubeoll A 
pressure--r:;::i 

switch 

Cylinder body main gallery 

Rated voltage 

Operation pressure 

Lamp capacity 

Inspection method 

( 1) Visual inspection 

(2) Lamp not illuminated even 
when main switch set to ON 
position and terminals of oil 
pressure switch grounded 

Lamp illuminated when checked 
as described in (2) above 

Stop engine and check oil 
level with dipstick 

Measure oil pressure 

Switch faulty if abnormal at (1) 
and (2) above 

Cut the wiring between the 
lamp and switch and wire with 
separate wire 

9-42 

. ·, O·_/ 
'. .. ··#•-;::i 

_·P----

• 

~ 
• 

' C 

'-.; 
,\ ·Y.'@r 

12V 

0.1 ~0.3kg/cm' 

5W 

Corrective action 

Replace iamp 

Replace oil pressure switch 

Add oil 

Repair bearing wear and 
adjust regulator valve 

Replace oil pressure switch 

Repair wiring harness 
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7-2 Cooling water temperature alarm 

A water temperature lamp and water temperature gauge, 
backed up by an alarm in the instrument panel, are used 
to monitor the temperature of the engine cooling water. 
A high thermal expansion material is set on the end of the 
water temperature unit. When the cooling water tem­
perature reaches a specified high temperature, the con­
tacts are closed, and an alarm lamp and buzzer are 
activated at the instrument panel. 

Fresh water pump 

PT3ld 

Printed in Japan 
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Cooling water temperature switch 

'-

V' 

Main switch 

1 
J_ 

: Baltery 

T 

(Water temperature alarm circuit) 

57.7mm 

Green 

9-43 

/ ON 
Operating temperature I 

OFF 

97~103°C 

87'C or high 

Electric capacity DC 12V, 1A 

Response time with in 60 sec. 

indication color Green 

Tightening torque 2.40~3.20kg-m 

7-3 Sender unit for lube oil pressure gauge 

The sender unit for the lube oil pressure gauge has a 
mounting seat for mounting on the lube oil filter bracket. 
Oil pressure is measured when the oil enters into the main 
gallery after being fed from the lube oil cooler and passina 
through the oil pressure control valve Be sure to mount a 
vibration damper when mounting the oil pressure sender 
unit. 
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Lube oil pressure sender unit 

16.7 , 

Damper 

PT 1/8 

MS x P0.8 

'Sf" 
lO 

7-4 Sender unit Oor the cooling water 
temperature gauge 

The water temperature sender unit has a mounting seat 
for mounting on the fresh water pump unit. Water temper­
ature is measured when the cooling water flows into the 
thermostat housing after leaving the cylinder head. 

57.2 

22.7 14 
17 MS X P0.8 

Black 

PT3/8 

Type Thermistor switch 

Rated voltage 12V/24V 

82.4 

37 

20.5 

9-44 

10.7 8 10 

PT 118 

Type 

Rated voltage 

Max. operating pressure 

mm 

~' Cooling water 
temperature 
switch 

Inlet for ~itt~;?l\;¾... 
water heater 

mm 

Resistance switch 

DC 12/DC 24 

8kg/cm' 

for water heater 
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8. Air Heater (Optional) 
An air heater is available tor warming intake air when 
starting in cold areas in winter. The air heater is mounted 
between the intake manifold and intake manifold coupling. 
The device is operated by the glow switch on the instru• 
mentpaneL 

Joint 

Gaske! 

Air healer 

Gasket 

78 

60 

2 x M6 terminal 

Rated output 

Rated current 

Rated voltage 

Rated operating time 

Range operating 
temperature 
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400W 

33.3A 

DC 12V 

Engine operation : 60 sec. 
Engine slop : 30 sec. 

+so·c~3o·c(122'F ~-22'F) 

9-45 

Intake manilold 

mm 
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9. Electric type Engine Stopping Device (Optional) 
To employ the eletric engine stop device, the stop lever of 
the fuel injection pump is connected to the solenoid with a 
connection metal. 
The device is operated by the stop switch on the instru­
ment panel. 

Engine stop soienoid. 

Engine s1op wireharness 

9-1 Solenoid 

Solenoid model 

Rated voltage 

Taking current 

Taking force 

Holding force 

Holding current 

I 
8-32 screw 
terminel 

1504-12AU1 B 

12V 

41A 

5.0kg 

9.0kg 

0.75A 

}38 

I 

\ 

mm 

9-46 

Link 

Fuel injection pump 
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9-2 Relay 

17 

7 

13 

30 

mm 

0 8 6 23.6 
. ----ti---i~------'~--t--t--

I 
,1 
,I 

I 
t 

i 
I 

I 

3 

L~__J 

I'­
(") 

9-3 Wire harness of engine stop 
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Starting motor R 
terminal B 

G/R 

1:istrumenl panel 

9-47 

Rated voitage 12V 

Cantact current Lamp: 20A, extra-lamp : 25A 

Range of operation 

@Bu 

©--Relay 
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10. Tachometer 
10-1 Construction of tachometer 
The tachometer indicates the number of revolutions per 
minute by means of an electrical input signal which is gen­
erated as a pulse signal from the magnetic pickup sender 
(MPU sender). 
The function of the sender is to convert the rotary motion 
into an electrical signal by counting the number of teeth of 
the ring gear connecting with the flywheel housing. 

0 , 
Rotation 
detecting sender 

Cl-- Tachometer sensor 

I 

Red/black 
Orange 

Blue/red 
Black 

Tachometer 

10-2 Specifications and dimensions of tachometer 
(~) Specifications 

Rated voltage DC 12V 

Range of operating voltage 10~15V 

illuminaMn 3.4W / 12V 

I No. of teeth 116 
Ring gear lt-------t--------

Module 2.54 
Part No. of sender unit 128170-91160 

(2) Sensitivity limit of sender unit 

Ring gear speed 
(m/sec) 

J 8 

6 

Good zonel I 
/ 

4 ./ 

V NG zone 

2 

0 

/ 

L---
L.,.----"' 

I ----0,5 1.0 1.5 2,0 

Sender unit and gear clearance C (mm) 

C 

(3) Dimensions of sender unit 

25+os - . 34 5 

5 4.5 
1,5- i-- 3 

15.5 

~ 

L.. 

;[ ' 
~. 

17 
~ 

~ 

\ 
~ 

' 

M18 X P15 

(4) Dimensions and shape of tachometer 

72.3 

10 

l_ 
Identification mark 

2.5 

mm 

!~ 
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10-3 Measurement of sender unit characteristics 
(1) Measurement of output voltage 

Synchroscope 

Output voltage 1.0V or higher 

Measuring conditions 

Number of teeth of 
ring gear 

Gap between the ring 
gear and sender 

Resistance 

Speed of ring gear 

Measuring temperature 

Measuring instrument 

Fault 

Does not function well. 
1) Pointer does not move. 
2) Functions intermittently. 
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IV or higher 

116 

1.3mm 

20kO 

500 rpm 

20°C 

Synchroscope 

Diagnosis 

AC 100V 

•check the output wave pattern and number of pulses 
when carrying out the output voltage measurement. 

(2) Measurement of internal resistance 

Measuring conditions 

Measuring temperature 20'C 

Measuring instrument Digital tester 

Digital tester 

Rotation detecting sender 

AC 100V 

Remedy 

Check if there is an open-circuit cable connection at the 
rear of the meter, a loose or disconnected terminal or bad 
continuity due to corrosion. 

Yes Make good the connection. 

Disconnect at the instrument terminals. and measure the 
voltage between the cable terminals. (To be 10~16V) 

i Satisfactory 

9-49 

No If the input voltage is 
abnormal, check the cause. 
(e.g. short-circuit, disconnec­
tion, or blown fuse, etc.) 
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Check if the sender is loosely fitted. 

l No 

Measure the internal resistance of the sender. 
(To be 1.6± o. 1 kn at 2o·c) 

! 

Measure the output voltage of the sender. 
(To be or higher at 20'C) 

9-50 

Yes 

No 

No 

Fix the sender securely. 

Replace the sender. 

Replace the sender. 
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1. Disassembly and Reassembly 
Precautions 

(1) Disassembly 
• Take sufficient time to accurately pin-point the cause 

of the trouble, and disassemble only those parts 
which are necessary. 

• Be careful to keep all disassembled parts in order. 
• Prepare disassembly tools. 
• Prepare a cleaner and cleaning can. 
• Clear an adequate area for parts and prepare a 

container(s) 
• Drain cooling water (sea water, fresh water) and 

lube oil. 
• Close the Kingston cock 

(2) Reassembly 
• Sufficiently clean and inspect all parls to be assem­

bled. 
• Coat sliding and rotating parts with new engine oil 

when assembling. 
• Replace all gaskets and O-rings. 
• Use a liquid packing agent as necessary to prevent 

oil/water leaks. 
• Check the oil and thrust clearances. etc. of parts when 

assembling 
• Make sure you use the correct bolt/nut/washer. 

Tighten main bolts/nuts to the specified torque. Be 
especially careful not to overtighten the aluminum 
alloy part mounting bolts. 

• Align match marks (if any) when assembling. Make 
sure that the correct sets of parts are used for bear­
ings, pistons, and other parts where required. 
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2. Disassembly and Reassembly Tools 
The following tools are required when disassembling and 
reassembling the engine. 
Please use them as instructed. 

2-1. General Handtools 

Name of tool Illustration 

Wrench 

Wrench 

Wrench 

Wrench 

Screwdriver 

I) 

Steel hammer < )1--L) ___ ~__,J 
,-) 

10-2 

Remarks 

Size: 10X13 

Size: 12X14 

Size: 17X19 

Size: 22X24 

Local supply 
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Name of tool 

Copper hammer 

Mallet 

Nippers 

PHers 

Offset wrench 

Box spanner 

Scraper 
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ltlustration Remarks 

ITT ........... : ___ J Local supply 

local supply 

Local supply 

~ Local supply 

local supply 1 set 

local supply 1 set 

Local supply 
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Name of tool 

lead rod 

File 

Rod spanner for 

hexagon ~ocket 

head screws 

Stariing Pliers 

Huie type 

Shaft type 

r 

Illustration 

i !II! 9&¥#i 

8S§@§%§S8v? 

zza&WEAWMV 

10-4 

S-0 

H4~H8 

S "'Hole type 
H "' Shaft type 

Remarks 

Local supply 

Local supply 1 set 

Local supply 

Size: 6 mm 

8mm 

10 mm 

Local supply 
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2-2 Special Handtools 

Name of tool 

Piston pin insertion/ 

extraction tool 

Connecting rod small 

end bushing insertion/ 

extraction tool 

Intake and exhaust 

valve insertion/ 

extraction tool 

Lubricating oil No.2 

tilter case remover 
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Shape and size 

(l " ·1 

80 

a 

10-5 

mm 

0 

0 

Application 

Piston pin extractor 
) r--------, 

' --0 

Extraction of piston pin 

'=;,~-,r-1 \.,-l' 

. ( ', \ '-...,, 

Insertion of piston pin 



Chapter JO Disassembly and Reassembly 

.::;2:.... D~is,::a~s;;:,:se;:,:;m~bi:::,Y...;a~n.:,,:d;..:.;R:.;;e.:::as:;;;;s;.;;e,;;;m;.;;b;.;,lY;;;....,;T;;..o;;..;o;.;;.ls;;..._ __________________ 3,4JH3(B)(C)E 

Name of tool 

Piston ring 

compressor 

Valve lapping handle 

Valve lapping powder 

Feeler gauge 

Pulley puller 

Shape and size 

Local supply 

10-6 

Application 

Piston insertion guide 

Lappira tool 

, 0 '______::1/' 

0 CJ O ~ --=-~ ~~ 
-----,.,,.,-----,-,.--~"T"T,:::-c 

' 

' ~11._/~---- \ 

$>\ / ~-; " 

Removing the coupling 
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2-3 Measuring Instruments 

Name of tool 

Vernier calipers 

Micrometer 

Cylinder gaugo 

Thickiness gauge 

Torque wrench 

Nozzle tester 
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Shape and size 

" 

10-7 

Application 

0.05mm 

0~150mm 

0.01mm 

0~25mm 
25~50mm 
50~75mm 
75 ~100mm 
100 ~125mm 
125~150mm 

0.01mm 

18~35mm 
35~60mm 
50~100mm 

0.05~2mm 

0~13kg-m 

0~S00kg/cm2 
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2-4 Other material 

Items 

Three Bond 
No.1 

TB1101 

Three Bond 
No.2 

TB1102 

Three Bond 
ai No.3 2,<'. 
<I) 

TB1103 (Cl 

Cl 

J2 
::::i Three Bond CT 

::.:J No.4 
TB1104 

Three Bond 
No.10 

TB1211 

Three Bond 
TB1212 

Three Bond 
Q) TB1401 > 

"iii 
Q) 
.c 
-0 Lock tight <: 

SUPER 
TB1324 

Seal Tape 

O-ring kit 

a, Brand name 

~ (LOWCOL PASTE) 
::::i 
. !!! Brand name -0 

E (PASTE SPRAY} 
::::i 

- c:: c:: (I) 

r:i -0 
Brand name ~~ 

:::l 0 (MOL YPASTE) - E a..~ 
w 

Usual Contents 

200g 
(1 kg also aviable) 

200g 
(1 kg also aviable} 

150g 

200g 
(1 kg also aviable} 

100g 

1 00g 

200g 

50g 

5m round tape 

¢ 1.92-m dia.:1 
¢ 2.42-m dia.:1 
¢ 3.12-m dia.:1 
,f, 3.52-m dia.:1 
,f, 5.72-m dia.:1 

50g 

330g 

50g 

Features and application 

Non-drying liquid gasket; solventless type, easy to remove, superior in seawa-
ter resistance, applicable to various mating surfaces. 

