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FOREWORD 

This service manual has been complied lor engineers engaged in sales, 
service, inspection and maintenance. Accordingly, descriptions 01 the 
construction and lunctions 01 the engine are emphasized in this manual 
while items which should already be common knowledge are omitted 
One characteristic 01 a marine diesel engine is that its pe付。rmance in a 
vessel is governed by the applicability 01 the vessel's hull construction 
and its steering system. 
Engine installation, litting out and propeller selection have a substantial 
effect on the performance 01 the engine and the vessel. Moreover, when 
the engine runs unevenly or when trouble occurs, it is essential to check 
a wide range 01 operating conditions - such as installation to the hull 
and suitability 01 the ship's piping and propeller - and not just the engine 
itsell. To get maximum performance Irom this engine, you should com 
pletely understand its lunctions, construction and capabilities, as well 
as proper use and servicing 
Use this manual as a handy relerence in daily inspecti口n and mainte­
nance, and as a text lor engineering guidance. 
Model 4JH3E has been used lor the illustrations in this service manual , 
but they apply to models 3JH3E, 3JH3BE, 3JH3CE, 4JH3BE, and 4JH3CE 
as well. 

METRIC 
ALL DIMENSIONS IN MILLIMETERS 

UNLESSOTHERvnSESPECll在ED

The contens 01 this service manual may not be copied or 
reproduced without permission. 
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Chapter 1 GeneraI 
1. Exterior Views 

1. Exterior Views 
1-1 3JH3E 

• Operation Side 

十一-1

Shitt lever 

• Non Operation Side 

Fresh water pυmp 

Intake manifold 

V-belt 
广一一

f 11 A 
~-LJ扩

Fuel filter 

Fuel oil pump 

Oil filter cap 

Fuel feed pump 

Lube 口il filter 

Exhaust ma叩fold

Starter motor 

Sea water pump 

<Note>τñis illustration shows Yanmar marine gear (Model : KlV口的 when it has been attached 

Printed 臼 }apa.n
HINSHI-Hí<<109 1-1 

3.4JH3(B)(C)E 



Chapter 1 General 

1. ExterÍor VÍews 3.4JH3(B)(C)E 

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)ηlis iI1ustration shows Yanmar marine gear 仙10del : KM3P) when it has been attached 
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Chapter 1 General 
Z Speciflcatío旧 3,4JH3(B)(C)E 

2. Specifications 
2-1 3JH3E, 3JH3BE, 3JH3CE 

Model 3JH3E 3JH3BE 3JH3CE 

Type Vertical 4-cycle water cooled diesel engine 

Combustion system Direct injection 

Aspirat阳n Normal aspiration 

Number 01 cylinders 3 

Bore X stroke n内n同 84 X 90 

Displacement a 1.496 

Ospuetepd utfc「anltShan (KHWP/Nrppmm ) 26.5/3650 

One hour rating (36/365日)

output Brake mean effective kgf/cm 2 

(flywheel oulpul) pressure 5.93 

Piston speed m/sec 1 日 95

Continuous rali咱
ospuepeMud wcrankshaft (KHWPN/rppmrn ) 

29.4/380日
(40/3800) 

outpot 
日rake mean effective 。 621(DIN6270A) kgflcm 2 

flywheel output pressure (6.33) 

Piston speed m/sec 11.4 

Compression ratio 17.7 

Fire order 
240' 240' 240' 

1 • 3 - 2 - 1 

Fuel injection pump YPES.CL (wilh Timer) 

Fuel injection timing 
degree 12' 

(b.T.D.C.) 

Fuel injection p用自ure kg/cm2 2口口 :!:5

Fuel injection nozzle Hole type 

Direc1ion 01 (Crankshaff) 
Counter-clock wise 

rotation viewed from stern 

power take off At Flywheel side 

Constant high temperature fresh water cooling 

Cooling system Fresh water : Cenlrifugal pump 

Sea water :Rubber impeller pump 

Lubrication system Forced lubrication 叫th trochoid pump 

Sla巾ng syslem 
Slarting motor DC 12V,I.2kW 

AC generato 12V.55A (12V80A: Oplion) 

Model KM3P KM3A (缸il 由响也31 can be 峰时)

Type Mechanical cone clulch Mechae nlticmail tecr one clutch directly∞民a阳n
(lorque limiter no angle) 

Reduction rate (aheadlastern) 训 2.36/3.16 2.61且 16 3.20/3.16 2.33归口4 2.6413.04 

pro阳l阳 speed (ahea曲slem) rpm 1610/1 囚31457门却31188/ 1却3 162911249 144111249 

Standard propeller 

Marine Gear (Dia. XpitchXnumber) 
mm 

Propeller shaft dia. 
X Countershatt dia. 

mm 

Lubrication system Splash 

LubeαI pan I Tolal capacif)' E 0.35 0.45 

1 Effective capacity e 0.05 口口5

Cooling system 

Weighl [kg[ [13[ [13J 

Overall length mm 755.6 752.8 545.8 

Dimensions Overall width m"飞 52口 6 520.6 

Overall height mn同 628.6 628.6 

Engine weight without marine gear (dry) kg 186 173 

Lubricating oil capacity EffecVmax z 4.411.8 7 4.9尼 1 4.9/2.1 W LK r3 Fhd qu 7' nu 
.
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Chapter 1 GeneraJ 
z Specifícatíons 

2-2 4JH3E, 4JH3BE, 4JH3CE 

Engine Model 

Type 

Combustion system 

Aspiration 

Number of cylinders 

80re X stroke 

Displacement 

One hour rating 
sOpuetpeud t/crankshan 

output Brake mean effective 
(flywheel oulpul) pressure 

Piston speed 

Continuous rating 
sDpuetped ut/C「ankShan

outpot 
Brake rn8an effective (口IN6270A)

fJywheel output 
pressure 

Piston speed 

Compression ratio 

Fire order 

Fuel injection pump 

Fuel injection timing 

(b.T.D.C.) 

Fuel injection pressure 

Fuel injection nozzle 

Direction of (Crankshaft) rotation 

Power take off 

Cooling system 

Lubrication system 

Starting system 
Starting motor 

AC generato 

Model 

Type 

Reduclion rate (ahead/astern) 

PrO阴阳r speed (ahead!a创em)

Standard propeller 

Marine Gear (Diao XpitchXnumber) 

Propeller shaft diao 

X Countershaft dia 

Lubrication system 

LL剧。il pan I Total capacity 

1 Effe~~e capacity 
Cooling system 

Weight 

Overall length 

Dimensions Overall width 

Overall height 

Engine weight without marine gear (d叩)

Lubricating oil capacity EffeCVmax 

mm 

a 

(KHWPNAppm m) 

kgflcm 2 

m/sec 

lKHWP/Nrppmm ) 

kgf/cm 2 

m/sec. 

degree 

kg/cm 2 

M 

rpm 

mm 

mm 

e 

e 

[kg] 

mm 

mm 

mm 

kg 

a 

(Note) Rating condition: 150 - 3046门， 1HP 斗。 7355kW

3.4JH3(BXC)I 

4JH3E 4JH3日E 4JH3CE 

Ve r1icaI4-cycle water cooled diesel engine 

Direct injection 

Normal aspiration 

4 

84 X 9口

1.995 

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

6.18 5.81 

10.95 

4 1.2/38口。 38.213800 
(56/3800) (5213800) 

6.65 

11.4 

17.7 

180' 180' 180' 180' 
1 ~ 3 ~ 4 • 2 ~ 1 

In-line type YPES-CL (with Timer) 

(b.T.D.C.) 12' 

220:t5 

Hole type 

Counter-clock wise 
viewed from stern 

At Flywheel side 

Constant high temperature fresh water cooling 

Fresh water : Cenlrifugal pump 

Sea waler :Rubber impeller pump 

Forced lubrication with trochoid pump 

DC 1 凹，1.2kW

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

KM3P KM3A 

Mechanical cone clutch Mechanical cone clutch 
pa川

dir，剧Iy on location 
(torque limiter no angle) 

2.36/3.162.61/3.16 2.33/3.04 2.64/3.04 

1610/1203 1457月 203 162911249 1441/1229 

Splash 

0.35 0.45 

0.05 口口5

[13] [13] 

849.6 

563.1 

623.6 

223 

5.3/1.1 副 engine instaUation angle O' 

1~4 

639.8 

563.6 

623.6 

210 

PnOnted in ]apan 
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Chapter 1 General 
z SpecificatÍons 

2-3 Sales condition, Marine gear 

仁￡t…10gear model) 

←一一
3.20 (KM3P) 

3.21 (KM3A) 

2.61 (KM3P) 

2.64 (KM3A) 

2.36 (KM3P) 

~ (KM3A) 

Printed in Japan 
IIINSIlI-l!8009 

No. 01 blades 

3 

4 

3 

4 

3 
L• 

4 

3,4]H3(B)(C)E 

Outer diameter Moment 01 propeller Propeller Engine 

01 propeller inertia (GD'kg-m') materìa!s application 

二亘 ";490

至0.23 3JH3(B)仨

主豆q\ 460

主至1> 470

至0.19 Bronze 

主至s6 440 ωH3(B)E 

主豆s6 450 4JH3(日)E

至0.15

主豆 ";425

1-5 
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2-1 Inspecting the cylinder head' ............... ......………"2-5 
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2-3 Intake/exhaust valves, valve guides ………………"2-6 
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2-6 Measuring top clearance ................…………........………2-9 
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3. Piston and Piston Pins ………………………"2-11 
3-1 Piston ………………......…........…………………………"2.12 
3-2 Piston pin ........………...........................…......…2-12 

3-3 Piston rings ……………………………...…'2-13 
4. Connecting Rod …….......……… ................................2-15 
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3.4JH3(BXC)E 

1-1 Inspection 01 parts 

Make a visual inspection to check lor cracks on engines 
that have Irozen up. overturned or otherwise been sub. 
jected toυndue stress. Perlorm a cotor check on any por­
tions that appear to be cracked, and 呻place the cylinder 
block il the crack is not repairable 

1-2 Cleaning of oil holes 

Clean all oil hOles, making sure that none are clog吉ed up 
and the blind plugs do not come off 

Color check kìt 

y
w己
也
川
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1-3 Color check procedure 

(1) Clean the area 10 be inspected_ 
(2) Color check kit 

The color check test kit consists 01 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 柑Ipe
the area with a cloth moistened with cleaner 

(4) Spray on red penetrant 
Alter cleaning, spray on the red pene甘ant and alJow 5 
~1 0 minutes lor penetration. Spray on more red pene­
lrant il il dries before it has been able to penetrate. 

(5) Spray on developer 
Remove any residual penetrant on the surtace after 
the penet阻nl has penetrat时， and spray on the developer. 
1I there are any cracks in the surface, red dots or a red 
Ií ne 胃部 appear several minutes alter t白e developer 
dries 
Hold the developer 300~400mm away Irom the area 
being inspected when spraying, making sure 10 coal 
the surface unilormly 

(6) Clean the surlace 胃It如 1悔 cleaner

NOTE ; Without faíl, read the instructions for the color 
check kit before use 

2一1



Chapter 2 Basic Engine 
1. Cylinder Block 

1-4 Replacement of cup plugs 

Step 
Description 

No. 

1 Clean and remove grease from the hole into 
which the cup plu唱 Îs to be driven 
(Remove scale and sealing material prevlously 
ap，对ied)

2 Remove grease t(om the cup plug 

3 Apply Threebond No. 4 to th8 S8at surlace 
where the plug is to be driven in 

4 Insert the plug into the hole 

5 Place a drivíng tool on the CUp plug and drlve it 
in using a hammer. 

严

及-

f 

2-3mm 

'Using 飞he special to时， drive the CUp 
plug so that the edge 01 the plU9 is 
2mm (0.0787in.) below the cylinder 
surtace. 

3.4JH3(B)(C)E 

Procedure Tool or material used 

点 • Screw driver or saw blade 
• Thinner 

1 

\// ms陆carmetewavaoefFs I叫VWeIr th a 

or saw blade. 
1.-<0 

f 
Visually check the nick around • Thinner 
the plug 

Apply over the whole outside 01 • Threebond No. 4 
the plug 

lnsert the plU9 50 thal it 5its 
conectly 

Orive in the pfu吉 parallel to the • Driving tool 
seatíng surface 

-Hammer 

飞3 ι3 

3mm 100mm 

mm 

Plug dia d D 

Ø12 ø 11.9 12.0 
" 20 

Ø30 <þ 29.9-30.0 世 40

2-2 Printed in japan 
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Chapter 2 Basic Engine 
1. Cylinder Block 

1-5 Cylinder bore measurement 

Measure the bore diameter wíth a cylinder gauge at the 
po缸tions shown ín the fígure 
Replace the cylinder bore when the measured value 
exceeds the wear limí!. Measurement must be done at 
least at 3 positions as shown in lhe figure, namely, top. 
míddle and bot!om posítions ín bolh direclíons along lhe 
crankshaft rotalíon and crankshaft cenler línes. 

PrÏnted Ín Japan 
IIINSHI-1I8009 

Cylinder gauge 

Cylínder bore dia 

Cylinder roundness 

2-3 

3.4JII3(B)(C)E 

mm 

Direction of 
crankshaft 
center line 

。irection of 
crankshaft 
rotatlon 

Standard Wear limit 

1> 84.00-1' 84.03 ØS4.20 

。-0.01 0.03 

mm 



Chapter 2 Basic Enginε 
2. Cylinder IIead 

2. Cylinder Head 
The cylinder head is 01 4吃ylinder integral construction, 
mounted with 18 岳。Its. Special alloy stellite wít妇 supenor

resistance to heat and waar is litted on the seats, and the 
area between the valves is cooled by a water jet 

Valve rocker arm shaft 

2-4 

S.4]HS(B)(C)E 

Printed În ]apa.n 
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Chapter 2 BasÍc Engíne 
2. Cylinder Head 

3.4]H3(B)(C)E 

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‘ 

2斗 Jnspecting the cylinder head 

The cylinder head is subjected to very severe operating 
conditions with 昭peated high pressu晤，拉i♀扫 temperature
and cooling. Thoroughly remove all the carbon and dirt 
after disassembly and carefully inspect all parts 

120。

§号'

Intake 
Exhaust 

Seat angle 

Carefully check for cylinder head distortion as this leads to 
gasket damage and compression leaks 
(1) C1ean the cylinder head surface 
(2) Place a straight-edge a10ng each 01 the four sides 

and each diagona l. Measure the clearance be\ween 
the sl阻嘻ht-edge and combustion surface wi!扫 a fee1er 
gauge. 

2斗 .1 Distortion of the 怠。mbustion surtace 

Wear limi! 
1.74 
1.94 

」ζj快乱Sea! width 
Intake 
Exhaust Measurement procedure 

Straightedge 

Intake va!ve seat 

在芒芒兰驾0 6.4Exhaust valve seat 
仔"有

Wear limit Standard 

Standard dímension 自 150.05 or less Cylinder head distortion 

g 

。
兰
州W〉
航W
M也
附
一
F
C叩

g 

。
〉
-
m〉
-
m
w
3

而
Z
X旧

2-1.2 Checking for cracks in the combust阳n surtace 

Remove the fuel injection nozzle. intake and exhaus! 
崎Ive and cJean the combustior飞 S时ace. Check for dis∞1-
oration or distortion and conduct a color check test to 
check for any cracks 

~ 

2-5 
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Chapter 2 BasÎc Engine 
2. Cylinder Head 

2-2 Valve seat correction procedure 

The most common melhod for correcting unevenness of 
Ihe seat surface wilh a seat grinder is as follows 
(1) Use a seal grinder to make the surface even. 

As the valve seal widlh will be enlarged, first use a 7矿
grinder, Ihen grind Ihe seal 10 Ine slandard dimension 
with a 15' grinder 

Seat grinder 

Inlake valve 30' 
Seat grinder 

Exhaust valve 45' 

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

Seal width 

(2) Knead valve compound wilh oil and finish Ihe valve 
seat wilh a lapping 1001 白

(3) Final finishing should 
be done 回ilh oil only 

Lapping tool 
Use a rυbber cap Iype lappìng 
1001 for cylinders wilhoul 
a lappìng 1001 groove slit 

2-6 

3.4fH3(B)(C)E 

NOTE : Clean the valve and cylinder head 剧的 light oil or 
the equivalent after valve seat finishing is com­
pleted and make sure that there are no grindings 
remammg 

Lapping 1001 

[1-

NOTE: 1. Insert adjusting shims between the valve spring 
and cylinder head when seats have been re 
finished 昨ilh a 5eat grinder 

2. Measure valve distortion after valve seat re­
自nishing has been completed, and replace the 
valve and valve seal il it exceeds the tolerance 

2相3 Intake/exhaust valves, valve guides 

2-3.1 Wearing and 00宵。sion of valve stem 

问eplace the valve ìf the valve stem is excessively wQrn or 
corroded. 

Valve stem 
outside dia 

Intake 

Exhausl 

60mm 

Standard 

91 7.960- <þ 7.975 

<þ 7‘ 955- <þ 7.970 

Wear IImit 

Ø7.900 

917.900 

Printed in ]3pan 
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Chapter 2 B￥sic Engine 
2. Cylinder Head 

3.4JH3(B)(C)E 

2-3‘ 2 lnspection of valve seat wear and contact 

surface 

Inspect for valve seat scralches and excessive wear 
Check to make sure the contact surface is normal. The 
seat angle must be ct可cked and adjusted i! the valve seat 
contact surlace is much smaller than the width 01 the 
valve seat. 

NOTE: Keep in mind the fact that the intake and discharge 
vaiνe have different diamelers. 

2-3.3 Valνe sinking 

Over long periods of use and repeated lappings, combus­
lion efficiency may drop, Measure the sinkíng distance 
and replace the valve and valve seat il the valve sink 
exceeds the tolerance. 

Sink 

百epth 9aυge 

Valve sínk 
Standard 

0, 306-0, 506 

Wear 11m;! 

1 , 0 

2-3.4 Valve guide 
(1) Measuring ;nner diameter of valve guide 

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

行1付1

Wear IImit 
十0，2

十0 ，2

Standard 

+8.010-~在025

ø 8 ，015- 世 8 ， 030

NOTE : The ;nner díameter standard dimens;ons 
aS$ume a pressure fit 

Printed in };lpan 
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mm 

2一7

(2) Replacin由 the valve guide 
Use the insertion tool and tap in the guide with a 
mallet 

Tool 

γalve guide 

Cyllnder head 

一一飞

萨工 1

Tool 

The intake valve guide and exhausl valve guide are of 
different shapes/dimensions, The one with a groove 
around i! is t扫e exhaust valve guide and the one wit轩"
out is the intake valve guide 

了]

E
E
m
w寸

「
i
l
!

(3) Valve guìde projection 

The valve guide should project 15mm from the top 
of the cylinder head, 

; ..::z. 



Chapter 2 Basic Engine 
2. Cylinder Head 3.4JH3(B)(C)E 

(4) Valve stem seals 
The valve stem 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 

(4) Measure spring tension. 

Valve stem seal 

Spring tension tester 

2-4 Valve springs 

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

/ 

(Inside) 

旦旦旦旦旦
旦旦旦旦旦
Distortion 
Tension (1 mm press山e) I 2.36/3.101 

<Remarks> T ension is shown for the smaller pitch 

Standard 
44.4 

mm 
Wear limit 

43.0 

1.1 

-/< 
Assembling valve springs 
The side with the smaller pitch (painted yellow) should 
face down (cylinder head) 

1 -
e d s nv HU 

E罩三
量7忖阳叫a副副巾叫11阳i怕e

(3) Measure inclination 

Down sÎde , 
NOTE: The pitch of the vafve spring is not even. The side 

阳的 the smafler pitch (yeflow) shoufd face down 
(cyfinder head) when assembfed. 

Square gaude 

(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 
01 wear 

A 

2-8 Printed in ]apan 
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Chapter 2 Basic Engine 
2. Cylinder llead 

2-5 Assembling the cylinder head 

Partial1y lighten lhe bolts in the specified order and lhen 
哥哥hten to the specified torque, being carelul lhat the head 
does not get dislorted 

(1) Clean oul the cylinder head boll holes. 
(2) Check lor 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 
时th t扫e cylinder block 

(5) Match υp the cylinder head with the head gasket and 
盯10un1.

Exhaust mar引如Id side 

O 。 o s O 
吕a 

喜
18 12 10 3 ' 7 13 15 ~ G O 。 。 O 

。龟b O O O O G O O O 088 3 

L立圣志L 

10 e 
。 O O O O D O 

。17
• ~ 14 8 s 2 4 9 11 

。 O G O 

Intake manifold sìde 

Tighter>ing torque 主主二t主二号
2-6 Measuring top clearance 

(1) Place a high quality luse ( Ø1 .5mm , 1 Omm long) in three 
posi1ions on the flat part 01 the piston head. 

(2) Asser引起le the cylinder head gasl暗t and the cylinder 
block and tighten the bolts in the specilied order 10 the 
specilied torque 

(3) Turn the crank, (in the direction 01 engine revolution), 
and press the luse against the piston unti1 it breaks 

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

and calculate the average 
价.71-0.75mm 吕 ideal)

Top clearance 

Printed in ]apan 
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mm 

0.660-0.780 
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3.4]H3(B)(C)E 

2-7 Intake and exhaust valve arms 

Valve arm and valve arm bushing wear may change open­
ing!closing timing 01 the valve , aηd may In tum affect 
englne performance according to the extent 01 the 
change 

Valve rocker 

二:
μe! 

rocker arm 俨吨\量丰

rocker arm 巳7

(1) Valve arm shaft and valve arm bushing 
Measure the outer diameter of the shaft and the inner­
diameter of the bearing, and repJace if 明ear exceeds 
the Iimit. 

mm 

Standard Wearlìmìt 

Intake and exhaust 
valve rocker arrh A 15.966~15.9日8 15.955 
shaft outside dia 

Intake and exhaust 
valve rocker arm B 16 白白白~16.010 16.09口
inside dia 

们9 0.016-旦054 0.140 
al assembly 

Replace the valve arm sha!t bushing il it moves and 
replace the entire valve arm if there is no tightening clear­
ance 



Chapter 2 Ba日c Engine 
Z Cylinder Head 

(2) Valve spring 
Check the valve arm spring and replace it if it is corrod 
ed or worn 

(3) Valve arm and valve top retainer wear 
Inspect the contact surface of the valve arm and 
replace it if 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 f1 aking 

2-8 Adjustment of valve head clearance 

(t) Make adjustments when the engine is cool 

Intake and exhaust valve head clearance I 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) 

Exhaust 254' 

T.D.C 
.卢♀口

气口

4η. 

:、So

B.D.C 

Ji、
白气

(3JH3E,3JH38E,3JH3CE) 

Intake 281' 

2-10 

TD.C 

飞口·型斗」巳a~一+节~飞〈兰兰'3'

Exhaust 254' 

~8工
_-5旨·

tl .D.C 
( 4JH3E,4JH3E) 

Intake valve Open b.TDC 

Intake valve Closed a.BDC 

Exhaust valve Open b.8DC 

Exhaust valve Closed a.TDC 

: ..Jfò'、
白气

3JH3E 
3JH3BE 
3JH3CE 

6'-20' 

40'-50' 

5 1' -60 固

13'-23' 

3.4JH3(B)(C)E 

Adjusting 
screw 

lock nut 

Intake 288' 

4JH3E 
4JH38E 
4JH3CE 

10'-20' 

48'-58' 

51'-61' 

13'-23 

Printed ín ]apan 
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Chapter 2 ßasic Engine 
3. Pistons and Pist，ο'n Pins 

3. Piston and Piston Pins 
Pistons are made 01 a speciallight alloy with superior ther. 
mal expansion characteristics, and the top 01 the piston 
forms a swirl type toroidal combustion chamber. The 
opposite lace 01 the piston combustion surtace is oil-jet 
cooled 
Piston tor engines with superchargers have a valve ress 
tor t扫e 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 etfected during assembly at the Yanmmar tactory. 

O 

Printed in ]:lpan 
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1 st compressìon rîng 

2nd compress旧n nng 

,___ ~gpl~~~!e engine mode! 
1. 0. mark 

Piston pin 

吃F

ID Mark tor Piston 

L 

ML 

Ms 

s 

2… 11 

3,4lH3(B)(C)E 

IMPORTANT: 
Pislon shape di厅'ers among engine models. 1I an íncorrect 
pislon is ínstalled， ∞mbustíon performance will drop. 8e 
sre 10 check Ihe applicable engine model identification 
mar古 (I.D.Mark) on the piston 10 ínsure use of the correct 
part. 



Chapter 2 BasÍc EngÍne 
3. Pistons and Piston Pins 3.4JH3(B)(C)E 

3-1 Piston 

3-1.1 Piston head and combustion surface 
Remove lhe carbon lhal has accumulated on the piston 
head and combustion s总rface. taking care nol to scralch 
the píslon. Check the combustíon surface for any damage 

3-1.2 Measurement of piston outside diameterl 
inspection 

(1) Replace the píslon íl the oulsides 01 the piston or ring 
grooves are worn 

(2) Measυre the piston 22mm from the bottom at ríght 
angles to lhe piston pin 

Slandard 

83.945-自3 ， 975 7二
WearHmit 

83.90 

2-12 

3幡1.3 Replacing the piston 

A Iloating type piston pin is used in this engine. The 
piston pin can be pressed into the piston pin hole at 
room temperat四e (coat with oil 10 make it slide in 
easily) 

Q 
3-2 Piston pin 

Measure the outer diameter and replace the pin if it is 
excessively worn 
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Chapter 2 Basic Engine 
3. Pístons and Piston Pins 3.4fH3(BXC)E 

mm 
厂百二百百I…3-3 Piston rings 

There are 2 compression rings and 1 oil ring. 
The absence 01 an oil ring on the piston skirt prevents oil 
from b朝ng kept on the thrust surface and in turn provides 
good lubrication. 

A 

C璋日
A 

/日arre! face 
E?~side ç~rome piated, 

~ A-side Iriction-proof 
,.r hardeníng pro号essed

C~飞飞巳玉~

\?J 
Coìl expander 

3-3.1 Measuring the rings. 

Measure the thickness and width 01 the rings , and the 
nng句10年groove clearance afler inslallation , Replace il wear 
exceed the limi!. 

-占份呼~

Width 

Thickness 

Printed in j:Ipan 
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Standard 

~~~孟Zbth 2，065~2.080 

pnnlss ton Ring width 1 .970~1 , 990 

Gnnrog ocv?e eaaRand nce 0，075~古 110 0, 2 

Groove width 2.035~2 ，050 
Second 
plston Ringwidth L970~L990 
nng Groove and 

ring clearance 0.045-0.080 0, 2 

Groove 涡lidth 4,015-4,030 

Oil ring Ring width 3.975-3.990 
Groove and 

0，025-口 060 。_2I ring clearance 

3啕3.2 Measuring pìston ring gap 

Press the piston ring onto a piston liner and measure the 
piston ring gap with a gauge , Press on Ihe ring about 
30mm from the bottom 01 the line仁

m 
m
m飞，，

om 
$
1

…
中

[$-… 
阳
鸣
←
!

hugs 
a
μ
飞

Piston rin吉 Cylìnder líner 

n飞m

Staπdard Wearlimit 

1.5 

1_5 

1.5 

First piston ríng gap 

Second piston rìng gap 

Oil ringgap 

0_20-0.40 

0.20-0.40 

2一 13



Chapter 2 Basic Engine 
3. Plstons and Piston Pins 3.4]H3(B)(C)E 

Direction of 
piston pin 

-一Oil ring 

1 5t compression ring 
/二 飞飞\

r 、
‘百·

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 。

』3
ω
ω
@』
且0
3
-
ω』
。c
。
-
但
O
O
K
口

The side with the maker 
mark faces up 2nd compression rìng 

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

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

(4) Stagger the piston rings at 120' intervals. making sure 
none of them line up with the piston 

Gap 

1 st compress1on nng 

2nd compression ring 

Oil ring 

Prinled În Japan 
I1INSH[.H8009 2-14 

1 st compression ring 

Oil ring 

2nd 
compresslon nng 



Chapter 2 Basic Engine 
4'. Connecting Rod 

4. Connecting Rod 
The connecling rod is made 01 high-slrength forged car. 
bon steel 
The large end wilh Ihe aluminium melal can be separaled 
盯10 t四o and the small end has a 2-layer copper alioy coil 
bushing 

Connec!ing rod 
(b咀 end cap) 

4-1 Inspecting the connection rod 

4-1.1 Twist and parallelism 01 the large and small ends 
Insert the measuring tool into tt呻 lar吉e and small ends 01 
the connecting rod. Measure the extent 01 twist and paral­
lelism and replace il they exceed the tolerance. 
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mm 

Connecting rod 
twi旦旦扭扭坠毁

5tandard 
less than 0.05 
(at 100mm) 

Wearlimìt 

。白07

4-1.2 Checking thrust clearance 
Fit the respective crank pins 10 the connecting rod and 
check 10 make sure thal Ihe clearance in Ihe crankshaft 
direction is correct 

/ 

Feeler gauge 

mm 

5tandard Wear lim此

connectInqrod side i020~040 l055 
dearance 



Chapter 2 Basic Engine 
4. Connecting Rod 

4嘲2 Crank pin bushing 

4啕2.1 Checking crank pin bushing 
Check for flaking ，门、elting or seizure on the conlacl sur­
face. 

4-2.2 Measuring crank pìn 011 clearance 
Use a plas!ic gaug8. 

而 Cylindergau♀e

Procedure 
(1) Use !he press gauge (Plas!igage) for measuring oil 

clearance in the crank pin 
(2) Mounl the connecting rod on the crank pin (tigh!en to 

specified torque). 

Connecting rod tightening tor号ue 4.5-5.5kg-m 

(3) Remove the connecting rod and measure the broken 
plastic gauge with measuring paper 

Plastic gauge 

2-16 

3.4JH3(B)(C)E 

4-2.3 P陪caution5 on replacement of crank pin 
bushing 

(1) Wash the crank pin bU5hing 
(2) Wash the large end cap, mount the crank pin bushing 

and make 5ure that it fits tightly on the large end cap. 
(3) When assembling the connecting rod, match up the 

large end an世 large end cap num如er. Coat the bolts 
with engine oil and gradually tighten them alternately 
10 Ihe specified torque. 
1I a lorque wrench is not available , make match marks 
on the bolt heads and large end cap (10 indicate the 
proper torque p咀缸tion) and retighlen the bolts to those 
positions. 

Alignment mark (Punched mark) 

(4) Make sure Ihere is no sand, metal cuttings or other 10卜
eign matter in the lube oil , and that the cranl毛shaft is 
nol scratched. Take special care in cleaning the oil 
holes. 

4-3 Pìslon pin bushing 
(1) Measuring p阻!on pin clearance 

Excessive piston pìn 如υshing wear may result in 
damage 10 the piston pin or the piston in5elt. 

Cylinder gauge 

Printed in ]apan 
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Chapter 2 Inspection and Servióng of Basic Engine Parts 
4. Connecting Rod 

Standard 
Pin pin bushing 
lnsìde diaI 26.025-26.038 

Pis相~~~':..?~d bushíng 0.025-0,051 
öil clearance 

We唱r límit 

26.10 

0.2 

π习窍1

51nce lhe small end is lape陪d， bush Insertìon 略 exlremely

dìffìcult. Any mìnor mìslake wìll cause abnormalìtìes such 
as twist and bite, Do not ìnsert lhe bυsh on-site 
(No piston pin bush spare pa内 is available , It is included in 
the con-rod assembly supplied as a spare part,) 

4-4 Assembling piston and connecting rod 
The pistoηand connecting rod s扫Quld be assembled so 
that the match mark on the connecting rod large end 
faced the fυel injection pu耐p side and the combυstíon 
chamber above the piston is close to the fuel injection 
pump 

Flywheel síde 
耻、

1.0_ mark 

Fue! injectíon 
pump side 

f:E 

Maker mark'-----λJ 
(YANMAR) 

Alignment mark 
(casting mark) 

Printed in ]3pan 
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Chapter 2 Basic Engine 
5. Crankshaft and 儿1aÍn BearÍng 

5. Crankshaft and Main Bearing 
The crank pin and cran同ournal 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 side) is provided with an oil groove 
There is no oil groove on the lower metal (bearing cap 
side). The bearing cap (Iocation cap) of the flywheel side 
has a thrust metal which supports the thrust load 

Balance weight 

2-18 
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Chllpter 2 Basic Engine 
5. Crankshaft and MaÍn BearÍng 

(2) Bending of the crankshaft 

Support the crankshaft with V.blocks at both ends 01 
the journals. Measure the deflection of the center jour­
nal wilh a dial gauge while rotating the crankshaft to 
check the extent of crankshaft bending 

Oial gauge 

V block V block Deflection 

mm 
Crank孟孟可一丁一←→二孟函辽远二J一→…

(3) Measuring the crank pin and joumal 

Measure Ihe extent of journal wear (roundness, taper) 。
自egrind il 10 the proper shape if it is within the outer 
diameter limil, and replace if nol 

/ 

c… 「可耐÷十;二二二;ιI Crank pin and bearing oi! clearance 

Crank i四rnal 凹旦坐些←二 …! 
I Crank journa! and bearin吉 011 clearance 

FlUet rounding of crank 阳n and journal 

Printed in Japan 
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问

Crank journat 

Slaηdard 

ø 47.952-67.962 

号 038-自由68

49.952--49.962 
0.036-0.068 

3.500-3.800 

/ 
Crank pin 

Wearlimit 
47.91 

号 25

49.75 

0.15 

mm 



Chapter 2 Basic Engine 
5. Crankshaft and Main Bearing 3.4]H3(B)(C)E 

(4) Checking side clearance 01 the crankshaft 
After assembling the crankshaft. tighten the main 
bearing cap to the specilied torque. and move the 
crankshalt to one side. placing a dial gauge on one 
end 01 the shalt 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 surlace 
Replace the thrust bearing il it is worn beyond the 
limit 

mm 

Crankshaft side gap 

Standard 

0.14~0.22 

Wear Jimit 

0.30 

Crankshaft 

NOTE : When assembling the bearing cap. keep the 101 

lowing in mind 

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

2) The upper me臼1 (cylinder block side) has an oil groove 

3)Check the cylinder block alignment No 

4)The "FW" on the cap lies on the flywheel side 

5-2 Main bearing 

(1) Inspecting the main bearing 
Check lor Ilaking , seizure or burning 01 the conlacl sur­
lace and replace il necessary 

(2) Measuring Ihe inner diameter 01 melal 
Tighlen Ihe cap 10 the specilied lorque and measure 
Ihe inner diameler 01 Ihe melal 

Be臼an叫r

Main bearing cap (basic) 

自
古

Thrust metal(gear side} 

Main bearing cap{intermediate} 

2-20 Printed in ]apan 
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Chapter 2 Basic Engine 
6. Camshaft and Tappets 3.4]H3(B)(C)E 

6. Camshaft and 丁appets
8斗 Camshaft

The camshaft is normalized and the cam and bearing sur­
laces are surface hardened and 告round_ The cams have a 
curve that minimized the repeated shocks on the valve 
seats and maximizes valve seat life. 

Push rod 

(1) Checking the camshaft side gap 

The load is received by the standard bearing near t扫e
end 01 Ihe camshaft by the cam gear, resulting in rapid 
vγear of the end of the bearing and enlarger有ent 01 the 
side gap, Therefore , measure the thrust gap before 
disassembly_ As the cam gear is shrin祉 fitted to the 
cam, be careful when replacing the thrust bearing 

Camshafl 吉ear

Camshaf! bυshing 

Camshaft gear 

Thrust metal 

Thrus! metal 

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

。
倍
。
工

E
m
w
m
m
w

罕

Side gap Camshaft height mm 
2亏、付1

Standard Wear !i耐

0.05-0_25 0.4 
Intake cam 

38.4自

Standard Wear limit 

Camshaft side gap Exhaust cam 
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Chapter 2 Basic Engine 

a Camshaft and Tappets 

(3) Measure Ihe camshaft outer diameler and Ihe 
camshafl bearing inner diameter. Replace il they 
exceed Ihe wear limil or are damaged 

Camshaft joυrnal outside dia 

Camshaft joumal bushing inside dia 

Cylinder block bearing inside dia 

Oil clearance 

(4) Bending 01 the crankshafl 

Gear case side 
44 ♀25-44"950 

44"990-45"05 日

0"040-0"125 

Support both ends 01 the crankshaft with V.blocks , 
place a dial gauge against the central bearing areas 
and measure bending. Replace ìf excessive 

Oial 

Camshaft 
central bearing area 

NOTE : The reading on the dial gauge is divided by two to 
oblain the extent 01 bending 

mm 

Wear !imit 

Camshaft deflection Less than 0"02 

3,4JH3(B)(C)E 

付1口1

Standard 
Intermediate 

44"910-44"935 
~业主见旦旦旦-
44"925-44"950 

Wear limït 

44B 

45"000-45"025 

E 白65-0"115

45"000-45"025 

0"050-0"100 02 

2-22 

6-2 Tappets 

(1) The tappels are offsel 10 rotale during operatíon and 
thereby prevent uneven wearing. Check the contact of 
each tappet and replace il exces3ively or unevenly 
worn 

A告normalcoηtact 挝ormal contact 

Offset 

NOTE : When removing tappets, be sure 10 keep Ihem 
separale lor each cylinder and intake/exhausl 
ν'alve. 
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Chapter 2 Basic Engine 
6. Camshaft and Tappets 

(2) Measure the outer diameter 01 the tapp时. and replace 
il worn beyond the limit 

mm 

Standard Wear limit 

Tappet stem outside dia 11.975-1 1.990 11.93 

Tdlaapp(ceyt lglnu<lde h。le Inside 
der block) 12.000-12.018 12.05 

Thoalpe poelt l stem and guue 
il clearance 0.010-0.043 0.10 

(3) Measuring push rods 
Measure the length and bending 01 the push rods 

Feeler gauge 

Push rod length 

Push rod bend 

Push rod dia 

Pânred jn japan 
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Standard 

178.25-178.75 

Less than 0.03 

8.5 

mm 

Wear limit 

0.3 

3.4]H3(B)(C)E 
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Chapter 2 Basic Engine 

z Timing Gear 

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

3,4]H3(B)(C)E 

Fuel injection pump gear 

Idle gear 

Lubricating 011 pump gear 

No. 01 teeth Face 明 dth 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 

FuellnJect旧n pump gear 

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 backla5h i5 exces5ive, it will not only re5ult in 
excessive noise and gear damage, but al50 lead 
to bad valve and fuel injection timing and a 
decrease in engine performance 

Camshaft gear 

Crankshaft gear 

mm 

Center distance Backlash 8ack lash Wear limit 

92.544~92.592 0.07~0.15 0.2 

1 05.318~1 05.380 0.07~0.15 0.2 

75.525~ 75.573 0.ü7~0.15 0.2 

60.629~60.677 0.11 0.19 0.22 

1 05.254~1 05.316 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, B and C are inscribed on the end of the idling gear. 
When assembling , these marks should align with those 
on the cylinder block 

Printed in japan 
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Chapter 2 Basic Engine 
z~ Timing Gear 3.4]H3(B)(C)E 

mm 

Standard Wear limit 

Idle shaft dia 45.950-45.975 45.88 

Idle shaft bushing 46.000-46.025 inside dia 
Idle shaft and bushing 0.025-0.075 0.15 
。il clearance 
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Chapter 2 Basic Engine 
8. Flywheel and Housíng 

8. Flywheel and Housing 
The function of the flywheel is through inertia. to rotate the 
crankshah 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 
reductîon 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 Ø300 

Width olllywheel mm 74 

v(lvnedquhdtl of frliynwg heel 
(including ring gear) kg 20.4kg 

GD2 value kg o m2 1.15 

Circumferential speed m/s 59.7 (at 3800rpm) 

Speed fluctuation rate σ 1/128 (at 3800rpm) 

Allowable amount 01 unbalance g"Cm 32 

Pitch circle mm 170 Fixing pa同 01 dia. of bolts 
damper disc No. 01 bolts 6.M8 thread 

Xbolt dia equally spaced 
Pitch circle mm 66 
dia. 01 bolts 

Fixing part of NO.ol mm 6.Ml0 crankshaft thread holes 

Fit joint d旧 Ø 85.000-85.035 

Model of reduction and KM3P. KM3A reverslOg gear 

Rìng gear 
Center dia mm 322.58 

No 01 teeth 127 

2-26 

3.4]H3(B)(C)E 

be kept below the specified value for the crankshah as the 
flywheel rotates with the crankshah 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 posit旧ned on the flywheel circumfer 
ence. and by matching these marks with the arrow mark 
at the hole of the flywheel housing. the rotary posit旧n of 
the crankshaft can be ascertained in order to adjust tappet 
cJearance or fuel injection timing 

4JH3(B)(C)E 

Ø300 

74 

20.4kg 

1.15 

59.7(at 3800rpm) 

1/409 (at 3800rpm) 

32 

170 

6.M8 thread 
equally spaced 

66 

6-Ml0 

Ø 85.000-85.035 

KM3P, KM3A 

322.58 

127 
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Chapter 2 Basic Engine 
8. Flywheel 3,4]H3(B)(C)E 

8-3 Ring gear 

When replacing the ring gear due to excessive wear or 
damaged teeth, heat the ring gear evenly at its circumfer­
ence, and after it has expanded drive it 岳阳dually off the 
flywheel by tapping it with a hammer, a copper bar or 
something similar around the whole circumference. 

Flywheel 

样1作1

lntorlerence of ring gear 0.21 ~0.45 

e u a
哥

.d d n a v3 e t n e c Au a e d 
nua 

nv pn :l 与
m

1i ot nn om jt 23cg 
唱

e
n
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n
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i

帕

a
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川
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Inje时用n
timing marks 

T. D.C 
1.4 
(or 2.3) 

Flywheel 
Hole 

如飞
主节'
飞

<2 
ζ，. 

u! v-

Stamped mar如og line 
indicatìng T.D.C 

Stamped marking 
lìne jndicatìng f也el

Injectlon timing 

2-28 

Wooden stand 

Stamped marking line 
indicating fuel injection 
t1ming 
Stamped ma甫的9 !ine 
indicating T.D.C 
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Chapter 2 Basic Engine 
8. Flywheel 3.4JH3(B)(C)E 

Matching mark 

Flywheel housing 

(2) Matching mark 

/, 
The matching mark is made at the hole ot the tlywheel 
housing 

C S AU r e nv m a nu 
/Jf 

8-5 Damper disc and cooling fan 

jFIYWheel 

mm 
Flywheel side 

D
O
D
O白
F
I
∞
N
m
g
F
飞

6 

16 

2 

口
寸\
D
N
ω〈
的

E 
守 1<%

的
F
U

ω
ω
ω一
』
。-
U寸
F
1

6φ8.70~8.92 

T orsional rÎgidity 

Max.angle of torsion 

Stopper torque 

219 kg.m/rad 

7.3X 1 O-'rad 7.1 
19.5 
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20.8 kg.m 
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CHAPTER 3 

FUEL INJECTION EQUIPMENT 
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Chapter 3 Fue! Injection Equipment 
1. Fuel Injectiοn Pump Service Data 3,4]H3(B)(C)E 

1. Fuel Injection Pump Service Data 
1 崎1 3JH3(B)(C)E 

Engine model 3JH3(B)(C)E 

Part code (Back No.) 729270-51300(B759) 

Adjustment SPEC ENGSPEC 

Fuel valve (Valve pressure) BJ(220) 

lIem 坷。zzle type 10 白ark 15号P225τCO

Fuel ìnjection pipe mm Ø2X360 

Starting Pump rpm Ns(rpm) 2口。

Average injectìon volume 也(mm'lst) 45:t:3.5 

Rated load Pumprpm No(φm) 1900 

fnjection volume Q叫 mmJ!st) 1 Nonunifomity % 27.5士0.75 I :t:3 

Injec阳η Torque rize 

Adjustment 

H卜idle

Idle 

Cam 

Plunger dia 

Oelivery 

Pre-stroke 

Top clearance 

Gov spring (KXL) 

1 蛐2 4JH3(B)(C)E 

Engine model 

Pump rpm Hγ{申m)

Injectlon volume QT(mmJ/st)j N川nifomity % 
Pump rpm 

lnjectîon volume 

QPul(mmp mrvpsm t) 

NHi(rpm) 2070士l~
。附 (mm'lst) 6-7 

N.(rpm) 400 

I Nonu时fomi可% 9-10 十10

(mm) 8.0 
(mm) Ø8 
(mm川 36 (0.22) 

(mm门 3.0

(mm川 0.5

一 (mm) I 明←一←→旦旦lX42

4JH3(B)(C)E 

SERVICESTD 

(170) 

ON-12S012 

Ø2X600 

Part code (Back No.) 729670-51300(8760) 

Adjustment SPEC 

Fuel valve (γalve pressure) 

Uem Nozzle type 10 mark 

Fuel injection pipe mm 

Startin唱

Rated load 

Injection Torque rize 

Adjuslment 

Hi-idle 

Idle 

Cam 

Plunger dia 

De!ìvery 

Pre~stroke 

T op clearance 

Gov sprin吉 (KXL)
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i|pAvuemrapg币em 1nleetton volume 
Ns(rpm) 

Qs(mm'lst) 

Pump rpm No(rpm) 

Injection volume Q巾附咄 L Non~nifomi可 % 
Pumprpm NT(rpm) 

Injectìon volume ~r(m~~/st) I No~~nifomity % 
PU用P 币用

Injection volume 

Pump rpm 

Oi(m由'1st)

树H'(申m)

Q叫 mm'品。

Ni(币m)

I Nonu何必阳悖 % 
(mm) 

道
主主t
3一1

ENG SPEC 

BJ(22号}

150P225TCO 

Ø 2X400 

200 

55-60 
1900 

29士0.75 I 士3

2白70士12
6-7 

400(325) 

9-10 士10

8.0 

r8 
36 (0.22) 

3.0 
0.5 

0.431X42 

SERVICE STD 

(1 70) 
。N-12SD12

Ø2X6口。



Chapter 3 Fuel Injection Equipment 
1. FuelInjection Pump Service Data 
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1. FueJ Injection Pump ServÍce Data 

~ 

V-

1
-
υ
L
 

K
i
a
!
μ
l
i
i
i
l
l
-
L
E
L
 

」2
J
i
L

FTfi 

~-" 

叮/
u 

• 4JH3(B)(C)巨

q 

3-3 
Printed in ]ap:m 
HINSI!I.H8∞9 



Chapter 3 FueJ Injection Equipment 

2. Governor 

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. 

mg operatlon 

Speed controllever 

Cold slart knod 

Acceleration adjusting screw 

Fuellimiter 

Adjust bolt 

3-4 

Cold start knob 

7古

At Cold start 

点飞、\
…、

3.4]H3(B)(C)E 
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Chapter 3 Fue! Injection Equipment 

2. Governor 

(3) Operalion of cancel knob 
1 Síncεthis device is Ihe deγice Ihat limils the fuel injec. 

lion amounl for starting Ihe engine in cold lempera. 
lures (below -S'C), it is necessa叩 10 increase Ihe fuel 
injection amount 

2 If Ihe engine is 扫ar哇 10 slart in cold lemperatures, start 
Ihe engìne by pulling Ihe cold slart knob叼

3 Once Ihe engine is slarted , push Ihe knob back inlo 
resume the function 01 the boost compensator. 

(4) Adjustment of cold staft knob 
The initial rack of this device has been adjusted prop. 
erly at Ihe time of shípment. However, the accelera. 
lion can be increased al Ihe requesl 01 Ihe cuslomer、

Walch Ihe color 01 the exhaust while making Ihe 
adjuslment. 

AdJust bolt 

(Procedure) 
Remove Ihe cap nul 01 adjusl 告。11 ， loosen Ihe loc社 nul and 
adjusl Ihe bolt wilh the blade-Iype screw driver 

Left lurη 

Printed jn ]apan 
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Large effect 

Small effecI 

• Higher acceleratìon 

• More black exhausl 

.Lowera∞e!eration 

• Less black exhaust 

3.4fH3(BXC)E 

3-5 



Chapter 3 Fue! Injectíon Equípment 

2. Governor 

2-2. Disassembly Reassembly and Inspection 
of Governor 

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

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

NOTE: Loosen the hex bolt on mode/s with an angleich 
spnng 

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

3-6 

3,4]H3(B)(C)E 

(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 luel pump and governor 
case. 

1..-

(5) The governor and fuel pump come apart by sliding the 
governor case and luel pump apa时 and pulling out the 
link pin of the fuel control rack 

/ 
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Chapter 3 Fuel Injection Equìpment 
2. C，οvernor 

(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 controllever shaf1 

Printed in japan 
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3.4JH3(B)(Ç历

(8) Remove the snap-rings on both ends 01 the governor 

lever shalt 

(9) Put a rod 8 mm in dia. or less 盯 one end 01 the governor 

lever shalt, and tap the governor shaft until the 0-rin9 

comes out !he other side 01 !he goverηorcase. 

(10) Af1er removing !he O-ring, Iigh!ly tap the end 01 the shalt 

that you removed the 0-rln9 from , and remove the 

governor lever shaft Then remove the governor shaft 

assembly and washer. 

/ 



Chapter 3 Fuellnjection Equipment 

2. Governor 

。 1) Remove the governor link from the governor lever 

3-8 

3,4JH3(B)(C)E 

飞

NOTE : The govemor assembly consìsts of the governor 
lever, tensíon bar, bushíng, throttle spríng and 
shífteι and ís normafly not dísassembled. 
The spríng pín ís removed when you replace 
the shífter or throttle spríng. 

(12) When you need 10 pull out the stop lever, remove the 
stop lever shaft stop pin , and lightly tap the inside 01 
the governor case. 

(13) When you need to pull out the control lever shaft, tap 

the end of the shaft wit扣 aw∞d hammer. 

NOTE : 1. Do not remove the 血lellimit nut from the governor 

case unless necessary 

Printed ín Japan 
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Chapter 3 Fuel Injection Equipment 

2. Governor 

(14) Pull out the governor sleeve on the end of the fuel 
camshaft by hand 

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

NOTE : When the taper lit comes apart alter you have 
removed the nut. the governor weight may lIy out 
. Be Carelul 
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3.4]H3(B)(C)E 

(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 01 the 
governor weight, support and pin. 00 not disas. 
semble 



Chapter 3 Fue/ Injectiοn Equipment 

2. Governor 

2-2-2 Inspection 01 governor 

Inspection ot governor weight assernbly 
(1) Replace the governor weight it it does not open and 

close smoothly 

且
(2) Replace the governor weight il the contact surface with 

governor sleeve is extremely worn 
(3) Replace it there is governor weight supportJpin wear or 

the caulking is loose 
(4) Replace it the governor weight suppo时 stopper IS ex. 

cessively worn 
Inspection of governor sleeve 

Contact surface 
阳th governor weight 

Contact surface 
w'lth shifter 

(1) Replace the governor sleeve it the contact surtace with 
governor weight is worn or there is pitching 

(2) Replace the governor sleeve it the contact surtace with 
shifter is considerably worn or there is pìtching 

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

Inspect旧n ot governor shatt assembly 
(1) Measure the clearance between the governor shaft 

and bushing. and replace it it exceeds the limit 
mm 

Standard Clearance Limit 

0.065-0.124 0.5 

(2) Inspect the shitter contact su r!ace. and replace the 
shitter (always by removing the pin to disassemble) it it 
is worn or scorched 

(3) Disassemble and replace throftle springs that are seftl. 
ed. broken or corroded by pulling the spring pin 

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

NOTE: 1. Side gap on top 01 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 

3一 10

3.4]H3(B)(C)E 

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

it they are broken, settled or corroded 
2) Measure the tree length ot the governor spring , and 

replace it it exceeds the limit 
See service data sheet tor tree length ot governor spring 

Free length 

G。vernor spring spec. table 

spring constant kg/mml 

Free length mm 

2-3 Assembling governor 

0.32 

12 

Inspect all parts atter disassembly and replace any parts 
as necessary. Betore starting reassembly , clean new 
parts and parts to be reused , and put them in order 
Make sure to readjust the unit atter reassembly to obtain 
the specitied performance 

(1) Inse同 the governor weight assembly in the taper 
po叫旧n at the end ot the tuel pump camshatt , stopping 
it with the hole in the tuel coupling ring or holding the 
coupling with a vise, mount the re剖， and tighten the 
governor weight nut 

Governor weight nut tightening torque 

kg-m 

4.5-5.0 

Printed in ]apan 
l!INSH[.H8009 



Chapter 3 FueJ Injection Equipment 

2. Governor 

(2) Open the governor (weight to the outside, and inse同 the

sleeve in the end 01 the luel pump camshaft 

NOTE : Make sure that the sleeve moves smoothly after 
inserting Jt 

(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 

j 
(4) When the controllever shali has been removed , lightly 

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

(5) If the governor has been disassembled , tap in the spring 
pln 
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3.4]H3(B)(C)E 

(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 directíon 

2. Make sure that the governor link moves smooth收

(7) Put the governor lever shaft assembly in the governor 
case, insert the governor lever shaft , and tap it in until 
the O-ring groove comes out the opposite side 01 the 
governor case 

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

2. Be sore to insert the governor lever shaft in the 
correct direction 



Chapter 3 Fue! Injectíon Equípment 

2, Governor 

3. Don 't forget to mount the washers to both sides 
of the governor leveκ 

(8) After you have mounled lhe O.ring, lape lhe governor 
lever in lhe opposile direclion , and mounl lhe E.shaped 
slop rings on the grooves at both ends 

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

3-12 

3,4]H3(B)(C)E 

(9) Fil lhe slop lever relurn spring 10 lhe end of lhe gover­
nor lever shaft 

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

(11) Pull lhe governor link as far as possible towards lhe 
governor case mounting surface, insert the governor 
link pin in the fuel conlrol rack pin hole and fil lhe 
snap pin on 11 

Prinled in ]apan 
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Chapter 3 Fue! Injection Equipmenl 

2. Governor 

(12) Mount the governor case to the luel pump unlt whlle 
1I吉 htly tappin♀ It with a wooden hammer. and tighten 
!he bo1!s 

(13) Place the adjusting spring and adjusting rod on the 
governor case cover adjusting bo1!. and mount the 
governor case CQVef‘ 

口号 Insert !扣e con!rol lever in !he control lever shaft. and 
tighten the nut 

NOTE : Move the controllever back and forth 10 make sure 
that the entire !ink moves smoothly. 
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Chapter 3 Fue! Injection Equipment 

z'. Disassembly. Reassembly and Inspection of Fuel Injection Pump 3.4jH3(B)(C)E 

3. Disassembly, Reassembly and Inspection of 
Fuel Injection Pump 

于命30
昨咽← 29

19 

37 

@• 28 

230Eh 
23 

1. Fuel pump unit 

e飞

句 ω

2.Delive厅y valve retainer stop 
3. Delivery valve retainer 
4. Delivery valve stopper 
5. D副ivery valve spring 
6. Delivery valve assembly 
7. Delivery valve 
8. Delivery valve seat 
9. Plunger assembly 

10. Plunger ba川el

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

3矗~2
♂内/幸二:

主;于6
g 

h 

36. Pump side cover 
37. Pump bonom CQver 

3-14 

NOTE : 1. $ome modefs are equipped with baff bearings 
and some with laper roffer bearings 

2 浆。'if seaf : $ome modefs are equipped with oif 
seafs and some are not. The shape 01 the 
bearing hofder differs lor modefs with and with­
out oif seafs 
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Chapter 3 Fuel Injection Equipment 
3'. Disassεmb纱• Reassembly and Inspectian af FueJ Injection Pump 3.4JH3，但)(C)E

3-1 Disassembly of fu创 injection pump 

When disassembling the fuel pump, separate the parts for 
each cylinder and be carelul not to get them mixed up 
8e especially carelul to keep the plυnger/plunger barrel, 
delivery valve/delìvery valve seat and other assemblìes 
separate for each cylinder (the pa川s of each assembly 
must be kept wit扫 that assembly and put back in the same 
cylinder) 

Preparation 
1. Wash 011 the dirt and grease on the outside 01 the pυmp 

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

2. Periorm work in a clean area 
3. T ake off the fuel pump bottom cover and remove lubri 

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

(1) Loosen the nut with a box spanner and take it 011. 
扫olding it with the hole in the luel coupling ring Of hold­
ing the coupling with a vise and take out the governor 
weight assembly. 

一~
一------=
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(2) Remove the fuel feed pump. 
NOTE : Do not disassemble the 却el feed pump、 See in­

structions for fuel feed pump for details. 

。) Remove the fυel pump side COver 

「舍乡22±头

飞气五



Chapter 3 FueJ Injection Equipment 

3~. Disassembly. Reassembly and Inspection of Fuel Injection Pump 3.4]H3(B)(C)E 

(4) Turn the camshalt until the roller guide is at the maxi­
mum head, and insert the plunger spring supp。同 plate
in between the plunger spring washer B (Iower side) 
and luel pump unit 

d希
./并

Piunger spring supportplate 

NOTE .- /1 the camshalt does not tun飞 put double nuts on 
the end 01 the cam shalt or remove the coupling 

(5) Remove lhe camshaft wood ruff key 
(6) Put a screwdriver in the 1wo grooves on the camshaft 

bearing holder mounting surlace , and pull out the 
camshaft bearing holder 

NOTE .- 1. Be sure not to damage the 由'1 seal with the thread­
ed part 01 the camshaft. 

2. Be carelul 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 10 lhe plunger side, and lhen put the pump 
on its side. Turn the camshall to a posilion so that 
none 01 lhe cylinder cams hit the lappets 

(8) Put a plate against the governor end side 01 the cam­
shaft and lightly lap il, and pull out lhe camshaft and 
drive side bearing 

(9) Remove the roller guide stop 

(10) Use a hammer handle or lhe like to push up the roller 
guide Irom the bottom 01 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 
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Chapter 3 Fuel Injection Equipment 

; 1. Disassembly. Reassembly and lnspection of FueIJnjection PUlIlP 3,4]H3(B)(C)E 

。 1) Remove the roller guide 

NOTE: When you stand the fuel pump up. all of the roller 
guides drop oul at one lime. Thθ refore ， first 
remoν'e the stop bolt for one cylinder al a time, 
and then the roller guide for each cylinder… con 
linue Ihis process 

NOTE: Keep the parts separate for each cylinder. 

Prinred in ]apan 
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(13) Loosen lhe small screw 0ηcontrol piníon 

NOTE : 1. Check to make $ure the match marks on Ihe 
pm/Orν'sleeve are correcl before loosening Ihe 
small screw on the con/rol pinion, as the pin­
ion and sl，θeve come apart when~ the screw is 
loosened. /f /he mark is hard /0 read or off 
centeι lightly inscribe a n仰 mark. This will 
serve as a guide when adjusting injecuon vol. 
ume later. 

/加a川剧。n contro! 川on

Control pi门ωn

Match mark 

Contro! sleeve 

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

NOTE : Keep parts separate for each cylinder. 



Chapter 3 Fue! Injection Equipment 

3'. ÐÍsassembly, Reassembly and InspectÍon of f J1el Injej:tÍon Pump 3,4JH3(B)(C)E 

(15) Remove lhe control rack stop bolt and remove the rack 

飞r

NOTE: 8e careful not to 105e the 5pring or re5t on the 
control rack 

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

3-18 

(17) Remove the delive叩 valve holder 

(18) Remove the delivery valve assembly 

NOTE: 1. 8e careful not to 105e the delivery valve pack. 
ing, delivery valve 5pring, delivery valve 5topper 
or other 5mall part5 
Keep the delivery valve a55emblie5 for each 
cylinder clearly 5eparated. 

(19) Take the plunger barrel out lrom the top 01 pump 

NOTE : Keep it a5 a 5et with the plunger that wa5 remov. 
ed earlie汇
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Chapter .1 Fuel lnjectíon Equipment 

a Disassembly, Rωssembly and Inspectíon of Fuel Injectiω Pump .1,4JH.1(B)(C)E 

3-2 Inspection of fuel injection pump 

(1) Inspection 01 plunger 
1) Thoroughly wash the plungers, and replace plungers 

that t回ve scratches on the plunger lead or are dis 
colored 

2) The plunger is in good condition if it slides down 
smoothly when it is tílted abou! 60'. Repeat thís 
several times while turning the plunger. Repair or 
replace if it slides down too quickly or if it stops part 
way. 

Q 
旬，

(2) Inspection 01 delivery valve 

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

2)τhe 咄咄娼的§∞d condition if it 陪turns when 陪leased
after being pυshed it down with your finger (while Ihe 
holes in the bot\om 01 the delive叩 guide seat are cov­
ered). Replace il necessary. 

3) líkewise, the valve should completely close by íls own 
weight when you take your linger off the holes in the 
bottom 01 the delivery guide sheet 

NOTE : When fitting ne即 parts， wash with diesel oil and 
perlorm the above inspection 

(3) Inspection 01 pump 
1) 1ηspect lor extreme wear 01 roller 吉uide sliding su白白，

Scratches on the roller pìn sliding surface are not a 
problem 

2) Inspect the plunger barrel seat 
If !here are bum or discoloration, repair or replace as 
!his willlead to dilution 01 the lubricant. 

(4) Inspection 01 luel camshalt and bearings 
1) Fυelcams扫aft

Inspect lor scratches or wear 01 camshalt, delorma­
tìon 01 key 9 rooves and delormation 01 screws on both 
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ends, and replace il necessary 

2) Bearings 
Replace ;1 the taper rollers or outer race surface is Ilak­
edorwom 

NOTE: Replace fuel camshafts and bearíngs togelher. 

(日) Inspection 01 roller guide assembly 
1) Roller 

问eplace il the surlace is worn or Ilaked. 
2) Roller Guide 

Replace il !he ouler roller pin hole is exlensìvely 胃。m
。r there are many scratches 

3) Replace il the play 01 !he roller guide assembly pin/roller 
is 0.2 疗3衍10rπl0re

的 Injection timing adjus!menl bolt 
Replace il the surface ìn contac! wì!h the plunger side 
is unevenly or excessivefy worn 

(6) Inspection 01 rack and pinion 
1) Rack 

七川叫山山阳川州附\ \ \ ~~ 

品画
Inspect lor bending 01 rack and wear or delormation of 
fit with pinion 

2) Pinion 
Inspect lor wear or delormation 01 fit with rack 

NOTE : 1I the tooth surlace or sliding surlace is not in good 
workíng order, rack resistance íncreases, affect­
íng the condítion of the engíne (rough rpm, over 
running, etc.) 

(7) Inspection of plunger spring and delivery sprìng 
Inspect springs lor scratches. cracks, breakage, uneven 
w~ar and rust 



Chapter 3 FueJ Injection Equipment 

3. Disassembly. Reassembly and Inspection of Fuel Injection Pump 3.4JH3(B)(C)E 

(8) Inspect旧n of oil seals 
Inspect oil seals to see il they are burred or scratched 

(9) Inspection 01 roller guide stop 
Inspect the side 01 the tip. replace il excessively worn 

(10) Inspection 01 Q.rings 
Inspect and replace il they are burred or cracked 

3-3 Reassembly of fuel injection pump 

Preparation 

Alter inspection, put all parts in order and clean 
See Inspect旧n 01 Fuel Pump lor inspection procedure 

(1) PuI in the plunger barrel lrom the top 01 pump 

NOTE: Make sure the barref key groove is fitted properfy 
to the barref stop pin 

(2) Place the delivery valve assembly, packing , spring and 
stopper lrom the top 01 the pump, in that order 

NOTE: Repface the defivery vafve packing and O.ring 

3-20 

(3) Place the control rack, and tighten the control rack stop 
boit 

NOTE: 1. 00 not forget the fack aux. spring. 
2. Make sure the rack moves smoothfy Ihrough a 

fuf/ cycfe 

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

(5) Looking lrom the bottom 01 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, lit in the sleeve , and 
light1 y tighten the small pinion screw 

NOTE: Fitling of sfeeve; Face towards smaf/ pinion screws 
and afign with match mark 

Pinion/sleeve match mark 

Match mark. 

l'rinted in ]apan 
IIINSIII.H8回9



Chapter 3 Fue1 Injection Equipmellt 

3. J)isassembly, Reassembly and Inspection of Fuel Injecti()n PUI11P 3.4JH3(B)(C)E 

(7) Mount the ptunger spring upper rest 

NOTE : L Be sure 10 mount Ihe upper re5t with the hollow 
side lacing down 

2. Recheck to make 5ure that the lack mOVes 
easily. 

(8) Mount the plunger spring 
(9) Mount the tower rest on the head 01 the ptunger, and 

lit the ptunger in the tower part 01 pump white atigning 
the match marks on the ptung凹 flange and the steeve 

Plunger inserting t∞i 

NOTE : If the plunger is mounted in Ihe opposile direction, 

的e injection volume will increase abnormally and 
cannotbea功'usted.
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(1 0) tnsert the plunger spring suppo门口late between the 
plunger spring seat B (Iower) and luel pump, by put晴

tIn♀ the handle 01 a hammer in the lower part 01 pump 
and pushing the roller guide up 

\ 
NOTE : 1. Face the roller guíde stop groove upwards, and 

alígn it 町ith the stop screW hole on the pump‘ 

。-一卡一一-St叩 screw hole 
ij二卜-S!opgr∞ve

E卫一
2. Check the movement 01 the 用ck. The plunger 

spríng may be out of place if the movement is 
heavy - insert a acrewdriver and bríng it to the 
correct position 

3. When replacìng the roller guíde a5semb伊" fíl 
shims and lightly tighten: 

Standard shim thickness 1.2mm 

(t 1) Make sure that Ihe roller guide stop groove is in the 
correct position, and tighten the roller guide stop bolt 



Chapter 3 FueJ Injection Equipment 

3. Disassembly. Reassembly and Inspection of Fuel Injection Pump 3.4fH3(B)(C)E 

(12) Fil the bearings to both ends 01 the camshaft and in. 
sert lrom 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 01 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 01 the cam shaft with 
a wooden hammer, and adjust the cam shalt side 
clearance with the adjustment shims while checking 
with a side clearance gauge mm 

Camshaft side clearance l 0.02~0.05 

Adjusting 
Pull out the adjusting shims if the clearance is too small , 
and add adjusting shims if it is too large 

Adjusting shìm thickness 

0.50 
0.40 
0.30 
0.15 

mm 

\\ 

3-22 

(15) Mount the fuel pump side cover 
(16) T ap 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 

Prinled in ]apan 
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Chapter 3 FueI Injection Equipment 

a Disassembly. Reassembly and Insp(]ction ofFuel Injection PumQ 3.4]H3(B)(C)E 

(18) Tighlen the del即ery valve retainer. 

NO TE : 1. Tighten the re陆的er as far as possible by hand­
if the boft gels hard 10 lurn parl way, the pack­
ing or defivery valve are out 01 place. Remove, 
correct, and start tightening again 

2. Overtightening can resuft in malfunctioning of 
Ihe rack 

(19) Fit the delivery retainer stop and tighlen the stop bolt 

/ 

kg-m 

Tightening torque 0.3 

NOTE : Overtighlening can upset the defiνery retainer and 
cause oilleakage 

Prìnted jn Japan 
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辑部 Mounl the fuel !eed pump 

NOTE: Refer to the instructions for reassembfy of the fuef 
leedpump 



Chapter 3 Fue! Injection Equipment 
4. Adjustment of Fuel Injection Pump and Governor 3.4JH3(B)(C)E 

4. Adjustment of Fuellnjection Pump and Governor 
This illustration shows the luel injection pump lor model 4JH3(B)(C)E 
number 01 cylinders. 

Model 3JH3(B)(C)E differs only in the 

Adjusl lhe fuel injecl旧n pump after you have compleled 
reassembly. The pump ilself musl be readjusled wilh a 
special pump lesler when you have replaced major parts 
such as lhe plunger assembly, roller guide assembly, fuel 
camshaft , elc. Procure a pump lesler like lhe one illuslrat. 
ed below 

4町1 Preparations 
Prepare for adjuslmenl of lhe fuel injecl旧 n pump as 
follows 
(1) Adjusting nozzle assembly and inspeclion of injeclion 

starting pressure 

Adjusting nozz阳 type

Injection starting pressure 

(2) Adjusting injection pipe 

lnner dia./outer d旧 Xlength

Minimum bending radius 

DN-12SD12 

215-225 

2.0/6.0 X 600 

25 (0.9842) 

kg/cm 2 

(3) Mount the fuel inject旧n pump on the pump lester plat­
form 

e 

3-24 

Tester used 

Yanmar 

Robert Bosch 

e 1 

110 

125 

e 2 

150 

165 

mm 

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

Rack indicator 

Part code number 

<

导轧

Base line 