Non-drying liquid gasket; easy to apply, superior in water resistance and oil 
resistance, especially 
superior in gasoline resistance. 

Drying film, low viscosity and forming of thin film, appropriate for mating sur-
face of precision parts. 

Semi-drying viscoelastic material, applicable to non-flat surface having many 
indentations and protrusions, superior in heat resistance, water 
resistance, and oil resistance. 

Solventless type silicone-base sealant, applicable to high temperature areas. 
(-5o·c to 250) 

Silicone-base, non-fluid type, thick application possible. 

Prevention of loose bolts, gas leakage, and corrosion. Torque required to 
loosen bolt: 1 0 to 20% larger than tightening torque. 

Excellent adhesive strength locks bolt semipermanently. 

Sealing material for threaded parts of various pipes. 
Ambient temperature range: -150'C to 200°C 

O-ring of any size can be prepared, whenever required. 
(Including adhesive, release agent, cutter, and jig) 

For assembly of engine cylinders, pistons, metals, shafts, etc. 
Spray type facilitates application work . 

Prevention of seizure of threaded parts at high temperature. 
Applicable to intake and exhaust valves. (stem, guide, face) 
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items 

Scale solvent 

c 
(l) 

> 
0 
ti) 

Neutralizer (l) 

<ii (caustic soda) 
0 

Cf) 

pH test paper 

Antirusl 

Anti freeze 

Cleaning agent 

Printed in Japan 
H[NSHI-H8009 

Usual Contents 

1 box 

( 4kg X 4removers) 

1 box 

(2kgX4 

neutralizers) 

2.e 

2 .e 

1 kgX20 

Features and application 

• The scale solvent removes scale in a short time. (1 to 10 hours) 
• Prepare water (seawater ls possible) in an amount that is about 10 times the 

weight of !he solvent. Mix the solvent with water. 

• Just dipping disassembled part into remover mixture removes scale. 
To shorten removal time, stir remover mixture. 

• If cleaning performance drops, replace remover mixture with new remover 
mixture. 

• Neutralize used mixture, and then dispose of it 
To judge cleaning performance of mixture, put pH test paper into mixture. 
If test paper turns red, remover mixture is still effective. 

Add antirust to fresh water system. Then operate engine for approximately 5 
minutes, Anti rust wilt be effective for 6 months. 

Add antirust to fresh water system at the cold area to engine operate. 

• The cleaning agent removes even carbon adhering to disassembled parts. 
• If a cleaning machine is used, prepare 4 to 6% mixture of 60° to so·c to 

ensure more effective deaning. 

10-9 
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Items Usual Contents Features and application 

42X4 

Cleaning agent 18 2X 1 Special cleaning agent that requires no watar, specially designed for 

for turbocharger blower of turbocharger and intercooler. 

15sets : 1, 

500ccX6 

Cautions: 
It is recommended that the liquid gasket of Three Bond TB 1212 should be used for seNice work. 

Before providing service, observe the cautions below: 
(1) Build up each gasket equally. 

(2) For a bolt hole, apply liquid gasket to the inside surface of the hole. 

(3) Conventionally, Three Bond TB 1104(gray) or Three Bond 

TB 1102(yellow) is used for paper packings though single use of one of these bonds is not effective. 

(4) If conventional packings are used, do not use a liquid packing. 

"' -0 

"Ei 
:::, 

0 

10-10 

Oil pan mating surface 

"' -0 
·.;; 
.5 '2 

Buildup of TB1212 

<1J 
Cl. 

·5 
0 

11> 
-0 
·.;; 

"' 
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2. Disassembly and Reassembly Tools 

2-5 Measuring Instruments 

No. Name of tool 

1 Dial gauge 

2 Test indicator 

3 Magnetic stand 

4 Micrometer 

5 Cylinder gauge 

6 Vernier calipers 

7 Depth micrometer 

8 Square 

9 V Block 

Printed in Japan 
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Use 

Measures shaft bending, distortions of levelness, 
and gaps. 

Measures narrow and deep places which cannot be 
measured with dial gauge. 

Keeps the dial gauge firmly in position, thereby 
permitting it to be used at various angles. 

Measures the outer diameter of the crank shaft, 
piston, piston pin, etc. 

Measure the inner diameter of the cylinder liner and 
rod metal. 

Measures various outer diameters, thlcknesses, and 
widths. 

Measures sinking of valves. 

Measures distortion in position of springs and 
perpendicularity of parts. 

Measures shaft distortion. 

10-11 
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Illustration 

~ 

~ . 
I 

I 
.-~ 

~ 

~ 

~ 

dJ 
~ 
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No. Name of tool Use 

10 Torque wrench Used to tighten bolts and nuts to standard torque. 

11 Thickness gauge Measures the distance between the ring and ring 
groove, and between the shaft and shaft joint at 
time of assembling. 

12 Cap tester Checks for leakage in the fresh water system. 

13 Battery current tester Checks density of antifreeze and charging condition 
of battery fluid. 

14 Nozzle tester Checks the shape and pressure of spray emitted 
from the fuel injection valve at the time of injection. 

15 Digital thermostat Measures temperature of various parts. 

16 Contact type Measures rotation speed by placing at the indenta 
-tion hole of the revolving shaft. 

Photoelectric type Measures rotation speed by using a reflector seal 
which is placed on the exterior of the revolving 
shaft. 

Q) 
Cl 
~I 
Cl 

C 
0 
~ High pressure fuel pipe Measures rotation speed without reference to 
a clamp type revolving shaft center or the exterior of the revel. 
a: 

10-12 

Illustration 

~ ~a:!) 

~ 
;;, ~ 

c;=;?j 

~ 
~ 

'. 

~~ .. ' :--::-

-.. - l~(f =•--.,-.~J =-

~ 
<t={ ~ ),1111111111, [ J ~ J 

Revolving part 

~ q M mnll 
Reflector seal 

~ 

r"' l 
High pressure pipe • 

;~ 1r~·· I' ,: 
;, ; 
I>-----< 
I I 
II~ Uf'I 
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No. Name of tool 

17 Circuit tester 

18 Compression gauge 

1-'rillted in Jap;m 
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Use 

Measures the resistance , voltage, and continuity 
of the electric drcuit. 

Measures the pressure of the compression. 

Model Yanmar code no. 

All models TOL -97190080 

10-13 

Illustration 



Chapter 10 Disassembly and Reassembly 
.;;.3;... D=is;;.;;a;;;s.;;.se;;.;;m=bl;;::Y...;;;;an;..d;;..;;.R;..e;;;a.;;.ss;..e;..m....;;.bl"'y ______________________ 3,4]H3(B)(C)E 

3. Disassembly and Reassembly 
3-1 Disassembly 
For engines mounted in an engine room, remove the pip­
ing and wiring connecting them to the ship. 

( 1) Remove the remote control cable (from engine and 
marine gearbox). 

(2) Uunplug the extension cord for the instrument panel 
from the engine. 

(3) Remove the wiring between the starting motor and the 
battery. 

(4) Remove the exhaust rubber hose from the mixing 
elbow. 

(5) Remove the fresh water sub-tank rubber hose from the 
filler cap. 

(6) Remove the cooling water (sea water) pump sea 
water intake hose (after making sure the Kingston 
cock is closed). 

(7) Remove the fuel oil intake rubber hose from the fuel 
feed pump. 

(8) Remove the body fit (reamer) bolts and disassemble 
the propeller shaft coupling and thrust shaft coupling. 

(9) If a driven coupling is mounted to the front drive coupl­
ing, disassemble. 

(10) Remove the flexible mount nut, lift the engine, and 
remove it from the engine base. 
(Leave the flexible mount attached to the engine 
base.) 

3-1.1 Drain cooling water 
(1) Open the sea water drain cock between the sea water 

pump and lube oil cooler to drain the sea water. 
(2) Open the cylinder body drain cock to drain the fresh 

water from the cylinder head and cylinder body. 
(3) Open the fresh water drain cock on the lower part of 

the fresh water tank to drain the fresh water. 

Fresh water tank 

Alternator For seawater 

Fresh water tank 
Alternator 

Seawater pump 

n 
3-1.2 Drain lube oil 

(1) Remove the pipe coupling bolt which holds the lube oil 
dip stick guide, and drain the lube oil from the engine. 

(2) Remove the drain plug on the lower part of the crank 
case contron side, and drain the lube oil lrom the marine 
gearbox. 

NOTE: If a lube oil supply/discharge pump is used for the 
engine, the intake hose is placed in the dip stick 
guide, and for the clutch side (gearbox) it is placed 
in the oil hole on top of the case. 

3-1.3 Removing (electrical) wiring 
Remove the wiring from the engine. 

A --- Lube oil 
qo;:r- pressure switch 
~Joint 

Air heater 

Tachometer sensor Alternator 

10-14 

Cooling water temperature switch 
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3-1.4 Removing the fuel oil filter & fuel oil pipe 
(1) Remove the fuel oil pipe (fuel oil filter-fuel feed pump, 

fuel oil filter-fuel injection pump) 
(2) Remove the fuel oil filter (with bracket from the intake 

manifold. 

Intake manifold 

~ /;,--.::,,g 

" 

Fuel oil p1pe,----+,_., 
(filter-pump) 

Fuel oil pipe 
(pump-filter) 

o~-~r 
~ 

' 
Fuel 011 filter 

\~ ~sRs~~SII Fuel iniect,on pump 

3-1.5 Removing the intake silencer 
(1) Remove the breather hose attached to the intake 

silencer-valve rocker arm chamber cover 
(2) Remove the intake silencer from exhaust manifold 

outlet. 

Intake silencer 
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Coupling 

Valve rocker arm chamber cover 

Intake manifold 

10-15 

3-1.6 Removing the mixing elbow 

(1) Remove cooling water (sea water) pipe rubber 
(heat exchanger-mixing elbow). 

(2) Remove the mixing elbow from the intake manifold 
intake coupling. 

1 Sea water pipe 
(mixing elbow-heat exchanger) 

~ .···· ~-""' 

-Q 
Q 
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3-1. 7 Removing the starting motor 
Remove the starting motor from the flywheel housing. 

Starting motor 

flywheel housing 

3-1 .8 Removing the alternator 
(1) Loosen the alternator adjuster bolt and remove th, 

v-belt. 
(2) Removing the adjuster from the fresh water pump, anc 

remove the alternator from the gear case (with dis­
tance piece). 

AdJuster 

Fresh water pump 
Alternator 

3-1.9 Removing the cooling water pipe 

(1) Remove the cooling water (sea water) pipe (lube 
oil cooler-heat exchanger). 

(2) Remove the cooling water (fresh water) pipe 
(heat exchanger-fresh water pump. fresh water 
pump-fresh water tank). 

(3) Remove the cooling water pipe (lube Oil coaler -
marine gearbox). 

10-16 

Mixing elbow ~ 
J~ ~~-,,;~H'"'eat exchanger 

3-1.10 Removing the heat exchanger 
(exhaust manifold, fresh water tank unit) 

Remove the heat exchanger and gasket packing. 

Heat exchanger 

Gasket packing 

Cylinder head 
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3-1.11 Removing the cooling water (sea water) pipe 
(sea waler pump-Lube oil cooler). 

di( 
Cooling water 

(saa water) pipe 

Lube oil cooier 

Sea water pump 

~'-" R=o,;og ~, = wa<~ o,rno~ 
(1) Pull out the bearing mounts. receptacles from the sea 

water pump mounting side and from the opposite side 
of the gear case. 

(2) Remove the sea water pump. 

Sea water pump 

,<":,, Gasket packing 
~/ :~0 Gear case flange 

•Yi I 
~ ~ 1 Gear case 

;'~/h:r)J. , . 
! .a, o/--{,_ .'fP;· .. 
"'----;. -,~R'~_ ,",,;; I O} ~ 

i,' ;•Jr.,J!}I('~. ~ 
~;/ ·"'·~j7v'( 

t,:'s.:1 ✓ 
~/ 

3-1.13 Removing the lube oil filter 
(1) Remove the lube oil pipe (lube oil cooler-filter bracket 

filter bracket-lube oil cooler) 
(2) Remove the filter bracket (with lube oil filter element) 

from the cylinder block 
(3) Remove the lube oil pipe (cylinder block-fuel injection 

pump) 
(4) Remove the tube oil dipstick and guide. 

Lube oil cooler Cylinder block 

~ 
.. 