」寸~

Scale mark 

158090-51500 

Printed in ]apan 
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Chapter 3 Fue! Injection Equipment 
4. Adjustment of Fuel In.如ction Pump and Governor 

(5) Check conlrol rack slroke 
Make sure lhe rack posil旧n is al 11.5-12.5mm 
(口 4527-0 .4921 in.) on lhe indicalor scale when lhe 
governor controllever is set at the maximum operating 
posil旧n

If il is nol al lhis valve, change lhe link connecling lhe 
governor and conlrol rack 10 adjusl il 

NOTE: Links are availabe in 1 mm (O.0394in.) incnθments 

(6) Remove lhe plug in lhe oil lill hole on lhe lop 01 lhe 
governor case, and lill lhe pump wilh aboul 200cc 01 
pump oil or engine oil 

(7) Complele luel oil piping and operale lhe pump lesler 1。
purge lhe line 01 air 

(9) Sel lhe pressure 01 oil led Irom lhe pump lesler 10 lhe 
injecl旧n pump al 0.2-0.3kg/cm' 

4-2 Adjustment of top clearance 

Adjusl lhe top clearance (the clearance between the top 01 
plunger and the top 01 barrel with the cam at top dead 
center) 01 each cylinder plunger to bring it to the specified 
value by changing the thickness 01 the shims 

Top clearance 

」二
丁一

Plunger barrel 

Plunger mm 

T op clearance 

Pre.stroke 

Standard shim thickness 

M-u-u 

Printed in ]apan 
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3.4]H3(B)(C)E 

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

1.0 
1.2 
1.3 
1.4 
1.5 
1.6 

129155.51600 

Adjusting shim thickness 

Part Code N。

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

!( 
u 叫阳lgfl

(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 camshalt, and bring the cam to the top dead 
center while watching the gauge needle 



Chapter 3 FueJ lnjection Equipment 

4. Adjustment of Fuel Injectíon Pump and Governor 3.4]H3(B)(C)E 

(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 

②-~Adiusling bo 

~←一斗斗削州川d叫l叫川In川m

白T 阳|
(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-m 

DωDeli副副live附阳v四e叩甲r阳el阳alr阳 t崎l咀帆ghl阳阳e凹n叫1 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 ladjust the injection timing 

Cylinder No.4 
Cylinder No.3 

Cylinder No.2 
Cylinder NO.l 

(1) 5et 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 n。

Direction of rotation 

c。unt from the drive side 

Right boking from drive side 

(2) ln the above state, set the tester needle to a position 
easy to read on the flywheel sC2.le , and check the 
injection timing several times by reading the flywheel 
scale, according to the injection order 

Engine model 

lnjection order 

Injection timing 

Allowable deviation 

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

1-2-3-1 1-3-4-2-1 

120' → 90 圄

:1:30' 

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

Change in shim thickness 
ρ
u
­

q

←
d
二

w-n-m-a

•MU 

Ul 
m
-
m一
­

d
•c­

n--m-e

• 

e-qd­g? n-aRU M-m-E 
C

一
归
一

O.lmm 

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

阿飞m

Allowable top clearance 0.3 

NOTE.' 1. AII cylinden must be reac加S归d it any one shows 
less than the allowable value 

2. /1 the top c/earance is less than the allowable 
value, the plunger will hit the delivery valve or 
the plunger flange will hit the plunger barrel 

3-26 Printed in ]apan 
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Chapter 3 FueJ In.六乞tíon Equipment 
4. Adjustment of Fuel In，如ction Pump and Governor 

4刷4 Plunger pressure test 

(1) Moun! the p坤ssure gauge to the delivery 陪tainer of 
the cylinder to be tested 

甜ax. pre自由。岳阳伊陪ading

Connecting screw dimensions 

100♀ k吉Icm2

(2) 5et the governor control lever to the stop position , 
operate the injection pump at about 200 rpm, and 
make sure that the pressure gauge 陪ading is 5号g
kglcm' (7110 Iblin.') or more while lightly moving the 
control pinion gear towards full throttle (drive side) 
from the pump 
Replace the plunger if the pressure does not reach 
this valυe. 

(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 luel injection piping, and 
that t扣ere îs no extreme drop in pressure 

4-5 Delivery valve pressure test 

(1) Perform the plunger pressure lest in the same way, 
bringing the press坦re to a如out 120k吉Icm' (17号61bin 吁，

and then stopping injection, 

Pressure gauge 

(2) Afte矿 pressure rises 10 the above value, measure the 
time it ta阳s 10 drop from 1 号在-90k吉尼酌

100• 90 kglcm' 5 seconds 

If the pressure drops faster than th埠， wash the deliv­
ery valve, and retesl. Replace the delivery valve if the 
pressure continues to drop rapidly 

Z吃rÎnted in ]apan 
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4心 Adjusting injection volume 
(uniformity of each cylinder) 

The injection voJυme is delermined by lhe fuel injection 
pump rpm and rack position同 Check and adjust to bring 10 
specified value 

4-6.1 Measuring injection vol飞Jme

(1) Preparation 
5et the pump rpm. rack position and measuring stroke 
to the s ecified value and measure 

En由inemodel

PumpRPM 

Pump rotating direction 

Rack indicator scale reading 8mm 

院
』
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7mm 

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

ddv 
dv 

用m

4 

M6 x 1.0 

PartCodeNo毛 158090-51510 

(2) Measuring inj时甘on volume 
Measure the inject旧n volume at the standard stroke, 

and adju,t as follows if il is not within Ihe specified 
value 

Measuring 目roke

Specified injec~on v，?阳me
a.t standard rack position 
Nonuniformity 01 cyJinde阻

1,000 Sl 
See ínjection pump 

service data 
士3%

4唰6.2 Adjustment of injection volume 
Measure the injection volume in measuring cylinders for 
each cylind町. and adjusl if necessary to obtain the speci币
fied values 
(1) Push the control rack all the way to the drivesideτstop 

with the rack fixing bolt, and loosen the pinionlsleeve 
fixing bolt 113 01 a revolution 



Chapter 3 Fue! Injection Equipment 
4. Adjustment of Fuel Injection Pump and Governor 3.4]H3(B)(C)E 

Note: The figure in the 
blank ( ) is the 
indic~-t~;. ~t .th~ ~ta~ing: ~ adjustment /… m 

[For 4JH3(B)(C)E] 

士0.5

19 
(12) 

(2) When lhe conlrol sleeve is lurned 10 lhe righl or left, 
lhe plunger is lurned lhrough lhe same angle 10 in. 
crease or decrease injection volume 
The injecl旧n volume is increased when lhe conlrol 
sleeve is turned in the • direction and decreased 
when lurned in lhe • direclion in lhe lollowina liaure 

飞
飞

15 
(8) 

R, 
R, 

(
E
E
)
E。
-
u
a
o
a
t

。
"
庄

Alignment mark 

Sleeve 

Pinion 

NHi 

(2) Measure luel inject旧n volume at rack position (Ri) 
Tightening 01 luellimit bolt 

(3) 1I the i 叫ection volume is at the spe口lied value, tighten 
the luellimit bolt lock nut at that posit旧n

N (rpm) Pump rpm 

7 
(0) 

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 luel limit bolt was adjusted. and 
adjust the tightness 01 the RPM limit bolt to the point 
where the rack position just exceeds the specilied 
value (Ri) 

(3) Measure the injection volume 01 each cylinder again 
Repeat this process until the injection volume lor 
every cylinder is the same (within the specilied 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 il the injection volume is not 
within specifications 

NOTE: See ac布ustment data for the speci百ed ínjectíon 
volume value at other measuring points 

(5) After compleling measuremenl , lirmly lighlen lhe 
piston/sleeve fixing screw 

(6) 1I not aligned with the match mark , make a new 
match 门lark

Controllever 

(2) Check maximum RPM at no load 
Further increase rpm , and make sure that rack posilion 
(R2 = R,-L) corresponding 10 maximum rpm al n。
load is within specilied value (NHi) 

4-7 Adjustment of governor 

4-7.1 Adjusting fuellimit bolt 

(1) Adjust the tightness 01 the luellimit bolt to bring the rack 
position 10 the spe口lied value (R1) with the governor 
control lever all the way down towards the luel increase 
position , while keeping the pυmp at rated rpm N 1 

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

Nole: The figure in the 
biank()ls the At the stading Q adlustment 
indic~-t~;. ./" bolt tightining ac加stment bolt 

士0.5 /" 
19 ，r飞 s

(12)rr--一口F

14 
(7) 

R, 
R, 

(
E
E
)
c
g
=
ω

。
也
v
υ酬w
t
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N(rpm) Pump rpm 

7 
(0) 



Chapter 3 Fue1 Injection Equipment 
4 Adjustment of Fuel In如ction Pump and Governor 

4-7.3 Adjusting idling 
(1) M剧ntaìn the pump rpm a! specíf埠挂 rpm (Ní) 

Idlíng adjustment bott 

Contro\ tever 

」呗巨哩旦旦m些旦_)L，.一一旦旦旦…---
(2) Measure the injeClion volume while lowering Ihe 

governor conlrol Jever to the idling pos性ion ， and adjust 
the p咀sitioη01 t七e con!rol Jever with the idling a司just~
ment bolt 10 bríng it 10 the specified value 

M高孟记S S1fOkζ一-ì→一一一一寸E∞ sl 一一

Idling inje口onvo!ume See injéctlon pump seryice data 

4-7.4 Check injection vo!ume when starting 

(1) Make sure the control rack moves smoothly while 
岳阳dually 呻ducing idling rpm, 

(2) Next, fix the governor 乙ontrol lever 8t the full load 
position with the pump at the specified rpm (R付， Make 
sure that control rack is al the maximum rack position 
(11 号5~12.05)

Measure the injection volume and check to make 5are 
it is within the specifìed value 

Pump rpm (Nl) 口 Orpm

Rack indicator scale 11.5~12，5 mm 

Meas与传ng strok台 i 亏 00051

lnjection volume See injection pump service data 

Checking injection stop 
Orive the pump at rated rpm (Nl) and 51andard rack posi­
fion (只咛 with the governor co时rol !ever at the fun loa世
posilion , operate the s!op lever on the back 01 the ♀over创
nor case, and make 5ure Ihat injection 10 all cylinders 
is stopped. 

NOTE: Be sure to remove 价e rack fixing bolt 时len daing 
this 

Printed in }apan 
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Chapter 3 Fuel lnjection Equípment 
5. FueI Feed Pump 

5. Fuel Feed Pump 
τhe fuel feed pump pumps fuel from the fuel tan单， pass. 
es it through the fuel filter element, and supplies it to the 
luel injection pump 
The fuel leed pump is mounted on the side of this engine 
and is driven by the (eccentric) cam 01 the fuel pump 
camshaft. It is provided with a manual priming lever 50 
that fuel can be supplied when the engine is 5topped 

5斗 Construction of fuel feed pump 

气

! / / /// 
白?仁/

6 

? 
1.80阳mb时y

2. Piston sprfng 
3. Pisl由
4. DiaptJragm spring 

Fuel feed pump 

6. Pln 
7. lever retum spring 
RLe'世r assembly 
9.0-009 

5. Oiaphragm assel有bly 10. S1叩 p，"

52 Fuel feed pump speciiications 

h甜 11m
1230cc!min 

Discharge volume 1 at 1500 ca1l1叩m ， discharge pre臼ure
of 0.2 kg/cm2 

Closed 0何 pressu陪 l03kg cn12 I or more (at 400 cam rpm) 

3-3号

3,4]H3(B)(C)E 

刊 Top body assemb!y 
12. Paclüng 
13, Cover 
14. Small scre刑
15.Cap 

Prínted in ]apan 
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Chapter 3 Fue! Injection Equipment 

.5. Fuel Feed Pump 3.4JH3(B)(C)E 

5-3 Disassembly and reassembly of fuel f回dpump
5-3.1 Disassembly 
(1) Remove the luel leed pump mounting nut, and take the 

lu时 leed pump 011 the fu时 injection pump毛

(2) Clean the lue1 leed pump assem起Iy with Iuel oil 
(3) After checking the orientation 01 the arrow on the cover, 

make match marks on the upper body and cover, 
remove the small screw, and disassemble the ∞ver， 

upper body and lower body 

5-3.2 R冶唱ssembly
(1) Clean all parts wilh fuel oil , inspect, and replace any 

delective 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 directior飞 and
that you don飞 lorget the valve packing 

(4) Assem坦 le the diaphragm into the body, making sure 
the diaphragm mounting holes are lined up (do not 
force) 

(5) Align the match marks on Ihe upper body 01 Ihe p挝mp
and cover, and lighlen Ihe small screws evenly. . 

KQ'cm 
T梆白10岳阳吨ue 15-25 

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

charge po同 with your finger, move the priming lever 
and check lor air bubbles (Repair or replace any pa时
which emils air bubbles) 

• 
Air pressure kg/cm3 

Tappet 
Container fîlled 
with!咱hloi1

B10cked 

(2) Attach a vinyl hose 10 Ihe luel feed pump intake, keep 
the pump at the specilied deplh from Ihe fuel oì1 su卜
!aceτmove the príming 1ever by hand and check lor 
sudden spu同s 01 fuel oil lrom the discharge port. 1I oil 
is nol spurled oul , inspect the diaphragm and 
diaphragm spríng and repair/replace as necessary. 

(3) Diaphragm inspect旧n

Parts 01 the diaphragm that are repeatedly burned will 
becomet扣inner or deleríorate over a long períod 01 time. 
Check Ihe diaphragm and replace il necessary 

大
川

V
/

\
冉
一 Dìaphragm 
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(4) Valve contacVmounling 
Clean the valve seat and valve wíth air to remove any 
foreìgn lOatter. 

(5) Inspect the díaphragm spríng and piston spríng for seltl. 
ing and the piston lor wear, and replace as necessary 

NOTE ; Repface parts as an assembfy 

3-31 
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6. Fuellnjection Nozzle 
When fuel oil pumped by the fu创 injection pump reach­
es the injection nozzle, it pushes up the nozzle valve (held 
down by spring) , and is injected into the combustion 
chamber at high pressure 
τhe fuel is atomized by the nozzle to mix uniformly with 
lhe air in the combustion chamber. How well the fuel is 
mixed with high temperature air directly affects combus­
tion etficiency, engine performance and fυel economy. 
Accordingly, the fuel 同时tion nozzles must be 陆pt in top. 

condition to maintain performance and operating efficienc于

(1) Hole type fuel injection nozzle 

Applìcable engine model 
1.0. mark 

Nozz!e ho!der 

F,o, return pipe joint 

唱一…… Nozzle cover mou时mg groove 

立
←
E
l
b

Nozzle I.D. Mark 

Sprayangle 

No. of injection holeXdia 

Nozzle openìng prassure 

155P225TCO 

150' 

5XO.22mm 

215~225将fcmJ

3-32 

3,4JH3(B)(C)E 

6-1 Functioning of fuel inj告ctíon nozzle 

Fuel from the fuel injection pump passes through the oil 
port in the nozzle holder, and enters the nozzle body 
reservQlr 
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 
τhe nozzle valve is automatically pushed down by the 
nozzle sprin9 and closed afler fuel Is injected 
Oil that leaks from between the nozzle valve and nozzle 
body 90es from the hole on top 01 the nozzle spring 
through the oilleakage litting and 如ack into the fυel tank 
Adjustment 01 injection starting pressure is elfected wilt 
the adjusting shims 

Nozz!e holder F.O. return pipe joint 

户/' Nozzle cover 

Fuef starting pressure 
Adjusting shim 

Nozzle spring 

梢。zz!e spring seat 

S川op plate 
Nozzle valve 

NOlz!ebody 
Nozzle c!amp nut 

挝ozzle va! lJe 

F.O. reservoir 

Nozzlebody 

Sprayangle 
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Chapter 3 Fue! Injection Equipment 

6. FueJ Injection Nozzle 

Nozzle body idenlification number 
The lype of nozzle can 岳e delermined from 1扫e number 
inscribed on lhe oulside of the nozzle body 
1 )抖。le type fuel injeclion nozzles 

Sample 
Y DLL A -150 P 225TCO 

Gode A: at angfe 
No code: not al angle 

Type (Dll: semi.!o咱 type)

YANMAf寻

Jdenlîficationπumber 

6-2 Fuel injection nozzle disassembly 

NOTE : 1. Disassemble luel injection nozzle in a clean 
area as lor the luel injection pump. 

2. When disassembling more than on8 luel injec­
tion nozzle, keep the parts lor each injection 
nozzle separate lor eaCh cylinder (i.e. the 
nozzle lor cylinder 1 must be remounled in 
cylinder 1). 

(1) When removing the ínjection nozzle from t加 cylinder

head, remove the high pressure fuel 口ipe ， fuel leak­
age pipe, 81c., lhe injection nozzle retainer nul, and 
then the fuel ínjection nozzle 

Printed in ]apan 
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(2) Put lhe nozzle ín avise 

NOTE : Use the special nozzle holder lor the hole fype 
injection nozzle 50 that the high pressure mount 
ing threads are not damaged 

(3) Remo.ve the nozzle nut 

Z主导/80' 叩anner

Vise 
Hckier 

\之二

NO TE : Use a special box spanner for the hole Iype (Ihe 
thickness 01 fhe two nozzle nuts is 15mm 

(4) Remove lhe inner pa巾

NOTE: Be carelul nol 10 loosen Ihe spring seat, a功iusting
shims or other small parts 

6-3 Fuel injection nozzle inspection 

6.3.1 Washi略
(1) Be sure 10 use new díesel oíl to wash the fuel ínjectíon 

nozzle parts 
(2) Wash the nozzle ín clean díesel oil with the nozzle ciean 

ing kit 

1) Zexel nozzle cleaníng kít 
Type NP-8486B NO.5789-001 

2) Anzen Jídosha Co. , Ltd. nozzle cleaning kit: 
Type NCK-001 

(3) Clean off lhe carbon on lhe outsíde of lhe nozzle body 
wi!h a brass brush. 
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6. Fuel Injection Nozzle 

(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 

Nozzie cieaning needle (piano 刷re)
0.2 mm dia. wire, 22mm long_x5 wires 

-Äφ 
Part code no 

6-3.2 Nozzle inspection 

(1) Inspect for scratches/wear 

28210 口。口 010

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 t;1e nozzle a little; replace the nozzle/nozzle 
body as a set if 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 

3• 34 

3.4JH3(B)(C)E 

Nozzle contact surface 、门-一~Pin

儿、"". 0 '1 

Seal surface /'" : -

Hoie type 

Nozzle contact surfaoe wear limit 0.1 

(4) Inspecting nozzle spring 

mm 

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 inject旧n 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 

kgom 

4-4.5 
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Chapter 3 FueJ Injection Equipment 

a Fuel Injection Nozzle 

6-5 Adjusting fuel injection nozzle 

6-5.1 Adjusting opening pressure 
Mount the luel injection nozzle on the nozzle tester and 
use the handle to measure injection starting pressure If it 
is not at the specilied pressure. use the adjusting shims to 
increase/decrease pressure (both hole and pintle types) 

Nozzle tester 

了
〈Injection starting pressure 

kg/cm 2 

l阳tion starting pressure I 

6-5.2 Injection test 

After adjusting the nozzle to the specilied starting pres 
sure. check the luel spray condition and seat oil tightness 

195-205 

(1) Check seat oil tightness 
Alter two or three inject旧 ns. gradually increase the 
pressure up to 20 kg/cm'(284 Ib/in') belore reading the 
starting pressure, maintain the pressure for 5 seconds, 

and make sure that no oil is dripping lrom the tip 01 the 
nozzle 

Test the inject旧n with a nozzle tester; retighten and 
test again il there is excessive oil leakage Irom the 
overflow coupling 
Replace the nozzle as a sat il oil leakage is still ex. 
cesslve 

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

1) Hole type nozzles 
Replace hole type nozzles that do not satisly the 101. 
lowing conditions: 
• Proper spray angle ( 8) 
• Correct injection angle (α) 
• Complete atomization 01 luel 
• Prompt starting/stopping 01 inject旧n

Prillted in Japan 
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Correct 

Poor 

α 

S阳ay from each nozzle 
hole is uniform 

d乒乒____v气变之〉

• Excessive difference 
In a阳ay angle( 8) 

• Excessive difference 
in injection angle (α) 

elncomplete atomization 
• S!uggish starting/stopping 

of injection 
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Chapter 3 Fue! Injection Equipment 

f'. Troubleshooting 3.4]H3(B)(C)E 

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 wel l. The cause of the trouble may not necessarily be 
in the pump itself , but may be in the engine 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 inject旧n 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 inl时， and 
test operate the fuel feed pump 

7-2 Major faults and troubleshooting 

Fault Causa 

1. Engine Fuel not (t) No fuel in the fuel tank 
won't delivered to (2) Fuel tank cock is closed 
start Inj8ction (3) Fuel pipe system is clogged 

pump (4) Fuel filter 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 o' feed pump is broken 
(8) Inter-spindle or tappets of feed pump are stuck 

Fuel (1) Defective connection of controllever and accel. rod af 
delivered injectlon 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 sta同ing pressure is too low 
(5) Nozzle spring is broken 
(6) Fυel oil filter is clogged 
(7) Excessive oilleaks from the nozzle sliding area 

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

(4) Plunger is excessively worn 

2. Engine starts, but (t) 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 beîng sucked in 

(4) Insufficient fuel delivery from the feed pump 

3-36 

Remedy 

Resupply 
Open 
Clean 
Disassemble and clean, 
or replace eJement 
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 t唱hten

Adjust 
Reρlace 

Repair or replace 
Replace the nozzle assembly 

Adjust 
Replace camshaft 
Adjust or replace 
Replace plunger assembly 

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

Repair or replace 
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Chapter 3 Fue! Injection Equipment 
f'. Trouble shootíng of fuel in.如ction pump 

Fault 

3 Defective 
Engìne's injectlon 
output is timing. and 
JnSU持￡埠罚t 。ther failures 

Nozzle 
movements 
is defective. 

lnjection 
pump IS 
defective 

4. Idling Is rough 

5. Englne runs at hlgh 
speeds, but cuts out 
时 low speeds 

6. Engine doesn't reach 
max. rpm. 

7. Loud knocklng‘ 

8. Engine 
exhausts 
too much 
smoke. 

Printcd in ];lpan 
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When exhaust 
sr罚。kels

black 

When 刷出国I

smoke is 
white 

Causa 

(1) Knockíng sounds 出国ed by ímproper (1∞ lasl) í咄咄on 1iming 
(2) Englne overhea恒 or emits large amount of smoke due 

10 Improper (10 slow) Injecl旧ntiming

(3) Insu部clent fuel delivery from feed p泣的p.

(1) Case nul loose 
(2) Oefectlve injection nozzle pe时crmance
(3) 岭。zzle sprîng 15 broken 
(4) Excesslve 011 leaks Irom nozzle 

(1) Max dell昭叩 limìt 0011 is screwed ìn too far 
(2) Plunger ìs worn 
(3) lnjection amount is not uniform 
(4) Inj部tion tlmlngs are not even 
(5) The 1st and 2nd levers 01 the governor and the control 

rack of the injection pump are improperly lined up 
(6) Delivery stopper is loose. 
(7) Delivery packlng Is delectlve 
(8) Delivery valve seat Is defective 
(9) Delivery spring Is 也roken

(1) Movement 01 control rack Is d时ectlve ，

1) StìH plunger movement or sticking 
2) Rack and pinion flt幻ng isdε.fective 

3) Movement of governor ís improper 
4) Delivery stopper Is too tight 

(2) Uneven înjection volume 
(3) Injection tlmlng Is defective 
(4) Plunger is worn and fuel injectlon adjustment ìs difficult.. 
(5) Governor sprin吉 is too weak 
(6) Feed pump can'l feed 011 at low speeds、
(7) Fuel supply Is Insulllcient at low speeds due ta clogging 

01 luel fllter 

(1) The wlre or rod 01 the acce!. Is caught. 
(2) Control rack ís caught and can't be moved‘ 

(1) Governor spring is broken or excessively worn , 

(2) Injec纭。n performan乙e or nozzle ì5 poor 

(1) Injection timìng is too 1a5t or too slow, 

(2) lnjection from nozzle ìs improper 
Fue! drips after each injection 

(3) lnjection nOlzle starting pressure ís too hígh 
(4) Uneven injectlon 
(5)ξnglηe overheats, or 的suffícient compression 

(1) Injectlon tlming Is too last 
(2) Air volume 阴阳.ke 15 insuffi四ent

。) The amount of inject阳n ís uneven 
(4) Injectlon Irom nozzle ís Improper. 

(1) Inject由n timÎng ìs too s!ow 
(2) Water is mlxed In luel 

(3) Sho约age or I始缸e oi! in the engìne 
(4) Engine Is over'cooled 
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Remedy 

Inspect and a你就
Inspecl and adjust 

到epair or rep!ace 

Inspect and ret咀hten
Repair or replace nozzle 
Replace 
问eplace nozzfe assembly 

Adjust 
问eplace

Adjusl 
Adj国:

Repair 

Inspect and retìghten 
Replace packlng 
问epair or replace 
Replace 

Repair or replace 
Repair 
Repair 
Inspect and adjust 
adjust 
adjust 
Replace 
Replac冶

Repair or replace-
。ìsassemble and clean, 

orrεplace eleme时

Inspect and repair 
Inspect and repaír 

Replace 
i F习epair or rep!ace 

Adjust 
Adjust 

Adjust 
Adjust 
Repair 

Adjust 
Inspect and repair 
Adjust 
Repair or replace 

Adjust 
Inspect fuel system. 
and clean 

i 叫inspecrt 



Chapter 3 Fue! Injection Equipment 

8. Tools 

8.τools 

Nameof柿。i

Pump mountin自由cale

for Yanr鄂西 tester 158090-51010 
for 80sch (Iester) 158090-51020 

Measuring devìce 
(cam backlash) 
158090-5105号

Plunger însert 

158090-51100 

T appet holder 

15809口-51200

Weight extractor 

158090-51400 

Shape and size App旨cation

3-38 

3,4}H3(B)(C)E 

Prinü;~d in ]apan 
HINSHl-H8009 



Chapter 3 Fuel lnjectíon EquÍpment 
8. Tools 3,4]H3(B)(C)E 

Nameoftool Shape and size 

Rack indicator 
1 日8090.51500

飞
、Rack lock screw 

158090.51010 @ 
Dummy nut 
158090一51520 d 

气、之三产飞

NOZlle plate 

158090.51700 
?气

乒〈;

Plunger gauge 

121820.92540 

Top c!earance gauge 

158090.51300 

τimer extractìon tool 
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Chapter 3 Fue! Injection Equipment 

9. Fuel F丁i1ter 3.4]H3(B)(C)E 

9. Fuel Filter 
The fuel filter is installed between the fuel feed pump and 
fuel injection pump, and removes dirVforeign 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. 
me时， is fed through the pores in the filter and discharged 
from the center of the cover. Dirt and foreign matter in the 
fuel are deposited in the element 

9-1 Fuel filter specifications 
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Intake 

Discharge 

9-2 Fuel filter inspection 

The fuel strainer must be cleaned occasionally If there is 
water or foreign matter in the strainer b。时， 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 

Fuel filter bracket 

Element 

8.16 hole 

军 Igl ~ 口
田
、

75 
-二=二r M2~ X 1.5 Make sure阳re are 

3.5 effective th re副 s
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Chapter 3 Fue! Injection Equipment 
10. Fue! Tank (OptionaJ) 3.4]H3(BXC)E 

10翩 FuelTank
A Iriangular 30 liter fυellank 四ith a 2000mm (78.74号2 用}
rubber fuel hose to fit all models is available as an option. 
A fuel return connection is provided on top of the tank 
10 whìch a rubber hose can be connected to retun fuel 
from the fuel nozlles 

Fue! return conn目tion

Tank-一-一一~

levelgauge 

/\ 

>\n

Pubber hOS8 

\ \// 

厂一

了
!
剖
「
i

一
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Chapter 3 Fue! Injectiun Equipment 

11. TroubJeshooting 3.4]H3(B)(C)E 

11. Troubleshooting (Concerning engine and fuel injection equipment) 

Malfunctions Causes 

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

i n jected lro们门 tank 
the injection 2. The luelline lrom the luel tank is 
pump blocked 

3. The luel lilter is clogged 
4. There is air in the luel lilter 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 leed pump blades are 

sticking , and therelore not 
operating 

8. The drive gear or woodruff key is 
broken 

2. Injection timing 1. The drive gear or belt 
is incorrect connectlons 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 lunctioning incorrectly 

The engine 1. The pipe(s) to the injection pump 
。perates. but is blocked. or the luel lilter is 
。nly for a shorl 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 to。
IIknocks" advanced 

2. The nozzle or nozzle holder is 
functioning incorrectly 

3-42 

Remedies 

Supply luel 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 
luel lilter 

Bleed 01 air or replace the fuel oil 
Repair or replace 

Readjust the timing 

Inspect. then repair or replace 
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Chapter 3 FueJ Injection Equipment 
I 1. Trοubleshooting (Co咀cerning engine fuel injection equipmen t) 

Malfunctions 

The engine 
exhaust contains 
SIT飞。ke and the 
engine "knocks" 

The engine 
。utput is unstable 

Insufficient 
output 
1. The injection 

quantity is 
insufficient 

2. The injection 
timing is to。
advanced and 
the engine is 
"knocking" 

Printed in ]apan 
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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 

excesslve 

1. The luel lilter element is clogged Clean or replace 
and luel oil delivery is poor 

2. The amount 01 luel or pressure Inspect and repair 
delivered by the leed pump is to。
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 lull stroke 
6. The plunger spring 18 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 delive叩 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 lunctioning properly 

12. The injection timing is incorrect Readjust 

1. The specilied lull-Ioad 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 
therelore 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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Chapter 3 Fue! Injectíon Equípment 
11. Troubleshooting (Concerning engine fuel injection equipmen t) 

Malfunctions Causes Remedies 

3. The injection Readjust 
timing IS to。

retarded and the 
englne IS 

。verheating or 
the exhaust 
contains smoke 

4. The nozzle or Inspect and then repair or replace 

the nozzle 
holder is not 
functioning 
properly 

The engine 1. The governor spring is too weak Readjust or replace 
cannot reach its or is improperly adjusted 
maximum speed 2. The controllever is not reaching Readjust 

the maximum.speed position 
3. The nozzle's injection operation is Repair or replace 

poor 

The engine's 1. The governor spring is too strong Readjust or replace 
maximum speed or is improperly adjusted 
is too high 2. The governor flyweights or Repair or replace 

governor sleeve movement is not 
smooth 

Idling is unstable 1. The injection quantities are not Inspect or replace 
uniform (the delivery valve is not 
operating properly) 

2. The governor's idling adjustment Readjust 
is improperly adjusted 

3. The plunger is worn Replace the distributor assembly 
4. The plunger spring 18 broken Replace 
5. The rubber damper is worn Replace 
6. The governor lever shaft pin is Replace 

worn excessively 
7. The feed pump blades are not Repair or replace 

。perating properly 
8. The regulating valve is stuck in Replace 

the open position 
9. The fuel filter element is c10gged Clean or replace 

and therefore fuel oil delivery is 
poor 

10. The nozzle or the nozzle holder Inspect and then repair or replace 
is not functioning properly 
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Chapter 4 Intake and Exhaust System 
1. Intake and Exhaust System 

1. I ntake System 
Air enters in the intake si1encer 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 coo1ing water 

Intake system 

lntake air silencer 

3.4]H3(BXC)E 

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 c1eaned 
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 

Cylinder head 

Printed in ]lI.pan 
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Chapter 4 lntake and Exhaust System 
2. Exhaust System 

2. Exhaust System 

2斗 Construction

There are two types 01 mixing el如ows ， the L-type and the 
U-typeτhe mixing elbow is attached 10 lhe exhausI man­
ifold. Refer 10 lhe exle时or diagrams included here 

[Example assembly diagram : L-type mixing elbow.) 

4-2 
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2-2 Mixing elbow inspection 

(1) Clean dirt and scale out 01 Ihe air and coolin吉胃ater
lines 

(2) Repair crach or damage to w时ds ， or replace. 
(3) Inspect the gasket packing and replace as necessary 

(Opt旧时

Exhaust manìfofd 
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Chapter 5 Lubricatio妇 System

1. Lubrication System 3.4fH写B)(C)E

1. Lubrication System 
The lube oìl in Ihe oil pan Is pumped up Ihrough the inlake 
filler and intake piping by the Iυbe oil pump, through IMe 
holes in Ihe cylinder body and on 10 Ihe discharge filler 
The lu岳e oìl 胃扫ich flows from Ihe holes in I扫e cylinder 
body Ihrough Ihe brackel 10 Ihe oil elemenl ìs filtered and 
5en! !o !he oil cooler. 11 relurns from Ihe oil cooler !o Ihe 
bracke!, Ihe pre5sure is regulaled , and il is fed back 10 
ma;n gallery 的 Ihe cylinder 如ody

The lube oil which flows ìn Ihe main gallery goes 10 Ihe 
crankshal1 journal, lubricales Ihe crank pin from Ihe 
crankshaft journal, and a portion 0\ Ihe oil ;5 fed 10 Ihe 
camshaft bearings 
Oil is sent from Ihe gear case cam5haft bearing5 through 

the holes in Ihe cylinder body and cylirder head to Ihe 
valve arm sha!t 10 lubricate the valve arm and valves. 
Oil ;s al50 sent \rom Ihe ma;n gallery to the piston cooling 
nozzle !o cool !Me p;ston surface, and is sen! through Ihe 
ínlermediale gear bearing (oil) hole5 10 lubrìcale Ihe in­
termedíate gear bearings and re5pective gears. 
Lube oil for Ihe fuel injeclion pump is sent by pipe from 
Ihe main gallery !o !he fuel injec!ion pump. 
Part 01 !he lube oil is sen! Irom Ihe oil cooler discharge 10 
Ihe supercharger in engines fitted with one, and is then 
piped backfrom Ihe 5upercharger 10 Ihe oil pan 

Cylinder block main gallery 

\ 
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Chapter 5 Lubrication System 
2. Lube Oil Pump 

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 ~一---...

Outer rotor 

Inner rotor 

。。

可
-Strainer 

5-2 

3.4]H3(B)(C)E 

Printed in japan 
HINSHI-H8009 



Chapter 5 Lubrication System 

Z Lube Oil Pump 

Gυter rotor 

Inner rotor 

Sìde CQver 

Oil pressure regulatof valve 

spnng 

Ralor shaft 

Gear 

Pump body 

Side cave 

Inner rotor 

飞

公2 Specifications of lube oil pump 

kZE 
"V. 、

Gear fee1h shape 

Tool Gear leeth shape 

时odu治

Angle 01 pressure 

日在
。istortion angle 

Dis1ortìon direc1ion 
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gear 

Class 4 

Standard 

Gear leeth average 

2.0 

20' 

29 

4{21.516) 

67.956土0.04
\(Pin dia.=3.969) 

20 

RIGHT 

Standard 阳tch dia ø 61.722 

τranspositio!1 factor 0.0866 

Finishing method shaving 

Crownin吉 ?峰。ne

Number of teeth 28 

Othergear τ南nsposition factor 0.025 

Finishing method shaving 

Dìstance to center 60.65土0.05

Backlash 0.15土0.04

T ough-ride surface trea1ment 

Remarks Hardness: HV57Q--680 

5-3 

。if preS5ure regulator vafve 

Pump body 

Rolor shafl 

年 "Gear

、、严与..I/，，: 总 ‘ 
念'fQIíí布lt
bζ~b苛h\

UO pump specifìcations 

Engine speed 360口(rpm)

Pumpspeed 3477(rpm) 

Delivery theo叩 6; 19口(1/min)

8O8Il Etveemry p pr昭sure 4.4 (均flcm勺

60:l:5CC) 

Suction head 1128.4号cm

Lube oil SAE#30 

3,4JH3(B)(C)E 

800(rpm) 

772(币的}

国 O(l/min) I 
主远古 5拉宫I/cm')

• 

• 

• 



Chapter 5 Lubricatiοn System 

2" Lube OiJ Pump 

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 , 50 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 

、/

Standard 
Outer rotor and 
pump body clearance 0.09-0.16 

Body 

Feeler gauge 

mm 

Wear limit 

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 it exceeds the limit 

Inner rotor 

Outer rotor 

Feeler gauge 

/ 

5-4 

Outer rotor and 
inner rotor clearance 

3,4JH3(B)(C)E 

Clearence 

Inner rotor 

Outer rotor 

Standard 

0.050-0.105 

mη1 

Wear limit 

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 

Straight scale 

Feeler gauge 

Pump body and inner rotor, 
outer rotor clearance 

Standard 

0.05-0.10 

mm 

Wear limit 

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 limil 

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 

Printed Ïn ]apan 
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Chapter 5 Lubrication System 

2. Lube OiJ Pump 

2-5 Oil pressure regulating valve construction 

The 011 pressure regulating valve attached wlth lube 011 
pump cont叩Is the 011 pressure from the tlme the lube oil 
leaves the fllter and Is cooled In the lube 011 cooler until 
just 坦efore It enters the cylinder body maln gallery. 
When the pressure of lube oil enterlng the cylinder body 
maln gallery exceeds t扫e se!!in吉， the regulatlng valve p啤e

ton opens the bypass hole and lube 011 flows back Into the 
ollpan. 

R叩lat吨 pre旦旦主二二旦旦旦旦空

Printcd in ]apan 
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Chapter 5 Lubrication System 

3. Lube Oil Fi1ter 3.4JH3(B)(C)E 

Lube Oil Filter 3. 
3-1 Lube oil filter construction 

The lube oil lilter is a lull.flow paper element type 
mounted to the side 01 the c圳inder body with the lilter 
bracket. The cartridge type lilter is easy to remove 
To prevent seizure in the event 01 the lilter clogging up, a 
bypass circuit is provided in the oil lilter. The bypass valve 
in the Iilter element opens when the difference in the pres 
sure in lront and behind the paper element reaches 0.8-
1.2 kg/cm2 

Cylinder body main ga!lery 

\ 

Option 
oil pressure 
sender unit 

To lubricating oil cooler 

f 
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Chapter 5 Lubrícation System 
3. Lube OiJ Filter 

Type 

Fi!tration area ←一一

一岛经h主促旦旦ume
Pressure loss 

By牛pass valνe 
regulating pressure 0.8 - 1.2 沟Icm2

3-2 Lube oil filter replacement 

(1) Period 
The paper 91ement will get c\ogged up with dirt alter 
lon9 hours 01 usage, and eventually unliltered oil will 
be fed to the engine through the bypass circuit 
问eplace the filter according to the following standard, 
as the dirt in unfiltered oil will 01 course have a detri. 
mental sftect on the engine 

(2) Replacement 
1) 只emove the lube oil filter wit扫如e special tool 
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 rub如er packing co而es m 

contact with the bracket mounting surface, and then 
2 - 3 turns more. 

5) Run the engine after mounting the lilter, and make 
sure that there is no oil leakage 

Printed in ]apan 
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Chapter 5 LubricatiοIn System 

4. Lube Oil Cooler 3.4]H3(B)(C)E 

Lube oil Cooler 4. 
4-1 Lube oil cooler construction 

The lube oil cooleγis comprised of 36 cooling pjpes and 9 
internal baffle plates 
The lube oil Ilows through this passageway and is cooled 
by the cooling water (sea water) flowing through the inner 
plpe 

20.0 
REF 

213.0 
Connections M20 X 1.5 

ωIω 
百 1 "0
ω! 的

~I~ 
-，白
。 l 。

α"'" 
的，­
C\! 161 
口1+1
+111寸
寸 1";
HN 
，\> j 。

[也JH3E only] 

口
的
-
Y

。
国
的

122.0 

Sweat header ASSY into casing 

NOTES 

1. TUBE THICKNESS 0.355 (MATERIAL 90/10 CuNiJ 

2. PNEUMATIC TEST 

SEA WATER SIDE: 0.4 MPa (4 kgflcm') 

OIL SIDE: 1.0 MPa (10 kgf!cm 月

3. MATERIAL (EXCEPT TUBES) : BRASS 

4-2 Inspecting the lube oil cooler 

(1) Clean the inside 01 the sea water pipes with a wire 
brush to prevent the build.up 01 saale 

(2) If the rubber hose conneclion or welds are corroded, 
repair or replace Ihe cooler 

(3) Apply Ihe following waler pressures 10 the sea waler 
and lube oil lines 10 check for any leakage. Repalr or 
replace Ihe cooler if Ihere are any leaks. 

Printed in ]apan 
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1.5 kg/cm2 

4 kg/cm 2 

Lubricating oil circuit 

Sea water circuit 
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Chapter 5 Lubrication System 
a Rotary Waste Oíl Pump (OptíonaJ) 3,4]H3(B)(C)E 

5. Rotary Waste Oil Pump (Optional) 
A rotary waste oil pump to pump out waste oil during oil 
changing ìs available as an opt旧吼
This is a vane type pump. Turning the handle rota!es the 
vanes and pumps out lube oil 

Rotary was!e 011 pump 

5斗 Construction

Rotary waste oil pump 

Oelivery capa臼!y

of one stroke 

Delívery pressure 
二

Suc!íon head 

Par专刻。

Rubberhose 

Inner dia. X length 

Part No. 01 rubber hO$e 

Printed jn Japan 
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。

Cover\\ 

Vane 

Spíndle 

Spríng 

O.13 .e 

1.5k吉Icm2 Or be!ow 

less !han 1 m 

436α0-002311 

ø 12Xl000mm 

43720-001220 

5-9 

Rubber hose 

Body 

Shaft 

Spìndle 

Spríng 

J 
5-2 Inspecting the waste oil pump 

(1) Disassemble the waste oìl pump and check for sprìng 
breakage or vane damage when there is an extreme 
drop in dìscharge volυme， and replace ìl n田essary

(2) Replace the oil seal if there is excessìve oìl leakage 
Irom the handle shalt. 

(3) Replace the ìmpeller If there is an excessìve gap 
between the impeller and the coverS on both sìdes 
01 casing. Thìs wìll cause a drop in discharge volume 

(4) The hose couplìng ìs coated wíth adhesive and screw‘ 

ed in It therefore cannot be disassembled 
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Chapter 6 Cooling Water Sjλste由
I. Coο，líng Water System 

1. Cooling Water System 
The cooling water system is of lhe indirect sea waler 
cooled, fresh waler circulalion lype. Tt旧 C抖的de白， cylin­
der heads and exhausl manifold are cooled wilh fre5h 
waler, and fresh waler cooler (heal exchanger) U5e sea 
water. 
Sεa waler pumped in from lMe sea by 1扫e sea 胃ater

pump cool5 lhe lube oil in lhe lube oil cooler and then 
goe5 10 lhe heat exchanger, where it cools the fre5h 
water. TMen it is senl 10 lhe mixing elbow and is dis­
charged from lhe ship wilh 1如e 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 lhe cylinder head. The fresh water pump 

-翩翩…四 Sea water circuit 

Fresh water circuit 

3,4JH3(B)(C)E 

body also serves as a discharge passageway (1Ine) at the 
cylinder 扫ead outlel. and is fitted w国h a thermostat 
The thermoslal is closed when the fresh wa!er tempera­
ture is low, immediately after the engine is started and 
during low load operation, etc. Then the fresh water flows 
10 lhe fresh 明aler pump Inl剖， and is ciroulaled Inside lhe 
engine without passing lhrough the heat exchanger 
When the lemperature of the fresh water rises, the lher­
mostal opens, fresh water flows to the heat exchanger. 
and it is theηcaoled by lhe sea ￥valer ín lhe !υ岳es as 
il flows through the cooling pine. The lemperature 01 
lhe Iresh water is thus kept within a constant range by lhe 
them、。stat

--- -喃唰幡

Heat exchanger 

'同唰翩翩.协

喝胁--

-…. 
-

-喃喃... 

Fresh water pump 

--吨' --… 
nF m "u nv r e 2u w a e CJM 

噩
噩

A
a亨
S
S
E
B
-
.

Kin吉5ton cock 
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Chapter 6 CooJing Water System 

I . Cooling Water System 

Fresh water line 

Sea water line 

Mixing elbow 

// 

Heat exchanger 

Lubricating oil cooler 

Sea waler strainer 

苍苍∞出

6-2 

Thermostat cover 

Water temperature sender unit 

Outlet for water heater 

飞 Water temperature switch 

Heat exchanger 

3.4JH3(B)(CJE 
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C!Japter 6 Caoling Water System 
2'. Sea Water Pump 3.4JH3(BXCJE 

2-2 Sea water pump disassembly 

。) Remove !he rubber hose from !he sea wa!er pump 
。u!let and then !he sea wa!er pump assembly from the 
gear case 

(2) Remove the sea water pump cover and take out the 
0-rìn9, ìmpeller and wear plate 

(3) Remove the mechanìcal 5eal sìde 5top rìng 
(4) In5e内 pl悟rs from the drive gear long hole and remove 

the stop rìng thal holds the bearìngs. 
(5) Lìghtly tap the pump shaft from the ìmpeller 5ide and 

re币。ve the pump shaft. bearìngs. and drìve gear as a 
5et 

(6) Remove the oil seal and mechanical seal ìf necessary 

中

的
寸

∞
俨
忖
呻
∞

〈护

Sea water pump 

max10sat 
suctionhead=恕。 5m
len百th 01 pipe出0.6m
n~500rpm 

4bar 

Specifications of a啤a waterpump 

l. Pεrformance N\ min 38002 /h at 
阴n出一0.05 bar 
pout捕。 95 bar 
n~3250rpm 

坐旦旦些旦!y.

的
?
N
E

Thightness test 

2. Durabilìty 

Impeller 
Flowdrop 

2-1 

Selfprimìng 
abilìty 

A-A 

2. 

公3 Sea water pump Inspection 

(1) Inspec! the ru岳ber ir羽peller ， checkìng for split!ì到§
around the outside, damage or cracks , and replace ìf 
necessary. 

mìn1500h 
max10% after 
1000h 
max3cc/h 

1000h 
3000h 

在一3

mìn3000h 
min6000h 

Leakage from 
seal 
lìpsea1. water 
Lipseal ,oil 
Endcover, 
wearpl时e

Other part5 
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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 operat旧n

Cooling water 嗣同e I 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.11 01 

oil seal and pressure fit Coat the sliding surface with a 
good quality silicon oil , taking sufficient 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 O-ring side CQver 

NOTE : Replace the 0. ring 

2-5 Current characteristics 

90 
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Speed (rpm) 
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Chapter 6 Cooling lVater System 
3. Fresh Water Pump MJH3(BXC)E 

3. Fresh Water Pump 
3-1 Fresh wat窑r pump construction 

The fresh water pump is 01 Ihe centrifugal (volute) type, 
and oirculates water lrom th" fresh water tank to the 
cylinders and cylinder head 
τf亏" Iresh 百aler pυmp consists of the pump 泌句.1肝
peller, pump shaft, bearing unit and mechanical seal警
The V pulley on the end 01 the pump shaft is driven by a V 
belt from Ihe crankshalt 
τhe 岳earìn岳出i! assembled in Ihe pump sha!! uses grease 

lubricaled ball bearings and cannol be disassembled. 
The totally enclosed mechanical seal spring presses Ihe 
impeller æal mounled 00 Ihe impeller side away from Ihe 
pump 岳e岳ysìde.τhis prevenls 胃'a!e扩 from I雪aking aloo吉
the pump sheft、

As Ihe impeller and pulley lIanges are press !it assembled, 
tl1ey cannol be disassembled 

Q
旨
自

Cylind酬 head

、、
飞、
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Chapter 6 Cooling 怀rater System 

3. Fresh Water Pump 3. 4JH3(B)(C)E 

Inlst for water heater 

__ To heat exchanger 
(fresh waler lank) 

Pump plale 
Thermostat 

For turbine cooling water joint 
and wa创le町r 1怕em阳!

For sender川L川 V~p巾y \ 

From heat __ 
exchanger 
{fresh water tank} 

3-2 Speciffcations of fresh water pump 

Pulley ralio 
(crank sha协 pump shaft) 

Pump shaft speed(Max) 

Oelivery capacily 

Tolal head 

~134 1Ø 120 

叫
一
…
一
们

3-3 Fresh water pump disassembly 
(1) 00 nol disassembfe 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 water pipe as an assembly 
from the cylinder and cyfinder 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 forque for 
pump setting bolts 70-110 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 ρarts ， 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~ 

Gaskel 

fmpeller 

Bypass port 

V -pulley flange 

• To cylinder body 

Gasket I 、 Pipe flange 

。) Check the holes in the coofing water and bypass lines , 

clean out any di叫 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 inse叫ng a 
thickness gauge between the impeller and the st旧ight­
edge 
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Chapter 6 CooJing Water System 
a Fresh Water Pump 

Measuring clearance between impeller and pump body 

ζ2 

(y主
Thickness gauge 

Measuring clearance between impeller and pυmp body 
bracket 

/三声二二

Clearance between 
impeller and body 

Standard 

0.3-1.t 

Clearance 如etween i 
impel1er and plate 1'-' 
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Stfaightedge 

mm 

￥Vear limit 

t .5 
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Chapter 6 CooJing Water System 

4. Heat ExchanJ(er 

4. Heat Exchanger 
4-1 Heat exchanger construction 

The heat 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 削ates
The sea water flows through the small dia tubes and the 
fresh water flows through the maze formed by the baffle 
plates 

Side cover 

Cooling pipe 

Fresh water inJet c主 111

Fresh water 。飞I!
inlet 

Side cover 
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3.4JH3(B)(C)E 

There is a reservoir at the bottom of the cooling pipe 
which serves as the fresh water tank. There is an exhaust 
water passageway (Iine) 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 ove付low 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 

Fresh water tank 

Iler cap body (with pressure control valve) 

Overflow tube 

Heat exchanger (fresh water cooler) 

Baflle plate 

Exhaust manifold 

Ide CQver 

Sea water Outlet 

』
Sea water inlet 

。 Exhaust gas 
outlet 
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Chapter 6 Cooling Water System 

4. Heat Exchanger 

4-2 Specificatìons of heat exchanger 

3.4JH3(B)(C)E 

MO口EL UNIT 3JH3E 4JH3E 

τυbed白， 打1π3 +吕 I jl5X54 <{>6115X54 

Tube sutiace area m' 0,193 0,347 

Tube surface arealoutput m 0,0048 口.0062

F resh water frow flhr 4200 4200 

Sea water frow e Ihr 3800 3800 

Fresh water ve!o四!y π1Is 1.21 1.1 1 

Sea water veloclty mls 1,99 1.99 

4-3 Disassembly and reassembly of the heat 
exchanger 

(1 )只emovethe ∞vers on 岳。，th sides and take out the ∞卧
ing pipe and O-ring(的

NOTE : Replace Ihe O-ringβ，) when you haν'e removed the 
coolíng pipe 

(2) 民emove the Iiller assembly 

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

1) Inspect the inside 01 the tubes lor rust or scale buíldup 
Irom sea water, and clean with a wire brush if neces町
sary. 

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

2) Check the joints at both ends 01 the tubes lor loose­
ness or damage, and repair il loose, Replace il dam命
aged or corroded 

3) Check tubes and replace il leaking 
4) Clean any scale or 阳st off the outside 01 the tubes. 

(2) 衬eat exchanger body inspection 
1) Check heat exchanger body and side cover lor dirt and 

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

retighten any joints as necessary and clean the ìnsides 
01 the pipes 

3) Check the 田haust gas intake flange and lìne守 and
replace il corroded or cracked. 

I气rinted in }apan 
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(3) Heat exchanger body water Leakage test 
1) Compressed air/water tank test 

Fìt 阳bber covers on the fresh water and sea water in. 
lets and outlets. Place the heat exchanger in a water 
tank, leed in compressed air Irom the overflow pipe 
and check lor any (water) leakage, (air bubbles) 

Pressure gauge 

Aìr hose 

汀
咱

LMHU 
品
川
叫
n
u
r

呻
民

n
m阻
'
国

Heat exchanger 

Test prf哇旦L工工二 2kglcm' 

2) Use 01 the tester 
Fit the fresh and sea water inlets and outlets with rub­
ber covers and lill the Iresh water tank wìth fresh 
water. Fit a pressure cap tester in place 01 the pres俐

sure ca口， operate the pump for one minute and se! the 
pressure at 1,5kg/cm' (21 ,33Iblin.') , If there are any 
leaks the pressure will no! rise. 1I there are no leaks 
the pressure wíll not lall. 

Pressure tester 

Ru起bercap

Rubber cap 

PreSSt汀e gauge 

。

。。。
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Chapter 6 Cooling Water System 

5. Pressure Cap and Sub Tank 3,4]H3(B)(C)E 

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 filler 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 O.9kg!cm'. 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 overflow 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 8ir is drawn in 
through the overflow pipe 

Pressure vaJve spring 

\
由工

一
The sub tank (which will be described later) , keeps the 
water level from dropping due to discharge of steam when 
the pressure valve opens 

Actìon of pressure control valve 

Pressure vaJve I Open 副 0.9 kg!cm' 

Vacuum valve I Open at 0.05 kg/cm< or below 

5-3 Pressure cap inspection 
Precautions 
00 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 comple阳Iy 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 (O.75~1.05kg!cm') 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 120445-44600 

5-4 Function 01 the sub tank 
The pressure valve opens to drscharge steam when the 
steam pressure in the fresh water tank exceeds O.9kglcm' 
(12.80Ib!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 也ack into the fresh water tank to raise the water 
back to its original level 
The sub tank facilitates long hours of operat旧n 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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Chapter 6 Cooling Water System 

a Pressure Cap and Sub Tank 
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5-5 Specifications of sub tank 

一…一…一寸E再三高与寸 1.251 R 

Subta毗 capa叫 IFull-scale posítion ! 0川 E
uw-sca!e pa蝉on I 0.21 Q 

NOTE: 岛也ke sure that the overflow pípe of the sub tank 店
not submerged in bilge If the overflow pipe ís sub 
merged in bilge ， 即ater in the bílge will be 
siphoned into the fresh water tank whθn the wafer 
is being cooled 
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5-7 Precautions on usage of the sub tank 

(1) Check the sub tank when the en明ine is cool and refìll 
胃ith fresh 回ater as necessary to bring the water level 
between the low and full marks. 

(2) Check the 0￥erflow pipe and replace if bent or cracked 
Clean out the pipe if it is clogged up 



Chapter 6 Cooling Water System 

6. Thermostat 

6. Thermostat 
6-1 Functioning 01 thermostat 
The thermostat opens and closes a valve according to 
changes in the temperature 01 the Iresh water inside the 
engine , controlling the volume 01 water Ilowing to the heat 
exchanger Irom the cylinder head, and in turn maintain 
ing the temperature 01 the Iresh 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 01 the top 01 Iresh water pump unit 
When the Iresh water temperature is low (75.0'C -78.0'C 
。r less) , the thermostat is closed, and Iresh water goes 
lrom the bypass line to the Iresh water pump intake and 
cìrculates in the engine 
When the Iresh water temperature exceeds the above 
temperature , the thermostat opens , and a po时旧n 01 the 
water is sent to the heat exchanger and cooled by sea 
water, the other portion going lrom the bypass line to the 
Iresh water pump intake 
The bypass line is closed 011 as the thermostat valve 
。pens and is completely closed when the Iresh water 
temperature reaches 81.5'C (valve lilts 4mm (0.1575in)) , 

sending all 01 the water to the heat exchanger 

了hermostat valve 

From cylinder head 

Impeller 

When valve is closed (by-pa臼 passage is opened) 
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From cylinder head 

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

6-2 Thermostat construction 
The thermostat used in this engine is 01 the wax pellet 
type, with a solid wax pellet located in a small chamber 
When the temperature 01 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 01 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 

81.5'C 
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Chapter 6 Cooling Water System 

6. Tbermostat 

6-4 Thermostat inspection 
Remove the thermostat cover on top 01 the fresh water 
pump and take out the thermostat. Clean off scale and 
rust and inspect, and replace if the characte们Slics (perfor­
mance) have changed , or if the spring is broken , 
deformed ar corroded. 

冒

立仨主
~一ω
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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 lunction­
ing normally if it starts to open between 75-780'C , 
and opens 8mm or more at 90'C Replace the thermo­
sta! if it is not functioning n旧rmally.

(2) Normally, the thermostat should be inspected every 
500 hours 01 operation, but, it should be inspected 
before this if the cooling temperature rises abnormally 
or white smoke is emitted for a long time after engine 
starting. 

(3) Replace the thermostat every year or 2QOO hours of 
operation (whichever comes first). 
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7. Bílge Pump and Bílge Straíner (Optíonal) 3,4JH3(B)(C)E 

7. Bilge Pump and Bilge Strainer (Optional) 
7喃1. Introduction 

7-1.1 Generallnlroduclion 

Name Bilge pump 

Time 10 minutes 

Aotation direction Right (viewed Irom the imp创 ler side) 

Weight 

Negative pressure 
detector 

T emperature 

7-1.2 Exlerior 
(1) Pump dimensions 

Length 

Yoke diamete 

Assembly hole diameter 

Assembly pitch 

Pump 1.4kg 

Switch ASSY O.3kg 

Diaphragm type 

30'C~ 80'C 

225mm 

r 61 

r5.3 

50X90mm 

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

(2) Switch ASSY dimensions 

Length 

Assernbly hole diame略目

64mm 

r 45 

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

(3) Surface condition 
Pai时， plating , assembly , and finishing touches are 
well-done and wilhoul rusl , scralches or olher blem­
ishes 

7-2. Description 

7-2.1 Characlerislics 

(1) Oischarge AI lifl : Om discharge capacily : 202 Imin. or 
grealer 

(2) Aulomalic feeding heighl : 1 m or grealer 
(Limil for aulomalic feeding height : new pump wilh 
inside pa川sw时， approx. 2m) 

(3) Automalic feeding lime : 2-5secs 
(Limil for automalic feeding lime new pump wilh 
inside pa叶s wet, approx. 1 sec.) 

(4) Aulomatic slopping : Air inlake causes negative pres­
sure triggering aulomatic slopping 

6-14 

7-2.2 Insulalion 

(1) Insulation resislance : 500V wilh a megalester when 
Ihe difference between Ihe conlinuily poinl and Ihe 
body is 1 M Q or grealer 

(2) Insulalion proof slress : AC50 belween Ihe 
conlinuity point and Ihe body. or 60hz 500v lor 1 
minule when impressed currenl leakage is 10mA or 
lower. 

7-2.3 Durabilily: Raled vollage when lhere is 3% sall 
waler 60 2 + engine oil 3%, and operalion is 
al 1800 cycies and lhere are no difficullies. 

7-2.4 Vibralion proof: Amplilude 0.51 mm (one side 
of lhe amplilude) 

Vibralion frequency 1 0~55Hz 
Sweep time 90secs 
Direction of vibration each direction 4 hours 
No difficullies after lesl period 

7-3. Cautions 

(1) Atlach al a posilion higher Ihan Ihe bilge waler away 
from rain or olher water, and 50-70cm above Ihe bot 
10m 01 Ihe boat 

(2) Never run Ihe pump dry. Be sure Ihal the strainer is 
inser1ed in Ihe drain waler before pushing the swilch. 1I 
no waler is being drawn up after a period of 10 sec­
onds or m。阳， prime Ihe pump. (00 not run Ihe pump 
for longer Ihan 10 seconds when no water is being 
drawn up.) 

(3) When Ihe pump has nol been used lor a long period of 
lime, Ihe inside of Ihe pump will be dry and drawing 
ability will be lowered. Before reusing , clean the inside 
01 Ihe pump or prime il 10 insure Ihal il is wel , and 
check 10 be sure thal Ihe pump is Ihen operaling cor 
rectly 

(4) When charging the diesel engine oil , wail a period 01 
30 minules or longer lrom Ihe lime 01 slopping (oil 
lemperalure 20-70'C). Relrain Irom operalion when 
Ihe oil lemperalure is below 15'C , or above 50'C 

(5) When the bilge inside Ihe pump or hose freezes, com 
plelely mell the waler with a sleaming towel before 
beginning operal旧n. When Ihe lemperalure inside the 
pump is low, il will take a longer amounl 01 lime lor Ihe 
pump to drain 011 Ihe bilge 

(6) The impeller replacemenl kit includes one impeller and 
3 washers for adjusting Ihe side gap. If after replacing 
Ihe impeller Ihe pump does nol drain , place side gap 
adjuslmenl washers undernealh the bottom plale 10 
adjust. Selecl Ihe number 01 washers used in accor­
dance with the lollowing. (When Ihe pump is draining , 

Ihe eleclric currenl load is aboul 5A. When there are 
100 many washers, Ihe electric currenl value will be 
100 greal and will blow a luse.) 
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Chapter 6 Cooling Water System 
7'. Bilge Pump and Bilge Strainer (Optiona l) 3.4fH3(B)(C)E 
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Chapter 6 Cooling Water System 
7. Bilge Pump and BiJge Strainer (OptionaJ) 

(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 10 minutes. After this time 
it must shut off for a period of 2 hours before reusing 

(8) 00 not use the pump for showering 
If the pump oullet 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 tum 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 

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

1. Assembling the bilge pump 
• 5elect a dry 同ace above the bilge water level 
• 5elect the location for the bilge pump taking into consid­

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

• Position at a 45' angle as shown in the illustration with 
the nozzle facing up, and 50~ 70cm from the bottom of 
the boat 

ø 5X12 screw, 4each 
45' 

' .一

50-70cm 

/// /1 Bilge I 7Ti77 

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.) 

6一 16
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Ø5X12screw, 
Con1roller 

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~I.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 espe口ally 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 

Ø4X16screw.l each 

4. Attaching the delivery nozzle (outlet) 
• Make a fixing hole of 1> 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 (oullet) in place and attach on the dis 
charge side of the pump 

/ e z z o n y r e v e n
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Chapter 6 Cooling Water System 
7: BiJ注e Pump and Bilge Straíner (OptionaD 

5. Attaching the hose 
• Attach the hose lrom 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 b旧甜， and check lor 

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 dlscharged properly.τhe 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 ;nitially after a period of 10 seconds, lift 
the strainer above the water surface and stop the pυmp. 
Prime the pump before startlng it up agaln 

7. Fixing the sìrainer 
• After the leSl operation, fix the strainer Into place 胃ith

screW$ 
(日e careful not to damage the bottom of the boat with 
the sc陪ws.)

Cautions 10r Assembling 

Observe the following cautions for handling. 

'1)Do not use gasoline or solvents 
1. gasoline 2. ester 3. benzol 4. battery fluìd 
5自 liqu;ds at 70'C or greater or eng;ne 0;1 

ONever rυn when there 陪 no water ;n 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 
ins;de the motor or switch may lead to damage. When 
the insulation arour回 the cord is damaged. wa!er can 
seep in to the wires; thus, care should be !aken not to 
scratch or nick the cordω 

OWhen the pump has not 抽回 used for a long p剧。d 01 
time, !he inside 01 the pump will be dry and it may not 
operate properly al lirst. 1I after10 seconds the pump is 
not working , turn off the switch and prime the pump 
befo陪 trylO♀ a9am
(Never run the pump dry lor a period 01 greater lhan10 
seconds.) 

Printed in ]apan 
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。Replace the diesel engine oil only after the engine has 
been stopped for a period of 30 minutes (oil temp. 20-
7自'C). Whenever possible refrain from operation 时len
the oillemperature is below 15t or above 5白'C.

。8ilge water left in the hose or ;nside the pump can 
freeze, and care should be taken 10 see that any excess 
bilge is complelely d陆char吉ed. If bilge wa!er should 
freeze inside the hose or pump, it should be completely 
melted before starting up the pump. When the temper伊
ature inside the pump is low. it will take a longer time for 
the pump to operate. (O'C , 5-tOsecs,) 

。在eep the pump in a dry place away I阳m rain or ot且自
water 

OUse the regulation hose; do no use thin vinyl hose or 
hose which is nol heat. resislant 

@T情 pump cannol be used to drain off rainwater or large 
quantities of flood water. This pump can be operated 
continuously for a period of 10 minutes 

ODo nol use the pump for showering 
If the pump outlet is deforme时 for showering , the 
increase in waler pressure will increase lhe load on the 
motor and cause motor seizure 

。When slud吉e has built up in Ihe 以i吉e !o be drained, 
position the strainer abou! 20cm above the sludge 
When Ihe pump is stopped, be sure there is no sludge 
remaining inside the pump housing 

。τhe specific gravity for the 岳attery fluid is 1.25 
OReler !o your local dealer for impeller replacement 

The local dealer will perform the followlng 
The impeller replacemen! ki! includes one ;mpeller and 
3 lilms !or adjusting tr碍 side gap. If after replacing the 
impeller the pump does not drain、口lace side gap adjust. 
ment washers underneath the bottom plate to adjust. 
Select the number of lilms used in accordance with the 
!ollowing. (When the pυmp is draining譬如e electric cur~ 
rent load 旧 abou! 10A lor 12V and 5A for 24V. The 
pump operates efficiently at these electric current 
loads.) 
费Steps for replacement 
1. Remove Ihe impeller plate by taking out Ihe M4 

screws (4) and opening the top of the diaphragm 
switch and the 
(Screw lock has been applied to the screw, a罚da
dryer should be used to heat the screw belore remov­
ing i1.) 

2. Clean the inside of the pump 
3. Grease the plate, ímpeller, and lilm for side gap 

adjustment, and then reassemble the pump by insert­
ing first Ihe lilm plate and then the impeller. 
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Troubleshooting 

Aefer to the fOllowing countermeasures for difficulties that arise 

Problem Cause Countermeasure 

1. Pump does not turn Faulty wiring Check the wiring between the motor and battery 

Faulty battery Check 10 see if the spe由fic gravity of the battery 
fluid is greater than 1.25 
Recharge ar replace the battery 

Faulty starter switch Consult your local dealer. 

Faulty pump Consult your local dealer. 

2. Pump turns but does not draw up Draws up air. Check hose connections. 
water Retighten pump screws 

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

The distance between the pump Lower the pump. (Position the pump 50 that it is closer 
and the surface of the water is to the surface of the water.) 
too great 

The pump is too high Lower the pump. (Position the pump so that it is 50---
70cm above the bottom of the boat.) 

Pump intake is weak. If intake is st川 faulty after priming, consult your local 
dealer. 

3. Pump turns , but the amount of Clogged strainer Clean strainer 
discharge is low 

Hose i5 broken or damaged. Check for damage and repair. If incorrect hose has 
been used , replace with the regulation type of hose 

4. Water leakage from pump Water leakage from packing Retighten pump screws. 

Faulty pump seal Consult your local dealer 

5. Pump draws up bilge, but motor Faulty diaphragm switch Check for 1005e wiring in diaphragm 5witch and correct 
stops when hand is removed from 
starter switch. Oamaged diaphragm switch Consult your local dealer 

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

Oamaged diaphragm switch Check for continuity of diaphragm switch terminal 
Consult your local dealer if there is continuity. 
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Cl!aptεr 7 Reduction and Reversíng Gε'ar 

1. Construction 3.4JH3(B)(C)E 

Marine Gear Models 

KM3A 
for Engine Models 3JH3BE 

4JH3BE 

1. Construction 
1 -1. Construction 
Thìs clutch ìs a cone-type , mechanìcally operated clutch 

When the drìve cone (whìch is connected to the output 

shaft by the lead splìne)旧 moved forward or backward. 

its taper contacts wìth the large gear and translers power 

10 the output s扫aft

The constructìon ìs sìmple when compared with other 

lypes 01 clutch and jf serves 10 reduce the number 01 

components, making for a lighter, more compact unìt 

whlch can be operated smoothly. Although it is Small , 

the power transmiss!on etflcìency is 秘♀扫 even under 

a heavy load. Its durability is high and ìt is also reliable 

because high 吉rade materials are us忍d for lhe shaft 

and gear, and. a taper roller bearìng ìs incorporated 

Power transmissìon 15 sm001h because connectìon with 

the engine is made through the damper disc 

• The drìve cone is made lrom special alumìnum 
bronze which has 岳。t扫 h号扫er wear~resìstance and 

durabilìty , The drive cone ìs connected with lhe 

output shaf! through the thread spline , The laper 

8ngle, d旧me!er of Ihe drive cone, !wist ang恼， and 

diameter 01 the thread splìne, are designed to give the 

greatest efficìency, thus ensuring that the drive cone 

can be readily engaged or disengaged 

• Helical gears are used for greater strεngth. 
The intermedìate shaft is supported al 2 points to 

reduce deflection and gear noise 

• The clutch case and mounting flange are made 
Irom an alumìnum alloy of special composìtìon to 

用世υεewei吉烛，

Printed Ïn }apan 
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It is al80 anticNrosive against sea、vater

• As the damper disc is fitted 10 the input shaft, power 
can be !ransmitted smoothly 

• There is small clearance be!ween the dipstick and the 

inside 01 the dipsticl飞缸垣e. A small hole in the dip­

stick works as a brea!her 

• When the load on the propeller is removed , the 
engagement 01 the drìve cone and the large gear is 

maintained by the shilter and V-groove 01 the drìve 

cone.ξven when the dríve cone's tapered area and 

V-groove are worn , thís engagement is maintaìned by 

the shm lever device and accordingly no adjustment 01 

the remote control cable is required 

• The cup spring on the rear 01 the larger gear absorbs 
rotational fluctυations and stabilizes the engagement 

01 the drìve cone and the larger gear. Thus, the 

dura趴在ty 01 tt暗 cone against wear is enhanced 



Chapter 7 Reductíon and Reversíng Gear 

1. Construction 

1-2 Specifications 

Model 

For engine models 

Clutch 

Forward 
Reduc巾。n ratì。

Reverse 

Propeller shaft rpm (Forward) 

Input shaft 

Oirection of rotation 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 01 shift lever 

Lubricating oil 

Lubricating oil capscity 

Dry weight 

Note 
In the ca5e 01 clutch model KM3A, when are larger pro­

peller or moment 01 inerta 01 the propeller than th05e li5t­

ed in the table bellow i5 u5ed, in5tall the limiter (Option) 

3,4]H3(B)(C)E 

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 

t577 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 accesso叩

Ø100mm 

Ø78mm 

4-Ø10.5mm 

Right side, viewed from stern 

SAE 20/30 

0.45g 

12kg 

Reduction ratio No. 01 blade Diameter 01 the propeller Moment ot inertia (GD 2kg_m 2
) Material 

3 450 
2.33 

4 425 

3 470 
2.64 

4 440 

3.21 
3 490 

4 460 

(mm) 

7-2 

主亘0.15

二至0.19

至0.23

Bronze 
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3.4JH3(B}(C)E 

1-3 Power transmission system 

1-3-1 Arrangement 01 shafts and gears 

Idle gear Input gear 

./ Input shaft 

·、号

司

Output shaft 

large gear.ol 
outiíut shaft J 

Intermediate shsft 

Fo附ard sfT!a!t gear 
with input shaft 

/ 

Shaft arrange.men.t 
vì8wed from the stern 

Reverse sma!! 白ear
wíth input shaft 

/ 

Idle gear 

/
凹 Output shaft 

1-3-2 Reduction ration 

Forward 

Model 
No. 01 teeth No. 01 teeth Reduction retio ZofJZil 01 forward small gesr Zìf offorward 18rge gear lol 

24 56 56/24 = 2.33 

KM3A 22 58 58/22 = 2.64 

19 61 61/19 = 3.21 

F在everse

Model No. 01 teeth No. 01 teeth 
时 reverse small gesr li1 I 01 intemedìate shaft gear Zi 

23 36 

No. 01 teeth 
01 reverse large gear Zdr 

70 

Reduction 旧tio ZilZir • Zdr/ll 

KM3A 70/23 = 3.04 

Printed in 13阳n
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Chapter 7 Reducúο'fl and Reversing Gear 
1. Construction 

1-3-3 Power transmission routine-Forward 

Drive cone 

1-3-4 Power transmission routine-reverse 

Orive cone 

Intermediate gear 

Reverse large gear 

Reverse large gear 

7-4 

3.4]H3(B)(C)E 

:\ 
djc 

C 

Output shaft coupling 

/萨-\

C 

Output shaft coupling 

l'rinted in ]apan 
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Chapter 7 Reduction and Reversing Gear 

1. Cons truction 

1-5 Sectional view 

3,4]H3(B)(C)E 

』U
E
F
』
-
-
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2. Shifting Device 
2-1 Construction of shifting mechanism 

3,4]H3(B)(C)E 

Bolt (M8 x 30) 

Bolt (M8 x 25) 

The shift lever shaft is installed on the side cover with 

neutral, forward and reverse posit旧ns provided on this 

cover, The neutral , fo阿vard and reverse location pins 01 

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 positìons.) 

Printed in ]apan 
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Chapter 7 Reductiοn and Reversing Gear 
2. Shifting Device 3.4JH3(B)(C)E 

2-2 Forward and reverse clutch operation 

(Neutral =今 Forward; Neutral 斗 Reverse)

When the shift lever is moved to torward position trom 
the neutral position , the shift lever shaft starts to revolve , 

and the location pin disengages trom the neutral V 
groove position ot the side cover. (Shift lever moves 
approx. O.5mm to the drivecone side.) At this time the 
shifter, moves the drive cone's V.groove to the forward 
large gear 

AU­r­a-e fd ES F

一
-il 
l( Shifter center 

1(Cone center) 

2-3 Engagement and disengagement of clutch 

(Fo附ard 斗 Neutral; Reverse 斗 Neutral)

入…L

厅叩
(Shift lever \ 
shaft mo'y~s , Sid 
approx. O.5mm) ~~-utrãi position 

( V-grove) 

When the location pin ot the shitt lever shaft talls in the 
f。同vard position groove ot the side cover, the shitt lever 
shaft moves approx. 3mm to the shift lever side , and the 
shifter stars to press the drive cone V-groove to the 1or­
ward large gear side through the spring torce Shifter center 

Shift lever shaft 
/ 

When the shift lever is moved to the torward posit旧n

trom the neutral posi t'lon , the shift lever shatt starts to 
revolve, and the location pin disengages trom the tor 
ward position groove ot the side cover. (The shitt lever 
shaft moves approx. 3mm to the drive cone side.) At 
ttlis time , the shifter which is S8t on the eccentric hole 
ot the shitt lever shatt is moved to the neutral side 
(reverse large gear sìde). The drive cone , however, is 
engaged with the torward large gear through the torque 
torce produced by the revolving centritugal torce 

JlL 
飞飞一扎叫

At engagement position 

Further, when the shift lever shatt starts to revolve, and 
the positioning pin talls in to the neutral V-groove position 
ot the side cover (the shitt lever shaft travels approx 
5mm to the shift lever side) , the shitter moves to the shift 
lever side(to the spring side) while moving the y-groove 
ot the drive cone to the reverse large gear side. The 
movement ot the shifter to the shitt lever side, howev­
er, is stopped when the shitter end contacts the stop­
per bol t. The shitter only works to press the V-groove 
ot the drive cone to the reverse large gear side. Thus , 

the drive cone is disengaged trom the torward large 
gear. After this disengagement, the transmission torque 
ot the drive cone is decreased to zero and the shitt lever 
is returned to the neutral position by the spring torce 

"u a LH S 

rr 
e
m
唱

tiw ne outl 

刊
呻
/
­

恒
囚
一
/

f KH CJM 

G 

Reverse 
side 

气气

(Shift lever shatt 

moves approx. 3mm) 
Shifter center 
Cone centar 

Shift lever shaft 

(Shift laver 
shaft moves 
approx. O.5m町、

Side COV3r 
~~utral pc.sition 
(V.groove) 
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Chapter 7 Reduction and Reversing Gear 
Z ShiftinJ( Device 

2-4 Clutch shifting force 

Remote control handle 
hifting pos巾。n shiftlng lever p。sl-p(C。satbltl旧en at 170mm 

ftina direction\tion at 56mm I (Cab'telength ,'4m) shifting directio 

Engaging force 3-4kg 4-5kg 
at 1000rpm 

Oisengaging force 3.5-5 kg 4-6 kg 
at 1000rpm 

2-5 Adjustment of shifting device 

Whenever the side cover, shitt lever shaft , shifter, stopper 

bolt or drive cone is replaced ,be sure to adjust the clear, 

ance between the shifter end and the stopper bolt by 

using shims , When the adjustment ot this clearance is 

not proper the drive cone may be improperly titted When 

the shift lever is moved to the neutral position from either 

the for ward or the reverseposition 

Printed in ]apan 
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Reverse 

Forward 一-?>

Forward side 

Reverse side Shifter top clesrance 
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Chapter 7 Reduction and Rever，田ng Gear 

z ShiftÍng D肌lice

2-5-1 Measurement and adjustment of clearance 

(1) Assemble the shiNing mechanism (without installing 

the stopper bolt 01 the shifter) to the marine gear 

case 

NOTE : Ensure the correct alignment 01 the shilter 
belore assembly 

Top side 

f 
Shift lever 
shaft center 

Shifter center 

Bottom side 

(2) Turn the shiN lever 10-15 degree either to the lorward 

。r reverse pOSlt旧n lrom the neutral position 

(3) Measure the L-distance between the shift lever shaft 

end surlace and the shiNer end and measure the mini 

mum L (Lmin) 

(4) Measure the H-distance (the distance Irom the neck 01 

the stopper bolt to its end) 

(5) Obtain the shim thickness T" by the lollowing lormula 

T = (H一Lmln + 1.25) ::!:0.1 mm 

NOTE : Shim set includes one each 01 1 mm, O.4mm, 

0.3mm, 0.25mm shims 
(YANMAR Part No. 177088-06380) 

(6) Inse同 shim (s) 01 proper thickness 10 Ihe stopper bolt 

side and tighlen 10 Ihe shift lever shaft 

NOTE : When tightening the stopper bolt, apply either a 
non-d贝ying type Iiquid packing (THREE BOND 
No.1215), or a seal tape around the bolt threads 

Approx 

00 not apply : 
liquid packing' 
or seal tape 10 
this area 

7-10 
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2-5-2 Inspect for the following points 

(to be inspected every 2-3 months) 

(1) Looseness al Ihe connection 01 Ihe cable conneclor 

and Ihe remole control cable 

(2) Looseness of the attaching nut of the cable connector 

and Ihe shiN lever 

Printed in ]apan 
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Chapter 7 Reduction and Reversing Gear 

z Shifting D悟vice 3,4]H3(B)(C)E 

e 
m
\过

v e R 

2心 Adjustment of the remote control head 
Marine gear box control 时de

(1) Equal distribution 01 the control lever stroke. 

Forward ~卢-'7'

Forward 

Remote Control Head 

Neutral 

问everse

2-7 Cautions 

(1) Always stop the engine when atfaching , adjυsting. 

and inspecting 
(2) When conducting inspe心tion immediately after stop­

ping the engine. do not touch the clutch 
τhe oil temperature is often raised 10 around 90"<: 
(194'F) 

(3) Hall-clutch operation is not possible with this design 
and construction. Do not use with the shift lever 
hallway to the engaged position‘ 

The stroke between the neutral position → 10阳ard posi­
tion (8窍. and the 陪υtral position • reverse position (81) 
mUSI be equalized 
When either stroke 陆 100 short. clutch engagement 
becomes faulty 

(2) Eqυalizing the travel distance of the control cable 
After ensuring the equal distribution 01 the stroke 
described in (1). connect the ca如le to the control 悔ad

A叫ust so that the cable shift travel 01 the 8, and 82 
control lever strokes becomes identical 

NOTE: The dual (Two) lever remote control devìce can­
not be usded. 

Forward 

Remote Control Head 

Note ;(黯) Cable shift t陆.vel
81 = Morc than 36mm 
S2= More than 36mm 

Newtral 

82 81 

Reverse 

To engine speed 

7-11 Printed in }apan 
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Chapter 7 Reduction and Reversing Gear 
3. InspectÍon and ServÍcÍng 3，4lH3(B.日(C)E

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 
sectlon 
Also, measure the inside diameter of the case 
Replace the case il it is worn beyond the wear limit 

3-2 Bearing 

(1) Rusting and damage 
If the bearing is rusted or the taper rolier retainer is 
damages, replace the bearing 

(2) Make sure that the bearings rotates smoothly 
If rotation is not smooth , il there is any bindlng , or il 
any abnormal sound is evident, replace the baring 

3-3 Gear 

Check the su叶ace ， tooth lace conditions and backlash 01 
each gear. Replace any defective par1 
(1) Tooth surface wear 

Check the tooth surface lor pitting , abnormal 
wear,dents ,and cracks. Repair the lightly damaged 
gears and replace heavily damaged gears 

(2) T ooth surlace contact 
Check the tooth surlace contact. The amount 01 tooth 
surface contact between the tooth crest and tooth Ilank 
must be at least 70% 01 the tooth width 

(3) Backlash 
Measure the backlash 01 each gear, and replace the 
gear when it is worn beyond the wear limit 

Maintenance 
standard 

aInnpd ut shaft forward gear 
output shaft forward 0.05~0.14 

gear 

aInnpd ut shaft 『eve『se gear 
intermediate gear 0.06~0.12 

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 Iimit 

0.2 

0.2 

0.2 

Visually inspect the tapered surface 01 the lorward and 
reverse large gears where they make contact with the 

7• 12 

drive cone to check il any 
abnormal condition or sign 
of overheating exists 

1I any defect is lound, 

replace the gear. 

(2) Forward/reverse gear needle bearing 
When an abnormal sound is produced at the needle 
bearing , visually inspect the roliers; replace the bear 
inq il the rollers are laulty 

笔墨\Rollers
3-5 Drive cone 

(1) Visualiy inspect that part 01 the surlace that comes 
into contact with the circumlerential triangular slot 
to check lor signs 01 scoring , overheating or wear. 1I 
deep scoring or signs 01 overheating are lound , 

replace the cone 

contact surface 

Helical involute spline 

(2) Check the helical involute spline lor any abnormal 