Lube oil filte 

Dipstick 

Lube oil dipst'ck guide 
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3-1.14 Removing the high pressure fuel pipe 
(1) Remove the high pressure fuel pipe vibration stop from 

the intake manifold. 

(2) Loosen the box nuts on both ends of the high pressure 

fuel pipe and remove the high pressure fuel pipe 

(3) Remove the fuel oil return pipe (fuel injection cozzle­

fuel injection pump) 

Fuel oil return pipe 
I 

''? 
g0-

Fu~_l;il filter~~+-~ 
--,, '-=' •\ 

. ' . 

3-1.15 Removing the intake manifold 
(1) Remove the governor speed remote control bracket. 

(2) Remove the intake manifold and gasket packing. 

Cylinder head 

Gasket packing 
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3-1.16 Removing the fresh water pump 

Remove the fresh witer pump, gasket packira and O-ring. 

~ 

~ 
~ 

~ 
~ J /Cylinder head 

, k~ Gasket packh,g 

. ' 
~ 

., . 
·"" 'f ' 

\ 
Fresh water 
pump 

3-1.17 Removing the fuel injection nozzles 

Remove the fuel injection nozzle retainer nut, and pull out 
the fuel injection nozzie retainer and fuel injection nozzle. 

Fuel injection nozzle retainer 

Fuel injection nozzle 

Cylinder head 

NOTE: If the heat protector stays in the cylinder head, 
make a note of the cylinder no. and be sure to 
remove it when you disassemble the cylinder 
head. 
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3-1.18 Removing the valve elbow shaft assembly 

(1) Remove the valve elbow chamber cover. 
(2) Remove the valve elbow shaft support mounting 

bolts(s), and remove the entire valve elbow shaft 
assembly. 

(3) Pull out the push rods. 

'° o Rocker arm chamber cover 
~ 

~ 

~~ 

~-.. ·-····"'--J-: Push rod 
~:--,...., 
1 0 

~ Cylinder head 

3-1.19 Removing the cylinder head 

(1) Remove the cylinder head bolts with a torque wrench, 
and remove the cylinder head. 

(2) Remove the cylinder gasket parking. 

1- Cylinder head bolt 

Cylinder head 
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3-1.20 Removing the crankshaft V-pulley 
Remove the hex bolts holding the crankshaft V pulley. and 
remove the crankshaft V-pulley with an extraction tool. 

Crankshaft V-Pulley 

3-1.21 Removing the marine gearbox 
(1) Remove the hex bolts from the clutch case flange, and 

remove the gearbox assembly 
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<." 

Fan 

Damper disk 

iii: 

·o/-0--~ ' 
~it., 

~.' 

' 
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3-1.22 Removing the lube oil cooler 
Remove the lube oil cooler from the upper part of the fly­
wheel housing. 

i / Lube 011 cooler 
= 

:') . 
Flywheel housing 

3-1.23 Removing the fiywheel 
Remove the fiywhool mounting bolts and then the flywheel. 

Flywheel. 

NOTE: Be careful not to scratch the ring gear. 
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3-1.24 Turning the engine over 
(1) Place a wood black of appropriate size on the floor, 

and stand up the engine on the, flywheel housing 
(2) Remove the engine mounting feet. 

3-1.25 Removing the oil pan 
(1) Remove the bracket holding the oil pan and clutch 

housing 
(2) Remove the oil pan and gasket packing. 

Flywheel ho 

Oil pan 

3-1.26 Removing tne lube oil intake pipe 

Remove the lube oil intake pipe and gasket packin 

. 

0 
·c:, 

• .. .. s:::,,. 

----

'),. . 
·~ 

L b .11 1 k . ~ 2--Gasket packing 
u eo, na ep,pe ~ 

' 
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3-1.27 Removing the gear case 
Remove the gear case mounting bolts, and remove the 
gear case from the cylinder block. 

...... __ ., 
/··:• 

Apply liquid gasket [i 

Flange 

Gear case 

3-1.28 Removing the tube oil pump 
Remove the lube oil pump and gasket packing from the 
gear case flange. 

I 

~ ~ 
1-

0 
4( -

Gasket packing -... 

Lube oil Pump 
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3-1,29 Remove the fuel injection pump 
(1) Remove the blind plug mounted to the hub of the 

automatic advancing timer 
{2) Remove the box nut, and pull out the fuel oil pump 

drive gear/automatic advancing timer assembly with 
an extraction tool. 

(3) Remove the fuel injection pump and O-ring from the 
gear case flange. 

Fuel injection pump 

3-1.30 Removing the iding gear 
Remove the two hex bolts hoiding the idling the idling 
pull out the idling gear and idling shaft. 
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3-1.31 Removing the pistons and connecting rods 

(1) Remove the connecting rod bolt and the large end cap. 

{2) Push the connecting rod from the bottom and pull out 
the piston connecting rod assembly. 

@;\/) 
~ ,,3 

Large end cap--- , 

Connecting rod bolt --£ 

NOTE : Place a tool against the piston cooling nozzle to 
make sure the nozzle position does not change 
and it does not get scratches. 
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3-1.32 Turning the engine over 
Place a wood block of suitable size on the floor and turn 
the engine over, with the cylinder head mounting surface 
facing down. 

NOTE : Make sure that the cylinder head positioning pins 
on the cylinder block do not come in contact with 
the wood block. 

3-1.33 Removing the flywheel housing 
Remove the flywheel housing from the cylinder black. 

3-1.34 Removing the main bearing. 
(1) Remove the main bearing bolts. 

(2) Remove the main bearing cap and lower main bearing 
metal. 

NOTE : The thrust metal (lower) is mounted to the standard 
main bearing cap. Be sure to differentiate between 
mounting surfaces. 

10-22 

3-1.35 Removing the crankshaft 
(1) Remove the crankshaft 

NOTE : 1. The thrust metal (upper) is mounted to the stan­
dard main bearing. However, in some cases the 
thrust metal {upper) may be mounted to the 
crankshaft. 

2. Remove the main bearing metal (upper) from 
the cylinder block. 

3-1 .36 Removing the camshaft 
(1) Loosen the thrust rest mounting bolts out of the holes 

in the camshaft gear, and remove. 
(2) Pull out the camshaft gear and camshaft assembly 

from the cylinder block. 

NOTE: The camshaft gear and camshaft are shrunk fit 
They must be heated to 180-200'C to disassemble. 

Cylinder body 

Gear case flange 

Camshaft 

Camshaft gear 

3-1.37 Removing the tappets 

Remove the tappets from the tappet holes in the cylinder 
black 

3-1.38 Removing the gear case flange 
(1) Remove the gear case flange from the cylinder block. 
(2) Remove the two O-rings from the lube oil passage. 

Cylinder body 

Gear case flange 
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[Precautions when disassembly] 

1) Be careful to keep all disassembled parts in order. 

2) Clear an adequate area for parts and prepare a con­
tainer (S). 

3) Prepare a cleaner and cleaning can before disassem­
bling start. 
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3-2 Reassembly 
3-2.1 Clean all parts 
Clean all parts using by the cloth and diesel (or cleaning 
agent) before reassembly. 

NOTE : 1. If the dust remain with the parts, engine may 
cause the seizing or damage. 

2. The cleaning agent removes even carbon 
adhering to disassembled parts. 

3-2.2 Mounting the gear case flange 
Mount the gear case flange, gasket packing and lube oil 
line O-ring onto the cylinder block. 

NOTE: 1. When mounting the gear case flange, match 
up the two cylinder block pipe knock pins. 

2. Be sure to coat the cylinder block lube oil line 
O-ring with grease when assembling, so that it 
does not get out of place. 

Cylinder bo(ly 

3-2.3 Inserting the tappets 
Coat the inside of the cylinder block tappet holes and the 
outside circumference of the tappets with engine oil, and 
insert the tappets in the cylinder block. 

NOTE : Separate the tappets to make sure that they are 
reassembled in the same cylinder, intake/ 
exhaust manifold as they came from. 
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3-2.4 Mounting the camshaft 
(1) If the camshaft and camshaft gear have been disas· 

sembled, shrink fit the camshaft and camshaft 
gear [ heat the camshaft gear to 180-200'C in the 
hot oil and press fit). 

NOTE : When mounting the camshaft and camshaft gear, 
be sure not to forget assembfy of the thrust rest. 
Also make sure they are assembled with the cor­
rect orientation. 

(2) Coat the cylinder block camshaft bearings and camshaft 
with engine oil, insert the camshaft in the cylinder 
block, and mount the thrust rest with the bolt. 

(3) Measure the camshaft side gap. 

Camshaft side gap 0.05~0.20 

(4) Make sure that the camshaft rotates smoothly. 

3-2.5 Mounting the crankshaft 

mm 

(1) The crankshaft and crankshaft gear are shrink fitted. If 
the crankshaft and crankshaft gear have been dis­
assembled, they have to be shrink fitted [ heat the 
crank shaft gear to 180° -2oo·c in the hot oil and 
press fit]. 

(2) Coat the cylinder block crank journal holes and upper 
part of the main bearing metal with oil and fit the upper 
main bearing metal onto the cylinder block. 

NOTE : 1. Be sure not to confuse the upper and tower 
main bearing metafs. The upper metal has an 
oif groove. 

2. When mounting the thrust metaf, fit it so that 
the surface with the oil groove slit faces 
outwards, (crankshaft side). 

(3) Coat the crank pin and crank journai with engine oil 
and place them on top of the main bearing metal. 

NOTE : 1. Align the crankshaft gear and camshaft gear 
with the "A" match mark. 

2. Position so that the crankshaft gear is on the 
gear case side. 

3. Be careful not to let the thrust metal drop. 
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3-2.6 Mounting the main bearing metal with engine 
oil, and mounting the main bearing cap. 

NOTE : 1. The lower main bearing metal does not have 
an oil groove. 

2. The standard bearing thrusr metal is fitted with 
the oil groove slit facing outwards. 

(1) Coat the main bearing cap bolt washer contact surface 
and threads with engine oil, place them on the 
crankshaft journal, and tighten the main bearing baits 
to the specified torque. 

kg·m 

Main bearing bolt tightening torque j 10.5~11.5 

NOTE : 1. The main bearing cap shoufd be fitted with the 
arrow near the embossed letters "FW" on the 
cap pointing towards the flywheel. 

2. Make sure you have the correct cylinder align­
ment no 

(2) Measure the crankshaft side clearance. 

Crankshaft side clearance 0, 140~0.220 

(3) Make sure that the crankshaft rotates smoothly and 
easily. 

mm 
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3-2.7 Mounting the flywheel housing 
(1) Press fit the oil seal in the flywheel housing, and coat 

the lip of the oil seal with engine oil 
(2) mount the flywheel housing and gasket packing. mat­

ching them up with the cylinder block positioning pins. 

NOTE : Trim the gasket packing ii it protrudes onto the oil 
pan mounting surface. 

Flywheel housing 

.,,,,.;;-
ti,~-:~r.,. ., ,., 

', 
:1 ., ... ,, 
t; 

Apply liquid gasket 

Cylinder body 

3-2.8 Stand up the cylinder block 

On wood blocks, with the flywfeel housing lacing down. 
Take care that the gearbox mounting surface does not get 
scratched. 

Printed rn Jar,tm 
HINSH!-H8009 10-25 

3-2.9 Mounting the piston and connecting rod 

(1) Reassemble the piston and connecting rod. 

NOTE : When reassembling the piston and connecting rod, 
make sure that the parts are assembled with the 
correct orientation. 

(2) Each ring opening (piston/oil rings) should be staggered 
at gaps of 120·. 

C 
0 

1 
6 

1st compression ring 

/x .. -~--- '<o,, 
' ,. ..... --------, '\ 

/ / -\ ! \ Direction of 
I f·-0;' c··', • piston pin 2 ; : •, L f . 

.... 
1 

' · ' 
1 

' Oil ring 

~:~ ____ ::~, . 

I ------------ '{.." 

2nd compression ring 

(3) Coat the outside of the piston and the inside of the 
connecting rod crank pin metal wi1h engine oil and 
insert the piston with the piston insertion tool. 

~-Piston 

ii 
/::£. Connecting rod 

~~.;,;::_1 
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NOTE : 1. Insert the piston so that the match mark on the 
large end of the connecting rod faces the fuel 
feed pump, and the manufactuers mark on the 
stem points toward the flywheel 

2. After inserting the piston, make sure the com­
bustion chamber hollow is facing the fuel feed 
pump, looking from the top of the piston. 

(4) Align the large end match mark, mount the cap, and 
tighten the connecting rod bolts. kg·m 

Connecting rod bolt tighlening torque I 5.0~5.5 

NOTE: If a torque wrench is not available, match up 
with the mark made before disassembly. 

3-2.1 O Mounting the idling gear 

(1) Fit the idling gear so that the side of the idling shalt 
with two oil holes faces up. 

(2) Align the "A" and "C" camshaft gear and crankshaft 
gear match marks, match up with idling shaft retain­
ing plate, and tighten the bolts. 

(3) Measure the idling gear, camshaft gear and crankshaft 
gear backlash. 

Fuel pump gear 

Camshaft gear 

Crankshaft gear 
Lube oil pump gear 

Looking from gear case side 
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3-2.11 Mounting the fuel injection pump 
Lightly fit the fuel injection pump on the gear case. 

NOTE : 1. Be careful not to scratch the 0-ring between the 
fuel injection pump and gear case flange. 

2. Tighten the fuel injection pump all the way after 
adjusting injection timing. 

Fuel injection pump 

3-2.12 Mounting the fuel feed pump drive gear and 
automatic advancing timer. 

( 1) When the drive gear and automatic advancing time 
have been disassembled, coat all sliding parts in bot 
assemblies with grease. 

(2) Align the "B" match marks on the fuel pump drive gea 
and idling gear. 

(3) Tighten all box nuts holding the' fuel feed pump to the 
specified torque. 

kg·m 

Box nut tightening torque 6~7 

(4) Grease parts around the box nuts (lithium grease) ar 
tighten the blind plug. 

(5) Measure the backlash of the fuel feed pump drive gear. 

3-2.13 Mounting the lube oil pump 
(1) Mount the lube oil pump on the gear case flange. 
(2) Measure the backlash of the lube oil pump drive gear. 

Gear case fla 

-~ 
I 

1, ~ . v -
Gasket packing -... 1 

Lube oil pump 
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3-2.14 Mounting the gear case 
{1} Coat the inside and outside of the oil seals with engine 

oil and press fit them into the gear case. 
(2) Position the two pipe knock pins and tighten the bolts 
holding the gear case and gasket packing. 

NOTE : Trim the gasket packing if it protrudes onto the oil 
pan mounting surface. 

Gear case flange 

Gear case 

3-2.15 Mounting the lube oil intake pipe 
Mount the lube oil intake pipe on the bottom of the cylin­
der block, using new packing. 

-----t::?'ru ~ Gasket packing 
Lube oil intake pipe ~ 

!, 

lube oil intake pipe tightening torque 2.6 
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3-2.16 Mounting the oil pan 
( 1} Coat with three bond (3B-1114) the surfaces of the gear 

case, gear case flange and flywheel that contact with 
the cylinder block 

(2) Tighten the gasket packing/oil pan bolts. 
(3) Mount the bracket that connects the flywheel with the 

oil pan, 

Oil pan 

3-2.17 Mounting the engine mounting feet and 
turning the engine upright. 

Place suitable wood blocks below the oil pan and turn the 
engine upright. 

3-2.18 Mounting the flywheel 
(1} Coat the flywheel mounting bolt threads with engine oil, 
(2) Align the positioning pins, and tighten the flywheel bolts 

to the specified torque, 

Flywheel 

Flywheel mounting bolt 
tightening torque 

kg •m 

8.5~9.0 
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3-2.19 Mounting the rnarire gearbox 
(1) Mount the fan and damper disk to the flywheel. 
(2) Align the damper disk with the input shaft spline and 

insert Tighten the flywheel housing and flange. 

Damper disk 

3-2.20 Mounting lhe crank V-pulley 
(1) Coat the oil seal and the section of the shaft with which 

it comes in contact with oil. 
(2) Tighten to the speclied torque. 

il . 
•. 

ar case 

a,h,:7 
Crankshaft V-pulley Hex bolt 

kg·m 

V-pulley tightening torque 11.5~12.5 
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3-2.21 Mounting the cylinder head 
(1) Fit the Qasket packing against the cylinder block, align­

ing it with the cylinder block posihoning pins. 

NOTE: The side on which the engine model is inscribed 
should face up (cylinder head side). 

(2) Lift the cylinder head hoizomtally and mount aligning 
with the cylinder head gaskel 

(3) Coat the mounting bolt washers and threads with engine 
oil, and lightly tighten the bolts in the specified order 
Then tighten completely, in the same order. 

QJ 
"O 
iii 
C, 
QJ 
-C 
3:: 
>-u:: 

(3 Cylinder) 

QJ 
:<;> 
(/J 

a, 
QJ 

-C 

t 
u:: 

(4 Cylinder) 

@ 
@ 

@ 
@ 

G) 

® 

Cylinder bolt 
tightening torque 

J--cyl:nder head bait 

Cylinder head 

Camshaft side 

CD @ 

@ ® 

FO pump side 

Camshaft side 

@ ® @ 
@ 

@ 
@ © @ 

FO pump side 

Partial Complete 

4.0~5.0 9.0~9.6 

QJ 
LJ -u; 
QJ 
<J) 

ro u 
cri 
QJ 

(.'.} 

QJ 
LJ 
·;;; 
QJ 
<fl 
ro e 
ro 
QJ 

(.'.} 

kg·m 

(4) Measure the top clearance 

top clearance 0.74 

mm 
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3-2.22 Mounting the valve rocker arm shail 
assembly pushrod 

( 1) Fit the push rod to the tippet. 
(2) hlount the valve rxker arm shaft assembly. 

Valve rocker arm shaft 
sugport tightening torque 

(3) Adjust valve clesrance. 

2.4-2.8 

kg •rn 

~ Rocker arm chamber cover 

~ 

alve rocker arm 
aft assembly 

od 

Clearance 

Adjusting screw 

Lock-nut 

mm 

Intake/discharge valve clearance 0.2 

(4) Coat the valve rocker arm and valve spring with engine 
oil and mount lhe valve rocker arm chamber cover. 
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3-2.23 Mounting the fuel injetion nozzle 
(1) Mount the injection nozzle tip heat protectar, and then 

the fuel injection nozzle. 

Fuel injection nozzle retainer 

Fuel injection nozzle 

Cylinder head 

(2) Tighten the fuel injection nozzle retainer nut to the 
specified torque. 

kg·rn 

Fuel iniection nozzle 
retainer tightening torque 0.7-0.9 

3-2.24 Mounting the fresh water pump 
(1} Thoroughly coat both sides at tlbe packing with 

adhesive. 
(2) Replace the O-rirg for the connecting pipe which is in­

serted in the cylinder block, and tighten the fresh 
water pump to the specified torque. 

Fresh water pump 
tightening torque 

Cylinder head 

t packing 

esh water pump 

kg·m 

0.7-1.1 
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3-2.25 Mounting the intake manifold 
(1) Thoroughly clean the inside of the intake manifold, and 

mount the gasket packing and intake manifold. 
(2) Mount the governor remote control bracket. 

~/ . °'~ 
0-~ 

'¾ 

Intake manifold h Gasket packing 

3-2.26 Mounting the high pressure fuel pipe and 
fuel oil return pipe 

( 1) Mount the high pressure fuel pipe and then the high 
pressure fuel pipe vibration stop. 

NOTE : Lightly tighten the box nuts on both ends of the 
high pressure fuel pipe. Completely tighten after 
adjusting the injection timing. 

(2) Mount the fuel oil return pipe with the hose clamp (fuel 
injection nozzle-fuel injection pump). 

Fuel oil return pipe 
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3-2.27 Mounting the lube oil cooler 
Mount the lube oil cooler to the top of the flywheel hous­
ing with the bracket. 

3-2.28 Mounting the lube oil filter 
(1) Mount the filter bracket and packing on the cylinder 

block. 
(2) Mount the filter element with the filter remover moun• 

ting tool. 

Lube oil cooler 

Cylinder block 

Lube oil filter 
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3-2.29 Mounting the lube oil pipe 
(1) Mount the lube Oil pipe (filter-lube oil cooler, lube oil 

cooler-filter). 
(2) Mount the lube oil pipe (cylinder block-fuel injection 

pump). 

3-2.30 Mounting the dipstick guide 
Mount the dipstick and dipstick guide. 

Lube oil dip stick 

3-2.31 Mounting the sea water pump 

(1) Mount the sea water pump assembly to the gear case 
flange. 

(2) Lightly tap the gear case side bearing rest with a wood 
hammer, and tighten the mounting bolts. 

Sea water pump 

Gasket packing 

Gear case flange 

• • J Gear case 

' 
: • J 

/ 

3-2.32 Mounting the cooling sea water pipe 
Mount the cooling water pipe with the hose clamp (sea 
water pump-lube oil cooler). 
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,~ 
~ Lube 011 cooler 

Cooling water (sea water) pipe 

3-2.33 Mounting the heal exchanger 
(exhaust martifotd, fresh water tank urdt). 

Mount the gasket packing and exhaust manifold. 

Heat exchanger 

Gasket packing 

Cylinder head 

3-2.34 Mounting the cooling water pipe 

(1) Mount the coolirg fresh water pipe with the hose clamp 
(fresh water tank-fresh water pump, fresh water pump 
heat excharger). 

(2) Mount the cooling sea water pipe with tbe hose clamp 
(lube oil cooler-heat exchanger). 

(3) Mount the cooling sea water pipe with the hose clamp 
(lube oil cooler-marine gearbox). 

Cooling water (sea water) pipe 
Heat exchanger 

Cooling water 
.:--;,-_-.s'?,(fresh water) pipe 
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3-2.35 Mounting the altemalcr 
( 1) Mount the adjuster on the fresh water pump, the 

distance piece on the gearcase, and then the 
alternator. 

(2) Adjust V-belt tension with the adjuster, and tighten the 
mounting bolts. 

,~~r~ 
~ ~~ ':!-' 
f,_lj ,: 

Cooling water 
pump pulley 
(fresh water) 

10 kg 

Alternator 

About 10mm 

Alternator 
pulley 

Crank puller 

3-2.36 Mounting the starting motor 
Fit the starting motor in the flywheel housing. 

Starting motor 

Flywheel housing 
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3-2.37 Mounting the mixing elbow 
(1) Mount the mixing elbow on the exhaust manifold outlet. 
(2) Mount the cooling sea water pipe rubber hose with the 

hose grip (heat exchanger-mixing elbow). 

Sea water pipe 
(mixing elbow-heat exchanger) 

~ ? . ~··"'~' 
3-2.38 Mounting the intake silencer 

(1) Mount the intake silencer on the intake manifold inlet 
coupling for model 4JHE and on the turbocharger 
blower side for model 4JH-TE. 

(2) Mount the breather hose with the hoe clamp (intake 
silencer-valve rocker arm chamber cover). 

Rocker arm chamber cover 

Intake silencer 
Coupling 

Intake manifold 

3-2.39 Mounting the fuel filter and fuel oil pipe 

(1) Mount the fuel filter. 
(2) Mount the fuel oil pipe (fuel feed pump-fuel filter, fuel 

filter-fuel injection pump). 

~~ 
"" 

Fuel Oll pipe~--++-, 
(filter-pump) 

Fuel oil pipe 
(pump-filter-) 

Intake manifold 

~~ 
~J','-

Fuel 011 filter 

i 

,:; · -@.'~~~ Fuel injection pump 
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3-2.40 Electrical Wiring 
Connect the wiring to the proper terminals, observing the 
color coding to make sure the connections are correct. 

Hydraulic sender unit for Vibration prevention demper 
lube ml pressure gayge~~ 

~~ l r~ Lobu oil pressure switch 

~~&,-Joint 
For instrument panel ~ 

Tachometer sensor 

~Air heater 

al_ Water temperature 
CT ~ sender unit 

for Cooling water 
~ temperature gauge 

Cooling water temperature switch 

3-2.41 Installation in the ship and completion of the 
piping and wiring 

Mount the engine in the ship after all engine assembly 
has been completed. Connect the cooling water, fuel 
oil and other piping on the ship and the exhaust hoses. 
Connect the battery, Instrument panel, remote control and 
other wiring. 

3-2.42 Filling with lube oil 
Fill the engine with lube oil from the supply port on top of 
the gear case and the marine gearbox supply port on top 
of the clutch case. 
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3-2.43 Filling with cooling water 

( 1) Open the frssh water tank cap and fill with water. 
( €) 

Fresh water tank capacity 6.0 

(2) Fill with water until the level in the sub-tank is between 
the full and low marks. 

Full 
Sub-tank capacity 

0.45 

3-2.44 Check fuel iniection timing 
(1) Open the fuel tank cock and shift the fuel feed pump 

priming lever for air bleeding. 

F.O. feed pum 
priming 

F.O. feed pump 

(2) Check injection timing by turning the flywheel and 
looking through the inspection hole in the flywheel 
housing. 

lnlection 
timing marks 

T.D.C. 

Flywheel 

Hole 
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(3) If injection timing is off, change the mounting position 
using the long hole in the injection pump mounting 
flange. Turning the fuel feed pump towards the cylin­
der block slows timing down, while movement in the 
other direction makes it faster. 

Fuet injection timing (FID) b.TDC12"±1" 

Cylinder block side 

Fast 

Long hole 

Slow 

Rev. di recton 
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4. Table of Standard Measurements for Maintenance 
4-1 Cylinder head 

:---~---~---~~ m 

Distortion ot combustion surface 

Intake 
Valve seat angle 

Exhaust 

Intake 
Width of valve seat 

Exhaust 

Outer dia. of stem 

Intake valve Guide inner dia. 

Oil clearance 

Outer dia. of stem 

Exhaust valve Guide inner dia. 