condition on the tooth surlace , and repair or replace 
the par1 should any delect be found 

(3) Measure the amount 01 wear on the tapered contact 
surlace 01 the drive cone , and replace the cone when 
the wear exceeds the specilied limit 

Printed in ]apan 
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Chapter 7 Reduction and Reversing Gear 

a Inspection and Servicing 

mm 

Standard dimensions I Limited dimensions 

Dimensions 2 29.2-29.8 28.1 

NOTE : When dismantled, the forward or reverse direc­
tion of the drive cone must be clearly identified 

(4) 1I the wear 01 the V-groove 01 the drive cone is exces­
sive , replace the pa叫

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 15 descnbed below 

3-5-1 Lapping Procedure for Drive Cone 

(1) Coat the lapplng powder onto the cave 01 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 

Printcd in ]apan 
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3,4JH3(B)(C)E 

(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 lapplng them , wash them with washing oi l. The 
lapped parts should be cleaned completely 

Small 

Large 

NOTE: 00 not mix the combination of the lapped parts 
The washing oil should be chaηged frequently in 
order to prevent residual powder being left on the 
parts 

When assembling the drive cone , be sυre to 
check its alignment. The larger chamferrng face 
should be on the forward large gear slde 



Chapter 7 Reductj，οn and Reversing Gear 
a Inspectiο咽 and Servicing 

3-6 Thrust collar 

Thrust collar A 

Thrust collar B 

7-14 

Thrust collar B 

3.4]H3(B)(C)E 
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Chapter 7 Reduction and Reversing Gear 
a Inspection and Servicing 

(1) Visually inspect the sliding surlace 01 thrust coliar A 
or B to check lor signs 01 overhealing , scoring , or 

cracks. 
Replace Ihe collar il any abnormal condition is 
lound. 

(2) Measure the thickne臼 of th阳sl collar A or 眶. and 
replace it when the dimension exceeds the specified 
Ii由此

11 

i-一… Sliding su巾ce Sliding surlace →喻-，

Thrusl collar A Thrusl collar 日

Stepped wear 

Thrust collar A, tl 

Thrust collar B. t2 

3-7 Cup spring 

limit for use 

0.C5 

0.20 

(1) Check lor cracks and damage \0 tMe CUp spring 
Replace the part if defective 

t2 

l"'1Tr 

(2) Measure lhe Iree length of lhe cup spring. If the lenglh 
。r Ihe thickness deviates from the standard size. 
replace the pa同

Cup spnng 

Cup spring.T 

Printed În ]apan 
!!INSH{.H8009 

τ 

罚、何习

Standar甘 Limit 

2.8-3.1 2.6 

7一 15

3,4]H3(B)(C)E 

3ω8 Oil seal of output shaft 

Visually inspect the oil seal 01 lhe output shaft 10 check il 
Ihere is any damage or oilleakage; replace the seal when 
any abnormal condition is lound 

3嗣9 Input shaft 

Oilseal 

Rollar bearing 

Ro!ler bearing 

(1) Spline pa内
Whenever uneven wear and/or scralches are lound. 
replace wilh a new part. 

(2) Suriace 01 011 seal 
If Ihe sealing surface of Ihe oil seal is worn or 
scratched, replace 

3-10 Output shaft 

Key slOI 
G-叫pln

He!lca! involute splíne 

(1) Visually inspect the spline and the helical involυle 

spline. and repair or replace a part when any abnor­
mal condílion 四 lound on íts surface. 



Chapter 7 Reduction and Reversing Gear 
a Inspection and Servicing 

3-11 Intermediate shaft 

6all bearing 

Intermediate shaft 

(1) Sall bearíng 

Check lhe lurning condílíon wílh genlly rolale , and 
when bearíng ís slícked or damaged 
Replace íl necessary 

3-12 Shifting device 

3-12-1 Shifter 

叫…m叫p

r 铲俨飞 dingωM叫叫…斤巾4丛a」↓)Led…叫

Shift lever shaft 

(1) Visually inspecl lhe surlace in contact with lhe dríve 

cone, and replace the shifter when signs 01 overheat 
ing , damage or wear are found 

(2) Measure the shaft diameter 01 the shifter 

Replace the shaft íf the size deviales lrom the stan 
dard 

7-16 

3,4]H3(B)(C)E 

mm 

Standard Limit 

01 6.69-6.70 6.50 

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 localion pin 

(1) Check lhe shift lever shaft and location pín for 
damage or distortion, and replace defective parts 
If lhe location pin must be replaced , replace il 
together with the shifllever shafl. 

(2) Measure Ihe diameter 01 Ihe shifllever shaft and the 
shifter insertion hole. Replace the part if the size devi­
ates from the standard value 

.p 5, Location pin 

Standard 

01 27.959-27.98 

02 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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Chapter 7 Reductio妇 and Reversing Gear 

Z. Inspection and Servicing 

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 tength 22.6mm 19.8mm 

Spring constant O.854kg/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 

3-12-5 Side cover and oil seal 

(1) Check the neutral , forward and reverse posit旧n

grooves 
Replace if the grooves are worn 

(2) Measure the insertion hole of the shift lever s haft 
Replace if the size deviates Irom the standard value 

(3) Check the oil seal and the O-ring lor damage 
Replace il the pa门 is delective 

Reverse 一-

Neutral 句'

Printed in ]apan 
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3-13 Damper disc 

Spline 

Pin Spring 

(1) Spline pa门

Whenever uneven wear and/or scratches are found , 

replace with a new part 
(2) Spring 

Whenever uneven wear and/or scratches are tound, 

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 pa门 with a new one 

3-14 Shim adjustment for output and input 
shafts 

Check the thickness 01 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 f1ange or any one 01 the following parts is 
replaced the thickness of the shim must be determined in 
the 10110wing manner 

For input shaft pa叫 input shaft, bearing 
For output shaft pa时s: output shaft, thrust co l1ar A, thrust. 
collar 日， gear, bearing 



Chapter 7 Reduction and Reversing Gear 

i Inspection and Servicing 

(1) Shim thickness (T2 ,T3) measurement of output shaft 

(a) Measure the bearing inse同ion 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 

NOTE : Tighten the mounling f1ange nut 01 the output 
shalt assembly with the specilied torque. Press 
lit the inner race 01 the clutch case roller bearing 
10 the large gear side 

!「 ;;JJi霄1臼
fL 人」壁rf

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 (0) and (C) , press the 
lorward large gear and the reverse large gear to 
the drive cone until there is no clearance 

(d) Obtain thicknesses (T2) and (T3) by the following 
formulas 

T2 = A+A' -8-T3 (T2: Clearance 土g.lmm)

T3(KM3A) = A' -50一C/2一D (Tolerance:t0.05mm) 

Clutch case 

7一 18

日

Tt 

IIngfl~ 

「一-一

T1 : Clearance::!::口 05

3,4]H3(B)(C)E 

Out put shaft assy 

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 face of the input shaft 

4. Move the input shaft up and down manually and read 
the dial gauge figure to de口de 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 

Printed in ]apan 
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Chapter 7 Reduction and Revers江ng Gear 

t1. Inspection and Servicing 

(2) Standard size 01 pa时S
mm 

A+A' B c D Drive cone neutral 
center posltlon 

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 阳rge­

Iy from the standard sizes. measurements may 

not be correct. Check and measure again 

(3) Adjusting shim set 

问rt No. 1 Tickne臼 mm(in.) 1 NO.ol shims 

1.0 
Input and . 1177088-023001 0.5 
Output shaft 1" . --- ----1 0.3 

0.1 3 

3-15 Torque Iimiter 

Coupling 

Shim 

Cup spring 

Holder 

The torque limiter assembly includes these parts 

The conversion to the torque limiter specification is easy 

by exchanging the standard shait coupling. (Use the 

check nut, not the end nut , to install the torque limiter.) 

Printed in ]apan 
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Chapter 7 Reduction and Reversing Gear 

4. Disassembly 

4. Disassembly 

4-1. Dismantling the clutch 

(1) Remove the remote control of cable 
(2) Remove the clutch assembly from the engine mounting 

flange 

九二!.-'

(3) Orain the lubricating oil 
Orain the lubricating oil by loosening the plug at the 
bonom of the clutch case 

7-20 

3. 4JH3(B)(C)E 

(4) Remove the end nut and output shaft coupling 

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. 

Prinled in ]apan 
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Chaptεr7Rεductio世 aIld ReversiIlg Ge,1r 
4. Disassembly 

(7) Remove the bolts which secure the mountìng flange to 
the case body, gi￥e light taps 10 the left and rig扣tw过h
a plastìc headed hammer whìle supportìng the c1utch 
case wìth your hand , then remove the mountìng 
flange. 

Plastic headed 
hummer 

/' 

(8) With岳阳w the output shaft assembly 

Printed in }apaß 
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Clutch housing 
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3.4]H3(B)(C)E 

(9) Take out the intermedìate shaft and ìnput shaft and 
intermediate shaft. 



Chapter 7 Reduction and Reversing Gear 

4. Disassembly 

(101 Remove the oil seal of the output shaft from the case 
booy. 

1 
Oilseal 

(1 11 Remove the outer bearing race from the case body by 
using the special tool 

Outer bearing race 

O 

O O 

Special tool 
P剧。 177088-09010

Case body 

Outer bearlng race 

7-22 

3,4]H3(B)(C)E 

(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 p阳tes can be revsed when 
the tol/owing pa厅B are not 陪同时时
When any part is replaced however, rea功'Ustment

15 necessary. 

4-2 Removal of the output shaft 

(1) Take out the reverse large gear, thrust coliar A, cup 
spring and inner bearing race 
The reverse large gear must be withdrawn using a 
pulley extract凹， by fixing the nut at the forward end 
In a VJCè 

Pυ lI ey pullar 

Cradle 

Revene large 

(2) Loosen the calking of the forward nut and remove the 
nut 
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Chapter 7 Reduc白。'n and Reversing Gear 

4. Disassembly 

(3) Place the puliey 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 

NOTE: Take care as the nut has left.handed thread 

Printed În ]apan 
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3,4]H3(B)(C)E 

(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 

f 
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4-3 Removal of the intermediate shaft. 

(1) Remove the ball bearing using a pulley. 

(2) Remove the ball bearing oppostte narrow end using 
screw driver 

7-24 

3，4lH3(B)(1οE 

4-4 Dismantling the shifting device 

(1) T ake out the shifter and shifter spring 

(2) Remove the stopper bolt of the shifter and shim 

(3) Loosen the bolt 01 the shilt lever anrl remove the shilt 

lever Irom the shift lever shalt. 

J 
(4) Remove the shift lever to the anti-shil lever side 

(5) Remove the oil-seal and O-ring 

Printed in Japan 
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Chapter 7 Reduction and Reversing Gear 

5. Reassembly 

5. Reassembly 

5-1 Reassembly of output shaft 

(1) Fit the fO lWard side thrust collar B onto the shaft 

(2) Drive in the lorward end inner needle bearing race 
uSlng a )Ig. 

(3) Assemble the needle bearing and 10即ard large gear. 

NOTE : Check that the forward large gear rotates smoothly 

(4) Fit the cup spring , Pin and thrust collar A, and dive in 
the inner bearing raCB υslOg a Jlg 

Prinred itl j ll.pa.n 
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Pín 

surface 

collar A 

shaft 

7-25 

Inserting tool 

Roller bearing --::: 

飞

3.4JH3(BXC)E 

NOTE : 1) Drìve in with a plastic headed hammeκ 
Do not hit ìl hard 

2) When fìtting the thrusl col阳r A, note the filling 
dlrectlon. Fìt il keeping Ihe stepped surlace 
toward the roller bearing sìde今

3) Note that the pin cannot be fitted after the 
ìnner bearÎng race has been dríven in. 

4) Check that the lorward large gear rotates 
smoothly. 

(5) Set and tighten the forward end nut. Insert the bolt 

inl0 the coupling, and lix il in a vice , keeping lhe spline 
part upward 

Insert the shaft into the spline 01 the coupling, fit the 
spacer, and tighten the nut with a torque wrench 

主2士革

Output shaft 

Tightening torque 10士1.5阳刊

(了he same torque applies 10 bolh models KM2P and KM3P) 

NOTE : 1 J Take care as ìt is a left-handed thread. 
2) Use the reverse side nut used before disman­

tling at the forward eng. Thís is to provide 
effective calking 10 the nut by changing Ihe 
calking position . 
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Calking chi5el 

(6) In5ert the drive cone while keeping the output 5haft 5et 
for reverse 

Output 5haft 

Drive cone 

(7) Apply procedures 1 through 4 to the forward end 

Stepped 

Thrust coller A 

Output 

NOTE :1) Fit thnυst collar A so that the stepped surface 
faces the roller bearing side 

2) Check that the reverse large gear rotates 
smoo的收，

7-26 

3.4fH3(B)(C)E 

5-2 Reassembly of the clutch 

(1) Fit the oil seal. bearing outer races and shim (output 

shaft side) in the ciutch case 

(2) Insert the input shaft into the clutch case 

(3) Drive the intermediate shaft into the ciutch case 

(4) Insert the output shaft into the ciutch case 

Printed in ]apan 
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Chapter 7 Reduction and Reversing Gear 

5. Rε':lssembly 3,4JH3(BXC)E 

(5) Fit the adjusting plate to the mounting flange, and 
drive in the outer bearing race 

NOTE: The outer bearing race can bθ easily driven in 
by heating the mounling Ilange 10 about 100 'C, 
or by cooling the outer race with liquid hydrogen . 

(6) Apply non-drying liquid packing around the outer 
surface 01 the 011 seal , and insert the 011 seal Into the 
mounting Ilange whìle keeping the sprìng part 01 the 
oil seal facing Ihe inside 01 Ihe case 

(7) Apply non-drying Iì吁υid packing to the malchlng 
surfaces 01 the mounling lIange end Ihe case body 

(8) Insert the input shalt and oulpul shaft into the shaft 
holes 01 the mounting lIange, assemble the mounting 
Ilange on Ihe case body , and lighten Ihe boll 

Oulput shaft 

NOTE ; Apply non-dryin吉 líquìd packing 10 eilher the 
mounting Ilange or Ihe case body. 

(9) Assemble the output shaft coupling on the output 
shalt, and fit Ihe O-ring 

(10) Tìghlen Ihe end nul by using a torque wrench , theπ 
calk it 

\ 

飞
、

\ \ 

Non-drying Iiquìd packing 

NOTE: Take care as it is a left-handed thread 

E且I.._ 10:t l.5kg-m一
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5-3 Reassembly 01 the shiating device 

(1) Fit the oil seaJ and O-r;ng to the side cove仁

(2) Insert the shìft lever shaft to the side cover 

(3) Fit the shift Jever to the shift lever shaft. 

NOTE ; Check the dlrection of the shift lever Ll. mark 

商P
Sîde cover 

部
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NOTE: 1) Check the direction of the shifter (Top and 
bottom sid，时-

2) The shilt lever may not tum smoolhly if the 
clutch case is not Iilled with Iυbricating oil 

(6) Fit the shim and stopper bolt to the shift lever shaft 

NOTE : Apply non.drying liquid packing or sealtape to 
the thread 01 the stopper bolt 

00 not apply 
liquid packing 
orse副 lape 10 
this area 

(ηFit the pivot to the shift lever 

Sh ft washer 
ift leve\-\ 
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Chapter 7 Reduction and Reversing Gear (KM31千7

1. Construction 3.4JH3(BXC)E 

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 

shalt by the lead spline)is mov时 forward or 抽ck阳碍，

its taper contacts with the large gear and translers power 

to the output shaft 

The conslruction is simple when compared wilh other 

Iypes of c1utch and if serves to redυce the nυmber 01 

componen怡， making lor a lighter, more compact unit 

which can 也e operated smoothly. Allhough ìt is Small, 

Ihe power transmission efficiency is high even under 

a heavy load. Its durability is high and it is also reliable 

because high grade mater旧Is are used for the shalt 

and gear, and. a taper roller 扫ea员们9 is incorporated. 

Power transmission is smooth because connection with 

the engine is made through the damper disc 

·τ扫e drìve cone is made from special a!umìnum 
bronze which has both higher wear-resistance and 

durability. The drive cone is connected with the 

output shaft through the thread spline. The taper 

angle, diameter 01 Ihe drive cone, twist an9le, and 

diameler 01 the thread spline, are designed to give Ihe 

grealest efficiency. thus ensuring that the drive cone 

can be readily engaged or disengaged. 

• Helical gears are used lor greater strength 

The intermediale shaft is supported at 2 points to 

redυεe dellection and gear noise 

• The clutch case and mounting flange are made 

Irom an aluminum alloy 01 special composition to 

reduce 即出ght

Printed in ]apan 
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It is also anticorrosive against seawater 

• As the damper disc is litted to the input shatt, power 
can be transmitted smoot妇Iy

• There is small clearance between the dipstick and the 
inside 01 the dipstick tube. A small hole in the dip句

stíck works as a 桂realher.

• When the load on the propeller is removed, Ihe 
engagement 01 the drive cone and the large gear is 

maintained by Ihe shifter and V-groove 01 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 01 

the remote control cable is 陪quired.

• The cup spring on the rear 01 the larger gear absorbs 
rotational fluctuations and stabilizes the engagement 

01 the drive cone aηd the larger gear τhus ， the 

durability of the cone against wear is enhanced 



Chapter 7 Reduction and Reversing Gear 

1. Construction 

1-2 Specifications 

Model 

For engine models 

Clutch 

Forward 
Reduction ratio 

Reverse 

Propeller shaft rpm (F。阳ard)

Input shaft 

Direction 01 rotation Fo附ard
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 
Jn the case 01 c1utch modeJ KM3A, when are larger pro 

peller or moment 01 inerta 01 the propefler than those list 

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

2.36 

3.16 

1559 

3,4]H3(B)(C)E 

KM3P 

3JH3E 4JH3E 

Constant mesh gear with servo cone clutch (wet type) 

2.61 3.20 2.36 2.61 

3.16 3.16 3.16 3.16 

1411 1150 1559 1411 

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 

ø 100mm (3.93") 

ø 78mm (3.07") 

4-Ø 10.5mm (4-Ø0 .41") 

Right side, viewed from stern 

SAE 20/30 

0.35 e 

12kg (26.5Ibs) 

Aeduction ratio No. of blade Diameter of the propeller Moment of inertia (G02kg_m2) Material 

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 

主三0.15

主至0.19

主量。 23

Bronze 

Printed in ]apan 
H1NSHI-H8009 



Chapter 7 Reductíon and Reversing Gear 

1. Construction 

1-3 Power transmìssìon system 

1-3.1 Arrangement 01 shafts and gears 

Idle gear 

Intermediate shsft 

Forward small gear 01 input shalt 

Rεverse smal!吉ear of in芦ut shaft 

Input shaft 

Large g~ar. of pul shaft 
output shalt 

J.4JH3(B)(C)E 

Output shaft 
Forward smaH gear 
with input shalt 

1-3.2 Reduction ration 

Forward 

Model 

KM3P4 

Reverse 

No. 01 teeth 

Shaft arrangement 
viëwed'" from the stern lntermedlate shaft 

id!e gear 

Reverse large gear 

No, of teeth No 巾eth!
。110附a时 smaH gesr Zil of forward 鸡鸣egear Zof 

25 59 

23 60 

20 64 

No. 01 teeth No. 01 teeth 
Mod时 of reverse 5ma!1 gesr Zif of intemedïate shaft gear Zi 。f reverse large gear Zdr 

KM3P4 
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19 26 60 

7-31 

ReverSé smalt qear 
with input sha汽w

Reductlon retio ZoflZif 

59125 黯 2.36

60/23 = 2.61 

64/20 3.20 

Reduction ratio Zi/Zir • ZdrlZi 

60/19 = 3.16 



Chapter 7 Reduction and ReversÍflg Gear 

1. Construction 

1-3-3 Power Iransmission rouline-Forward 

Contact Clearance 

f 

F orward large 
gear 

Input sl1a!1 

Drive cone 

Intermedîate gear 

问everse large gear 

Orive cone 

1-3-4 Power Iransmission rouline-问everse

Input shaft 

crearance Confact 

Orive cone 

Reverse large gear 
Forward large gear Reve目e large gear 

Drive cone 

7-32 

3.4]H3(B)(C)E 

Oulput shaft 

二、
C 

Output shaft coupting 

Ou如ut shaft 

-----\ 

c 

p 

Output shaft coupling 
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Chapter 7 Reduction and Reversing Gear 

L Construction 

1-5 Sectional view 

巧
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C在apter 7 Reduction and Reversíng Gεar 

z Shiftinf( Device 

2. Shifting Device 
2-1 Construction of shifting mechanism 

3.4]H3(B)(C)E 

~\\ 

ucti pJjJUl 

Shift lever shaft 

Side cover 

日创刊M8 x 25) 

60lt (M8X25l 

The shift lever shaft is installed on the side cover with 

neutral , forward and reverse positions provided on this 

cover.τ悔附utral ， lorward and revarse location pins 01 

the shift lever shalt are constantly inserted into their 

respective grooves on lhe shilt lever by t扫e tension 01 

the shilter spring. The shifter is set on the eccentric hole 

01 the shilt 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 shilt 

lever shaft moves sli♀htly 10 the shift lever or drive cone 

Shift lever shaft 

side when the shilt lever is placed in the forward on 、 Spring Shifter 

reverse positions.) 

I气rinted in Japafl 
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Chapter 7 Reduction and Reversing Gear 

2 , Shifting Device 

2-2 Forward and reverse clutch operation 

(Neutral 斗 Forward; Neutral 司 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 posit旧n of the side cover. (Shilt lever 
moves approx. O.5mm to the drive cone side.) At this 
time the shifter, which is set on the eccentric hole 01 the 
shift lever shaft, moves the drive cone's V-groove to the 
lorward large gear 

When the location pin 01 the shift lever shaft lalls in the 
lorward position groove 01 the side cover, (the shilt lever 
shalt moves to the shilt 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 斗 Neut时; Reverse 斗 Neutral)

When the shift lever is moved to the forward position 
Irom the neutral position , the shilt lever shaft starts to 
revolve , and the location pin disengages from the for­
ward position groove of the side cover. (The shilt lever 
shaft moves approx. 3mm to the drive cone side.) At 
this time, the shilter which is set on the eccentric hole 
01 the shift lever shaft is moved to the neutral side 
(reverse large gear side). The drive cone , however, is 
engaged with the lorward large gear through the torque 
lorce produced by the revolving centrilugal lorce 

Further, when the shift lever shaft starts to revolve, and 
the positioning pin lalls in to the neutral V-groove position 
01 the side cover (the shilt 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 
01 the drive cone to the reverse large gear side. The 
movement 01 the shilter to the shift lever side, how~v­

er, is stopped when the shifter end contacts the stop 
per bolt. The shilter only works to press the V-groove 
01 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 
01 the drive cone is decreased to zero and the shift lever 
is returned to the neutral position by the spring lorce 

7-36 

3,4]H3(B)(C)E 

Shifter center 
(Cone center) 

卫厅

/ I Reverse 
/ side 

(Shift lever L→-一一一→一
Side cover' shaft moves approx. O.5mm) 

neutral position (V-groove) 

Shifter center 

头7
(Shift lever shaft 
moves approx. 3mm) 

L 

At forward engagement position 

。

7-
(Shift lever shaft 
moves approx. 3mm) 

Shifter center 
Cone centar 

Shift lever shaft 

|/li Forward Side 
Cone center 

Reverse 
side 

///1 
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Chapter 7 ReductÍon and Revel气sing Gear 

z Shifting Device 

2-4 Clutch shifting force 

、些哇旦坦ion
shîfting direction\ 

Engaging force 
at 1000rpm 

千 Remote control handle 
Shift le四FP?..;OSUUGnatmmm
tion at 56mm I '(Cable length , 4m) 

3-4kg 4-5kg 

坦雪19出二土工l 4土

2-5 Adjustment of shifting device 

Whenever the síde cover, shí耗 lever shatt, shífter, stopper 

bolt or drive cone is replaced ,be 5ure to adju5t the ciear 

ance between the shifter end and the stopper bolt by 

using shims. When the adjustment ot this clearance is 

not proper the drìve cone may be properly titted When the 

shift lever is moνed to the neutral positìon either from the 

forward or reverse p05ìtion 
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Forward 

Forward Sïde 

Reverse side 



Chapter 7 Reduction and Reversing Gear 

z Shifting Device 

2-5-1 Measurement and adjustment 01 clearance 

(a) Assemble the shifting mechanism (without installing 
the stopper bolt 01 the shifter) to the marine gear 

case 

NOTE : Ensure the correct direction 01 the shifter 
belore assembly. 

Top Side 

Shitt lever 
shaft center 

Shifter center 

Bottom side 

(b) Turn the shift lever 10-15 degree either to the 10川ard

or reverse position from the neutrai posit旧n

(c) Measure the L-distance between the shift lever shaft 
end surface and the shifter's end 

(d) Measure the H-distance (the distance lrom the neck oí 

the stopper bolt to its end) 

(e) Obtain the shim thickness T" by the following lormula 

T = (H一L + 1.25) :1: 0.1 mm 

NOTE : Shim set includes one piece each 01 1 mm, 

O.4mm, 0.3mm, 0.25mm shims 
(YANMAR Part No. 177088-06380) 

(1) Insert shim (s) 01 proper thickness to the stopper bo:t 
side and tighten to the shift lever shalt 

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 

日忙 EZLzx 
I I也not apply 

1 liquid packing 

2-5-2 Inspect lor the lollowing points 
(to be inspected every 2-3 months) 

(1) Looseness at the connectlon 01 tne cable connector 
and the remote control cabie 

(2) Looseness 01 the attaching nut 01 the cable connecto, 
and the shilt leve, 

7-38 
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2心 Adjustment of the remote control head 

Maríne gear box control side 
(1) Equal distribution 01 the control lever stroke 

Neu\ral 

Reverse 

叫 Remote Control Head 

The stroke bet四een the neut用I posítion 一. lorward posi­
tion (S药. and the neutral posit旧n → reverse position (S1) 

must be equalized. 
When either stroke is too s柱。时， clutch enga岳阳有ent

becomes laulty 

{郡王qualizing the travel d旧tance 01 t扣e control ca刨e
After ensuring the equal distribution 01 the stroke 
described in (1), connect the cable to the control head 
Adjust that the cable shilt travel 01 the S, and S2 con­
trollever strokes becomes identical 

Neutral 

Sl S2 

Reverse 

Remote Con\rol Head 

Note ; (*) Cable shift travel 
S 1= More than 36mm (1 .42") 
S2后 More than 36mm (1.42") 

/ 
To engine speed 
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2-7 Cautions 

(1) Always stop the engíne when attachíng. adjustíng. 
and inspecting 

(2) W扣eηcondυctíng ínspection ímmedíately alter s!op­
ping the engine. do no! touch the clutch 
The oil !emperature is often raised \0 aroυnd 90'C 
(194下}

(3) Hal卜clutch opera!旧n is not possible wi\h !hís design 
and construction. 00 not use with the shift lever 
hallway to the engaged position 

NOTE: The dual (Two) lever remote confrol devícè can. 
nof be usded. 



Chapter 7 Reductíon and Reversíng Gear 
3. Inspection and Servicing 3.4]H3(B)(C)E 

3. Inspection and Servicing 
3-1 Clutch case 

(1) Check 1he clu1ch 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 
If the bearing is rusted or the taper rolier retainer is 
damages, replace the bearing 

(2) Make sure that th~ 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. mm 

Mastlmanednaarnd ce 

aInnpd ut shaft forward gear 
output shaft forward 0.06-0.12 

gear 

aInnpd ut shaft reve「se gear 
intermediate gear 0.06-0.12 

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 Iimit 

0.2 

0.2 

0.2 

Visually inspect the tapered 创刊ace of the forward and 
reverse large gears where Ihey make contact with Ihe 
drive cone 10 check if any abnormal condition or sign 
of overheating exists 
If any defect is found , 
replace the gear 

Tapered su时ace

(2) Forward/reverse gear needle bearing 
When an abnormal sound is produced at the needle 
bearing , visualiy inspect the roliers; replace the bear. 
ing if Ihe roliers are faully 

通高\Rollers
3-5 Orive cone 

(1) Visualiy inspect that pa叶 of Ihe surface Ihat comes 
into contact with Ihe circumferential triangular slot 
10 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 Ihe helical involute spline for any abnormal 
condition on the tooth surface , and repair or replace 
the pa叫 should any defect be found 

(3) Measure the amount of wear on the tapered contacl 
surface of the drive cone, and replace Ihe cone when 
the wear exceeds the specified limit 

Forward large gear 

7-40 Printed in ]a.pan 
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Chapter 7 Reduction and Reversing Gear 

3. Inspection and Servícing 

mm 

Standard dimensions! Umited dimenslons 

Dimensions 2 32.7~33.3 32.4 

NOTE : Wl1en dismantled, the lorward or reverse direc 
tion olll1e drive cone musl be clearly identified 

(4) It the wear 01 the V-groove 01 the drive cone is exces-
5ive, replace the part. 

NOTE : When replacing tl1e dive cone, the dnve cone and 
forward large gear and reverse large gear must 
be lapped prior 10 assembly 
The lapping procedure is described below. 

3-5-1 Lapping Procedure for Drive Cone 

(1) Coat the lapping pow.der onto the cave 01 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 5et the drive cone on the clutch 
shaft 

Printed in ]:ap:m 
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(3) Lap the large gear's cave and drive cone , pushing 
them together by hand 

(4) Pusl亏 and lum the clutch gear a岳out 5 times both 
clockwise and counter-clockwise 

(5) After lapping them, wash them with washing 0;1. The 
lapped parts should be cleaned completely 

Small 

I.D.mark "0" 

NOTE : Do not mix 协e combinalion 01 Ihe lapped parts. 
The washing oil should be changed frequently in 
order topreνent residual powder being left on Ihe 
parts 

When assembling the drive cone, be sure 10 
check ils alignment. The larger chamlerrng 也ce

should be on the forward large gear side 



Chapter 7 Reduction and Reversing Gear 
a Inspectiο咀 and Servicing 

3-6 Thrust collar 

Forward large gear 

7-42 

Thrust collar B 

Drive cone 

3.4]H3(B)(C)E 
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(1 )飞lisually inspect the sliding surface 01 1扫rust collar A 

。 r 8 to check for signs 01 overheating , scoring , or 

cracks 
Replace the collar if any abnormal condition IS 

lound 
(2) Measure the thickness 01 thrus\ collar A or 8 , and 

replace it when the dimension exceeds the specified 
li育li t.

t2 

Sliding surface …一伽"

Thrust collar A Thrust oollar B 

Stepped wear 

Thrust collar A. t1 

τhrυst collar 8, \2 

Limit for use 

口 05

0.2号

3-7 Cup spring and spring retainer 

(1) Chεck lor craεks and damage to the cυp spring and 
spring retainer 
Replace the part if defective. 

(2) Measure the free length of the cup spring and the 
thickness of the spring rεtainer. If the lengt扫 or the 
thickness deviates Irom the standard size, replace the 
pa同

Cup spring Spríng retainer 

;二

T T 

Standard limlt 

Cup spring.T 2.8~3.1 2.6 

Spring retainerτ2.92~3.08 2.8 

8pring retainer,t 0.1 
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3-8 Oil seal of output sha我

Visually inspect the oil seal o! the output shalt \0 check i! 
there is any damage or oilleakage; replace the seal when 
any abnormal condition is lound. 

3翩91nputshaft

0iI seal 

Roller beariη♀ 

@ 
(1) Spline pa叫

Whenever uneven wear and!or scra\ches are found, 

replace with a new part 
(2) 8ur!ace 01 oil seal 

If the sealing sur!ace 01 the oil seal is worn or 
scratched，矿'eplace‘

3叶 o Output shaft 

Key 

Helical involute spline 

Spline 

Ketslot 

(1) Visually inspec\ the spline and the helical involute 
spline, and repair or replace a part when aηya如nor­
mal condition is lound on its surtac8. 



Chapter 7 Reduction and Reversing Gear 
3. Inspection and Servícing 

3-11 Intermediate shaft 

Intermediate shaft 

Needle bearing 

Idle gear 

Thrust washer 

(1) Needle bearing dimensions. stalnlng 

Check the surlace 01 the roller to see whether the 
needle bearing sticks or is damaged. Replace il 
necessary 

3-12 Shifting device 

3-12-1 Shifter 

Spring pin 

44 
Shift lever shaft 

(1) Visually inspect the surlace in contact with the drive 

cone, and replace the shifter when signs 01 overheat 
ing , damage or wear are found 

(2) Measure the shaft diameter 01 the shilter 

Replace the shaft il the size deviates Irom the stan. 
dard 

7-44 

3,4]H3(B)(C)E 

口1

mm 

Standard Limit 

01 66.9-67.0 65 

02 11 .966-11 .984 11.95 

Shift lever shalt , 
12.0-12.018 12.05 Shilter insert hole 

3-12-2 Shift lever shaft and location pin 

(1 )Check the shift lever shalt and location pin lor 
damage or distortion, and replace defective parts 
1I the location pin must be replaced , replace it 
together with the shift lever shaft 

(2) Measure the diameter 01 the shift lever shalt and the 
shifter insertion hole. Replace the part il the size devi. 
ates from the standard value 

ø 5, Location pin 

Standard 

D1 27.959-27.96 

D2 12.0-12.018 

Side cover, 28.0-28.021 Shift insert hole 

mm 

Limit 

27.90 

12.05 

28.08 

l'rinted in japan 
IIINSH[.H8∞9 



Chapter 7 Reduction and Reversing Gear 

a Inspection and Servicing 

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 O.854kgflmm 

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 

昨一
M

叩

OT' nv 

础
/
创
咽
且
H
S

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 

←一- Forward 
t 
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3-13 Damper disc 

Spline 

Spring 

(1) Spline part 

Whenever uneven wear and/or scratches are found, 

replace with a new pa时
(2) Spring 

Whenever uneven wear and/or scratches are found, 
replace with a new pa叫

(3) Pin wear 

Whenever uneven wear and/or scratches are found , 

replace with a new pa同
(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 01 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 01 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 日， gear, bearing 



Chapter 7 Reduction and Reversing Gear 

i Inspectiο咀 and Servicing 

(1) Shim thickness (T1) measurement 01 output shaft 

(a) Measure the bearing insertion hole depth (A) 01 the 
mounting Ilange, and the bearing insertion hole 

depth (11') 01 the clutch case 
(b) Measure the length (8) between the bearing outer 

race 01 the input shalt assembly 
(c) Obtain the (T1) thickness by the lollowing lormula 

T1 ~A+A'一日 (T1 : Clearance ::tO.05mm) 

M?王 r­
L→fj1一

Clutch case 

Mounting Ilange 

Clutch case 

B 

Input shalt ass'y 

(2) Shim thickness (T2, T3) measurement 01 output shaft 
(a) Measure the bearing insertion hole depth (C) 01 

the mounting Ilange, and the bearing insertion hole 
depth (C') 01 the clutch case 

(b) Measure the length (0) between the bearing 
outer races 

NOTE : Tighten the mounting flange nut 01 the output 
shalt assembly with the specilied to呵ue. Press­
lit the inner race 01 the clutch case roller bearing 
10 Ihe large gear side 

7-46 
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「 :t;μ;;Lμμ;;i牛J;JJiif
严ι[ JJ川λ凡r1叭几1飞LL」)E f 

Mounting flange 

(c) Measure the (F) and (E) length Irom the outer race 

end 01 the clutch case bearing included in the out­
put shaft assembly 

NOTE : Belore measuring the (F) and (E) lenglh, press 
Ihe lorward large gear and Ihe reverse large gear 
to the drive cone until there is no clearance 
among them 

(d) Obtain the (T2) and (T3) thicknesses by the lollowing 
formulas 

T2 ~ C+C' -0-T3 (Clearance 士g.1mm)

T3(KM3P) ~ C'一47.3一号-F (Clearance::tO.05mm) 

I-L 

C' 

C 

二三茸三三三9
Drive cone neutrat 
position center 

KM3p......47.3mm 

Output shaft ass'y 
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Chapter 7 Reduction and Reversing Gear 

a Inspection and Servicing 

(3) S\andard size of parts 

A十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 measυrements 阳rgely diι 

fer from the standard sizes, measurements may 
not be correct. Check and measure again 

(4) Adjusting shim set 

Tickness. mm (in.) 

lnpul shaft 

Output shaft 

3-15 Torque limiter 

Housing 

m\ 
Cup spnng 

·斗 older

0.5 
0.4 
0.3 

1.0 
。 5

0.3 
0.1 

No.of shims 

2 

2 
3 

Coupling 

/ 

The torque limi\er assembly inciudes \heSb parts 

T Ì1e conversion to the torque limiter specification is easy 

by exchanglng the standard shaft coupling. (Use the 

check n川， not the end nut, to ins\all \he \orque limiter.) 
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57.83-58.65 
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Check Nut 
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Disassembly 4. 

11t 

(4) Remove the end nut and output shaft coupling 4-1. Dismantling the clutch 

(1) Remove the remote control 01 cable 
(2) Remove the clutch assembly lrom the engine mounting 

Ilange 

Torque wrench 
(3) Drain the lubricating oil 

Drain the lubricating oil by loosening the plug at the 
bottom 01 the clutch case 

NOTE: Take care as it has a left.handed thread. 

(5) Remove the oil dip stick and O.ring 

(6) Remove the lixing bolts on the side cover. and als。

remove the shilt lever shaft. shilt lever and shifter 

p\ 
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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 

Input shaft 

Intermed;ate shaft 
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Intermediate shaft 

(9) Take out the intermediate shaft and input shaf1. 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 Qr spacer 

Output shaft 
assembly 

Input shaft 
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(10) Remove the oil seal of the output shaH from the case 

body 

\ 

\ 
Oil seal \ 

(1 1) Remove the outer bearing race from the case body by 
using the special tool 

Outer bearing race 

O 

Sρeciallool 

Case body 

\Outer bearlng race 
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(12) Remove the oil seal of the input shaH from the mount 
ing flange 

(13) Remove the outer bearing race from the mounting 
lIange in the same way as with the case body 

(14) Remove each adjusting plate from the input our output 
shaft 

NOTE : The same adjusting p阳tes can be revsed when 
the fo l/owing parts are not replaced 

When any part is replaced however. readjustment 
1$ necessary. 

4-2 Removal 01 the output shaft 

(1) Take out the reverse large gear, thrust collar A, cυp 

spring , spring retainer and inner bearing race. 
The reverse large gear must be withdrawn using a 
pulley extract町， by fixing the nut at the forward end 
in a vice 

Pulley pullar 

Cradle 

Revene large gear 

/ 

(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 vlce 

Calking chisel 
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Chapter 7 Reduction and Reversing Gear 

4. Disassembly 

(3) Place the pulley extractor against the end surface 01 
the lorward large gear, and withdraw the lorward 
large gear, thrust collar A, cup spring , spring retainer 
and inner bearing race 

Pulley puller 

FOIward large gear 

Pin 

I 

/ 
/ 

Output shaft 

NOTE: Take care as the nut has left.handed thread 
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(4) While gripping the drive cone , tap the end 01 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 

一二(

\\ 

Pulley puller 一-TI

Orive cone ---

4-3 Removal of the intermediate shaft. 

(1) Remove the "0" ring 
(2) Remove the thrust washer 
(3) Remove the intermediate gear and needle bearing 

Intermediate shaft 

gear 已气
\1 
Thrust washer 



Chapter 7 Reduction and Reversing Gear 

4. Disassembly 

4-4 Dismantling the shifting device 

(1) Take oul Ihe shifter and shifter spring 

(2) Remove lhe slopper boll 01 Ihe shifter and shim 

(3) Loosen Ihe bolt of Ihe shift lever and remave Ihe shif! 
lever from Ihe shift lever shaft 
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(4) Remove the shift lever 10 Ihe antl.shif lever side. 

(5) Remove Ihe oil.seal and 0.rln9 
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5. Reassembly 

5-1 Reassembly 01 output shaft 