Oil clearance 

Amount of valve guide spray 

Amount of intake/ 
Intake valve 

exhaust valve sinking Exhaust valve 

Thickness of valve Intake valve 

umbrella Exhaust valve 

Intake valve timing Open b,T.O.C 

Close a.T.D.C 

Exhaust valve timing Open b,B.D.C 

Close a.T.D.C 

Free length 

Valve spring Distortion 

Tensile strength/kg) (1mm under pressure} 

Intake/Exhaust valve clearance 
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3JH3(8)(C}E 4JH3(B}(C)E 

Standard Umit 

0.05 or tess than 0.15 

120· ... _ 
90' -

1.07~1.24 1.74 

1.24~1.45 1.94 

7.960~7.975 7.9 

8,010~8.025 8.1 

0.035~0.065 0.2 

7.955~7,970 7.9 

8.015~8.030 8. 1 

0.045~0.075 0.2 

15 ~-

0.306~0.506 
1.0 

0.3~0.5 

1 .244~ 1.444 
0.5 

1.35~1.55 

6~20· 10·~20' 

4o·~so· 4s•~s8· 

-
s1·~ao· 51•~61' 

13°~23° 13'~2s· 

44.4 ~, 

- 1.1 

2.71 (Axonometric pitch)/ 3.61 ~ 

0.15~0.25 ~-

l 
I 
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4-2 Cylinder block 

~~-~---~-~ 
It 

Cylinder inner dia 

L mark 

Cylinder inner dia M mark 

s mark 

Cylinder circle degree 

Cylinder cylindrical degree 

4-3 Valve equipment 

=--------------------~~~~ m 

Valve arm bearing outer dia. 

Intake/Exhaust 
Valve arm inner dia. 

valve arm 

Oil clearance 

Distortion of push rod 

Tappet outer dia. 

Tappet Tappet hole inner dia. 

Oil clearance 

10-36 

3JH3{B)(C)E 4JH3(B)(C)E 

Standard 

84.000~84.030 

84.020~84.030 

84.010~84.020 

84.000~84.01 0 

0.00~0.01 

3JH3(B){C)E 4JH3(B){C)E 

Standard 

15.966~ 15.984 

16.000~16.010 

0.Q16~0.054 

0.03 or lower 

11.975~ 11 .990 

12.000~12.018 

0.010~0.043 

(mm) 

Limit 

84.20 

0.03 

0.00~0.01 

(mm) 

Limit 

15.95 

16.09 

0.14 

-

11.93 

12.05 

0.12 
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4-4 Piston 

Model 

ltem 

Piston outer dia. 

L mark 

ML mark 
Piston outer dia. 

MS mark 

S mark 

Minimum gap between pistons and cylinders 

Top clearance 

Piston and Piston pin 

4-5 Piston ring 

Item 

Top ring 

Second ring 

Oil ring 
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Piston pin outer dia. 

Piston pin hole inner dia. 

Oil clearance 

Model 

--------------
·--------Ring groove width 

B measurements 

Minimum gap between groove and ring 

Clearance 

Ring groove width 

B measurements 

Minimum gap between groove and ring 

Clearance 

Ring groove width 

B measuremenls 

Minimum gap between groove and ring 

Clearance 

10-37 

(mm} 

3JH3{B)(C}E 4JH3(B)(C)E 

Standard Limit 

83.945~83.975 

83.965~83.975 

83.960~83.965 83.90 

83.955~83.960 

83.945~83.955 

0.040~0.070 ~~--

0.660~0.780 ---

25.987~26.000 25.90 

26. 000~26 .009 26.02 

0.000~0.022 0.12 

(mm) 

3JH3(B)(C)E 4JH3{B)(C)E 

Standard limit 

2.065~2.080 --

i.970~1.990 --

0.075~0.110 --·~ 

0.200~0.400 1.5 

2.035~2.050 ~-..... ---

1.970~1.990 --

0.045~0.080 ~-

0.200~0.400 1.5 

4.015~4.030 -·~·~ 

3.970~3.990 -"'"~ 

0.025~0.060 -MM-

0.200~0.450 1,5 
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4-6 Connecting rod 

Model 

Item 

Large end inner dia. 

Large end hole Crank pin metal thickness 

Crank pin outer dia. 

Oil clearance 

Small end hole inner dia. 

Small end hole Piston pin outer dia. 

Oil clearance 

Distortion and parallelism 

4-7 Cam shaft 

I 
~--------------------~~~ 

Cam shaft outer dia. 
Gear side 

Oil clearance 

Cam shaft outer dia. 
Middle 

Oil clearance 

Cam shaft outer dia. 
Flywheel side 

Oil clearance 

4-8 Crank shaft 

=------------------= It 

Crank shaft 

Journal Thickness of metal 

Oil clearance 

Distortion 

10-38 

3JH3(B){C)E 4JH3(B)(C)E 

Standard 

51.000~51.010 

1.492~ 1.500 

47.952~47.962 

0.038~0.074 

26.025~26.038 

25.987~26.000 

0.025~0.051 

0.05 or lower for 100 mm 

3JH3(B)(C)E 4JH3{B}(C)E 

Standard 

44.925~44.950 

0.040~0.130 

44.910~44.935 

0.065~0.115 

44.925~44.950 

0.050~0.100 

3JH3(B)(C)E 4JH3(B)(C)E 

Standard 

49.952~49.962 

1.995~2.010 

0.038~0.068 

0.02 or lower 

(mm) 

Limit 

-

-

47.91 

0.16 

26.10 

25.90 

0.2 

0.08 

(mm} 

Limit 

44.85 

-

44.85 

-

44.85 

-

(mm) 

Limit 

49.91 

-

0.15 

-
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4-9 Side clearance and backlash 

~-----------------= l 

Crank shaft 

Cam shaft 
Side clearance 

Connecting rod 

Idle gear 

~---------------------= 1t 

Crank gear, Cam gear, Idle gear, 

Backlash Fuel injection pump drive gear 

Lube oil pump gear 

4-10 Miscellaneous 

re~---~-~-It 

Delivery of lube 
High speed 

oil pump 
Low speed 

Open valve pressure for oil pressure adjustment valve 

Operation pressure for oil pressure switch 

Sea water pump 

Delivery of fresh water pump 

Thermostat valve 
open temp. 

Thermostat switch 

operation temperature 
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Valve open temp 

Fully open Hst 

ON 

OFF 

€/min 

kgf/cm2 

kgf/cm2 

e tmln 

€/min 

·c 

mm 

·c 

10-39 

(mm) 

3JH3(B)(C)E 4JH3(B)(C}E 

Standard 

0.140~0.220 

0.05~0.20 

0.2~0.4 

0.1~0.3 

{mm) 

3JH3(B)(C)E 4JH3{8)(C)E 

Standard 

0.07~0.15 

0.11~0.19 

3JH3(B)(C)E 4JH3(B)(C)E 

Standard 

19.0 (at 3000rpm) 

8.0 (at 800rpm) 

3.5~4.5 

0.1~0.3 

60 (at 3800rpm) 

70 (at 3800rpm) 

75~78 

8.0 or more {at 90°C) 

97~103 

87 or more 
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5. Tightening torque 
5-1 Main Bolt and Nut 

::-------::I No. Name 3JH3(B)(C)E • 4JH3(B)(C)E 
T 

1 Head bolt Coat with lube oil (Screw dia. X pitch) 9.0~9.6 (M1 OX 1.25) 

2 Rod bolt Coat with lube oil (Screw dia. X pitch) 5.0~5.5 (M9X1 .0) 

3 Flywheel retainer bolt Coat with lube oil (Screw dia. X pitch) 8.5~9.0 (M10X1 .25) 

4 Metal cap retainer bolt Coat with lube oil (Screw dia. X pitch) 9.8~10.2 (M12X1.5) 

5 Crank V-pulley fastening bolt Coat with lube oil (Screw dia. X pitch) 10.5~11.5 (M14X1.5) 

6 Nozzle fastening nut No lube oil (Screw dia. X pitch) 0.7~0.9 (M6X1 .0) 

7 Timer fastening nut No lube oil (Screw dia. X pitch) 6.0~7.0 (M12X1.75) 

5-2 Standard Bolts and Nuts (without lubricant) 
(kgf-m) 

Name Screw dia. X pitch 

M6 X 1 

Hexagon bolt t MB X 1.25 

(7T) and nut M10 X 1.5 

M12 X 1.75 

1/8 

PT plug 
1/4 

3/8 

1/2 

MS 

M12 
Pipe joint bolt 

M14 

M16 

Tightening torque 

1.0~1.2 

2.3~2.9 

4.5~5.5 

8.0~10.0 

1.0 

2.0 

3.0 

6.0 

1.3~1.7 

2.5~3.5 

4.0~5.0 

5.0~5.5 

10-40 

Remarks 

1) When bolting the aluminum parts, tighten the 
bolts with BO% of the tightening torque specified 
in the Table. 

2) 4T bolt and lock nut should be tightened with 60% 

of the torque shown in the table. 
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6. Test running 
6-1 Preliminary Precautions 
Before making a test run, make sure of the following 
points. 

(4) Be sure to add Yan mar anti-rust agent to fresh cooling 
water. 

(1) Warm the engine up. 

(5} During cold weather, add Yanmar anti-freeze to the 
cooling water. 

(2) Remove any precipitation from the F.O. filter. water 
separator. and F.O tank. 

{6) Provide good ventilation in the engine room. 

(3) Use only fube oil recommended by Yanmar. 

5-2 Check Points and Precautions During Running 

Step Item 

1 Checks before 
operation 

2 No load operation : 
warm up operation 

i 
I 

3 Cruising (load) 
operation 

4 Stopping the engine 

5 Checks after stop-
ping the engine 
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Instructions 

1) Make sure that the Kingston Cock is open. 
2) Make sure there is enough lube oil and (fresh) cooling 

water 
3) Operate the remote control handle and check if the 

devices connected to the engine side work property 

1) When the lube oil temperature is raised to allow the 
engine to start, the pilot lamp goes off. 

2) When the engine is started, check the following: 
• them is no water and no oil leakage. 
• gas does not leak when the engine is started. 
• there are no abnormal indications on the instrument 

panel. 
• there is no abnormality in cooling water discharge, 

engine vibrations. or engine sounds. 
3) To warm up the engine, operate at low revolutions for 

about 5 minutes, then raise the revolutions to the rated 
rpms and !hen to max. rpms. 

1) Do not operate the engine at full load yet, but raise the 
rpms gradually for about 10 minutes until they reach 
rated rpms. 

2) Make sure that exhaust color and temperature are normal. 
3) Check the instrument panel and see if the water 

temperature and oil pressure are normal. 

1) Before stopping the engine, operate it at 650· 700 rpms 
!or about 5 minutes. 

2) Raise engine rpms to 1,800 just before stopping the 
engine and idle the engine for about 3-4 seconds. 

1 ) Check again for water and oil leaks. 
2) Make sure that no nuts and bolts are loose. 

3} Close the Kingston and fuel cocks. 
4) When the temperature is expected to fall below freezing, 

drain the cooling water (sea water). 
5) Turn off the battery switch. 

10-41 

Precautions 

3) Lamp should go off when engine is 
running. 

2) 
• Fit leaks if any. 
• Check the intake/exhaust valves, 

FO. injection valve. and cylinder 
head. 

3} Do not raise the engine revolutions 
abruptly, 

1) Stopping the engine suddenly during 
high speed operation increases the 
temperature of engine parts. 

2) This procedure prevents carbon from 
being deposited on the valve seats, 
etc. 

1 } Check the oil sea! area. 
2) Especially the engine installation 

bolts. 

4) Drain from the sea water pump. 
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1 . Troubleshooting 
It is important to thoroughly understand each system and 
the function of all of the parts of these systems. A careful 
study of the engine mechanism will make this possible. 
When problems arise, it is important to carefully observe 
and analyze the indications of trouble in order to save 
time in determining their cause. Begin by checking the 
most easily identifiable causes of difficulty. Where the 
cause of the difficulty is not readily apparent. make a 
thorough examination of the system from the very begin­
ning, proceeding until the point of trouble can be deter­
mined. While experience is an important factor in 
pinpointing engine problems, careful study and under­
standing of the engine mechanism combined with good 
common sense wlll help you to rapidly become more 
expert at troubleshooting. 

TROUBLE AND TROUBLESHOOTING 

~ ( I -1) Add 1uel oil and prime. 
~ ( I -2) Bleed air. 
~ ( 1 -3) Remove waler from drain and fuel oil system and prime. 
2 ( ! -4) Check and make necessary repairs. 
5 ( I -5} Ctean. 
8 ( I -6) Replace. 

( I ) Fuel oil supply cut off 

(1) lnsu!licient ail in !uel oil iank (3) Water in Juel oil lank 

14) Fuel oll COG!< closed 
(2) A;, in luel oil system and iuel in1ec1,on pump 

(5) Clogging of luel oi! filler 

l 61 Oamage in tuel oil syslem 

Chart 1 

THE ENGINE SUDOENL Y STOPS, 

( ll -1) Replace. 

( Il -2) Clean carefully to insure good working order. 