(1) Fit the lorward side thrust collar B onto the shalt 

(2) Orive in the lorward end inner needle bearing race 
uSlng a Jlg 

Inserting tool 

(3) Assemble the needle bearing and lorward 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 

5tepped surface 

Thrust coller A 

Pin 

/了
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Inserting tool 

Roller bearing 

Output shaft 

NOTE: 1) Orive in with a plastic headed hamme汇
00 not hit it hard. 

2) When fitting the thrust collar A, note the fitting 
dlrection. Fit it keeping the stepped surface 
toward the roller bearing side. 

3) Note that the pin cannot be fitted after the 
inner bearing (ace has been driven in 

4) Check that the forward large gear rotates 
smooth伊

(5) Assemble the collar and pin so that the pin is in the 
groove 01 the collar 

(6) 5et and tighten the lorward end nut. Insert the bolt 
into the coupling , and lix it in a vice , keeping the spline 
pa内 upward

Insert the shaft into the spline 01 the coupling , lit the 
spacer, and tighten the nut with a torque wrench 

/主:

Output shaft 

\ 

Tightening torque 10:t1.5kgl.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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(7) lnsert the drive cone while keeping the output sha!1 5et 
for reverse 

Output shaft 

Drive 

(8) Apply procedures 1 !hrough 4 10 the !orward end. 

Stepped surface 

NOTE : 1) Fit thruSI collar A SO Ihat the stepped surface 
'aces the roller bearing 51de 

2) Check that the reverse !arge gear rotates 
smooth伊
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5.2 Reassembly of the clutch 

(1) Fit the oil seal, bearing outer races and shir节 (output

shaft side) in Ihe clutct毛 case
(2) Inse叫 the input sha!! into the clutch case. 

(3) Drive the intermediate shaft into the clutch caSe. 

sha!t 

-俨- Input shaft 

NOTES : 1) If the OUtput shaft i5 not 归ted into the clutch 
ca5e before driving-in the intermediate 5haft, 
it cannot be a5sli'mbled. 

2) Note the assembly direction of the thrust 
washer. 

(4) In5e叶 IMe output sha由的10 IMe clulch ca59 

\ 
、\

飞

Intermediate 5ha!! 
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Chapter 7 Reduction and Reversing Gear 

5, Reassembly 

(5) Fit the adjusting plate to the mounting Ilange, and 
drive in the outer bearing race 

NOTE : The outer bearing race can be easi，伊 driven in 
by heating the mounting flange to aboυt 100t:, 
or by cooling the outer race with liquid hydrogen 

(6) Apply non-drying liquid packing around the outer 

surface 01 the oil seal , and insert the oil seal into the 
mounting Ilange while keeping the spring part 01 the 
oil seal facing the inside 01 the case 

(7) Apply non-drying liquid packing to the matching 
su叶aces 01 the mounting Ilange end the case body 

\ 
\ 

\ 

\ 
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(8) Insert the input shaft and 。υtput shaft into the shaft 
holes 01 the mounting Ilange, assemble the mounting 
Ilange on the case body , and tighten the bolt 

Output 

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 lit the O-ring 

(10) Tighten the end nut by using a torque wrench , then 
calk It 

\ 
Torque wrench 

NOTE : Take care as it is a lelt-handed thread 

Tightening torque 10:t1.5kgf-m 
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5. Reassembly 3.4]II3(B)(C)E 

5-3 Reassembly 01 the shiating device 

(1) Fit the oil seal and 0-rin9 to the side cover. 

(2) Insert the shi!t lever shaft to the side cover 

/ 
1\一飞

、\\牛←-飞

\「马
\古~/ 

一----.../

(3) Fit the shift lever to the shift lever shaft 

NOTE ; Check the dlreclion 01 the shift /ever .6 mark 

SJde CQver 

u 号
7-56 
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NOTE: 1) Check the dírection 01 the shifter (Top and 
bottom side) 

2) The shift lever may nol tum smoo的Iy il Ihe 
clulch case Is not filled wílh lubrícatlng 011. 

(6) Fit the sh 

NOTE : Apply nOIη-dryíng Iiquíd packlng or sealtape 10 

the Ihread 01 the stopper bo厅

Do not apply 
liquid packing 
or seal tapeto 
this area 

(7) Fit the cable connector to the shift lever 

jf/二ρyht

沙q呼j 
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Chapter 8 Remote Control 
1. Remote COJ! trol System 

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
pmg. 
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 se\. 
The U5e of Morse remote control cables, clamps and 
a remote control head, are a1so provided for τ轩e device 
to stop the engine is e1ectric and will be explained under 
the section on electrical equipment 

1-2 Remotecontrol device components 

Remote 
∞ntrol head 

Remote 
control cable 

Engine 
stop cable 

• 

l Morse description 
Morse Mτ3top mou时，ng
single [ever 
Morse MV síde moun1ing 

→ 5ingl旦坠er 一
Morse 33C X 4m 
Morse 33C X 7 m 
Yanmar 4m 
Yanmar7m 

(1) Remote control handle 

、

MT.3 Type 

The model MT -3 remote control has been designed 
so that operation of the clutch (shift) and governor 
(thro世le) can be effected 阳th one lever 
Two cable5 are required for the MT-2 single, one for 
the clutch and the ot扫er for the governor 
When warming up the engine, to freely control the 
governor separately from the clutch put the lever in啕
neutral, the central positíon. 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 posilion, and the clutch is free. The gov­
ernor can then be freely operated 
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MVType 

The MV type controller has been designed 50 that 
operatìon of the clutch and throttlo can be effected 
wìth one lever. W扣en the 也utton nexl to tt理 control

lever is pulled out with the lever ín the central posítion , it 
holds the clutch in the neutral positíon 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 pus扫 the button back 的 Con­
trol of the clutch and throtlle is thus effected with one 
handle 

(2) Rεmo!e control ca如le

33C 

\\ 
Use only Super Responsìve Morse Control Cables 
These are designed specifically forυse with Morse 
control heads. This engineered system 01 Worse 
cables , control head and engine connection kits 
ensures dependable, smooth operatíon with an 
absolute minímum of backlash 

(3) Engine stop cable 

句、气
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z Remote Control Installation 

2. Remote Controllnstallation 
2斗 Speed control 

。
@ 

Remote control Cable 

2-2 Clutch control 

Idle stopper 

8一2

Cle川5

3.4]H3(B)(C)E 
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Chapter 8 Remote ControJ 
2. Remote Control Installation 

2-3 Engine stop 

飞飞、\二号\
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Engine stop remote control cable 

Set bolt 

8-3 



Chapter 8 Remote ControJ 
3. Remote Control Inspection 

3. Remote Controllnspection 
(1) When the controllever movement does not coincide 

with operation 01 the engine , check the cable end stop 
nut to see whether or not it is loose , and readjustl 
retighten when necessary 

Throttle 

v 
Free throttle 

(2) Too many bends (turns) in the cable or bends at to。
extreme an angle will make it difficult to turn the han 
dle. Reroute the cable to reduce the number 01 bends 
or enlarge the bending radius as much as possible (t。

200mm or m。用)

(3) Check lor loose cable bracketlclamp bolts or nuts and 
retighten as necessary 

(4) Check cable connection screwheads , cable sleeves 
and other metal parts lor rust or corrosion. Clean 011 

minor rust and wax or grease the parts. Replace il the 
parts are heavily rusted or corroded 

8-4 
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4. Remote Control Adjustment 

4. Remote Control Adjustment 
(1) Shift lever adjustment 

Move the lever several times一the movement 01 the 
clutch lever on the engine lrom lorward, neutral and 
reverse must coir、cide with the lorward, neutral and 
reverse on the control lever. 1I they do not coincide, 

adjust the littings as necessary (Iirst engine side , 

then controller side) 

(2) Throttle lever adjustment 
Move the control lever all the way to lull throttle sever. 
al times, and then return. The thrott1e 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 
conlrol lever is brought back to the neutral position 1I 
the conlrol lever presses 100 hard againsl Ihe knob, 

il may nol relurn automatically , in which case Ihe cable 
end musl be adjusled as explained lor the c1 ulch 
The knob cannol be pulled oul when Ihe lever is not in 
the neutral Icenlral) posilion 

Prínted in ]apan 
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Chapter 9 EJectrÏcaJ System 
1. Electrical System 

1. Electrical System 
1-1 System diagram of electric parts (B-type) 

Extension 
wireharness 

…ensor一￡

A!ternator 

(on阳 6m extension I 

wireharness use) 

量-- Air heater (001 

Starting motor 

Batte叩 swilch

,. 
Water temperature switch 
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Chapter 9 EJectricaJ System 
I . Electrícal System 

C-type 

Tachometer sensor 

AJternator -一

Oil pressure sender unit 

b白

~ 

飞F

F\ 

Water temperature switch 
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fê 山il press…itch 

~~ Joint 

Starting mo1or 

Batte叩 switch

Water temperature 
sender unit 

Batte叩
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1-2 Wiring diagram 

For B-type instrument panel 
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l Electrical System 3,4]H3(B)(C)E 
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Chapter 9 EJectricaJ System 

2. Battery 3.4JH3(B)(C)E 

2.Battery 
2-1 Construction 

Terminal Filler cap 

Cover 

8atte叩 case

plate 

Separate plate 

Glass mat 

POS阳e 已late

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 tern内 inals
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 t2V, 70AH. it 
can be used for 100-150AH 

rnlnlmum 12V-l00AH 

12V-120AH 

12V-150AH 

1.26 

8attery capa口ty standard 
r e ku gu­e-

w
一

d-w o-M nu-RM C-g 
--nLU -N -c -e -P •

S 
FAU -e 

-
内
u
a

-r -a 
-
K
川

c u 「
「

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 the starter, (soft automotive low-voltage wire [AV wire)) 
Using wire other than that specified may cause the fol 
lowing troubles 
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Batte叩 switch

Key swi1ch 

b 

The overall lengths 01 the wire between the battery (+) 
terminal and the starter (8) terminal , and between the bat­
tery (一) terminal and the starter (E) terminal , should be 
determined according to the lollowing table 

Allowable Conductor a+b+c Voltage 
vwodtRrramogp g e 

cross- allowable system section 
length area 

20mm~ Up to 2.5m 
12V O.2V or less/l OOA 

40mm2 Up to 5m 

Note : Excessive resistance in the key switch circuit 
(between the bat阳ry and start [S] termina也) can 
cause improper pinion engagement. T 0 prevent 
this, follow the wiring diagram ca用仙1Iy.

2-3 Inspection 
The quality 01 the battery governs the starting perlor 
mance 01 the engine. Therelore the battery must be rou­
tinely inspected to ensure that it lunctions perfectly at all 
times 

2-3.1 Visual inspection 
(1) Inspect the case lor cracks, damage and electrolyte 

leakage 
(2) Inspect the battery holder lor tightness, corrosion, and 

damage 
(3) Inspect the terminals lor rusting and corrosion. and 

check the cables lor damage 
(4) Inspect the caps lor cracking , electrolyte leakage and 

clogged vent holes 
Correct any abnormal conditions lound. Clean off 
rusted terminals with a wire brush before reconnect 
ing the battery cable 
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主主旦旦王

2-3.2 Checking the electrolyte 
(1) Electrolyte level 

t 节「 毛F
Check the electrolyte level eve叩 7 to 10 days. The 
electrolyte must always be 10 - 20 mm (3937-
0.7874in) over the top 01 the plates 

NOTES: 1. The "LEVEL" Ime on a transparent olastic bat­
tery case indicates the height 01 the electrolyte 

2. Always use distilled water to bring υp the elec­
tro收甩 level.

3. When the electrolyte has leaked out, add dilute 
sulluric acid with the same specific gravity as 
the e阳ctroly阳

(2) Measuring the spe口lic gravity 01 the electrolyte 
1) Draw some 01 the electrolyte up into a hydrometer 

_----------- Hydrometer 

2) Take the specilic gravity reading at the top 01 the 
scale 01 the hydrometer 

1r Read top 01叫

3) The battery is lully charged il the specilic gravity is 
1.260 at an electrolyte temperature 01 20'C. The 
battery is discharged il the specilic gravity is 1.200 

9-6 

3,4fH3(B)(C)E 

(50%). If the specilic gravity is below 1200, recharge 
the battery 

4) If the dillerence in the specilic gravity among the 
cells 01 the battery is :t0.01 , the battery is OK 

5) Measure the temperature 01 the electrolyte 
Since the specilic gravity changes with the tempera 
ture , 20'C is used as the relerence temperature 
Reading the specilic Gravity at 20'C 
S20 = St+0.0007(t-20) 
S20 : Specilic gravity at the standard temperature 01 
20'C 
St : Specilic gravity 01 the electrolyte at t'C 
0.0007 : Specilic gravity change per 1 'c 
t : Temperature 01 electrolyte 

2-3.3 Voltage test 

Using a battery tester. the amount 01 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 te5ter the battery 
t 2V battery tester 
Adjust the current (A) 

(2) Connect the (+) lead 01 the tester to the (十) battery 
terminal. and the (-) tester lead to the (一) 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 01 the battery with a brush while 
running cold or warm water over the battery. (Make 
sure that no water gets into the batte叩)

(2) When the terminals or other metal parts are corroded 
due to exposure to electrolyte leakage, wash 011 all the 
acid. 

(3) Check the vent holes 01 the caps and clean il clogged 
(4) After washing the batte叩， 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 belore connecting the cables 
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Chapter 9 EJectricaJ System 

2. Battery 

2-4 Charging 
2-4.1 Charging melhods 

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 
capa白ty (10A or less for a 100AH 
ba世ery)

• Rapid charging'" Rapid charging is done ovec a short 
period of time at a current 01 ~ /5 -
1/2 the indicated battery capacity 
(20A-50A for a 100AH battery) 
However , since rapid charging 
causes the electrolyte temperature 
10 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 (十) battery 

terminal and connect the black clip to the (一) terminal 

(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 
(8efore disconnecting the (+) battery cable , discon­
nect the (一) 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 050/0/day 

even when not in use , it must be charged 1 or 2 
times a month when it is being stored. 

6 

4 

Sell.dischargel 
day (%) 3 

2 

40'C 
\、」

-十「

担兰
民ElJ

o 2 了--;;-----s一一百

Number 01 days after charging 

(2) 1I charging by the engine alternator is insufficient 
because 01 frequent starts and stops, the battery will 
rapidly lose power 
Charge the battery as soon as possible alter 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 
spe四川c gravity of 1.26 (24 hours). 

(4) 8elore putting the battery in storage for long periods, 
charge it for about 8 hours to prevent rapid aging 

Simple charger 



Chapter 9 EJectricaJ System 
3. Starter Motor 3.4]H3(B)(C)E 

3. Starter Motor 
3-1 Specifications 

YANMAR Part No 

HITACHI Model N。

Yoke diameter (mm) 

Nominal power (kW) 
Nominal voltage (V) 
Rating (5ec) 
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) 

4 

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) 

1. Armature 
2. Yokc 
3. Brush 
4. Rear Covtlr 
5. Pinion Shalt 
6. Center Bracket (A) 
7. 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 01 their 
compact, lightweight design 
Although smaller than the direct-drive type starter with its 
armatuer and pin旧n driven at the same speed, the plane­
tary gear starter actually reduces the motor speed to 
approximately 17% 口时or to driving the pinion 
It does this without reducing output, hence the derivation 
01 its name 
Furthermore , use 01 heat-resistant insulating materials 
and advanced production technology makes the compact, 
light weight design possible and improves its starting 
capabilities in cold regions 

8. Inlernal Gear 
9. Planet Gear 

10. Pin旧n

11. Eear Case 
12. Shift Lever 
13. Torsion Spring 
14. Hagnetic Switch 

Fig.l Planetary Gear Sta叫er Constructlon 

9-8 Printed in ]apan 
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Chapter 9 Electrical System 
3. Starter Motor 

3-2.2 The 茬ngagement MechanÎsm 

This type utilizes electromagnetic lorce. The pìnìon is 
engaged with the rìng gear by means 01 the torsìon sprìng 
and shilt lever.τhe pJunger is sl有fted by the attractìng 
force, and depresses the pìníon. When the pínion does not 
strike the rìng gear, smooth engagement occurs , and 
then Ihe conlacts close to start the motor. 
Also, when the pín旧n strìkes the ring gear teeth, ít com 
presses the torsion spring and closes the contacts. When 
the current f10ws through the motor and the armature 

Pìnion 

3.4JH3(B)(C)E 

starts rotating, the pinion is depressad strongJy on t轩e nng 
gear and rotated by means 01 the torsion spring pressure 
and the helical spline's lorce. Then , the pinion teeth are 
arrangad in engagement with the ring gear teeth. When 
the key slart swìtch 阻 turned OFF, the magnetic switch is 
demagnetized, and the pinion is returned by the torsion 
spring lorce. Simultaneously, the contac!s open to stop 
motor operat阳在 In Fig. 2, engagemen! between Ihe pìn­
ion and ring gear ìs iIIustrated. 

G) ②③ 
Fig. 2. Engagement 01 Pinion and Ring Gear 

Rin♀ Gear 

2 
1. PinÎon 
2. Armature 
3. Magnet 
4. Torsion Spring 
5. Shíft lever 
6, Stationary Contactor 
7. Movable Contactor 

S. Shunt Coil (HoJding Goil) 
9自 Series CoiJ (Attracting Coil) 
10、 PJunger

11. Key Slart Swítch 
12. Battery 
13. Riug Gear 

Fìg. 3. Schematic Layout 01 Planetary Gear Starter's Electrical Cìrcuit 

3-3 Removal 

(1) Disconnect the battery's negative or 8side cable at 
the battery 

。) Disconnect the ba!tery's posítive or e cabJe and the 
main harness' lead wíre from the magnetic switch 01 
the starter. 

Printεd injapan 
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(3) Disconnect 8 cable at the starter 
(4) Remove the starter retaining bolts and lockwashers 

τhen ， withdraw the starter. 
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• Charge or replace battery 
• Repair connections and clean 

corrosion of battery terminals 

Check and repair wiring system and 
connections between magnetic 
switch and key start switch 
Check and replace if necessary 
• Key atart s刷tch
• Magnetic switch. (P.l 0) 

Check battery for charging condition 
and battery terminals for connections 
and corrosion 

NO 

O.K 
Yes 

Is there anything unusual about 
the meshing 01 the pinion and 
ring gea( s teeth 

Can you bear the star1er's magnetic 
switch operating ? 

Ves 

• Check the brush. If there iS ,lric. 
lion , replace it 

• 1I there is no wear and tear on 
the brush , replace the motor 
(including the field coil and 
armature.) 

Ves 

Remove slarter from engine 
Does starter lurn under no load condit卜
ons by connecting battery ( terminal to 
M lerminal of starter and battery 8 
terminal 10 the starter ground terminal? 

Check the 阳nion's overruning clutch 
lor damage 
Replace if necessary 

.Adjustthedimension "e".(P.13) 
• Check the shift lever for deforma 

tion. the tOTsion spring for exces. 
sive wear and the pinωn for its 
sliding condilion 

• Correct meshing conditωn of the 
pinion and the ring gear 
Replace if necessary 

NO 

Ves 

Ves 

• The magnetic switch connection 
is faulty Replace it 

lC二〕 仁二3

由

H
O

Check the battery' s charge. the 
battery terminals' connections and 
for any corrosion 

NO 

Check the consistency 01 the oil in 
the engine. Is it thick? 

NO 
~or turns slowly) 

Change the engine oil 

NO 

Does engine turn over if the starter 
is replaced? Repair or replace old sta同er

NO (or rotation is slow) 

U
H
A
C
坦
问
西
兰
州
问

CAUTION 
1I any abnormality is found. 
immediately disconnect bat1e叩 i
negative terminal. 

.. _........... •••• ••• ._.. ....".,...,..,.,..... ，..，、。

Repair or replace key start switch 
starter relay or magnetic switch 

Inspect the inside 01 the engine 

Starter does not stop 
if key start switch is 
lurned Olf 

』U
E坦
问
。
龟E
h
w』E
b

E
H
Z
m吕
。
目
∞2
。



Chapter 9 Electrical System 
3 , Starter Motor 

3翩5 Disassembly 
.. 1) The Magnetìc switch's 8 mm n川

2) The 6 mm Bolts (2) 
... 3) Magnetic s旧如h

4) .The 4 mm Screws (2) 
5) The 5 mm Through Bolts (2) 

... 6) The Rear Covee 
7)τhrust Washer 

... 8) The Brush Holder 
9) Yoke 

10) Armature 
品 11) Center Bracket (A) 

12) Gear Case 

品 13) Shift Lever 
14) DustCover 
15) Internal Gear 

... 16) Planet Gear (3) 
品 17) The Pinion Stopper clip 

18) Pinion Stopper 
品 19) Pinion 
... 20) E Ring 

21) washer (2) 
22) Center Bracket (p) 

晶 23) Pinion Sha有

... : Disassembly reference exhibit iS provided 

Dust cover (Adjusting washe叶 Magnetic Switch 

3,4]H3(B)(CJE 

Adjust clea阻nceγ， to washer 
thickness (ie 0.5, 0.8 mm) 

只esistance value (at 20'C) "拟，8" T erminal Nut 
Series Coìl: 0.340 ( 7.35-9.81 N'm 

80lts 6 mm 
( 5.9-8.3 N'm 

/ 1 
2 

ι 
唱=圃'

Shunt Coil: 0.720 

21 22 21 

@早号事
Armature 

Commutator dia.: 29/28 mm 
Depth 01 insulating mOld 

(0.5.0.8/0.2 r引用}
Shaft bend: less than 0.1 mm 

?@ 
S 

J 
7 

Brush HOlder 

6 

4 

4 

/ 
Screws 4 mm 
( 1.7.2.3 N'm 

Brush len吉衔 16/12 mm 
Brush spring tension: 14.6.17.8 N 

Clearance U .e" befween Pinion' s front 
edge and pinion stopper: 0.3 -1.5 mm 

q; :挝'm

Printed ìn ]apan 
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Unit: mm (Standard "New" / Limìt "Used") 

Fig.4. Ex扫ib过。f disser专lbled parts 
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Chapter 9 Electrical System 

3. Starter Motor 

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 80lts (2) 
3) Magnetic Switch 

The Magnetic Switch can be disassembled once the 
6mm 日0lt5 are reamoved. 

4) The 4 mm Screws (2) 

5) The 5 mm Through 80lts (2) 

6) The Rear Cover 

4 

The Rear Cover is disassembled by removing the 4 mm 11 
screws and the 5 mm through bolts. I """ 

保』

Fig.5 

Fig.6 

和?===~­
ζ乌

=回.. 

Fig.7 

7) Thnust Washer 

The Thrust Washer is removed with a standard screwdriver 

Fig.8 

9一 12

3.4]H3(B)(CJE 

串串串在
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Chapter 9 Electrical System 
3. Starter Motor 

串}τhe Brυsh Holder 

Pull the Brush Spring up with a Brush Spring lifter tool 50 
that the Brush is separa!ed lrom the surface 01 Ihe 
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 Ihe Gear Case 

15) Intemal Gear 

16) Planet Gear (3) 

The Intemal Gear and the Planet Gear disassemb埠，

Printed in japan 
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3.4JH3(B)(C)E 

Fig.9 

Fig.tO 

Fig.11 
，可、?

也
Fig.12 
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Chapter 9 Electrical System 

3. Starter Motor 

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 8racket (p) 
23) Pinion Shaft 

The Center 8racket (P) and the Pinion 
Shaft can be diassembled once the E Ring is removed 

Cb 

。

9-14 

Fig.13 

Fig.14 

Fig.15 

3.4JH3(B)(C)E 

Printed in ]apan 
HINSHI.H8009 



Chapter 9 ElectrÏcal System 
3. Starter Motor 

3-6. Inspectíon and Repair 

3-6.1 Armature 
(1) Check the díameter 01 the Commutator. 

If the outside díameter of the commutator is below the 
mÎnÎmum limit then 陪place ít 

Standard (New) 

29 

Limit (Used) 

28 

(2) Continuityτest for the Armature Coil. 

mm 

Use a tester to check for continuity between parallel 
points on the commutator. If there is contin出ty ， the 
armature is still good 

No continuity: (Disconnect由d coil) 
Replace the armature 

。) Insulation T est for the Armature Coil. 

Use a tester to check for continuity between a point on 
the commutator and t扫e shaft or the core. 
If there is no continuity the armature is still good 
Continuity Exists : (Short circuited coil) 

Replace t扫e armature 

(4) Check for Surface Disto役ion on the Armatυre 
and the Commutator 

Use a dial gauge to measure the dístor!ion of the outside 
surfaces ot the armature core and the commutator. If it is 
above the límít, then repair or replace it 

Armature 

Commutator 

Printed in Japan 
HINSHI.H8009 

Standard (New) 

0.05 (MAX) 

0.05 (MAX) 

何3π1

Limit (Used) 

0.1 

0.1 

3.4JH3(B)(C)E 

广-一一一→一-一一--…一一一一一

Fig.17 

「

Tester 

厂一→

Fig.19 

Fig.20 
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Chapter 9 Electrical System 

3. Starter Motor 

(5) Check the Surface 01 the Commutator 

lf the commutator 5urface i5 rough , then plea5e U5e 
No. 500.600 5andpaper to make it 5mooth 

(6) Check the Depth 01 In5ulating Material lrom the 
Commutator Surface 
lf the depth 01 the in5ulating material Irom the commu­
tator 5egment5 i5 le55 than the limit, then plea5e repair 
it by Iiling it down 

Standard (New) 

。 5-0.8

3-6.2 Brush 

Limit (U5ed) 

0.2 

mm 

Mea5ure the length 01 the brU5he5 and il they are under 
the limit, replace them 

Standard (New) 

16 

3-6.3 Brush Holder 

In5ulation Te5t lor the BrU5h Holder 

Limit (U5ed) 

12 

mm 

Check lor continuity between the brU5h holder'5 p05itive 
5ide and it5 ba5e (negative 5ide) with a te5ter. lf there i5 
no continuity the brU5h holder are 5till good. 
Continuity Exi5t5 : (Un5ati5lactory in5ulation) 

Replace the brU5h holder 

9-16 

Fig.2t 

10.5-0.8 mm 
Insulator a 

3,4]H3(B)(C)E 

一、.--吃草寺、、‘， Commu1ator 
fτ\ I I • segments 

Correct 

气门了
Incorrect 

Fig.22 

Fig.23 

Fig.24 
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Chap ter 9 Electrical System 

3. Starter Motor 

(3) Inspection 01 the Brush Springs 

Check the weight 01 the brush springs 

aandard Weight (N) 

14.6-17.8 

3-6.4 Magnetic Switch 

(1) Continuity Test lor the Shunt Coil 
Check lor 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 lor the Series Coil 

Check lor continuity between the 飞"and "M" 
terminals with a tester. If there is continuity, 
then it is stiH good 

No continuity : (Disconnected coil) 
Replace the magnetic switch 

(3) Continuity T est lor Contact.Points 

Put the plunger on the under side and then push the 
magnetic switch down. At this time , check lor continu 
ity between the "日" and "M" terminals with a tester. 1I 
there is continuity. then it is stiH good 

No continuity : (Insufficient Continuity) 
Replace the magnetic switch 

Printed in ]apan 
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3.4fH3(B)(C)E 

Fig.25 

Fig.26 

Fig.27 

o 
Fig.28 
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Chapter 9 Electrical System 

3. Starter Motor 

3-6.5 Pinion 

(1) Inspection 01 the Pinion 

Rotate the pinion manually. While rotating it in the direc­
tion 01 normal operation. smoothly reverse the direction 01 
rotation to conlirm that it locks 
In the event 01 any irregularity. replace it 

3-6.6 Yoke Assembly 

(1) Inspection 01 the Yoke 

Check the magnet 01 the yoke assembly lor damage 

3-6.7 Check the Bearing Diameter 

(1) Inspection 01 the Gear Case 
1I the diameter 01 the gear case is above the limit then 
replace it 

Standard (New) 

+0.027 12.5 '0 

(2) Inspection 01 the Rear Cover 

mm 

Limit (Used) 

0.1 

If the diameter 01 the rear cover is above the limit 
then replace il 

Standard (New) 

+0 , 027 
12 '0 

mm 

Limil (Used) 

0.1 

Fig.29 

Fig.30 

12.S+g.027 

Fig.31 

Fig.32 

9一 18
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Chapter 9 E:'lectrical 8ystem 
3. Starter Motor 

(3) Inspectíon 01 the Center Bracket (P) 

11 the díameter 01 the center b阻cket (的 ís above the 
límít then replace ít. 

Standard (New) 

+0.037 
1 日十0.012

(4) Inspectíon 01 the Píníon Shalt 

mm 

Umit (Used月

0.1 

1I the díameter 01 the Píníon Shaft ís above the límít 
then re口lace ít 

Standard (New) 

+0.070 
6 .7 十0.025

Printed in ]apan 
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Limit (Used) 

0.1 

3,4]H3(B)(C)E 

Fíg.33 

S.7:1.i;2 

Fíg.34 
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Chapter 9 Electrical System 

3.Starter 凡fotor 3.4fH3(B)(C)E 

3-7 Reassembly 
Reassembly is in the reverse order 01 disassembly, how 
ever please note the lollowing points 

1. Tightening Torques : Reler to page 4 01 the relerece 
materials lor the tightening 
torques of pa川icular screws 

2. The Places to Apply Grease 
① The moving 阴阳 of shift lever 
②了 The sliding surface 01 magnetic switch plunger 

牛 The sliding surface of pinion 
③-一-The tooth of Internal Gear and Planet Gear 

①|②|③ Part 

Shell Alvania I NPC FG-6A I Multemp SRL 
Grease No. 2 I GREASE GREASE 

Grease 

(1) Measurement 01 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 " i " in the direction 01 the pin­
ion's thrust 

Switch 
ι
广
i
T

主
M 

Standard length " i " 
。 3~1.5mm

Batte叩

Note : When taking the measurement, please do so by 
pushing the pinion softly in the direction of the large 
arrow in the exhibit. 

! = 0.3 -1.5 mm 

Fig.35 

(2) When the measurement " i " is outside 01 the standard 
range, please adjust the dust cover by inse叫ng it fur 
ther or loosening it in order to achieve an acceptable 
measurement 

Magnetic switch pj… 

Pinion 

Fig.36 

9一20
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Chapter 9 Electrical System 

3. Starter Motor 

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 În Japan 
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Vol tmeter 

3,4JH3(B)(C)E 

Ammeter 

咂习
口 gital Tachometer 

Fig.37 
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Chapter 9 Electrical System 
4. Alternator 3,4]H3(B)(C)E 

Alternator 4. 

Model of altem且tor LR155.20 (HITACHI) 

Model of IC regulator TRIZ.63 (HITACHI) 

Battery voltage 12V 

Nominal output 12v/55A 

Earth polarity Negative earth (θ) 

Direction 01 rotation Clockwise 
(viewed from pulley end) 

Weight 4.3kg 

Rated speed 5000 rpm 

Operating speed 1000 - 9000 

Speed for 13.5V 1000 or less 

Output current at 20'C over 53A/5000 rpm 

Regulated voltage 14.5土0.3V(Standard temperature 
vOltage gradient, -O.OI!'C) 

Standard, 12V/55A 

4-2 Specifications 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 01 the crankshaft 
bya V belt 
The type 01 alternator used in this engine is ideal 1m 
high speed engines with a wide range of engine 
speeds. It contains diodes that convert AC to DC, and 
an IC 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 lollowing features 
(1) The IC regulator is self-contained, and has no moving 

pa门s (mechanical contact points) It therelore has supe 
rior features such as freedom from vibration , nQ fluctu­
ation of voltage during use, and no need for readjusment 
Also, it is 01 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 alternatηr to 
simplify external wiring 

(3) It is an alternator designed lor compactness, light­
ness 01 weight and high output 

(4) A newly developed U-shaped diode is used to provide 
increased rel旧bility and easier checking and mainte 
nance 

(5) As the alternator is to be installed on board, the lollow-
ing measures are taken to pro川de salt-prooling 

1) The lront and rear covers are salt-prooled 
2) Salt-prool paint is applíed to the díode 
3) The terminal , where the ínboard harness is connected 

to the alternator. ís nlckel plated 

4-3 Characteristcs 

100 
Re刊gulated voltage 

80 

<

>CO E0 3 = 60 
Output current lor 13.5V 

33 40 / 
1/ 

2日

1/ 
。

15 

12 

9 

6 

3 

(
己
。
田
里
。
〉
币

2
3
3
0
0
E
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Chapter 9 Electrical System 
4. Alternator 

4-4 Construction 
This is a standard rotating lield type three.phase alterna 
lor 
11 consists 01 six major parts: the pulley, lan , lront cover, 
rotor, stator and rear cover. The IC regulator is an integral 
part 01 the alternator 

Pulley 

Bearing retainer 

\ 

Stator assembly 
Fronit CQver assembly 

Rot町

\ 
Condenser 

Rear CQver assemb\y 

Bearing retainer 
Brush assembly 

8a1l bearing 

Spacer 

Spacer 

Pulley assembly 

Printcd in ]apan 
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Screw (M5XO.8X14) 

IC regulator assembly 

Brush 5e! 
Through bolt 

8all bearing 

Rear CQver 

Insulatmg bushing 
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Capaαlor assembly 

/日阳sh regulator assembly 

Brush holdar 

BoltM5 

Diode assembly 



Chapter 9 Electrical System 

4. A1ternator 3,4]H3(B)(C)E 

4-5 Altemator functioning 
(1) IC regula10r 

The IC regulator is the transistor (Tr1) which is series. 
connected with the rotor. The IC regulator controls the 
。utput voltage 01 the generator by breaking or conduc­
ting the rotor coil (exciting) current 
When the ou川put voltage 01 the generator is within the 
standard value, the t旧nsistor (Tr1) turns on. When the 
voltage exceeds the standard value , the Zener 
diode goes on and the transistor(Tr1) turns 011 
With the repeated turning on and 011 01 the transist町，
the output voltage is kept at the standard value. (Reler 
to the 口 rcuit diagram below.) 

(2) Charge lamp 
When the transistor (Tr1) is on , the charge lamp key 
switch is turned to ON, and current Ilows to Rl ,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 circui1. turning 011 the 
charge lamp 

(3) Circuit diagrarn 

广-

4-6 Handling precautions 
(1) Be carelul 01 the battery's polarity (十， -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 ou1. and the wire harness will burn 

(2) Make sure 01 the correct connection 01 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 ou1.) 

07-09 
Ignition 
switch 

「一

L 

口 10

Rotor coil 
0,… 06 

F 

R4 R2 

。I
b
-
-
l
i 同

7

E 

AC generator 
一一←一→一」

8AT : Generator output terminal 
D10 : IC protecting diode 
L : Charge lamp terminal 
ZD : Zener diode 
E : Earth 
T n , T r2 : T ransistor 

01-06: Output commutation diode 
R1-H4: Resistor 
01-09: Charging lamp switching diode 
F: To supply current to rotor coil 
Rn: Thermistor 

(Temperature gradient resistance) 
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Chapter 9 EJectricaJ System 
4. Alternator 3,4]H3(B)(C)E 

4-7 Disassembling the altemator 
(1) Remove Ihe Ihrough-boll, and separale Ihe fronl as­

sembly from Ihe rear assembly 

(4) Remove Ihe nul, Ihe brush-holder and dio曲在xing nul 
allhe SAT, and Ihe lermìnal screws of Ihe rear cover 
Separale Ihe rear cover from Ihe slalor (wìlh Ihe dìode 
and brush holder)_ 

=工工工工=二制
院斗目

口====:!ll

@(@ 
血
回
(
毯
晶
喝(5) Disconnect Ihe soldered joinl of Ihe stator lead wi陀，

and remove the diode ar回坦rus扫昭告ulalor assemblies 
from Ihe slalor at the same time. 

(2) Remove Ihe pulley nul, and pull oul the rotor from Ihe 
front cover. 

(6) Separalìng Ihe regulator 
1) To separate Ihe regulalor, remove the ,; 3mm (,; 0.1181 

in) rivel which keeps the diode assembly and the 
岳阳S轩less regulator in place. and the 50ldered joiη101 
the L-Ierminal 

(3) Re阳ove the :þ5mm (';O.1969 in.) 5cre执I from Ihe fron! 
cover, and !hen remove the ball bearing守

@J 
矿。~

Printed Ìn Japan 
HINSHI.H80饵， 9一25



Chapter 9 Electrical System 

4. Alternator 

2) To replace the IC regulator. disconnect the soldered 
joint the IC regulator and pull out the two bolts. 00 not 
remove these two bolts except when replacing the IC 
regulator. 

阳工z 字。
信=

4-8 Inspection and adjustment 
(1) Oiode 

BAT ( +side diode) 

+s由 | 引出

u.v.w 
二-- I Continuity 

No Continuity 

E ( +slde diode) 
side 一一士side

u.v.w --- I No continuity 

Continuity 

U V W 

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 
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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. 

EE 
二过E lc 

CAUTlON : 00 not use high tensife insufation resistance 
such as meggers, etc. for testing. The diode 
mayburn 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 

Slip ring outer dia 

Standard 

Ø31.6mm 

2) Rotor coil continuity test 

Wear limit 

Ø 30.6mm 

Check the continuity in the slip ring with the tester. If 
there is no continuity. there is a wire break. Replace 
the rotor coi l. 

Resistance value Approx. 3.34 口 at 20'C 
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4. A 1ternator 

3) Rotor coil insulalion 悟s!

Check the continui!y be!ween !he slip ring and !he 
rotor core, or the shaft. If Ihere is continuity. insula!ion 
inside !he ro!or is delective, causing a short with !扫e
earth circuit. Replace the rotor coil 

4) Check !he rear side 0011 bearing. If the rotation 01 the 
bearing is heavy , or produces abnormal sounds, 

replace the bali bearing 

(3) S!ator 
1) Stalor coil conlinuity test 

Check !he con!inuily between each terminal of !he sta­
tor coil. 1I there is no continuity, there is a wire break in 
the stator coi l. Replace the slator coil 

Pánted in )apan 
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Approx. 0.077Q at 20'C 
l-phase resistance 
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2) Stator coil insulalion test 
Check the Conlinuity between lhe terminals and the 
stalor core, If there is continuily, insulation 01 the sta 
tor coil is defec!ive, T扫ísw黯 cause a short~cìrcuit wíth 
the earth core. Replace !he stator coil 

\\\ 

(4) 8rush 
τhe brush is hard and wears slowly, but when it is 
worn beyond the aliowable limit , replace it. When 
replacing the brush, also check !he strength of the 
如rυsh spring 
To check, push lhe spring down to 2mm (0.0787in.) 
from the end surface 01 the brush holder, and read lhe 
gauge 

Brush spring strerath 255-3459 

(5) 8rυs扣 wear

Check lhe brush leng!h 
The brush wears very little, bul replace the brush if 
worn over the wear limit líne printed on the b阳sh.

Wear Iimit line (brush) 

8rush lenglh 

Maintenance standard 
一二

m罚、

Wear limi! 

9 



Chapter 9 Electrical System 

4. Alternator 

(6) IC regulator 
Connect the variable resistance, two 12V batteries, 
resistor, and voltmeter as shown in the diagram 

1) Use the lollowing measuring devices 
Resistor (Rl) 1000 , 2W, lpc 
Variable resistor (Rv) 0-3000 , 12W, 1 pc 
Battery (BAT1 , BAT2) 12V, 2pcs 
DC voltmeter 0-30V, 0.5 class 1 pc 

(measure at 3 口。ints)
2) Check the regulator in the lollowing sequence, accor­

ding to the diagram 
a) Check V3, (BAT1+BAT2 voltage). 1I the voltage is 

20-26V, both BAT1 , and BAT2, are normal 
b) While measuring V2 (F-E terminal voltage) , move 

Rv gradually lrom the O-position. Check il there 
is a point where the V2, voltage rises sharply lrom 
below 2.0V to over 2.0V. 1I there is no such point, 
the reg lJ lator is delective. Replace the regulator. 1I 
there is a sharp voltabe rise when tesling , relurn lhe 
Rv 10 lhe O-posilion , and connect the voltmeler to 
the V" posil旧n

c) While measuring V' , (voltage between L-E lerminals) , 
move RV gradually Irom the O-pos巾。n. There 
should be a point where the voltage 01 V' , rises 
sharply by 2-6V. Measure the voltabe 01 V' , just 
belore this sharp voltage rise. This is the regulating 
voltage 01 the regulator. 1I this voltage 01 V' , is within 
the standard limit, lhe regulator is normal. 1I lhe volt 
age deviates from the limit, the regulator is defective 
Replace the regulator 

F L R R 

φ 

4-9 Reassembling the alternator 
Reassembly is done in the reverse order 01 disassembly 
For reassembly, be carelul 01 the lollowing points (Reler 
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 carelul not to let the solder drip into the pig tail 
(Iead wire). 

9一28
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Wind the wire 1.5 times 
around the termina! groove 

Mount the insulation tube 
on the terminal surface 

NOTES : 1. Use non.acid type paste 
2. The sO(dering iron tempe用ture is 300-350t: 

2) Mount the IC regulator on the brush holder as illustrated , 
and press in the M5 bolt. Do not lorget to assemble 