[ ll l Governor trouble 

( 1 J Oa mage 10 governor spring 

(2) Slicking of governor sleeve 

0 
2 
w (7) Pmblem wilh lue! leading pump 

"O 
C 
ro 
a., 
<h 
:::l 
<ti 
0 

(I) Loose lube oil pressure adjustmenl valve 

121 Clogging or lube o,I Mier 

(3) Leakage 1mm lube oii salety valve 

(41 Trouble wilh lube oil pump 

(5) Relay Opmalion tii1,ge1ad by low lube oil pteSSUIU 

THE ENGINE 

SUDDENLY STOPS. 

(7'1 0,•m11~1~1.!,nq duo lo m-1;.utfil":-u'fnt r-0oluX'J 

waler Cout'lte1mg:a:sura 

(!Ill Emergency s1oppa~e device in operalion 

e ( Ill -1) Tighten adjustment valve. 
¥J (111-2') Clean. 
w ( 111-3) Tighten safety valve. 
~ ( Ill -4) Remove and repair or replace. 
§ { IU-5) Return to original condition. 
8 ( 111-6) Return to original condition. 
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(!!I• 7) Return to original condition. { IV -1) Remove and repair or replace. 

( IV -2) Disassemble and clean cooling water pump and check cooling 
water system. 

11-1 
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I Chart 2 Chart 3 

TROUBLE ANO TROUBLESHOOTING I I CYLINDER OUTPUTLS UNEVEN COUNTERMEASURE Trouble and Troubleshooting POOR EXHAUST COLOR 

~ ( I -1) Bleed air. ( I -7) Disassemble and clean 
::::, 

"' ( I -2) Disassemble and clean. and repair or replace. ro 
Q) ( I -3) Replace. E 
.si ( I -4) Repair or replace . 
C ( I -5) Replace. ::::, 
0 ( I -6) Tighten firmly. u 

~ 

I ( I I Uneven quantity of fuel oil injected I 
(1: Air in 1he Juel inieclion pump \ 

(2) Faulty operation ol plunger \ 
15) Damaged exhaust union packing 

(3) Damaged plunger sp1mg (6) loose pinion screw 

t3 
(4) Faulty luel o,I eiec1,on valve\ 

(7) Faulty luel in1ec11on pump 
2 1appe1 
LU \ ---
"O ... I CYLINDER OUTPUT I 
C ,, I IS UNEVEN (U 

(; I 0,1 leakage in injec1i0<1 / 
(I) 
(/) 

system 
::::, / 14) Irregular injection timing (U 12 I Damaged valve 

0 spring 

(3) lnsullic1en1 in1eclion / (5) Slicking ol 1n1ec11on valvesCause 
pressure in 1n1ecuon 
valves 

I 
I ( Il I Faulty luel injection valve I 
~ 

~ ( 11 -1) Check and repair. ::::, 

"' ro ( IJ-2) Replace. Q) 

E ( 11-3) Adjust. 
a3 
"E ( 11-4) Adjust. 
::::, ( 11-5) Clean. 0 
u 

a, 

5 ( I -1) Check, repair or replace. 
~ ( I -2) Replace. 

( 11-1) Clean. 
( 11 -2) Check, Repair or replace. 
( 11 -3) Adjust. E ( I -3) Check, repair or replace. 

~ ( I -4) Adjust. ( 11-4) Check, Repair or replace. 
( 11 -5) Clean. c3 ( I -5) Adjust. 

ti 
(I) 

CT] 
"O 
C 
(U 

(I) 
(/) 
::, 
(U 

0 

~ 

(I) Faulty luel injeclion pump I [) Faulty Juel injection valve 

(1) Fautty plunger oporatia11 

121 Worn plueger 

131 F,uhy e10ct<Jn valve 
(4) Uneven quantity ol luel iniocted 

\:5) lueguta:r luel m1ecl1on timLng 

1 t J lnjoclioo opening is cl:)gged 

121 Sl~k1ng ol valve needle 

131 Low injecl,in pressure 

(41 Fauly spray cond,!ion 
15) Carbon depose 

\ 
( i ) Overload,ng 

(2) Too grea1 a quan1ity al lube od 

l3i Carbon deposit ,n Sl.lCl<>n valves 

/2/ (4) Diny air cooler 

15) Poor qua1t1y Juel oil 

I Clogging ,n e,hausl syslemCause 

POOR 
EXHAUST 
COLOR 

( IV -1) Reduce ioad. 
~ (Jll-1) Clean. ( IV -2) Adjust quan ity of oi I. 

( IV-3) Clean. (]J 

E 
(]J 

"E 
::::, 
0 u 

(IV -4) Clean. 
(IV-4) Replace.with new oil. 
( IV-4) Clean. 

I Chart 4 

TROUBLE AND TROUBLESHOOTING ! I TROUBLE WITH MARINE GEAR 
a, 
:S 
V> ro 
Q) 

E 
a3 
"E 
::, 
0 
u 

ti 
2 
LU 
"O 
C 
(U 

Q) 
(/) 
::::, 
(U 

0 

~ 
:::, 

"' ro 
(]J 

E 
w 
"E 
::::, 
0 
u 

t I -1} Disassemble and dean. ( 1-7) Replace ( II -1 } Review( I -1 I -11) ( Ill -1) Replace. 
{ J -2} Repair or replace. ( I -8) Replace. ( II -2) Reduce load. ( 111-2) Replace. { I •3) Repair or replace. ( 1 -9) AdJus1 to correct posrtioo ( II -3) Replace. 
( I -4) Replace ( I -iO} Reassemble ( 111-3} Eliminate dangerous rotation. ( II -4) Check oil level and adjust. 
< I -5) Repair. (I -11) Check for oil leakage- ( □ -5) Check water level and adjust. 
{ I -6) Adjust. and rep+enish. ( □ -6) Change oiL 

( □ -7) Review manual. ..... ..... ...... 
I (I) low clutch oil pressure (clutch slips) I I [} Overheating I I (Ill) Abnormal noise I 

(1) Clogglnq o-1 lih&r or, !iuci1on'5ide .\ (7J WrM 5lld1og parts ot l{lrwardhevars.e (I) Clulch ,1wage du• to _ \ 

\ iow o~ pres.sure 
I cofwar5ion11alve 

O) Worn oil pump \ 12) CMch <l~age duo (5) Problem w1!h ml coaler \ I l facessive ~a.el.lash of gear 
\ l8) Damaged O-r1ng, V·ring in oil pressure pipe IOOVirkladmg 

fJ) S?01rig ol 0,1 p1euure 
ad)1J-stmerit vatvE: \ 161 Poo, quality o, ~•Pl>•ll9f>ate 011 . \ 

(A~ DarriaQe-cl o, old od P4essur1: \ (9) low spaed valve handle sJips 
(3) Damaged bearing \ ad1uslme<1I val,,.e spnng \ \2) Damaged bearn,g 

\ I 10) Poo1 assembly of low speed v.alve handle 
(51 Damaged sa;al ting. (7) P-oo.r operat1a-n al low speed 11aN8 

\ (JJ Abno,maJ v1bra11on 
141 Too much~\ 

(6} In.correct pos1t1omng or \ ( 11) lnsulhc10nt 011 

\. I "°""' """ I 
lorwardlfeverse conversion valve, \ 

\ 

I / H-) L~Oil' 011 press1.uc 
/ ~ MARINE GEAR 

( 1 t Seizure- al fric11on pl.ite t1 I Seizure ol 1,cct10n plate ( 1) 011 loa>age I 
( 3) Damaged or old lube 01! / m Foreigr) 117,1t,e1i.al h'I p~ S~5le-m I is ioo t•ug~ (2) Clogged lube L adjustment valve sprmg 

11) Damage<l holding 5Prl"'l ol ?,;><' I 111 Nol anolJ\lh wa,p in s1,,1 pla1e I oil M!or J I i4) oa leakage wherij l~ere is u:1moie c:ontrol / {51 Viscosi) ol l"be 011 "too hgh I {4) Stick.mg o1 lube oil adiustment 
151 Phase slippage I 131 Dam3!)&d ho~illQ $D•ing 01 p,pa I 11alveCounlermaasure 

' I 
I (N) Ditt1culty changing into lorward, neutral, and rever.e l I l VI Dragging I I NI Abnormal tube oil pressure! ...... ~ ..... 

( IV-1) Replace. (V-1) Replace. ( VI -1) Check and repair. 
( IV -2) Replace. ( V -2) Replace. ( VI -2) Disassemble and clean. 
( IV -3) Clean. ( V -3) Replace. ( VI -3) Replace. 
( IV -4) Replenish 01 I and check. Replace bellofrom. ( V -4) Adjust lube oil adiustment valve. (Vl-4} Repair or replace. 
( IV-5) Repair link system. ( V -5) Change oil. 
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Chapter 11 Troubleshooting 
_1._T_ro_u_b_le_s_h_o_o_tin....;g;;.... ________________________ 3.4JH3(B)(C)E 

I Chart 5 

TROUBLE AND TROUBLESHOOTING I I ROTATION IS NOT SMOOTH 

~ { 1 -1) Lap. (II-1)Clean. ( IJ -7) Bleed air and prime. 
~ ( I -2) Replace. ( II -2) Replace. ( II -8) Adjust. 

"' ( II -3) Replace. ( II -9) Adjust. <I> 

E ( II -4) Correctly install pump. 
CD 
C: ( II -5) Clean. 
:::, 

( 11-6) Replace. 0 
c..) 

......... ....... 
I ( l I Faulty operation of injection valve I I ( n J Uneven supply of fuel oil injected l 

11) lmped,ment to valve needle movemen \ 
{1) Faulty operation ol lwei pump plunger \ 

\ {5) Clogging al fuel filter 

\ 
12) Damaged luel pump plunger \ 

\ (61 Dama.gad fuel cam 

u (2) Damaged valve spring 
{3) Damaged plunger spr;ng \ (7) Au 1n fuel 111:iecl~on system 

~ \ 
(4) lnacct.uate assembly o! fuel miectran purnp \ (S) F~ulty operahon °1 adiushneni rack w \ ~ (9) Uneven amount of fuel lo cyl1.ndets 

""O 

\ .. I ROTATION IS NOT 
C 
Cl} 

(]} I / 
Cl) 

/ ( 1 ) Overloading :::J ( 1 J Damaged governor bearing 

7(3/ Shcking or governor sleeve 
{1J 1------

CJ / 
(2) Fauity oporat1on al goverrinr 1111K 

/ (2) Seizure or mav1n.g parts 
1-

/(dl Fa1,11ty aperat1nn ol fuel oll ad1us1msn1 
I 

/ (3) Clutch Sl,ppago 

I /---· 

I (m) Faulty operation of governor I I (WJ Miscellaneous I ..... ,,.. 
!:" (111-1) Replace. ( IV-1) Reduce load. 
:::, 

"' (111-2) Adjust. ( IV-2) Disassemble, check and repair "' CD 
E ( Ill -3) Clean. ( IV-3) Check and adiust. 
2 
C: ( Ill -4) Disassemble, wash and repair. 
:::> 
u 

c..) 

TROUBLE AND TROUBLESHOOTING I I 
a, ( I -1) Increase injection pressure. ( ll -1) Delay injection 1iming. 
5 
"' I I -2) Replace. ( II -2) Adjust standard injection pressure. "' CD ( I -3) Disassemble and lap. § 
~ ( I -4) Disassemble and repair. 
:::> 
0 

c..) ........ ..... 
I ( I ) Faulty fuel injection valve I I ( n) Faulty fuel injeclion I 

11) low in1ect1on pressure \ \ ( 1 [ Early fu.el Ln1ecticn 

(3) S11ck1ng 01 valve needle \\ 
(2) Damaged luei val\le sp{ing \-

\ 
\ (2) Fu~I pressurn 1s tao ru-g11 

u (4) Fau~y mfectlon spray \ 2 \ 
I 

w .. 
""O I / 

... 
C 
Cl} 

(]} 
\ 1) E i:cessive quantity ol fuel is eiectad \ 1) lnsu lhcienl cooh-r,g waier 

Cl) 1rom fuel pump I (4} Poor quality tue1 oil :::J 
m 
(.) 

I 
(2) Excess pfston dearar.ce I 

! (fil) Excessive quantity of fuel injected each time ...... 
~ (1111) AdIust pump adjustment rack. 
:::, 

"' "' CD 
E 

~ 
:::, 
0 

(_) 
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I 

/ (5) Water rrrn:c,d 111 tuel 011 

(3) Excess beanng clearan.ce 

I 16) lnc.orroc1 prossuw 

I 
(WI Miscellaneous I ......... 

( IV -1) Check cooling water pump and lap valves. 
(IV-2) Replace. 
( IV-3) Replace. 
( IV -4) Replace with good fuel oil. 
( rv -5) Replace with good fuel oil. 
( rv -6) Check and repair. 
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,.. I SMOOTH 

I Chart 

KNOCKING 

KNOCKING l 

I 
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Chapter 11 Troubleshooting 
_I._T_ro_u_b_l_es_h_o_o_tin_g;;.... ________________________ ~4JH3(BXC)E 

TROUBLE AND TROUBLESHOOTING I 
Cl> ( I -1) Tighten. 
~ ( l •2) Repair usmg sandpaper or ..-eplace. 
:E ( I -3) Replace. 
E ( I -4) Repair using sandpaper and 
~ then grease. 
-@ ( J -5) Adjust. a ( I -6) Adjust. 
c, ( I -7) Replace. 

\ 11 } Pinion gears do not mesh \ 

(i I Loos• oaiecy eOQaoe \ 
m.a9~ei lermmal \ 15) EC9es ol \;lei' 10-1:1ri-

!2} Fa-L.by corinecM~ 1n \ m1ss~ap,i1-11 

sian'"9 sw,ch \ (6) Faaly pos!~ninQ ol 

f3) Cui baiter, e,~.a~a \ pmion and n~ geau: 

( 11 -1) Tighten. 
( H -2) Repair using sandpaper. 
( ll -3) Replace. 
( n -4) Repair using sandpaper(Type 500-600). 
( n -5) Replace. 
( □ -6) Undercut and repair or replace. 
( ll -7) Replace. 
( IJ TB) Replace with thicker or ShOrt8f wire. 
( n -9) Charge. ....... 

I Chart 7 

I TROUBLE WITH STARTING 

( Ill -1 ) Prime well. 
( Ill -2) Adjust. 
( 111-3) Clean out matter causing clogging. 
( 111-4) Add fuel to fuel tanl<. 
( 111-5) Open cock. 
( Ill -6) Clean. 
( 111-7) Disassemble and repair or replace. 
( 111-8) Drain water from fuel system and prime. 

(IV-1) Lap. 
(IV-2) Lap. 
( IV-3) Replace. 

( N-4) Clean or replace. 
( IV-5) Adjust. 

\ (!}Ring gears do not mesh \ \ (m} Fuel oil nol injected \ I !WI Faulty fuel injection valve I 
111 Loosa baltery \ \ (11 lmperlect priming oflual o,I system \ (t) Faul!yvalva sear (5) Cul slarter coil 

starter tarminal ..... .------- \ {2) Injection cut oll d~ to t.aully governor \ 12t Sticking ol valve ne9dlo 

(2) Faulty conneclion in I (6) Worn commutalor \ (3) Clogging of luel ,ntol foliar \ {31 Worn valve needle 

engage magnel sw~ch \ [? 51. f I h \ [4) tnsulhc,ent lual 011 ,n tank \ 
--------~_:~1.:::'.::!'P~P:::•~9:•.:'.0:..:''.'.'.1.:'.:"r'.::1e:'.'.r~c:'.'.u'.::1c::'..' \ (5) Fuel 0,1 tank cock cJosad (4) CIOQged ouuer 

(3) Worn brushes \ (8) Excessive res~stance \ (G) Clogging in tuel 011 pipe \ (5) Low 1nJec11cn i:iressvre-t3 
2 
uJ 

magne1 coil -\ 

- m Ss1zure ol Stii~EII mel3~ (4) Commu1alor ro~h \ betw&an batter,, ar.d Slarter \ (7) Darnagec! luet 011 supply pump \ 

and d~rly \ {9) lnsuWeierit baltery ch•HQ0 \ (8) Water Ln lual oil tank j I 
"C 
C 
(lj 

(4) Aoug:ri cap movement \ 

\ 

(1) Worn plunger / -~, / (31 Plunger ShCl<s 

\ .. STARTING TROUBLE 

/ 

/ ( 1) Air leakage from suchoniexhaust v.alves / .,.. l~--~-----~ 
/ (2) No I appal clesvance / { l ) fncorrt-11:I thickness of ga sl(et 

11} Fuel miec:t,on purnp 1rrn1ng irtaguiar /'~'(3,FauUy gasket paciong / packmg 

(I) 
UJ 
::::i 
(lj 

(.) (2) Damaged- plunger 

spr1n-g 
/ (4} Oil leak.age lrom e)jhawst 11alve 

/ l2} Loose high pressure hJe~ pipe / • {4} Upper part o, cylinder liner worn /,__(2-J~F-a-ul-ly-,~ns-t-al-la-1,-0-n_o_l g-o-,-.-,n-o-, 
/ nng and l9vt:ir 

/ (5) Air 111side pump 

/ (6) Dam aQed e,:Mau-st 11alve spring 

I 
I (V} Faulty fuel injeclion pump I ........ 

~ ( V -1) Replace plunger and barrel as a unit. 
)fl ( V -2} Replace. 
~ (V-3) Disassemble and repair or replace. 
$ ( V -4} Lap valves. 
§ (V-5} Bleed air. 
8 ( V -6} Replace, 

TROUBLE AND TROUBLESHOOTING 
~ ( I -1) Replace. 
~ ( I -2) Disassemble and repair or replace. 
ffi ( f -3) Lap valves. 
E ( I -4) Tighten firmly. 
$ ( I -5) ( I -6) Adjust. 
§ ( I -7) ( I -8) Clean" 
0 
u ( I -9) Replace. ( I -10) Repair. 

I 

/ 131 Oamaged high pressure luel pipe 

/ (4) Air In high prass1.Jra fuel pfpa 

/ (5! Warn piston ring 

/ (6) P1S!Or'\ rir'\Q Slicks 

/ (7) insuifjcienl !IQhlomng ol head bolts 

/ (8) OamaQod v~ive spnni;;i 

(~) Faulty fuel injection system \ (W) Leakage of pressurized air \ 

------('.H) Adjust (Vl-1) Lap valves. 
(VI -2) Adjust. 

(\111-1 ) Replace. 
(Vll-2) Adjust. 

/ (3) Governof handie is In ttop pos~hon 

/ 
/ I Si ciooi;w,g 01 s.ue1ion1e1haus1 pJpes 

I (\l() Miscellaneous I 

-----
Count-ermeasurA 

( VI -2) Tighten firmly. 

( VI -3) Replace. 
(VIA) Bleed air. 

(V11-3)(Vll -4) (VU -5) Replace. 
(VI -6) Disassemble and 

repafr or replace_ 
(Vl-7) Tighten tightening 

nuts uniformty. 
(VII-BJ Replace. 

(Vl-3) Move governor handle to acceleration position. 
(Vl-4) Check and repair. 

( IT -1) Clean nozzle hole or replace. 
( IT -2) Lap or replace. 
( JI -3) Lap or replace. 
( JI -4) Tighten firmly. 
( JI -5) Replace. 
( JI -6) Clean. 

( I } Amount of fuel injection inadequate 

(Vl-5) Clean. 

Chart 8 

INSUFFICIENT POWER OUTPUT 

llll-1j Replace. 
111-2 Repair. 

1_1_1 _w_o_m_pl_u_ng_e_r __ -...._(6) Inaccurate posi~fOnir.g of adJLlstmenl rack (I) Clogglng o! nozzle hole 

[2) Faul,y valve seal 

ti 
2 
uJ 
"C 
C 
CCI 
(l) 
UJ 
:::I 
(lj 

(.) 

(2) Sticking, ct plunger 
{7) C!cog,nc ol fuel oil tiller 

(31 011 lea-ka.ge 1,om e:rt1aus1 valve 

(4) Oil leakage from jo1n1 of hiQh 

.pressure pipe 
(9) Damaged \/alve spring 

~:S) Faully adjuslmen1 of iuol pump PO) Faulty supply pump 

( 1) Leak.age at gas rrom 

suct1on/.exhausl va1ves {3) Worn upper par! o~ eylinder liner 

(2) lnaoaQuale lappet (4f Worn p1s1on ring 

ciearance 

(3) St1cktr,.g ct valve needro 

(4) Loosa hJQh p1essu1a pipe 

(5) Worn valve noodle 

i I) Early lnjeclion 

(2) Lal& injection 

(1) Damaged governor Oear111g 

{2) l11accurat-e leng!h of governor l1n1i£. 

INSUFFICIEN1 

POWER OUTPUT 

l 1 / Poor quatJty luel oil 

(2) Clogg,ng ol oxhausl line 

(J) Seizure ol moviog parts 

(4) lnsuthcienl coohng waier 

[51 lnsullicient lube oil supplied 

(V] Irregular fuel Injection timing (VJ) Cio99ed intake air filter 

~ ( IV -1) Lap valves. 
g; { IV -2} Adjust. 
a, ( IV -3) Replace. 
~ (N-4) Replace. 
§ ( IV -5) Disassemble and repair or replace. 

8 

( V-1) Adjust timing to ( VI -1) Clean. 
delay injection. 

( V -2) Adjust timing to 

speed injection. 

11-4 

(Vl-1 ) Replace with good fuel oil. 
(Vl-2) Clean. 

(Vl-3) Disassemble, check and repair. 
(Vl-4) Lap cooling waler pump suction/exhaust valves. 
(Vl-5) Disassemble and clean lube oil pump and filter. 
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Chapter 11 Troubleshooting 
_1._T_ro_u_b_J_es_h_o_o_ti_ng __________________________ 3,4JH3(B)(C)E 

I Chart 10 

TROUBLE AND TROUBLESHOOTING l I MISCELLANEOUS TROUBLE 

~ ( I -1 } Tighten nuts. ( a -1) Tighten adjustment valve. (lll-1)Clean. 
:::, 

( I -2) Tighten nuts and insert pins. ( a -2) Check and repair. 
( 111-2) Add cooling water. 

"' ( Ill -3} Disassemble and <epair or replace. "' Q) ( I -3) Remove adjustment liner and adjust aperture, ( a -3) Clean. ( 111-4) Tighten adjustment valve. 
E ( 111-5) Tighten satety valve. 
i or replace. ( a -4) Repair. 

( I -4) Check teeth, shall, and pushrod of gear for ( 111-6) Change lube oil. 
::, ( Ill -7) Add lube Oil. 
0 wear.Replace whewe necessary. ( Ill -8) Replace u ..... ...... ..... 

I I I I Abnormal noise I I (I) Low fuel oil pressure I I ID) Low lube 011 pressure I 
( 1 J Loose tlywtrieel 1ris1aHm ent boll \ (I) Loose pressure adJ ustment \ 

( 1) Clogged lube 01! !!lier 
_\\ _ (51 Q,I leakage lrom pump safety valve 

\ _\ (2) Lube 01! temperah.He 1s 100 high 

(2) Loose crank pin bearing bolt [21 Damaged supply pump \ t6) Inadequate viscosity o! lube oil 

\ \ 
{3) Troubia w1ih lube 011 pump _l ( 7) lnsuthciont amount ot lube Oll 

(3) Worn crank pm molal \ 
ti' 131 Clogged lillor 

_\ \ \ 
(4) Loast= pr-us~•Jro ad1ustmc-nt vah,o 

Cl) 16) Faully pressure gauge 
5j (4) Faulty gea, meshinQ, \ 

l•I Leal<y pipe 

\ \ "O \ Ii. I MISCELLANEOUS I C: 
Cll 

I I I r I TROUBLE Cl) ( 1 J Coalmg water temperature ( 1) 111suHicient amount o! cooling waler (, l Ooggmg 1n cooh.ng water systom 
<fl 
:::J has risen I I (5/ Air m coofo1g waler I (5)Eng-m-e outlet not cons.Uicled. Cll ---

{2) Trouble with cooling water pump 0 (2) Ovonoad~rig (2) Tioublo w11h cooling w,1\or pump l 
(6) 0vertoad,ng (6) Water leakage lrom caol1n9 water 101n[s 

(3/ FauI1,· lube ml tampera<ure / 

(31 Amoun.t or waier returning Is too great ---
(3) Coolmg wator hf! 1s loo great 

I (4) Clogging in cooling waler system 
/ (7) Faulty suction and exhausl valves 

adJus.tmenL valve I (4} Air 1n coo!1ng wate, I Countarms-.asure 
I 

I (Ill lube oil temperature is too high I I (V) Cooling water temperature is too high I I\,!) Cooling water pressure is too low J ...... 
~ ( !V -1 ) Adjust the amount of returning water or check 
:::, the cooling water pump and lap valves. "' "' { IV-2) Reduce load. Q) 

§ ( IV-3) Check and adjust. 
Q) 

c 
:, 
0 u 
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...... ,.... 
( V -1) Open closed parts. ( Vl-1) Clean. 

{ V-2) Check pump and repair. (Vl-2) Check pump and repair. 

{ V -3) Adjust amount of returning water. ( VI -3) Lessa n lift or replace pump. 

{ V -4) Clean. 
(Vl-4) Check suction opening. 
( VI -5) Elim, na1e causes for high cooling water tempera1u re 

( V -5) Check suction opening. and constrict 
( VI -6) C'hEICk and repa Ir. 