the bushing and the connecting plate at the same 
time 
(11 the bushing is left 0时， the output terminal will be 
earthed and the battery sh。叶circuited)

NOTES: 1 
2. 

(nsertion pressure is 100kg 
(nsert vertically 

(2) Connecting the brush regulator assembly and diode 
1) Check lhe rivets 

Place the rivets as shown in the ligure , 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. 

Rivetting pressure 500kg 
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Chapter 9 Electrícal System 

4, Alternator 

(3) Assembling the rear cover 
Insert píns from the outsice 01 the rear cover. Install 
the brush on the brush holder, then attach the rear 
CQver 
After a出embly， pull 。υt the pins. 

Brush hclder 

\二

一←­

Posìtions 

Brush holder fixing 
Dìode fixíng 
Bearing retainer fixìng 
Pulley nut tightening 
Through-bolt lightening 

4-10 Performance test 

Pin 

Rear cover 

Tighlening lorque 
kg.cm 

32-40 
32-40 
32-40 
400一60号
32-40 

Conduct a pe时ormance test on the reassembled AC gen 
erator as follows. The followin♀ is the circuit for the perfor­
mance test 

Printed in ]apan 
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(1) Measuring devices 

DC voltmete了一千

DC ammeter 

Variable resístor 

Lamp 

100 Q resistor 

0.25 Q resistor 25W 

(2) Measuring the regulating voltage 

3.4JH3(B)(C)E 

1) When measuring devices are connected in the per­
formance test 白白U过 as shown a岳。ve， tt理 charge
lamp lights 

2) Close SWz while keeping SWl open and run the AC 
gene阻tor. When the revolutìons of the generator are 
gradually raised, the charge lamp goes off 

3) Raise the revolutions 01 the AC generator, and read the 
voltmeter gauge when the revolutions reach about 
5,000 rpms 

NOTES : 1. Make sure that the ammeter índicatíon at thís 
tíme is less than 5A fI the indicatíon is over 
5A. connect the 0.25 Q resistor. The voll町
meter indication at this tíme must be wìth­
ín the prescríbed regulating voltage value 

2. Raise the AC generator revolutíons hígh to 
make $ure the regulating voltage does not 
f1uctuate along with changes in the revolu­
tion speed. 

(3) P陪cautions for measuring the regulating voltage 
1) When measuring the voltage, measure the voltage 

between the AC generator BAT terminal, or Battery 
+tem丁的碍. and AC generator 巳terminal.

2) Use a fully charged battery. 
3) Measure the voltage quickly_ 
4) Keep SW, open for measurement 



Chapter 9 E!ectrica! System 

5. Alternator (OPTIONAL) 3.4]H3(B)(C)E 

5. Alternator 

Model of alternator LR180-03 (HITACHI) 

Model 01 IC regulator TRIZ-63 (HITACHI) 

Battery voltage 12V 

Nominal output 12V/80A 

Ea同h polarity Negative earth (白)

Direction of rotation Clockwise 
(viewed lrom puliey end) 

Weight 5.8kg 

Rated speed 5000 rpm 

Operating speed 1000 - 9000 

Speed lor 13.5V 1 口。口。r less 

Output current at 20'C over 78A/5000 rpm 

Regulated voltage 14.5:i:0.3V(Standard temperature 
voltage gradient. -0.01 rC) 

12V /80A (OPTIONAL) 

5-2 Specifications The alternator serves to keep the battery constantiy 
charged. It is insta"ed on the cylinder block by a bracket, 
and is driven from the V-puliey 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 

5-1 Features 
The alternator contains a regulator using an IC, and has 
the foliowing features 
(1) The IC regulator is self contained , and has no mov­

'ng pa巾 (mechanical contact points) It therefore 
has superior features such as freedom from vibration , 

no fluctuation 01 voltage during use, and no need for 
read-justment 
Also, it is 01 the over-heating compensat旧n type 
and can automatically adjust the voltage to the 
most suitable level depending on the operating tem­
perature 

(2) The regulator is integrated within the alternator to 
simplily external wiring 

(3) It is an alternator designed lor compactness , light 
r.ess 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-prooling 

1) The front and rear covers are salt-proofed 
2) Salt-prool paint is applied to the diode 
3) The terminal , where the inboard harness 

nected to the alternator, is nickel plated 
18 con-

1 日 D
r - f 

Regulated voltage 

80 
ν/ Output current for 13.5V 

< 7 
z c o 

6日

/ 
O 彗3 40 

2口

。

15 

12 

9 

6 

3 

5-3 Characteristcs 

(>
)omE-EEE3EE
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Chapter 9 Electrical System 
5:. Alternator (OPTIONAL) 3.4]H3(B)(C)E 

5-4 Construction 

This is a standard rotaing lield type three-phase alterna­

tor 
It consists 01 six major parts: the pulley. lan. lront cover. 
rotor , stator and rear cover. The IC regulator is an integral 

part 01 the alternator. 

Stator jfd 
~ 

Flont cover 

Bearing retainer 

\ 
Rear cover 

Fan 

Condenser 

Rd10r 

Capaαtor assembly 

B阳 sh regulator assembly 

Rear cover assembly 

Brush holdar 

PυlIey 

w m e s a 曲。由

Stator a55emb阳

Front cover assembly 

Rear cover 

BalJ beanng 

~rush assembly 

IC regulator assembly 

T忖。ugh bolt Brush 5e! 

8earing retainer 

BaU bearing 

Insulatmg bushing 

Screw (M5XO.8Xt4) 
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5. Alternator (OPTIONAL) 

5-5 Altemator functioning 

(1) IC regulator 
The IC regulator is the transistor (T,,) which is series. 
connected with the rotor. The IC regulator controls the 
output voltage 01 the generator by breaking or conduc 
ting the rotor coil (exciting) current 
When the output voltage 01 the generator is within the 
standard value, the transistor (T") turns on. When the 
voltage exceeds the standard value , the Zener 
diode goes on and the transistor (Tft) turns off 
With the repeated turning on and 011 01 the transist町，
the output voltage is kept at the standard value (Reler 
to the circuit diagram below.) 

(2) Charge lamp 
When the transistor (T,,) is on , the charge lamp key 
switch is turned to ON, and current Ilows to Rl ,R4 
and to T" to light the lamp. When the engine starts to 
run and output voltage is generated in the stator coil , 
the current stops Ilowing to this circuit , turning 011 the 
charge lamp 

(3) Circuit diagram 

I 一
01-D3 

07-09 

3，4]H3(B)(1οE 

5-6 Handling precautions 

(1) Be carelul 01 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 oul. and the wire harness will burn 

(2) Make sure 01 the correct connection 01 each terminal 
(3) When quick-charging , etc. , disconnect either the bat. 

te叩 terminal on the AC generator or the terminal on 
the battery. 

(4) 00 not short-circuit the terminals 
(5) 00 not conduct any tests using high tension insulation 

resistance. (The diodes and IC regulator will burn oul.) 

厂一一-一-一 一一一一→一

Rotor coil 一ID.-06 I 

AC generator 

L 

口10 R2主 l 号 JRn UJ T 
? 

FI 

R3 

BAT : Generator output terminal 
010 : IC protecting d旧de
L : Charge lamp terminal 
ZD : Zener diode 
E : Earth 
Trl , Tr2: Transistor 

9-32 

11 丁 + l Ba忧町

E 

」

01-06: Output commutation diode 
Rl-R4: Resistor 
0，.口9: Charging lamp switching d旧de
F: To supply current 10 rotor coil 
Rn: Thermistor 

(Temperature gradient resistance) 
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5. Alternator (OPTIONAL) 3.4jH3(B)(C)E 

5-7 Disassembling the alternator 
(1) Remove lhe Ihrough.boll, and separale Ihe fronl as 

sembly from Ihe rear assembly 

(4) Remove Ihe nuI, Ihe brush.holder and diode fixing nul 
allhe SAT, and Ihe lerminal screws of Ihe rear cover 
Separale Ihe rear cover from Ihe slalor (wilh Ihe diode 
弓nd brush holder) 

工制

扭曲
=二三二二捣
=二三革

@(@ @@@ 

'5\ DisconneClthe soldered joinl of Ihe slalor lead wire, 
ano remove Ihe diode and brush regulalor assemblies 
from Ihe slalor al Ihe same time 

(2) Remove Ihe pulley nul, and pull oul Ihe rolor 'rom Ihe 
front CQver. 

(6) Separaling Ihe regulalor 
1) T 0 separale Ihe regulalor, remove Ihe ø 3mm ( ø 0,1181 

in) rivel which keeps the diode assembly and the 
brushless regulator in place, and Ihe soldered joint of 
Ihe L.terminal 

(3) Remove the ø 5mm (Ø 0 ,1969 in ,) screw from the fronl 
cover, and then remove tte ball bearing 
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5. A1ternator (OPTIONAL) 

2) To replace the IC regulator. disconnect the soldered 
joint the IC regulator and pull out the two bolts. 00 not 
remove these two bolts except when replacing the IC 
regulator 

食单

信= 口
þ= 

5-8 Inspection and adjustment 
(1) Oiode 

U.v.w 

U.v.w 

U 

Current direction 

BAT ( +side diode) 

+ side side 

No continuity 

Continuity 

E ( -side diode) 

+…e 一丁side
--- I continuity 

No Continuity 

V W 

BAT 

U.V.W.: terminal from the stat町 coil

Current Ilows 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 01 above. 
there should be no continuity. If there is. the diode is 
delective 

9-34 

3.4]H3(B)(C)E 

After repeating the above test. il any diode is lound to be 
delective. replace the diode assembly. Since there is no 
terminal on the auxiliary diode. check the continuity 
between both ends 01 the diode 

lEE 
哪l

CAUTlON: 00 not use high tensife insufation resistance 
such as meggers. etc. for testing. The diode 
may burn out. 

(2) Rotor 
Inspect the slip ring surface. rotor coil continuity and 
insulalion 

1) Inspecting the slip ring surface 
Check il the surlace 01 the slip ring is sufficiently 
smooth. If the surlace is rough. grind the surface with 
No. 500 -600 sand paper. 1I it is contaminated with 
oi l. etc.. wipe the surlace clean with alcohol. 

Slip ring outer dia 

Standard 

Ø31.6mm 

2) Rotor coil continuity test 

Wear limit 

Ø30.6mm 

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 Approx. 2.58 口 at 20'C 
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5. Alternator (OPTIONAL) 

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 circui t. Replace the rotor coil 

4) Check the rear side ball bearing. If the rotation of the 
bearing is heavy , or produces abnormal sounds , 

replace the ball bearing 

(3) 8tator 
1) 8tator coil continuity test 

Check the continuity between each terminal of the sta 
tor coi l. If there is no continuity, there is a wire break 
in the stator coi l. Replace the stator coil 

Resistance value 

Printed in ]a.pan 
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Approx. 0.04 Q at 20'C 
u,v-phase resistance 

Approx. 0.036 Q at 20'C 
w-phase resistance 
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2) 8tator 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 
pauge 

Brush spring strerath 255-345日

(5) Brush wear 
Check the brush length 
The brush wears very Iittie , but replace the brush if 
worn over the wear limit line printed on the brush 

Wear limilline (brush) 

mm 
Ma副In阳1

Brush length I 16 9 
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5. Alternator (OPTIONAL) 

(6) IC regulator' 
Connect the variable resistance, two 12V batteries , 
resist町， and voltmeter as shown in the diagram 

1) Use the lollowing measuring devices 
Resistor (Rl) 1000 , 2W, 1pc 
Variable resistor (Rv) 0-3000 , 12W, 1 pc 
Battery (BAT1 , BAT2) 12V.2pcs 
DC voltmeter 0-30V, 0.5 class 1 pc 

(measure at 3 points) 
2) Check thé regulator in the lollowing sequence, accor 

ding to the diagram. 
a) Check V3, (BAT1+BAT2 voltage). 1I the voltage is 

20-26V, both BAT1 , and BAT2, are normal 
b) While measuring V2 (F-E terminal voltage) , move 

Rv gradually lrom the O-posit旧n. Check il there 
is a point where the V2, voltage rises sharply lrom 
below 2.0V to over 2.0V. 1I there is no such point, 
the regulator is delective. Replace the regulator 1I 
there is a sharp voltabe rise when testing , return the 
Rv to the O-position , and connect the voltmeter to 
the V" position 

c) While measuring Vl (voltage between L-E termi nal时，
move RV gradually Irom the O-position. There 
should be a point where the voltage 01 V" rises 
sharply by 2-6V. Measure the voltabe 01 Vl , just 
belore this sharp voltage rise. This is the regulating 
voltage 01 the regulator. 1I this voltage 01 V" is within 
the standard limit, the regulator is normal. 1I the 
voltage deviates from the limit, the regulator is 
defectiv8. 
Replace the regulator 

F L R R 

φ 

5-9 Reassembling the altemator 
Reassembly is done in the reverse order 01 disassembly 
For reassembly, be carelul 01 the lollowing 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 
(Iead wire) 
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Wind the 刷re 1.5 times 
around the terminal groove 

ULJ 
→~mm 

Mount the insulation tube 
on the terminal su付ace

NOTES: 1. Use non.acid type paste 
2. The soldering iron temperature is 300-350(; 

2) Mount the IC regulator on the brush holder as illustrated, 
and press in the M5 bolt. Do not lorget to assemble 
the bushing and the connecting plate at the same 
tlme 
(11 the bushing is left out, the output terminal will be 
earthed and the battery sho同.circuited).

M5bolt 

NOTES: 1. Inset1ion pressure is 100kg 
2. Inse t1 vet1ical.收

(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 i 500kg 

2) Connect the brush to the diode 
Insert the brush side terminal into the diode terminal 
calk it , and then solder into place. 

Rivetting pressure 500kg 
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5. Alternator (OPTIONAL) 3,4JH3(B)(C)E 

。-15V or 0-30V, 0.5 Class, 1 pc 

o一 100A ， 1.0 Clsss 1 pc 

。一0.25Q. lkW, lpc 

12V, 3W 

3W 

(1) Measuring devices 

DC voltmeter 

DC ammeter 

Variable resistor 

(3) Assembling the rear cover 
lnsert pins from the outsice of the rear CQver. Inslall 
the brush on the brush holder, then attach the rear 
CQver 
After assembly, pull out the pins 

Brush hclder Lamp 

100 Q resistor 

0.25 Q resistor 25W 

(2) Measuring the regulating voltage 
1) When measuring devices are connected in the per 

formance te8t circuit as shown above, the charge 
lamp lights 

2) Close SW2 while keeping SW1 open and run the AC 
generator. When the revolutions 01 the generator are 
gradually raised , the charge lamp goes otf 

3) Raise the revolutions 01 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 18 less than 5A. If the indlcation is over 
5A , connect the 0.25 Q resistor. The volt­
meter mdication 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 lor measuring the regulating voltage 
1) When measuring the voltage , measure the voltage 

between the AC generator BAT terminal , or Battery 
+ terminal , and AC generator 巳terminal

2) Use a lully charged battery 
3) Measure the voltage quickly 
4) Keep SW, open lor measurement 

Pin 

同ear COV8r 

8rush 

\二

(4) Tightening torques 

Tightening torque 
kg-cm 

32-40 
60-70 
32-40 

400-600 
32-40 

Positions 

Brush holder fixing 
o iode fixing 
Bearing retainer fixing 
Pulley nut tightening 
Through-bolt tighlening 

5-10 Performance test 
Conducl a performance tesl on the reassembled AC gen 
erator as lollows. The lollowing is the circuit lor the per 
formance te5t 

0.250 Resistor 
Connect when 
the batterries 
are discharged 

应E

旦
。
由
旨LU 气

叫J
m

r,
l\0 

9-37 

SW, 

SW2 

σ一"

。

Variable reslstor 
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Chapter 9 EJectricaJ System 

5. A1ternator (OPTIONAL) 

5-11 Troubleshooting 

(1) Charging failure 

Does the charge lamp 90 off 
when the key sWÎtch 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 

市

Remove the R-L generator coupler 

Measure the voltage between the 
BAT termirnal , and the R-L 
coupler terminal 

IOK 
BAT. R.L terminal I 
Voltage: 9-12V 

In5ert the R-L coupler to the generator 

Defective 

Turn on the key switch for engine sta同'ny

'" Measure the voltage between 
the gen向rator BAT, and the L 
terminal 

OK 

Light the night lamp. Measure 
the BAT terminal voltage of 
generator; O.3-2V is normal 

9-38 

Defective 

Defective 

3,4JH3(B)(C)E 

• Replace fan belt 
• Adjust fan belt 

• Check electrical wiring for defective 
continuity 01 the BAT, and R 
terminals 

• Check the key switch and charge 
lamp for defective continuity of the 
L-terminal 

-ln case of defective continuity J~ 
8AT terminal , replace the IC ri;O;甘U
lator 

-In case of defective continuity of 
the L-terminal , check or replace 
the diode, startor and rotor 

Check the electrical wiring for the 
night lamp 

Printed in ]apan 
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Chapter 9 Electrícal 写ystem
a Alternator (OPTIONAL) 

(2) Overcharging 

Tum on the key switch 
(SlaηIhe engine,) 

(3) Charge lamp failure 

Gheεk if the charge lamp li吉扫t5
after turning on the key switch 

OK 

After turning on the key swìtch 
(afte, engine 5tarting), check if 
the charge lamp goes 0行

Check Ihe fan belt 

Printed in jap3R 
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'Measure the BAT voltage 01 
the genera!or 

Gheck the wiring 
Replace the charge lamp 

TheCha，ge 坦mp is OK if it goe5 0霄

OK 

Measure !he BAT vol!age of 
geηerator 

9一39

Defectìve 

川一一如

3,4JH3(B)(C)E 

Replace the IG reg陆tor or generator 

• Replace !he fan belt 
• AdjU5t fan belt 

Replace the cha,ge lamp 



Chapter 9 Electrical Systerr. 

6. Instrument Pallcl 3,4fH3(B)(C)E 

Instrument Panei 6. 
B2-type instrument panel with wiring 6-1 

Key switch 

Tachometer 

时
剧
的
四
口

{
5
3
2
1尸
h
民
间
胆
的
p
h
川
叫
阳

{
凹
d
v
町
的
国
)
@
的

F

6-2 C-type instrument panel 

Printed in Japan 
HINSHI-H8009 

mm(1仁

CooJing water thermomete旷

/ 

Warning lamp 
c.w. temperature lamp 
Engine l.ú pressure lamp 
Charge lamp 

12 (0.4724) 
/，气 φ守
/，气d
>'.、马
、3

Tachometer 

9-40 

LubeαI pressure gaugε 
336 (13.2283) 

丁百古写日

-
P
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的
。
-
-
=

后
闷
闷
陆
同
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U
D
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{
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Chapter 9 Electrical System 
6. Instrument Panel 

6-3 Extension codes 

Extension cord 4M 

Extension cord 6M 
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L 

Part code N。

129574-77710 

129574-77720 

mm 

L 

3750 ~ 3850 

5750 ~ 5850 

3,4JH3(B)(C)E 
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3.4]H3(B)(C)E 

7. Warning Devices 
7 -1 Oil pressure alarm 

If the engine oil pressure is below 0.1-0.3 1电Icm' (1 .42-
4.26 Ib/in.'). wilh lhe main switch in the ON position. the 
contacts of the oil pressure switch are closed by a spnng 

and the lamp is illuminated through the lamp • oil pres­
sure switch → ground 口 rcuit system. If the oil pressure is 

normal. the switc contacts are opened by the lubricating 

oil pressure and the lamp remains off 

Lube oil tiZ\ 

p SWlIC 

工

(Oil pressure aiarm αrc山。

αI pressure 

Oil pressure s阳tch

$pring Contacts 

Rated voltage 

Operation pressure 

Lamp capacity 

12V 

0.1 -O.3kg/cm' 

5W 

αI pressure -
Inspection 

Problem Inspection Ilem Inspec巾。n method Corrective action 

1. Oil pressure lamp (1) Visual inspection Replace lamp 
blown out 

lamp not illuminated when (2) Lamp not iIIuminated even 
main switch 5et 10 ON when main switch 5et 10 ON 

position and terminals ot oil 
pressure switch grounded 

2OSWpietcrah tion ofoll pressure Lamp illuminated when checked Replace oil pressure switch 
as described in (2) above 

1. Oil level low Sletvoep l WenItgh ine and check ol1 Addoil 
dipstick 

2. Oil pressure low Measure oil pressure aRdejpuast t 「rbeegau『|ainIgO wear and 
Lamp not extinguished r valve 

while engine running 3. Oil pressure faulty SWltch faabuoltvy e lf abnormal at(1) Replace oil pressure switch 
and (2) 

4Wiring between lfaamulp ty and 01| Cut the wmSWng itcbh eatwn een the Repair wiring harness 
pressure switch lamp and switch and wire with 

separate wire 

9-42 
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Chapter 9 EJectricaJ System 

7. Warning Devices 3,4JH3(B)(C)E 

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 expans旧n material is set on the end of the 
water lemperature unit. When the cooling water lem 
peralure reaches a specified high lemperature, Ihe con­
tacts are closed , and an alarm lamp and buzzer are 
activaled at Ihe inslrument panel 

巴
阳

97-103 0C 

8TC or high 

DC12V, 1A 

wìth in 60 sec 

Green 

2.40-3.20kg-m 

Electric capacity 

Response time 

Indication color 

Tightening torque 

Fresh water pump 

Thermos1al housir咱

寸
土

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 Ihe oil enters into Ihe main 
gallery after being fed from Ihe lube oil cooler and passin司
through the oil pressure control valve Be sure 10 mount a 
vibration damper when mounting the oil pressure sender 
unit 

Fuse Main switch 

Green 

(Water temperature alarm αrcuit) 

57.7mm 

PT 3/d 

Printed Ín ]apan 
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Chapter 9 Electrical System 
Z Warning Devices 

Lube oil pressure sender unit 

16.7 , 

82.4 

37 10.7, 8 10 
M5 x PO.8 

3,4]H3(B)(C)E 

mm 

N
m凹

Damper 

PT 1/8 

寸

且n

7-4 Sender unit Oor the cooling water 
temperature gauge 

The water temperature sender unit has a mounting s8at 
lor mounling on the Iresh waler pump unit. Water temper­
ature is measured when lhe cooling water Ilows into the 
thermostat housing alter leaving the cylinder head. 

22.7 

57.2 

14 20.5 
M5X PO.8 

81ack 
PT3/8 

Type 

Rated voltage 

Thermistor switch 

12V/24V 

9-44 

PT 1/8 

Type 

Rated voltage 

Max. operating pressure 

Re~istance switch 

DC 12/DC 24 

8kg/cm 2 

mm 

出
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Chapter 9 ElectricaJ System 

8. Aír Heater (OptÍonal) 

8. Air Heater (Optional) 
An air heater is available for 胃armlη9 intake air when 
starting in cold areas in winter. The air heater is mounted 
between the intake manifold and intake manifoJd coupling 
The device is operated by the glow switch on the instru. 
men!paneL 

i厂←寸
-j 

Raled OU!pu! 

Rated current 

Rated voltage 

Rated operating tÎme 

Range operating 
temperature 
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400W 

33~3A 

DC 12V 

êngine ope阻币。n: 60 sec. 
Engine stop : 30 sec. 

+50'C-30'C(122'F--22'的

9一45

3.4JH3(BXC)E 

mm 

21 

gl 但
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Chapter 9 EJectrÎcaJ System 
9. Electric Type Engine Stopping Device (Optiona l) 3.4JH3(B)(C)E 

9. Electric type Engine Stopping Device (Optional) 
To employ the eletric engine stop device. the stop lever 01 
the luel inject旧n 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 stop wireharness 

9-1 Solenoid 

Solenoid model 

Rated voltage 

Taking current 

Taking force 

Holding force 

Holding current 

R 创

.<7\ 
4、\/叮-
D I r一- \i elay 

1504-12AU1B 

12V 

41A 

5.0kg 

9.0kg 

O.75A 

7~ 171 
Tie 陷。\

Constant volume boot 

、、-.一'

9-46 

mm 

link 

Fuel injection pump 

Prinled in ]apan 
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Chapter 9 EJectricaJ System 
9'. Electric Type Engine Stopping Device (Optio咀al)

9-2 Relay 

r1 
j斗

0.8 

7 

9-3 Wire harness of engine stop 

Starting motor J:I 
terminal B 

23.6 

3 

mm 

h 

'" 

叮2

『

Earth 

G/R 

I:1strument panel 
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Rated voitage 

Cantact current 

Range of operat旧n

( Su 

3,4]H3(B)(C)E 

12V 

Lamp: 20A, extra-Iamp : 25A 

-30'C-+90'C 

Engine stop 50怆npid

9SK 

臼Relay



Chapter 9 Electrical System 

10. Tachometer 

(2) Sensitivity limit 01 sender unit 

10. Tachometer 
10-1 Construction of tachometer 

The tachometer indicates the number 01 revolutions per 
minute by means 01 an electrical input signal which is gen. 
erated as a pulse signal Irom the magnetic pickup sender 
(MPU sender) 
The lunction 01 the sender is to convert the rotary motion 
into an electrical signal by counting the number 01 teeth 01 
the ring gear connecting with the flywheel housing 

CJ- Tac… 

Bzm 四d
矿τ?总

飞;;p

Red/black 
Orange -
8lue/red 

81ack 

10-2 Specifications and dimensions of tachometer 

(1) Specifications 

冉
一

h

E-t 
组
u
-
a
e

u
u
-
a
n
i

二

l
I

。

-
t
-
e
τ

川

们
一
川
一
削
二
川

n
-

。
一
。
-
引

硝
-
N
-
U
M
-
-
础

'
一
剧
一

T
l
L
i
l
ι
e

a
一
叩-
1
-
h

-ii2 
。
一
，
刀
一
仙
一

a
t

v
-
川
一

a
-
e
o

d-VF-m

•

gN 

怕
一
时
-
m
→
咱
司

a
-
a
-
u

一
-
r
a

R
-
n
n
-川

-
n
n
p

DC 12V 

10-15V 

3.4W / 12V 

116 

2.54 

128170-91160 

Ring gear speed 
(m/sec) 

10 

/ v 
v NG zone 

./ 

~ 
v 

卢卢卢J

8 

6 

4 

2 

。

3,4]H3(B)(C)E 

0.5 1.0 t.5 2.0 2.5 
Sender unit and gear c!earance C (mm) 

-
-
4
C〈
可

Sender unit 

(3) Dimensions 01 sender unit 

25:t0.5 34.5 

1.5丁 3 llj二三
ElE 

mm 

吟Y
N
g
m
Z
E
E
U
E

M18XP15 

(4) Dimensions and shape 01 tachometer 

72.3 

10 

∞
∞
∞
、

Identification mark 

9-48 

白
g
、
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Chapter 9 Electrical System 
10. Tachometer 3.4jH3(B)(C)E 

10-3 Measurement of sender unit characteristics 

(1) Measuremenl 01 output voltage 

Output voltage 

Measuring conditions 

N umber of teeth of 
Tlng gear 

Gap between the ring 
gear and sender 

Resistance 

Speed of ring gear 

Measuring temperature 

Measuring instrument 

Does not function well 
1) Pointer does nol move 
2) Fυnctions intermittently 

Printed in japa.n 
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1.0V or higher 

IV or h咀her

116 

1.3mm 

20k口

500 rpm 

20'C 

Synchroscope 

AC 100V 

'Check the output wave pattern and number 01 pulses 
when carrying out the output voltage measurement 

(2) Measurement 01 internal resistance 

Measunng c咀nditions

Measuring temperature 

Measuring instrument 

Rotation detecting sender 

20'C 

Digital tester 

Digital tester 

AC 100V 

Check il there 巴 an open-circuit cable connection al the I Yes Make good the connection 
rear of the meter, a 1005e or disconnected terminal or bad 
continuity due to corrosion 

Disconnect at the instrument terminals. and measure the 
voltage between the cable terminals. (To be 10-16V) 

• Satislactory 

9-49 

No 11 the input voltage is 
abnormal , check the cause 
(e.9. short-circuit, disconnec­
tion, or blown fυ5e ， etc.) 



Chapter 9 EJectricaJ System 

10. Tachometer 

Check if the sender is loosely fitted 

↓ N。

Measure the internal resistance of the sender. 
(To be 1.6:!:O.lkO at 20.C) 

Measure the outpaut t 2v0o巳lta)ge of the sender. 
(To be or higher 

9-50 

Yes 

No 

No 

3.4JH3(B)('οE 

Fix the sender securely 

Replace the sender 

Replace the sender 
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DISASSEMBL Y 
AND REASSEMBLY 
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Chapter 10 Disassembly and Reassembly 
I . Disassembly and Rωssembly Precautions 

1. Disassembly and Reassembly 
Precautions 

(1) Disassembly 
• Take sufficient time to accurately pin-point the cause 
。f the troub怡， and disassemble only those parts 
which are necessa叩

• Be careful to keep all disassembled pa同s in order 
• Prepare disassembly tools 
• Prepare a cleaner and cleaning can 
• Clear an adequate area lor parts and prepare a 

container(s) 
• Drain cooling water (sea water, Iresh water) and 

lube oil 
• Close the Kingston cock 

(2) Reassembly 
• Sufficiently clean and inspect all parls to be assem­

bled 
• Coat sliding and rotating pa时s with new engine 0;1 

when assembling 
• Replace all gaskets and O-rings 
• Use a liquid packing agent as necessary to prevent 
。il/water leaks 

• Check the oil and thrust clearances. etc. 01 pa同swhen
assembling 

• Make sure you use the correct boltlnut!washer 
Tighten main bolts/nuts to the specilied torque. Be 
espec旧lIy carelul not to overtighten the aluminum 
alloy part mounting bolts 

• Ahgn match marks (il any) when assembling. Make 
sure that the correct sets 01 pa叶s are used for bear­
ings, pistons, and other parts where required 
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3,4]H3(B)(CJE 

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 oltool lIIustration Re町、arks

Wrench Size: 10X13 

Wrench Size: 12X14 

Wrench 乒乒一一 Size: 17X19 

Wrench Size: 22X24 

Screwdriver 

Steel hammer 扎
忡
口

3 Local supply 

10-2 Printed În japan 
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Chapter 10 Disassembly and Reassembly 
z DisassembJy and ReassembJy Tools 3,4JH3(B)(C)E 

Na师、e oltool lIIustration Remarks 

Copper hammer F 二 Local supply 

Mallet Local 5upply 

Nippers 在ç Lo昭al sυpply 

Plìers 也乓二二2 Local 5upply 

0lf5el ￥vrench Local supply 1 5e! 

Box spanner 二 Local supply 1 5el 

Scraper Local 5upply 

Printed Ìn japan 
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Chapter 10 Disassembly and Reassembly 
z Disassembly and Reassembly Tools 3.4JH3(B)(CJE 

Remarks 

Local supply 

IlIuslralion Name 01 1001 

Lead rod 

;=-

Local supply 1 set 

一
理理lIIII'i:

面wöm，，@

f
t
1
l
l
l
I
l
l
i
t
-
-
?
l
l
/

、
飞ht
!
i
l
t
-
t
o
l
l
-
-
l
l
t
\

File 

Local supply 

Size: 6 mm 

8mm 

10 mm 

Rod spanner ror 
hexagon ~ocket 

head screws 

5-0 

Stariing Pliers 

Hυle type 

5haft type 
Local supply 

H4~H8 
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一 Shape and size Application 

mm 

/己

'但

c 

Piston pin insertionl 

extraction tool 

门
已同

80 

卫自
O 

O 
Extraction 01 piston pin 

盯'If

Connecting rod small 

end bushing insertion/ 

extraction tool 

问

:工E

80 

川; \ 

L 
Extraction 

Lubricating oil No.2 

filter case remover 
芒当

Intake and exhaust 

valve insertionl 

extraction tool 

l 勺广气
• 

三五二二
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Chapter 10 Disassembly and Reassembly 
z Disassembly and Reassembly Tools 

Name 01 1001 

Piston ring 

compressor 

Shape and size 

Valve lapping handle J 
Valve lapping powder Q 

Feeler gauge 、

Pulley puller 

Local supply 

10-6 

-一飞
飞♂

3,4]H3(B)(C)E 

Applicalion 

Lappira tool 

Removing the coupling 
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Chapter 10 Disassembly and Reassembly 
2'. DisassembJy and Reassembly Tools 3AJH3(B)(C)E 

2-3 Measuring Instruments 
户】---咱也------r町-卢干

忖ame oltool Shape and size Application 

Vernier calipers 』
「

飞
出
'

0.05mm 

。-150mm

Microme!er 

O.Olmm 
0-25mm 
25-50mm 
50-75mm 
75 -100mm 
100 -125mm 
125-150mm 

Cylindergaυ90 巳业G
。.Olmm

18-35mm 
35-60mm 
50-100mm 

Tt飞ìckiness gauge 。币05-2mm

Torque wrench 性三
tw 

。-13kg.m

Nozzle !e5!er 。-500kg/cm'
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Chapter 10 DisassembJy and ReassembJy 
Z Disassemb1y and Reassemb1y T，οοls 3,4]H3(BXC)E 

2-4 Other material 

l1ems 

Three Bond 
NO.1 

TB1101 

Three Bond 
NO.2 

T日1102

Three Bond 

]i ω m 0K 3 

NO.3 
TB1103 

72 3 C7 Three Bond 
-' No.4 

TB1104 

Three Bond 
NO.10 

TB1211 

Three Bond 
TB1212 

Three Bond 
q>J TB1401 

<4飞Uω3 = 3 

Lock tight 
SUPER 
TB1324 

Seal Tape 

。-ring kit 

( 主-。rs= 3 

Brand name 
(LOWCOL PASTE) 

3 旦
Brand name 

飞3

i仨E3 号E 3 E Jh 

(PASTE SPRAY) 

Brand name 

EUL J 

(MOL YPASTE) 

Usual Contents 

200g 
(1 kg also aviable) 

200g 
(1 kg also aviable) 

150g 

200g 
(1 kg also aviable) 

100g 

100g 

200g 

50g 

5m round tape 

ø 1.92-m dia.:1 
ø 2.42-m dia.:1 
萨 3.12-m dia.:1 
ø 3.52-m dia.:1 
ø 5.72-m dia.:1 

50g 

330g 

50g 

Features and application 

Non-drying liquid gasket; solventless type, easy to remove, super旧r m 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 lilm, low viscosity and lorming 01 thin lilm , appropriate lor mating sur-
lace 01 precision pa时S

Semi-drying viscoelastic material, applicable to non-llal surface having many 
indentations and protrusions, superior in heat resistance , water 
resistance, and oil resistance 

Solventiess type silicone-base seala时， applicable to high temperature areas 
(-50'C to 250) 

Silicone-base, non-flυid type , thick application possible 

Prevention 01 loose bolts , gas leakage , and corrosion. Torque required t。
loosen bolt: 10 to 20% larger than tightening torque 

Excelient adhesive strenglh locks bol1 semipermanently 

Sealing material lor threaded parts 01 various pipes 
Ambient temperature range: -150'C 10 200'C 

。-ring 01 any size can be prepared , whenever required 
(Including adhesive , release agent, cutter, and jig) 

For assembly 01 engine cylinders, pistons, metals, shatts, elc 
Spray type lacililates application work 

Prevention 01 seizure 01 threaded parts at high lemperature 
Applicable 10 intake and exhausl valves. (slem, guide, lace) 
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Chapter 10 DisasseJηbly and Reassembly 
二~. Disassembly and Reassembly_TooJs 3.4JH3(B)(C)E 

Items 

Scale solvent 

caustic soda) 

pH test paper 

Antirus! 

Anti freeze 

Cleaníng agen! 

Printed in ]a.pan 
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Usual Contents 

1 box 

(4kg X 4remove陌}

?如ox

(2kgX4 

neutralizers) 

u 

u 

lkgX20 

Features and applíca!íon 

• The scale solvent removes scale ín a short !íme. (1 to 10 hours) 
• Prepare water (seawater ís possíble) ín an amount that is about 10 tímes the 

weíght 01 Ihe solvent. Míx the solvent with w时er.

• Jusl dipping disassembled part inlo remover mixture removes scale. 
To shorten removal time, stìr remover mixture 

• If cieaning performance drops, replace remover mixture with new remover 
灯lixture.

• Neutralize used mixture, and !hen dispose of í! 
To judge cleaning pe叫。rmance of mix!ure, put pH !est paper into míxture. 
If test paper turns re哇. remover m!xture 臼 slill effective. 

Add anlirust to fresh water system. T扣εn operate engine for approximately 5 
minutes. Antírust will be effective for 6 months 

Add antirust to fresh water sy时em at the cofd area to engine operate 

• The cleaning agen! removes even car如on adhering to disassemble世 parts

• If a cleaníng machine is used , prepare 4 to 6% mixture of 60' to 80'C to 
ensure more effective cleaníng 

10-9 



Chapter 10 Disassembly and Reassembly 
2'. Disassembly and Reassembly Tools 3.4]H3(B)(C)E 

Ilems Usual Conlenls Fealures and applicalion 

42X4 

Cleaning agenl 18 QX 1 Special cleaning agenl Ihal requires no walar, specially designed lor 

lor lurbocharger blower 01 lurbocharger and inlercooler. 

15sels: 1, 

500ccX6 

Cautions 
It is recommended that the liquid gaskel 01 Three Bond TB1212 should be used lor seNice work 

Belore providing seNice. obseNe the caulions below 
(1) Build up each gasket equally 

(2) For a bolt hole , apply liquid gasket to the inside surlace 01 the hole 

(3) Conventionally, Three Bond TB11 04(gray) or Three Bond 

TBll02(yellow) is used lor paper packings though single use 01 one 01 Ihese bonds is not ellective 
(4) If conventional packings are used, do nol use a liquid packing 

Oil pan mating surface 

(
E
m
w
a
-
-

。
右
。
3
5
c一
)

。
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ω
c
-

。
。
苟
言
。
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Chapter 10 Disassembly and Reassembly 
2. DísassembJy and ReassemblY Tools 

2-5 Measuring lnstruments 

No Name 011001 Use 
←一叫

Dial gauge Measures shaft bending , distortions 01 levelness , 

and gaps 

2 T est indicator Measures narrow and deep places which cannot be 
measured 胃垃扫 dial gaug怠

3 Magnetic stand Keeps the dial gauge lirmly in position , thereby 
perm.拄ing it to be used at various angles 

4 Micrometer Measures the outer diameter of the crank shaft, 
piston, piston pin, etc 

5 

6 VernÎer calloers ! Measures various 0υter diameters, thicknesses, and 

7 Depth micrometer 

8 Square 

9 V 810ck 

Printed in Japa.n 
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Measures sinking 01 valves. 

在Aeasures distortion in positíon 01 sprin吉sand
perpendicularity 01 parts 

Measures s扫aft dístortion. 
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N。 Name of tool Use lIIustration 

10 T orque wrench Used to tighten bolts and nuts to standard torque 

dCLh Lr EE呻

号主 万堕毒

11 Thickness gauge Measures the distance between the ring and ring 
groove, and between the shaft and shaft joint at 

亘 三量time of assembling 

12 Cap tester Checks for leakage in the fresh water system 

4句
13 Battery current tester Checks density of antifreeze and charging condition 

of battery fluid B勤:IJ1)

14 Nozzle tester Checks the sha阳 and pressure of spray emitted 

E from the fuel injection valve at the time of injection 

气~主3

15 Digital thermostat Measures temperature of various parts . . -- L电]些·

乓己。
16 Contact type Measures rotation speed by placing at the indenta 

也忡m州-tion hole of the revolving shaft 

Photoelectric type Measures rotation speed by using a reflector seal Revolving pa同
which is placed on the exterior of the revolving 

队如回IDshaft 

GEm 口P', l I 

Reflector seal 

E 忑←。<=。ω = High pressure fuel pipe Measures rotation speed without reference to 
clamp type revolving shaft center or the exterior of the revol -= 

声!High pressure pipe 

带哑 岳!

10一 12
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Chapter 10 Disassembly and Reassembly 
2'. Disassembly and Reassembly Tool~ 

No Name 01 1001 

17 I Circuit !es!er 

18 I Compression gauge 

Printe-d ìn )ap.an 
H1NSHl扭擂台9

Use 

í Measures thεresistance • voltage, and continuity 
01 !he electric circuì! 

Measures the pressu陪 01 the compression 

EEJ Yanmar code na 

τOL…97190080 
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Chapter 10 Disassembly and Reassembly 

3, Disassembly and Reassembly 3,4fH3(B)(C)E 

3. Disassembly and Reassembly 
3-1 Disassembly 
For engines mounted in an engine rQO rT飞， 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 
batte叩

(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 fυel 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 Orain coo1ing 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 pa同。f

the fresh water tank to drain the fresh water 

Alternator 

Starter n、otor

Seawater pump 

3-1.2 Orain 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 from the marine 
gearbox 

NOTE: If a lube oil supply!discharge pump is used lor 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 01 the case 

3-1.3 Removing (electrica1) wiring 
Remove the wiring from the engine 

@/LubMl 
pressure switch 

~一叫nt

产
Tachometer sensor Alternator 

严

10-14 

Cooling water temperature switc~ 
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Chapter 10 Disassembly and Reassembly 
i Disa臼embly and Reassembly 

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 

FuelαI pipe 
(pump-fllter) 

3-1.5 Removing the inlake 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 

Printed in }apan 
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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 

/ Sea wa1er pipe 
(mixing elbow-heat exchanger) 

Mi 



Chapter 10 DisassembJy and ReassembJy 
1• Disassembly and Reassembly Precautiωs 

3-1.7 Removing the starting motor 

Remove the starting motor from the flywheel housing 

Starting motor 

Flywheel housing 

3-1.8 Removing the altemator 
(t) Loosen the alternator adjuster bolt and remove th, 

v-belt 
(2) Removing the adjuster from the fresh water pump, am 

remove the alternator from the gear case (with dis 
tance piece) 

Altemator 

3-1.9 Removing the cooling water pipe 

(1) Remove the cooling water (sea water) pipe (Iube 
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 (Iube Oil cooler 一
marine gearbox) 

10一 16
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Sea water strainer 

主∞k
3-1.10 Removing the heat exchanger 

(exhaust manifold, fresh water tank unit) 

Remove the heat exchanger and gasket packing 

Gasket packing 

Cylinder head 

户口'nted ín ]apan 
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Chapter 10 Disassembly and Reassembly 
3 Disassen>bly and Reassembly 

3-1.11 Removing the cooling water (sea wate叶 p.pe
(sea waler pump-Lube oil cooler). 

Cooling water 
(saa water) pipe 

3-1.13 Removing the lube oil filter 

(1) Remove the lube oil pipe (Iube 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 

Printed in ]apan 
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Cylinder block 

\G础叫出'n9
Lube oi! filte 

口pstick

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 inject旧n rlozzle 

fuel inject旧n pump) 

Fuel oil return pipe 
/ 