( V -6) Reduce load 

11-5 



YANMAR DIESEL AMERICA CORP. 
901 CORPORATE GROVE DRIVE, BUFFALO GROVE, IL 60089-4508, U.S.A. 
TEL : 847-541-1900 
FAX : 847-541-2161 

YANMAR EUROPE B.V. 
BRUGPLEIN 11, 1332 BS ALMERE-DE VAART, P.O.BOX 30112, 1303 AC Almere, The Netherlands 
TEL : 036-5324924 
FAX : 036-5324916 
TELEX : 70732 YMR A NL 

YANMAR ASIA (SINGAPORE) CORPORATION PTE LTD. 
4 TUAS LANE, SHINGAPORE 2263 

TEL : 861-5077 
FAX : 861-5189 
TELEX : RS 35854 YANMAR 

~ YANMAR DIESEi. Ell&IIIE CD.,I. TD. 

OVERSEAS OPERATIONS DIVISION 
1-1, 2-chome, Yaesu, Chuo-ku, Tokyo 104, Japan 
Telex: 0222-4733 Telephone 03-3275-4941 
Facsimile: 03-3275-4969 Cable: YANMAA TOKYO 

Printed in Japan 
HINSHI-H8009 


	COVER
	FOREWORD
	INDEX
	Chapter 1 GENERAL
	 1. Exterior Views
	1-1  3JH3E
	1-2  4JH3E

	 2. Specifications
	2-1  3JHE,3JH3BE,3JH3CE
	2-2  4JH3E,4JH3BE,4JH3CE 
	2-3  Sales condition,Marine gear

	 3. Engine Outline
	3-1  3JH3E(with KM3P Marine gear)
	3-2  3JH3BE(with KM3A Marine gear)
	3-3  4JH3E(with KM3A Marine gear)
	3-4  4JH3BE(with KM3A Marine gear)

	 4. Piping Diagrams
	4-1  3,4JH3(B)(C)E


	Chapter 2 INSPECTION AND SERVICING OF BASIC ENGINE PARTS
	 1. Cylinder Block
	1-1  Inspection of parts
	1-2  Cleaning of oil holes
	1-3  Color check procedure
	1-4  Replacement of cup plugs
	1-5  Cylinder bore measuremant

	 2. Cylinder Head
	2-1  Inspecting the cylinder head
	2-2  Valve seat correction procedure
	2-3  Intake/exhaust valves, valve guides
	2-4  Valve springs
	2-5  Assembling the cylinder head
	2-6  Measuring top clearance
	2-7  Intake and exhaust valve head clearance
	2-8  Adjustment of valve head clearance

	 3. Piston and Piston Pins
	3-1  Piston
	3-2  Piston Pin
	3-3  Piston rings

	 4. Connecting Rod
	4-1  Inspecting the connection rod
	4-2  Crank pin bushing
	4-3  Piston pin bushing
	4-4  Assembling piston and connecting rod

	 5. Crankshaft and Main Bearing
	5-1  Crankshaft
	5-2  Main bearing

	 6. Camshaft and Tappets
	6-1  Camshaft
	6-2  Tappets

	 7. Timing Gear
	7-1  Inspecting the gears
	7-2  Gear timing marks

	 8. Flywheel and Housing
	8-1  Specifications of flywheel
	8-2  Dimensions of flywheel and mounting flange
	8-3  Ring gear
	8-4  Position of top dead center and fuel injection timing
	8-5  Damper disk and cooling fan


	Chapter 3 FUEL INJECTION EQUIPMENT
	 1. Fuel Injection Pump Service Data
	1-1  3JH3(B)(C)E
	1-2  4JH3(B)(C)E

	 2. Governor
	2-1  Cold start knob(For 4JH3(B)(C)E only)
	2-2  Disassembly Reassembly and Inspection of Governor
	2-3  Assembling governor

	 3. Disassembly, Reassembly and Inspection of Fuel Injection pump
	3-1  Disassembly of fuel injection pump
	3-2  Inspection of fuel injection pump
	3-3  Reassembly of fuel injection pump

	 4. Adjustment of Fuel Injection Pump and Govemor
	4-1  Preparations
	4-2  Adjustment of top clearance
	4-3  Adjusting of injection timing
	4-4  Plunger pressure test
	4-5  Delivery valve pressure test
	4-6  Adjusting injection volume(uniformity of each cylinder)
	4-7  Adjustment of govenar

	 5. Fuel Feed Pump
	5-1  Construction of fuel feed pump
	5-2  Fuel feed pump specifications
	5-3  Disassembly and reassembly of fuel feed pump
	5-4  Plunger pressure test

	 6. Fuel Injection Nozzle
	6-1  Function of fuel injection nozzle
	6-2  Fuel injection nozzle disasembly
	6-3  Fuel injection nozzle inspection
	6-4  Fuel injection nozzle reassembly
	6-5  Adjusting fuel injection nozzle

	 7. Trouble shooting of fuel injection pump
	7-1  Troubleshooting of fuel injection pump
	7-2  Major faults and troubleshooting

	 8. Tools
	 9. Fuel Filter
	9-1  Fuel filter specifications
	9-2  Fuel filter inspection

	10. Fuel Tank
	11.Troubleshooting

	Chapter 4 INTAKE AND EXHAUST SYSTEM
	 1. Intake System
	 2. Exhaust System
	2-1  Construction
	2-2  Mixing elbow inspection


	Chapter 5 LUBRICATION SYSTEM
	 1. Lubrication System
	 2. Lube Oil Pump
	2-1  Lube oil pump construction
	2-2  Specifications of lube oil pump
	2-3  Lube oil pump disassembly
	2-4  Lube oil pump inspection
	2-5  Oil pressure regulating valve construction

	 3. Lube Oil Filter
	3-1  Lube oil filter construction
	3-2  Lube oil filter replacement

	 4. Lube Oil Cooler
	4-1  Lube oil cooler construction
	4-2  Inspecting the lube oil cooler

	 5. Rotary Waste Oil Pump (Optional)
	5-1  Construction
	5-2  Inspecting the waste oil pump


	Chapter 6 COOLING WATER SYSTEM
	 1. Cooling Water System
	 2. Sea Water Pump
	2-1  Specifications of sea water pump
	2-2  Sea water pump disassembly
	2-3  sea water pump Inspection
	2-4  Sea water pump reassenbly
	2-5  Current characeristics

	 3. Fresh Water Pump
	3-1  Fresh water pump construction
	3-2  Specifications of fresh water pump
	3-3  Fresh water pump disassembly
	3-4  Fresh water pump inspection

	 4. Heat Exchaniger
	4-1  Heat exchanger construction
	4-2  Specifications of heat exchanger
	4-3  Disasembly and reassenbly of the heat exchanger
	4-4  Heat exchanger inspection

	 5. Pressure Cap and Sub Tank
	5-1  Pressure cap construction
	5-2  Pressure cap pressure control
	5-3  Pressure cap inspection 
	5-4  Funktion of the sub tank
	5-5  Specifications of sub tank
	5-6  Mounting the sub tank
	5-7  Precautions on usage of the sub tank

	 6. Thermostat
	6-1  Funktion of thermostat
	6-2  Thermostat construction
	6-3  Characteristics of thermostat
	6-4  Thermostat inspection
	6-5  Testing the thermostat

	 7. Bilge Pump and Bilge Strainer (Optional)
	7-1  Introductin
	7-2  Description
	7-3  Cautions


	Chapter 7 REDUCTION AND REVERSING GEAR
	Marine Gear Models [KM3A]
	 1. Construction
	1-1  Construction
	1-2  Specifications
	1-3  Power transmission system
	1-4  Drawing
	1-5  Sectional view

	 2. Shifting Device
	2-1  Construction of shifting mechanism
	2-2  Forward and reverse clutch operation
	2-3  Engagement and disengagement of clutch
	2-4  Clutch shifting force
	2-5  Adjustment of shifting device
	2-6  Adjustment of the remoto control head
	2-7  Cautions

	 3. Inspection and Servicing
	3-1  Clutch case
	3-2  Bearing
	3-3  Gear
	3-4  Forward and reverse large gears
	3-5  Drive cone
	3-6  Trust collar
	3-7  Cup spring
	3-8  Oil seal of out put shaft
	3-9  Input shaft
	3-10 Out put shaft
	3-11 Intermediate shaft
	3-12 Shifting device
	3-13 Damper disk
	3-14 Shim adjustment for output and input shafts
	3-15 Torque limiter

	 4. Disassembly
	4-1  Dismanting the clutch
	4-2  Removal of the output shaft
	4-3  Removal of the ointermediate shaft
	4-4  Dismanting the shifting device

	 5. Reassembly
	5-1  Reassembly of output shaft
	5-2  Reassembly of the clutch
	5-3  Reassembly of the shiating device

	Marine Gear Models [KM3P4]
	 1. Construction
	1-1  Construction
	1-2  Specifications
	1-3  Power transmission system
	1-4  Drawing
	1-5  Spectional view

	 2. Shifting Device
	2-1  Construction of shifting mechanism
	2-2  Forward and reverse clutch operation
	2-3  Engagement and disengagement of clutch
	2-4  Clutch shifting force
	2-5  Adjustment of the remoto control head
	2-6  Adjustment of the remoto control head
	2-7  Cautions

	 3. Inspection and Servicing
	3-1  Clutch case
	3-2  Bearing
	3-3  Gear
	3-4  Forward and reverse large gears
	3-5  Drive cone
	3-6  Thrust collar
	3-7  Cup spring and spring retainer
	3-8  Oil seal of output shaft
	3-9  Input shaft
	3-10 Output shaft
	3-11 Intermediate shaft
	3-12 Shifting device
	3-13 Damper disk
	3-14 Shim adjustment for output and input shafts 
	3-15 Torque limiter

	 4. Disassembly
	4-1  Dismantling the clutch
	4-2  Removal of the output shaft
	4-3  Removal of the intermediate shaft
	4-4  Dismanting the shifting device

	 5. Reassembly
	5-1  Reassembly of output shaft
	5-2  Reassembly of the clutch
	5-3  Reassembly of the shiating device


	Chapter 8 REMOTE CONTROL (OPTIONAL)
	 1. Remote Control System
	1-1  Construction of remoto control system
	1-2  Remoto control device components

	 2. Remote Control Installation
	2-1  Speed control
	2-2  Clutch control
	2-3  Engine stop

	 3. Remote Control Inspection
	 4. Remote Control Adjustment

	Chapter 9 ELECTRICAL SYSTEM
	 1. Electrical System
	1-1  System diagram of electric parts(B-type)
	1-2  Wiring diagram

	 2. Battery
	2-1  Construction
	2-2  Battery capacity and battery cables
	2-3  Inspection
	2-4  Charging
	2-5  Battery storage precautions

	 3. Starter Motor
	3-1  Specifications
	3-2  The planatary gear starter system
	3-3  Removal
	3-4  Trouble mooting the starter system
	3-5  Disassembly
	3-6  Inspection and Repair
	3-7  Reasembly
	3-8  Operation Specifications Check

	 4. Alternator Standard, 12V/55A
	4-1  Features
	4-2  Specifications
	4-3  Characteristics
	4-4  Construction
	4-5  Aiternator functioning
	4-6  Handling precautions
	4-7  Disassemblling the alternator
	4-8  Inspection and adjustment
	4-9  Reassembling the alternator
	4-10 Performance test

	 5. Alternator 12V/80A (OPTIONAL)
	5-1  Features
	5-2  Specifications
	5-3  Characteristics
	5-4  Construction
	5-5  Alternator functioning
	5-6  Handling precautions
	5-7  Disassembling the alternator
	5-8  Inspection and adjustment
	5-9  Reassembling the alternator
	5-10 Performance test
	5-11 Troubleshooting

	 6. Instrument Panel
	6-1  B2-type instrument panel with wiring
	6-2  C-type instrument panel
	6-3  Extension codes

	 7. Waming Devices
	7-1  Oil pressure alarm
	7-2  Cooling water temperature alarm
	7-3  Sender unit for lube oil pressure gauge
	7-4  Sender unit Oor the cooling water temperature gauge

	 8. Air Heater (Optional)
	 9. Electric type Engine Stopping Device (Optional)
	9-1  Solenoid
	9-2  Relay
	9-3  Wire harness of engine stop

	10. Tachometer
	10-1 Construction of tachometer
	10-2 Specifications and dimensions of tachometer
	10-3 Measurement of sensor unit characteristics


	Chapter 10 DISASSEMBLY AND REASSEMBLY
	 1. Disassembly and Reassembly Precautions
	 2. Disassembly and Reassembly Tools
	2-1  General handtools
	2-2  Special Handtools
	2-3  Measuring Instruments
	2-4  Other material
	2-5  Measuring Instruments

	 3. Disassembly and Reassembly 
	3-1  Disassembly
	3-2  Reassembly

	 4. Table of Standard Measurements for Maintenance
	4-1  Cylinder head
	4-2  Cylinder block
	4-3  Valve equipment
	4-4  Piston
	4-5  Piston ring
	4-6  Connecting rod
	4-7  Cam shaft
	4-8  Crank shaft
	4-9  Side clearance and backlash
	4-10 Miscellaneous

	 5. Tightening torque
	5-1  Main Bolt and Nut
	5-2  Standard Bolts and Nuts(without lubricant)

	 6. Test running
	6-1  Preliminary Precautions
	6-2  Check Points and Precautions During Running


	Chapter 11 TROUBLESHOOTING
	 1. Troubleshooting

	BACK COVER