3-1.15 Removing the intake manifold 

(t) Remove the governor speed remote control bracket 

(2) Remove the intake manifold and gasket packing 

Cylinder head 

Intake manifold Gasket packing 



Chapter 10 Disassembly and Reassembly 
a Dísassembly and Reassembly 

3-1.16 Removing the fresh water pump 

Remove the fresh witer pump, gasket packira and O-ring 

head 

packhig 

water 
pump 

3-1.1 7 Removing the fuel injection nozzles 

Remove the fuel injection nozzle retainer nut , and pull out 
the fuel inject旧n nozzie retainer and fuel injection nozzle 

Fuel injection nozzle retainer 

Fuel injection nozzle 

@ 
⑤ 

~主

NOTE: If the heat protector stays in the cylinder head, 

make a note 01 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(剖， and remove the entire valve elbow shaft 
assembly 

(3) Pull out the push rods 

Cylinder head 

3-1.19 Removing the cylinder head 

(t) Remove the cylinder head bolts with a torque wrench , 
and remove the cylinder head 

(2) Remove the cylinder gasket parking 

L句li…

Cylinder head 
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Chapter 10 Disassembly and Reassembly 
a Disassembly and Reassembly 

3刷1.20 Removing the crankshaft V-pulley 

Remove the hex 柱。Its holding the crankshaft V pulley. and 
remove the crankshaft V.pulley with an extraction 1001 

Crankshaft V, Pulley 

3斗 .21 Removing lhe maríne gearbox 

(1) Remove the hex bolts from the clutch case flange, and 
remove the gearbox assembly 

Printed in japan 
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Fan 
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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 

3啕1.23 Removing the fiywheel 

Remove Ihe fiywhool mounting bolts and Ihen the flywheel 

Flywheel 

NOTE: Be careful not 10 scratch the ríng gea瓦



Chapter 10 Disassembly and Reassembly 
3. Disassembly and Reassembly 

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 

α1 pan 

3-1.26 Removing tne lube oil intake pipe 

Remove the lube oil intake pipe and gasket packin 

10-20 
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3-1.27 Removing the gear oase 

Remove the gear case mounting bolts. and remove the 
gear case from the cylinder block 

Apply liquid gasket 

Gear case 

F 二军
" 

A今, 
-鸟」

4~.ν 

3-1.28 Removing the lube oil pump 

Remove the lube oil pump and gasket packing from the 
gear case flange 

Printed in Japan 
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Chapter 10 Disassembly and Reassembly 

a Disassembly and Reassembly 

3嗣1.29 Remove the fuel injection pump 

(1) Remove the blind plug mounted to the hub 01 the 
automatic advancing tiπ，er 

(2) Remove the box nut, and pull out the fuel oil pump 
drive gearlautomatic advancing timer assembly with 
an extraction tool 

(3) Remove the fuel injection pump and O-ring from the 
gear case flange. 

3-1.30 Removing the iding gear 
问emove the two hex OOlts hoiding the idling the idling 
pulloυt the idling gear and idling shaft 

F子inrcd in ]apan 
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3,4JH3(B)(C)E 

3-1.31 Removing the pistons and connecting rods 

(1) Remove tne connecting rod bolt and the large end cap 

(2) Push the connecting rod from the bo1tom and pull out 
the piston connecting rod assembly 

NOTE : Place a 1001 agaínsl the píston cooling nozzle 10 
make sure Ihe nozzle posítíon does nof change 
and ít does not get scratches 



Chapter 10 Disassembly and Reassembly 

Z Disassembly and Reassembly 

3-1.32 Tuming the engine over 
Place a wood block of suitable size on the lIoor and tum 
the engine ov凹， 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 

F!ywheel housin 

Apply liquid gasket 

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 (Iower) 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 

3.4fH3(B)(C)E 

NOTE : 1. The thrust metal (upper) is mounted to the stan. 
dard main bearing. However, in some cases the 
th阳st 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 180-200t to disassemble 

Cylinder body 

C::iear case flange 

Camshaft gear 

3-1.37 Removing the tappets 

Remove the tappets from the tappet holes in the cyllnder 
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 
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Chapter 10 Disassembly and Reassembly 

t1. Disassembly and Reassembly 

[Precautions when disassembly] 

1) Be careful to keep all disassembled parts in order. 

2) Clear an adequate area for parts and preparea con宁
tainer (8). 

3) Prepare a cleaner and cleaning can before disassem宁
如ling start. 

Printed În }apan 
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$揄2 Reassembly 

3翩2.1 Clean all parts 

3.4lH3(B)(C)E 

Clean all pa汽s using by the cloth and diesel (or cleanin吉
agen!) before reassem如Iy_

NOTE : 1. If the dust remain with the parts, engine may 
cauSe the seizing or damage 

2. The cleaning agent removes even cat古时
adhering to disassembled parts, 

3-2.2 Mounting the gear case 霄ange

Mount the gear case Ilange, gasket packing and lube oil 
line O-ring onto the cylinder block 

NOTE.- 1. When mounting the gear case lIange, match 
up the two cylinder block pipe knock pins 

2. Be sure to coat the cylinder block lube oil line 
。町rmg 百'ith grease when assembling, so that it 
does not get out 01 place, 

3-2.3 Inserting the tappets 
Coat the in目de o! the cylinder block tappet holes and the 
outside circu附!erence 01 the tappets 胃;th eng;ne 0;1 , and 
insert the tappets ;n the cylinder block 

NOTE: Separate the tappets to make sure that they are 
reassembled in the 5ame cylinder, intake/ 
exhaust manifold as they came from. 



Chapter 10 DisassembJy and ReassembJy 

I . Disassemb如 and Reassembly Precautions 

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 assembly of the thrust rest 
AIso make sure they are assembled with the cor­
rect orientatlOn. 

(2) Coat the c川inder block camshalt bearings and camshalt 
with engine oil , insert the camshaft in the cylinder 
block, and mount the thrust rest with the bolt 

C￥linder body 

(3) Measure the camshaft side gap 
mn内

Camshalt side gap 0.05-0.20 

(4) Make sure that the camshaft rotates smoothly 

3-2.5 Mounting the crankshaft 

(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'-200'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 lower 
main bearing metals. The upper metal has an 
oil groove 

2. When mounting the thrust metal. fit it so that 
the surface with the oil groove slit "旨ces
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 fhaf 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 metaJ with engine 
。iJ ， and mounting the main bearing cap. 

NOTE : 1. The lower main bearing metal does not have 
an 0;1 groove. 

2. The standard bearing thrusr metal is fitted with 
the oil groove sfit 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 boits 
to the specified torque 

hM恤A归a刽In内be回an叫r

kg.m 

10.5-1 1.5 

NOTE : 1. The main bearing cap should be fitted with the 
arrow near the embossed letters "FW" on the 
cap pointing towards the ffywheel. 

2. Make sure you have the correct cylinder align 
ment no 

(2) Measure the crankshaft side c1earance 

Crankshaft side clearance 0.140-0.220 

(3) Make sure that the crankshaft rotates smoothly and 
easily 

mm 
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Chapter 10 Disassembly and Reassembly 

a Disassembly and Reassembly 3,4jH3(B)(C)E 

3-2,7 Mounting the flywheel housing 
(1) Press fit the oil seal in the fνwheel housing, and coat 

the lip of the Oil seal with engine oil 
(2) mount the flywheel housing and gasket pac祉in9. mat­

ching them up with the cylinder block positioning pins. 

NOTE : Trim Ihe gaskel packing iI it protrudes onto the oil 
pan mounting surface. 

3-2.9 Mountìn彗核e piston and connecting rod 

(1) Reassemble the piston and connecting rod 

NOTE : When reassembling the piston and connecting rod, 
make sure that Ihe parts are assembled 即th the 
correct orientation. 

(2) Each ring opening (piston/oil rings) should be staggered 
at gaps of 120' 

AMi-

m
m俨

g
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m山
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1st compressìon rîn♀ 
V J-1FL 

元=试?

;;巳牙
、二\工二d

2nd compression rïng 

housing 

3-2.8 Stand up the cylinder block 

On wood 也locks， with the flywfeel housing facing down 
Take care that the gearbox mounting surface does not get 
scratched 

(苟 Coat the outside of the piston and the inside of the 
connecting rod crank pin metal wilh engine oil and 
insert the piston with the piston insertion tool 

J 
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Chapter 10 Disassembly and Reasserη bly 

a Disassembly and Reassembly 

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 ca口， and 
tighten the connecting r阳od bolt$. kg-m 

C。onn阳1

NOTE: If a torque wrench is not available, match up 
with the mark made before di5a5sembly. 

Fuel pump gear 

Idling gear 

/ 

Lube oil pump gear 

Camshaft gear 

Crankshaft gear 

Looking Irom gear case side 
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3-2.11 Mounting the fuel injection pump 

Lightly fit the fuel inject旧n pump on the gear case 

NOTE: 1. Be careful not to 5cratch the O-ring between the 
fuel injection pump and gear ca5e f1ange. 

2. Tighten the fuel injec的'on pump all the wayafter 
adju5ting i句éction timing 

Fuel inject旧npump

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 "8" match marks on the fuel pump drive gea 
and idling gear 

(3) Tighten all box nuts holding the' fuel feed pυmp to the 
specified torque 

kgom 

Box nut tightening torque 6-7 

(4) Grease pa同s around the box nuts (Iithium 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 

Lube oil 

Gear case fla 
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Chapter 10 Disassembly and Rεassembly 

3. Disassembly and Reassembly 

3-2.14 Mounting the gear case 

(1) Coat the inside and outside 01 the oil seals with engine 
。iI and press fit them into the gear case. 

(2) Position the two pipe knock pins and tíghten the bolts 
holdíng the gear case and gasket packing 

NOTE : Trim the gasket packing if it protrudes onto the oil 
pan mounting surlace 

Gear case flange 

Gearcase 

3-2.15 Mounling the lube oil intake pipe 

在Ao泣nt tt哩 lube oil intake pipe on the bottom 01 the cylin­
der block, using new packing. 

lube oil intake pipe tightening torque I 2.6 

白云nted Ín }apan 
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3-2.16 Mounting the oil pan 

(1) Coat 阳th !hree bond (3B-1114) !he 缸Jrtaces 01 the gear 
case, gear case Ilange and flywheel that contact with 
the cylinder block 

(2) Tighten the gasket packing/oil pan bolts. 
(3) Mount the 也racket tha! connects the flywheel 制th the 

oilpan. 

Oil pan 

3-2.17 Mountíng !he engine moun!ing feet and 
turning the engine upright 

Place suítable wood blocks below the oíl pan and turn the 
eπglOeυpright 

3-2.18 Mounting the flywheel 

(1) Coat the flywheel mounting bolt threads with engine 011. 
(2) Align the posítioning pins, and tighten the flywheel bolts 

to the specilied !orque 

FI性wheel

Flywheel mounting bolt 
tightening torque 

kg.m 

8.5~虫C



Chapter 10 Disassembly and Reassembly 

3. Disassembly and Reassembly 3.4]H3(B)(C)E 

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) Li ft the cylinder head hoizomtally and mount aligning 
with the cylinder head gaskeL 

(3) Coat the mounting bolt washers and threads with engine 
。 il ， and lightly tighten the bolts in the specilied order 
Then tighten completely, in the same order 

3-2.19 Mounting the marire gearbox 

(1) Mount the lan and damper disk to the Ilywheel 
(2) Align the damper disk with the input shalt spline and 

insert Tighten the f1ywheel housing and f1 ange 

Damper disk 

:一川h时 bolt

C￥linder head 

packing 

3-2.20 Mounting Ihe crank V-pulley 

(1) Coat the oil seal and the section 01 the shalt with which 
it comes in contact with oil 

(2) Tighten to the specfied torque 

。
写
的
。ω
m
w
Q
L
丽
。
。

。
u
-的
。
ω
m
u
O』
筒
。
。

Camshaft side 

(4 Cylinder ) 

③ 

FO pump side 

Camshaft side 

② ③ 

(3 Cylinder ) 

。
豆ω
-
o
o
z
宝
、f
H
L

。
u
a
-
o
o
t
宝
、A
E

case 

Crankshaft V.pulley 

kg.m 

Complete 

FO pump side kg.m 

".5~' 2.5 V-pulley tightening torque 
Partial 

Cylinder bolt 
tightening torque 9.0~9.6 4.0~5.0 

(4) Measure the top clearance 
mm 

0.74 top clearance 
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Chapter 10 DisassembJy and ReassembJy 

a Disassembly and Reassembly 

3-2.22 Mounting the valve rocker arm shail 
assembly pushrod 

(1) Fit the pushrod to the tippet 
(2) hlount the valve rxker arm shaft assembly 

Valve rocker arm shafl 
sugport lightening torque 

(3) Adjust valve clesrance 

2.4-2.8 

kg'm 

Cylinder head 

Lock-nut 

mm 

!些?些些nta白一甲a阳阳ke/d呻di巳町sc阳rge va副Ive四阳m四 1 0.2 

(4) Coat the valve rocker arm and valve spring with engine 
oil and mount Ihe valve rocker arm chamber cover 

Printed in ]apan 
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3.4]H3(B)(C)E 

3-2.23 Mounting the fuel injetion nozzle 

(1) Mount the injection nozzle tip heat protectar. and then 
the fuel injection nozzle. ~ 

⑤ 
Fuel injection noz出 retainer ~三主

Fue! injection nozzle 

(2) Tighten the fuel inject旧n nozzle retainer nut to the 
specified torque 

Fuel iniection nozzle 
retainer lightening torque 0.7-口 9

3-2.24 Mounting the fresh water pump 

kg'm 

(1) Thoroughly coat both sides of 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 

packing 

kg'm 

0.7-1.1 



Chapter 10 Disassembly and Reassembly 

3. Disassembly and Reassembly 

3-2.25 Mounting the intake manifold 
(1) Thoroughly clean the inside 01 the intake manilold. and 

mount the gasket packing and intake manilold 
(2) Mount the governor remote control bracket 

民/
gk 

\~ 

y、\ Cylinder head 

Gasket packing 

3-2.26 Mounting the high pressure fuel pipe and 
fuel oil return pipe 

(t) Mount the high pressure luel 阳pe and then the high 
pressure luel pipe vibration stop. 

NOTE : Lightly tighten the box nuts on both ends 01 the 
high pressure luel pipe. Completely tighten alter 
adjusting the 叫ection timing 

(2) Mount the fuel oil return pipe with the hose clamp (fuel 
inject旧n nozzle-fuel inject旧n pump) 

Fue! i叫ectlon pump 

10-30 

3.4JH3(B)(C)E 

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 

Printed jß ]a.pa.n 
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Chapter 10 DísassembJy and ReassembJy 
a Disassembly and Reassembly 

3-2.29 Mounting the lube oil pipe 

(1) Mount the lube Oil pipe (filter.lube oil cool凹， 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 

LubeαI dip stick guide 

G 

/"一一飞\

\\ 

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 

Gear case flange 

3-2.32 Mounting the cooling sea water pipe 

Mount the cooling water pipe with the hose clamp (sea 
water pump.lube oil cooler) 

Printed in japan 
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3,4jH3(B)(C)E 

乓毛\ Cooling water (sea water) 阳pe

晶

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 
(Iube oil cooler-heat exchanger) 

(3) Mount the cooling sea water pipe with the hose clamp 
(Iube oil cooler-marine gearbox) 。

Cooling water (sea water) 阳pe
Heat exchanger 

止毛Y\、
~ Lube oil cooler 



Chapter 10 Disassembly and Reassembly 

3 Disassembly and Reassembly 

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 

Alternator 

Distance piece 

10 kg 

Cooling water 
pump pulley 
(fresh water) 

Aboul10mm 

Crank puller 

3-2.36 Mounting the starting motor 

Fit the starting motor in the flywheel housing 

Starting motor 

F阳theel housmg 

10-32 

3,4]H3(B)(C)E 

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) 

) r e 
咱

a 
由
x e 

回
h 咀

卫
z
一

阳
w

r

阳

φ①
川
e

w

吨

aMm 
ι
臼
∞
川
削

阳~
μ
 

闪

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) 

Intake silencer 

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 filt町， fuel 

filter仙el inject旧n pump) 

Fuel oil pipe 
(pump-filter一)

Fuel i叫eclion pump 
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Chapter 10 Disassembly and Reassembly 
a Disassembly and Reassembly 

3-2.40 Electrical Wiring 

Connecllhe wiring 10 lhe proper lermina怡， observing lhe 
color coding 10 们nake sure the connectìons are correct 

户
Tachometer sensor Alternator 

可L
Cooling water lemperature sv呐tC~

F二 W阳 lemp叫re
sender u川!
for Cooling water 
temperalure gauge 

3-2.41 lnstallation in the ship and completion 01 the 
piping and wiring 

Mounl lhe engine in lhe ship a11er all engine assembly 
has been compleled. Connecl lhe cooling waler , 1uel 
oil and olher piping on lhe ship and the exhausl hoses 
Connecllhe bal1ery, Instrumenl panel , remole conlrol and 
other wirìng 

3-2.42 Filling with lube o i1 

Fill lhe engine wilh lube oil 1rom lhe supply port on lop 01 
lhe gear case and the marine gearbox supply port on lop 
。1 lhe clutch case 

Printed in japan 
IlIl'SIlI-H8009 10-33 

3,4]H3(B)(C)E 

3-2.43 Filling with cooling water 

(1) Open lhe frssh waler tank cap and fill with water 
(1) 

Fresh water tank capacity 6.0 

(2) Fill with water unli1 1he level in the sub-tank is belween 
the full and low marks 

Sub-lank capacity 

Pressure cap 

Fresh water 
sυpply part 

3-2.44 Check luel iniection timing 

( ~ ) 

Full 

0.45 

、 j且
0.451 

主0 '::1

(1) Open the fuel lank cock and shifl the fuel 1eed pump 
priming lever 10r air bleeding 

F.O. feed pum 
pnmlnç 

F.O. feed pump 

(2) Check injeclion timing by luming lhe flywheel and 
looking lhrough lhe inspecl旧 n hole in lhe 11ywheel 
housing 

Inlection 
liming marks 

TD.C 

Flywheel 

Flymheel housing 

Hole 



Chapter 10 Disassembly and Reassemb妆
I . Disassembly and Reassembly Precautions 

(3) If inject旧n timing is off. change the mounting position 
using the long hole in the inject旧n pump mountlng 
flange. T urning the fuel feed pump towards the cylin­
der block slows timing down. while movement in the 
other dÎrection makes it faster 

Fuet inject旧n timing (FID) b.TDCI2" :t l 

Cylinder block side 

Long hole 

I ."，.-可~ Slow 

I Rev. directon 
Fa剑'

10-34 

3.4JH3(B)(C)E 
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Chapter 10 DisassembJy and ReassembJy 
4. Tablε of Standard Measurements for Maintenance 3AJH3(B)(C)E 

4. 丁able of Standard Measurements for Maintenance 
4-1 Cylinder head 

M\\飞飞飞飞飞飞飞------ \ 阳
Distortion 01 combustion surlace 

Intake 
Valve seal angle 

Exhaust 

Intake 
Width 01 valve seat 

Exhaust 

Outer d咀 01 stem 

Intake valve Guide inner dia 

。il clearance 

Outer dia. 01 stem 

Exhaust valve Guide inner dia. 

Oil clearance 

Amoυ肘。1 valve guide spray 

Amount 01 intakef 
Intake valve 

exhaust valve sinking Exhaust valve 

Thickness 01 valve Intake valve 

umbrella ExhauSI valve 

Intake valve timing Open b.T.O.C 

Close a.T.D.C 

Exhaust valve timing Open 也 B.D.C

Close a.T.O.C 

Free length 

Valve spring Distortion 

Tensile strength(kg) (tmm under pressure) 

IntakefExhaust valve clearance 

Prínted ín ]apan 
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3JH3(B)(C)E 4JH3(臼)(C)E

Standard Limit 

0.05 or less than 0.15 

120' 

90' 

1β7-ψ 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 

0.30击-0.506

1.0 
0.3-0.5 

1.244-1 .444 
0.5 

1.35-1.55 

6-20' 10'-20' 

40'-50' 48'-58' 

51' -60' 51'-61' 

13'-23' 13' -23' 

44.4 

2.71 (Axonometric pitch) f 3.61 

0.15-0.25 



Chapter 10 DisassembJy and ReassembJy 
4. Table of Standard Measurements for Maintenance 

4-2 Cylinder block 

1M1\\ Mode 

Cylinder inner dia 

L mark 

Cylinder inner dia M mark 

S mark 

Cylinder circle degree 

Cylinder cylindrical degree 

4-3 Valve equipment 

l1em\ ~ 飞飞~ 阳一飞
Valve arm bearing outer dia. 

IntakelExhaust 
Valve arm inner dia 

valve arm 

Oil clearance 

Distortion 01 push rod 

T appet outer dia 

Tappet Tappet hole inner dia 

Oil ciearance 

10-36 

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

Standard 

84.000-84.030 

84.020-84.030 

84.010-84.020 

84.000-84.010 

0.00-0.01 

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

Standard 

15.966-15.984 

16.000-16.010 

0.016-0.054 

0.03 or lower 

11.975-11.990 

12.000-12.018 

0.010-0.043 

3.4fH3(B)(C)E 

(mm) 

Limit 

84.20 

0.03 

口 00-0.01

(mm) 

Limit 

15.95 

16.09 

0.14 

11.93 

12.05 

0.12 

Printed in ]apan 
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Chapter 10 Disassembly and Reassembly 
4. Table of Standard Measurements for JJaíntenance 3.4jH3(B)(C)E 

4-4 Piston (mm) 

Standard Limit 

Piston outer dia 83.945~83.975 

L mark 83.965~83.975 

ML mark 83.90 
Piston outer dia 

MS mark 83.955~83 ，960 

S mark 

十一号:;27Minimum gap bet四een pistons and cylinders 

T op clearance 

Piston and Piston pin 

4-5 Piston ríng 

lIem 

Top ring 

Second ring 

。il ring 

Printed in ]apan 
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I Pist…川er dia 

Piston pin hole inner dia 

Oil clea阻nce

Model 

h、~飞、飞飞飞、、飞、~飞飞飞向咱也『飞-飞飞同町、-飞、飞、町、
Ring groove width 

8 ，可亏easurements

Minimum gap between groove and ring 

Clearance 

Ring groove width 

在 measurements

Minimum gap between groDve and ring 

Clearance 

Ring groove width 

B πleasureπ1ents 

I Minimum gap belwe 

Clearance 

10-37 

0.660-0.780 

25 ,987-26,000 25 ,90 

26.000-26.009 26.02 

0.000-0.022 0.12 

----→.......L.一一一-一一一-

(mm) 

3JH3(日)(c)E 4JH3(日)(C)E

Standard Limit 

2.065-2.080 

1.970-1.990 

0.075-0.110 .=-l 
0,200-0.400 1.5 

2.035-2,050 

二11.970-1.9邻

0.045-0.080 

0.200-0.400 1.5 

4町的 5-4.030

3.970-3.9ω 

0.025-0 ,060 

0.200-0.450 1.5 



Chapter 10 Disassembly and Reassembly 
4. Table of Standard Measurements for Maintenance 

4-6 Connecting rod 

M\ elT飞飞~飞 飞飞飞Mo飞de 

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 

l，em1\~-.............. 飞飞飞飞~ 飞飞飞~~ Mod 

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 

\\\\\\--------------\ 叫

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 

。 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 

0.050-0.1∞ 

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 

3,4]H3(B)(C)E 

(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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Chapter 10 Di5assembly and Reassembly 
4. TabJe of Standard Measurements for Maintenance 

4-9 Side clearance and backlash 

飞M飞~飞飞飞飞飞~ 飞飞飞飞~飞飞~、~飞Md~eM 

Crank shaft 

Cam shaft 
5ide clearance 

Connecting rod 

Idle gear 

←L寸

Item 

Crank ♀ear. Cam gear. Idle gear, 

8acklash Fuel injection pump drive gear 

Lube oil pump gear 

4-10 Miscellaneous 

胁\m\\ 飞飞」飞飞~飞飞飞飞飞飞飞h飞d飞创、
Delivery of lube High speed 

oil pump 
Low speed 

Open valve pressure for 0;1 pressure adjustment valve 

Operation pressure for oil 口resSure switch 

5ea water pump 

Delivery of fresh water pump 

Thermostat valve 
open temp 

Thermos!at switch 

operation !emperature 

Printed ín ]apan 
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Valve open temp 

Fully open list 

ON 

OFF 

elm;n 

kgflcm' 

kgflcm' 

e Imin 

e Imin 

℃ 

口1m

。C

10一39

3.4JH3(B)(C)E 

(mm) 

3JH3(B日C)E 4J抖3(B)(C)E

Standard 

0.140-0.220 

0.05-0.20 

0.2-0.4 

0.1-0.3 

(mm) 

3JH3(自)(C)E 4JH3(B)(C)E 

Standard 

0.07-0.15 

0.11-口.19

3JH3(B)(C)E 4JH3(Bj(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 (a! 90.C) 

97-103 

87 or more 



Chapter 10 Disassembly and Reassembly 
a Tightening torque 3.4JH3(B)(C)E 

5. Tightening torque 
5-1 Main Bolt and Nut 

(kgl-m) 

No_ Name To飞rq~u飞e飞飞 飞飞飞飞M飞。飞del 3JH3(B)(C)E • 4JH3(B)(C)E 

1 Head bolt Coat with lube oil (Screw dia. X pitch) 9.0-9.6 (M10X1.25) 

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 lastening bolt Coat with lube oil (Screw dia. X pitch) 10.5-11.5 (M14X 1.5) 

6 Nozzle lastening nut No lube oil (Screw dia. X pitch) 0.7-0.9 (M6X1.0) 

7 Timer lastening nut No lube oil (Screw dia. X pitch) 6.0-7.0 (M12X1.75) 

5-2 Standard Bolts and Nuts (without lubricant) 
(kgl-m) 

Name Screw dia. X pitch 

M6 X 1 

Hexagon bolt t M8 X 1.25 

(7T) and nut M10X1.5 

M12X1.75 

118 

PT plug 
1/4 

3/8 

1/2 

M8 

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 80% 01 the tightening torque specilied 
in the Table 

2) 4T bolt and lock nut should be tightened with 60% 
01 the torque shown in the table 

Printed ín ]apan 
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Chapter 10 DisassembJy and ReassembJy 

a Test Running 

6. Test running 

3.4JH3(B)(C)E 

6-1 Preliminary Precautions 

Belore making a lest run , make sure 01 the following 

points. 

(4) Be sure to add Yanmar ant卜rust agent to fresh cooling 
water. 

(1) Warm the engine up. 

(5) During cold weather, add Yanmar ant卜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 lube oil recommended by Yanmar 

5-2 Check Points and Precautions During Running 

Step Item 

Checks before 
operat!on 

;t~叫叫on
warm up opera1Jon 

3 

4 

5 

i I ~，川叫 (10叫
operation 

Stopping the engine 

Checks after stop-
ping the engine 

Printcd in ]apan 
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Inst阳ctlons

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 en岳的esìdewo血 property

1) When the lube oil temperature is raised to aJlow the 
engine 10 start, Ihe pilol lamp goes off 

2) When the engine Îs started , check the following 
• there is no water and nO oilleaka♀e 
• gas does not leak when the engine is started. 
• there are no abnormal ìndîcations on the instrument 

panel 
• therc is no abnormality in cooling water dischargc, 

engine vibrations. or engine sounds 
3) To warm up the engîne, operate at low 用volutions for 

about 5 minutes, then raise the revolutions to the rated 
rpms and then 10 max, rpms 

1} 00 not operate the engine at fullload yet , but raise the 
币的s gradually for about 10 minu梧su时il they reach 

11al 

1) Before stopping the engine, operate il at 650.700 rpms 
for about 5 minutes. 

2) Raise engine rpms to 1,800 just before stopping the 
engìne and idle the engine for about 3~4 seconds 

1) Check a♀ain for water and oil lea!侣，
2) Make sure that no nuts and bolts are loose 

在) Close the Kingston and fuel cocks 
4) When the lemperature is expected to fall below freezing , 

d陆in 1he cooling water (sea water) 
5) Turn off the ba性ery swilch 

10-41 

Precautions 

3) lamp should go off when engine is 
rυnnlng 

2) 
• Fit leaks if any 
• Check the intake/exhaust valves, 

FO. injection va[ve. and cy[inder 
head 

3) Do not raise Ihe en吉ine revotutions 
abruptly 

1) Stopping the engine suddenly during 
h咀h speed operation increases the 
temperatυre of engine parts. 

2) This procedure prevents carbon from 
being deposited on the valve seats, 

etc 

1) Check the oil seal area. 
2) Espeαal1y the engine ínstaHatìon 

bolts 

4) 口rain from the sea water pump 
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Chapter 11 TroubIeshooting 
1. Troubleshootíng 

1. Troubleshooting 
It is important to thoroughly understand each system and 
the lunc缸。n of all 01 the parts 01 these systems. A carelul 
study 01 the engine mechanism wi1l make this possible. 
When problems arìse, it ìs ìmp。阳nt to carelully observe 
and analyze the indications 01 trou如le in order to save 
time in determinìng their cause. Begin by checkìng the 
most easily identifiable causes 01 difficulty. Where the 
cause 01 the difficulty is not readily apparent, make a 
thorough examination 01 the system Irom the very begin­
niπ吉， proceeding until the point 01 tro挝ble can be deter­
mined.While experience is an important lactor in 
pinpointing engine problems, carelul study and under­
standing 01 the engine mechanism combined with good 
common sense will help you to rapidly become more 
expert at troubleshooting. 

3,4JH3(B)(C)E 

Chart 1 

I THE ENGINE SUDDENL Y STOPS. 

l如
Add1uel oìl aηd príme ( n 斗) Rep!ace 
日leed air. ( U -2) Clean carefuUy to insure good working order 
Remove water 1rom drain and fuel 011 syslem and prime. 
Check and make necessary repairs 
Clean 
Replace. ... ... 

í 1 } Fuef 011 supp!y ∞'Off-l ( n j Governor t阳ble 10j 9 
(lllnsufficient 口 il in 11,1 91 oil fank\(3) Wat9f Jn 1 1，1咽1 口illank \(1) Oar啕e 口...ernor sprìng 

飞 (4) Fu曹!oi!∞"，，'出国
I \(2) Slickrng 01 governor slaeve (2) A;r in luei 0:1 sys!em and h.l创 iniecllon pumpτ (5) Clogglng 01 luel oillill吕f

=ω ~ 
\(6) Oamag日 in luel oil system 
\~ (7} Pr曲i帆 wi!h lue! leed吨如叩

飞CZ3 S 
T 

(1) loo阜e lube cH pr6ssufe adjus 阿fl! VB ν J (3) Leakage Jrcm !ube oi! saJely \'a1"串 f{paft'sFi t SUDD肌Y STOÞS 

。g2 筒3 
1) Selzure 01 mOvin吾

/(4)Trouble wtIhhJbeoll pump// l7 
(2) C1oçoing 01 lub咀~ .1 17) 0，'i'II"'<~1 ，nq dun 10 ，n叫川 1 1";.咐"1 r.oohn<] 7 (5) R.,ay öp".lioo "'O,."d by löw lub. 011 p，"'二'"ωJ … (limgasu' 

I (m) Emerge…司正… illoperal町 Lmur」

( 111-1) 了ighten adjustment vatve {栩 .7) Return to ori吉inal condition (W.1) Removeandr叩air or rep!ace. 
(111-2) Clear斗 e (IV 也2) Disassemb!e and ctean cooting water pump and check cooling 
({lll3)TR1e 9hten saanfed ty r valve water system. lJl "4) Remove and repair or replace 
{i113i Return 10 8o7n创gEtnai ∞时而出
(11卜6) Retum to ortgínal condition 
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Chapter 11 Troubleshooting 
1. TroubJeshooting 3,4]H3(B)(C)E 

Chart 2 Chart 3 

TROUBlE A阳 TROU旺SHOOTING I I CYLlNDER üUTPUTlS UNEV四 CüUNTE阳EASURE Trouble and Troubleshoo叫| POOR EXHAUST COLOR 

( 1.1) 日leed air ( J -7) Disassemble and clean 
(((i-1)Chepeclcak北c，erreepo air 町 replace (11-1)Clean. 

( I -2) Disassemble and cJean. and repair or replace. 

((l3)) ReF川ace
l 舍2) Re ( 11 -2) Check, Repair or replace. 
I -3) Check, repair 町 replace ( 11 -3) Adjust 

1 -4) Rep口a|El 『 O『 rep|ace-
l-4AAddjl ust- (11-4) Check, Aepair or replace. 

( I -5) Replace 
(1 -6) T昭hten firmly 

1 -5) AdjuS1 ( 11 -5) Clean . 

.... 俨 ... ... 
I (1) Uneven quantity of fuel oil 叫ected j I (1) Faulty fuel injection pump 111) ，，，句'"刚 injection valve I 

(1) Ailln 问 luel injeclion pump _\ 
(1) Fau~y 阳'"酬r3tioÄ (1)1111田100 openl吨叫时 / \ (5) Dåmaged exhaust union pa~~i~ 

(2) Faulty operalion 01 plunger 
12) Worn plur可" \(2) St lCklng 01巾e needle / 

(3) Damaged p1ungel splmg (6) Loose pinlon SClew (3) Fau~y elec!lon val呻\ (3) Low 叩阳同 preSSllre

』』U V CGJ 3 (~) Faulty luel 0.1 ej自ctlon valve\(7) Faulty luel inJ9CI町npump 』』U F 民GJB 
(4) Uneven quan\i\y olluel 叫民1时 (4) Fau~y 叩"y ∞11(11\;口o -/ 

(5) In中国， 1叫 / \appel 

吃cm 3 S UNEVEN 飞CES 3 

(1)叫… /(1)OVell叫\
|EXHAUST 

(1) Oil1eakage in i川/ ...~ COLOR 

。。ω2 囚2 
sySl日m

O ω 6 03 3 
(2) Damaged valve I (4) 1I呵ular InJecllon IImln 

席艺
spnng / 

(3) Insulliclenl injeclion I (5) Sticking ollnjeclIon valv E:!sCause 
口 ressure In In jeclIon 
valves 

/ 
(1I) Faul叩 Juel injection valve II')CI吨9回 Intake air fi~er I I (W) Miscellaneous I 

叫‘r- 喝... 唱.. 

(11 斗) Check and repair 
IIV 斗) Reduce ioad. 

(川 -2) Replace 
(111-1) Clean (lV2)ACdle just quanMyofol|, 

( 11 -3) Adjust 
(IV -3) Clean. 
(IV -4) Clean 

(11-4) Adjust 
(IV -4) Replace_with new 01 1. 

(11-5) Clean (IV-4) Clean. 

右
。
E
U
百t
m
o
ω
3
ω
。

TROUBlE AND TROUBlESH∞ TI阳丁
~ 1(1-1) Dlsa且emble and clean. (1-7) Replace I( 日 1) Review( 1 -1 1 -11) 
gl〈 l 到同时时叫aoe 叫 Repl町 1:川 Reduce load 

1< ~ .3) Re~中 rOI repla四川-9) AdJusl10 可，oc，阳srtlOO.1 ( [J -3) Replace 
ift …阻四 "川甲a町te |(日川eck oillevel a叫四
|jlzz:::{1"}:::1;?JZJ回kage I~ ~ -5) ~~础 waler level and adjust 
l' -, --- -~----- 1( 1l -6)Changeoil 
3liní同时ew manual 

4,.‘.... ..‘ | (川i川) 刷川d川p阳削阳…s川呻 恤川忧时阳川川h s川s创咐l阳阳剖 I 11 阳阳m向叩叫e啤剧a剖川u

"刊嘲队问刷咱W创 ~Qr M ~ud山昭刷。'"'吉础幽飞 阴 w阳阳m川"'叫阳川sω 阳川闸呐墨，响阳阳w叫8盹阳怆明川刊 ωH7咖刷间咱M叫J附.~. \ \ 
~→一一\ ∞nvers，onva川 ---ι二主二二:二二斗.-\

但 Worn oil pump 但 Clutch S阳e duø 句 p，刷m wilh 011ω出 E.cess...e b3Cl<lasr 向阳
I SI Cl<,ng 01石可7→飞 (8) Oama酬。叫协叫 ;11 oil pressure pip' 一」旦旦出「 γ二一一一一-

ad加 menlva山e 飞 飞附 Poor Qu..llly or "，aψ"ro~nate 011 
(41 Dam..g e-cl O' 0叫essure{到 Low speed valve hanclla阳山- 飞

a阳川叫咱Ive s酬'飞 旦旦旦旦旦~ 旦旦旦旦旦旦」
飞 (101 Po沟r assembly 01 10嘟 spaed va问 h，叫 e 飞，，，'"'--斗

(5) Damaged seéll rmg \ ~… V~"."'叶山町 '~"W'O叫 31 Abnormal 驯brahor

叫 一 户 1'1 了。o muCh 011 \ - \---:--ι一一一二一一一
(6) InCOlroct pOS'hon,ng 01 \ _1.1_1) Insu~r~c~e.: 巴 ←~…-一一一'飞 飞

lorwardlreverse ∞ nvers，on valv句 飞 一一一

飞 飞飞、 7 月:1lJB1F WγH 

(1 (5臼lure 01 lriCI， on 向"/ 川~l1urQO 刷削 41 Lubil ollpressurc (1旧 [)a~aQ 工旦旦主主主
--一-一一-一一一一唱气 ?二工一一~(3)Darr句ed or old lube 

/(3) Fore 'll ~ma叫的阳刚em 二-z←工100 n'llh (2) Clogged lu再7_ \~i ;:;i: 剖mnHlives而呻
山 D，"句edholC 啕 spn 啕 ω阳 r 12I Not e叫川町 n ~ω 削 ←一一一一一 oillll 卢 』二二←一一一一

/1'1ω胞础匈..1师问 e 1$ r8m刷刷刷 I (5) Vlscosrty ollube 创，stoo hlÇlh 
M叫阳~ 阳叫"叫川巾

|Chart 4 

i • TROUBLE WITH MARINE GEAR 

(111-1) Replace 
(IH -2) Aeplace 
(111-3) Eliminate dangerous rotation 

(4) Slic木mg 01 lube oil ac到ustme 川
valveCounlermaasura 

1(1/) Ditflc川~ oh町ging in!o lorward, n阳同1 ， and 用verse 1 .... l 吗最U l(\-!) Abnormallube oil pressu叫

‘ .. 
(VI-l) Check and repair 
(飞，-白 Oisassemble and clean 
(VI-3) Aeplace 
(VI-4) Repair or replace 

~ I( IV-l) Ae~刘ace
~ 11" -2) Ae~刘ace
~ 1( IV -3) Clean 
运 IIIV-4) A叩lenish 刷，，'"由eck. Ae回 ace beflolrom 
~ I( IV -5) Aepair link syslem 

3 

(V-1) Replace 
(V -2) Reprace 
(V -3) Replace 
(V-4) Ac句ust lube oil adjustment valve 
(V -5) Change oil 
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Chapter 11 Troubleshooting 
1. Troubleshooting 

TROU旺 AND TROUBLESHOOTING I 
( 1 -1) Lap 
( I -2) Replace 

..... 悴
I (1) Faulty operation 01 injection valve 

川"…

ω E -υ 。2
… 伊叫川……d们川山山v咀唰呻a副由…1忖崎阳》呻盯"

飞CE3 S 

(1) Damaged gov8rnof b9anno / 

3,4]H3(B)(C)E 

Cha川 5

I ROTATION IS NOT SMOOTH I 
( II-1)Clean (口 -7) Bleed air and prime 
( II -2) Replace (H 8)AAd4j ust 
(Il -3) Replace. (Il -9) Adjust 
( 11-4) Correctly install pump. 
( II -5) Clean. 
( II -6) Replace 

...... 
r (n) Uneven sup口Iy 01 fuel oil inje归01

川川自"川"…口 pl叩『\
(5) Cloggll1g 01 fusl J.ltsr 

(2) Oamaged luel pump plun自由f

(6) Oamaged fuel cam 

(3) Oamaged plunger s口nng
\(7) A,( ,n Iwsl "'Iscli口n systern 

(4)lnaccUlat自 assembly Ollu自 1 Ir"I18clJon pump 
(8) Faully operah口n 01 adluslme门 1 raCk 

(9) Uneven amount 01 IU8110 cyl ,nders 

\ |町w
I SMQOTH 

0 3 0qU6 3 3 

/口) SIJckmg 内口呻「阳叫" jl巴J巴…。"叫
(2) FauHy opllfal'Qrl 01 goverr1Or I,nk 

/141 Fa川
/ 

(m) Faul句口Peration 01 govemor (fI) Miscellaneous 

唱' 鸣'(111-1) Replace (rv -1) Reduce load 

(111-2) Adjust (IV -2) Oisassemble , check and repair 

(111-3) Clean (IV -3) Check and adjust 

(111-4) Oisassemble , wash and repair 

TROUBLE AND TROUBLESHOOTING I 
( 1 -1) Increase injection pressure ( 11-1) Oelay injection timing 
( 1 -2) Replace ( II -2) Adjust standard injection pressure矗
( 1 -3) Oisassemble and lap 

( 1 .4) Oisassemble and repair 

..-.. ..... 
n口1) Fa阳a趴ulty f仙u回叫酌，1川忡阳"川"1' iTlf)Faulty lueli明tiO J1 I 

(1) Low InJ8C\lon p叫
气:

(1) Early fuel Lr1)ectton 

(3) Sllckl r1g 0) valve r1eedl自

\ \\121 FUfll pressu'() 15 t口o ~'gn (2) Oamaged luel valve sp口";♀-\飞

』• ω -也~ (4) Fau~y tr"I jection spray 

T 
飞cm 3 

1' 1……Illy……7 (1) Insulhcie叫 cool吨'"一" 
GU2 J 3 from fu白Ipump (4) POOf quallty IU81 0.1 

巳eJs 
{2)Excess plsmn -aC reaa「MrcaaneE/ f/ sw 

aler m"od 1<1 tuel 口"

(3) bcess beanng cle 

- / 16) 1时orrücl prossurl 

/ 
! (ffi) Excessive Quantity olluel 叫ected each time I I (W) Miscellaneous I 

叶'

言E 5 

(111-1) AdJust pump adjustment rack 

ι。，
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(IV -1) Check cooling water pump and lap valves. 
(IV -2) Replace 
(IV -3) Replace 
(IV-4) Re~刘ace with good fuel oil 
川-5) Replace with 9∞d fuel oil 
(W -6) Check and repair 

11-3 

Chart 6 

KNOCKING 

KNOCKING 



Chapter 11 TroubJeshooting 
1. TroubJeshooting 3,4]H3(B)(C)E 

Chart 7 

TR口 UBLEANDTROUBLESHQOTlNG TROUBlE WITHSTARTING 

( I -1) Tighten. I~ !!η:!:.ighten. l(tH-!) Prime wel l. I(IV斗) Lap 
( 1 -2) Repa,r us,ng sandpa田r or replace. 1< ~~ -2) ~epair using sand田per. 1~~~~'~1 ~j~~~... __.._. __.._:__ _1___'__ I{N-2) Lap. 
(t ,3)HBpface {II34 ) RhRUneemd川Mewaarucccsue e t 咱a 5∞_O::tv"I\ I( 川剧3) Clean out mattar causing cloggi吨，
( I -4) Repair usir 

t~ (l.n greasa. 1< 口JMm阳ir or replace. I ~~!卜5) ,?pen cock. I( N-4) Clean or replace 
(l5)Mjust{I171 CRRehO回EaMraagcceee w (llte}Ctean(N5)A叫"( j -6) Adí~st: 1< ìì :~) R;;;~~<>":"ilh Ihicker 口 r shorter wire.l( 111-7) Disassemble 自nd re阳Irorr即lace矗 -01 AOIU 
( 1 -7) Replace. I(I1-9)(111-8) 0"mwaterlmmhel sy"em '"d P"m, 4 •. 俨 4... .,·.. ~ 

l(1) Pinion gears do not mesh II!) Ringgea~do not mesh 111m) F, 81oil nol inl'cledIW)Fa, 1tyf, eIinjection va1,. I 

∞皿川叩叫a叫 (1) Loostl batl町 \阳C叫叫∞iI (1)lmptl削川，『
ma9~ellÐrmlnal\(5) E句es 01 geil I附"剧'，"mt"1(2) Inl"Ho"'ul 011 d啤 1ot""yg"em"\』山 SUC" d lva 回l

(2) Fa~~y conn回on In\ mlsshapen (2) Faully c口n呻cti口n in l6)Worn 臼mm，血，，' \(3) CloggingdfU自1l响，"，"er 飞向 Womngvalvveane回nel由 e 

到'"呵 SW''" 且 (6lFau!y ~o..阳刚t Bngag晴 mg唰 SW''''1 (7J S"pP'ge 。， ,Mrl t1 r clu"h (4) Insu!hcitl时 IU91 口 11 in tank '\ 141 口 edω'"" 
rJ l Cul ban町 e吨叫e \ piI110n ar回 n咱 çear!' \ _ (5) F\J , 1, t|t'"' EOC, , JO"d OQ9 

=LF EqU = J J m'9"叫ll_\飞 J3)W"n brushes(8) Ex臼"N 咱S"M凶 (6) Clogg"'g in IU91 0,1 p'阳 L(5) Low inJtlct ,on pr9SSUre 
\阳lure川咽r melal 问 Comm叫

川机归口.，m.. 1 刷刷 1 阳

"E 1 - lb I STARTING TROU8LE 
』而 1_"1 阳阳akageIrom suctoon/9xhaust由

o 也ω~ I._{~)W口rn plunger _ / I-.S!.!.....NO lappel clenrance .1 (1) I ，.， c口""0:1 Ihickntlss 01 oasket 3) P1unger叫S 1 Fu" 叫町Ilon pumplrm'n9"f吨山 hF(2)NE口 1百appEelcE!EearaEncEe Q p拙，门9 9 

(2) Damag叫"n9" /_ (的 Ot"目叫e Irom e.hausIU" 1 肌00Mh ，gh pr四川
sP" "Il ,n "'_._ _._.__ .0__ rmg and lev由rL (3) Damaged hlgh pr阳川 luel阳 (5) Worn o,ston ring 

/ (5) Air 'nside pump ;- (6) P'Slon rrn9't"k/ _(3) Governor h'"d1'" t"'t口P D口，， 'ho
/ (6) Damage"川川IV9 S川 /川t""叩阳sur91uel pipe C(阳"，"，C'9nl Ilghlen吨口1 head bOI!S 川叫叫

/ ,-- -- -.-- - -------'. / 阳10叫ed ，"叫L吨 ; (川川…t…叫'"

c，unterm自asur向
I (V)Faultyfue1 ,Rlection pump 川 Faulty fu副叫自Ctionsys"m I I [W) L'a"ge 01 P"ss""ed air I II回)M;S"JJa"ous I 

唱~、‘...、‘·，、咽"F

(V-2) Replace. livr-2) Tighten firmly. I~~:~ 日 (VII-2) Adjust 
(V -1) Aeplace plunger and barrel as a unit I (vr 斗 )Adlusta ( { ( ( v,,11 {tMoWatsp lu4av)ss(at sWlevm-e5s b)Rle eapnMd c (VE1)Replace, 

(V -3) Disassemble and repair or replace. I( vr -3) Replace. l(vn-6) Oisassemble and 1{\r1 -3) Move governor handle 10 acceleralîon position. 

IV叫 Lap valves. I (川) Bleed air 川-7)LPPE:L13RJZEE({睛-4) Check and repair 
(V-5)Bleedair. l' I'....J;.;~回Is‘MuHnlMfoHr'm叫、íy- -. livo-5i Clean矗
(V-6) AeplaGe. I(VE B) Replace. 

Chart 8 

TROUBLE ANDTROUB旧HCOTINGINSUFFICIEN

( 1 斗} Rep!ace. 1(0-1) 口9an nozzle hole or re川ace. 1( 111 斗) 8epl~ce 
( I -2) Disassembla and repair or repla四川-2) lap or replace. I( 111-2) Reþair. 
( f -3) Lap vatves. 1/ II -3\ I 电DDr r白内laC9.
( I -4) Tighten firmly. 飞 1<--<>1-''''' '''1-'' 
( I -5) ( I -6) Adjust. I~ ~ -~! ~ighten firmly 
( I -7) ( I -8) Clean. I( II -5) Replace 
( I -9) Replace. ( I -10) Repair. I( II -6) Clean. 

A·~ ~·~ ~.~ 
(I) AmDU，lofoil50'附 hmM11n1"tIM1 阳m， madequale I11 )Amountoffuel mi.ction Inad,quatl1m"auItygo'"'" 

~， I Wom plunger \ (6) InaCCufate阳阳
时刷nq 01 plu吨er - ~ ,"7, r ,___,__ _, •. ._, _" ,,,.._ \- (2) Faulty valve时 \{叫 Oamaqed govern川ea"ng

(7) C10ggingo"uelot"ilter 
(310，lloak毗 110m e问

(8) CI吨glng 01 lual 口 il pipa 
(410 ，lloal<a9自 irom jo,nt 01 h咀h \ (" L口。，， "igh pr自阳fe plpe (2) Inacw呻 "n0'" 口!自口VB叩 Iln l<

叫m伽- pr白""ep'pe \~"na98， ..|VB sp"'0y\『 (5)W01n valve nüO"日

iD咽问川阳Iment 川川，m，飞\"川内 supp
12.‘ INSUFFICIENT 

』" J{ / POWER OUτ'UT (1) leal<.age 01 gas 110m 
自 缸」dtm/剧叫叫-;---J (3) Wo叫叫川川川er il}叫 "l叫门口口9川叫阳 '1 阳刚a川
t币J i2jInad"""， t"p"// (4)WOF叩StDnrt吨M / i2'"Mini9Cllon / / - (2) Cl口g0'吨。f ，，"a叫 h

cJ ea,anC9 /向Shd吨口"tSlon r，吨 r (31SMU阅。fmovlngp，，'5
//-同l叫LE"nt∞叫 wa191/ f- msu11;口回HUb-川

[νi Leakage ofpessurzedgasko.mSIdecylinderI I(V)Irmgu!arlu811nJ.ation timng l川曲创edmake.， mwI I (W) MiS，cellan回国 l

唱'『V ‘'『V
(IV -1) lap valves. I{V -1) Adjust timing 10 1{ V1 -1) Clean. I (VI-1) Replace with 900d fuelαl 
(1V -2) Adjust. delay injection. 1 1 (VI.2)αean 
(!V -3) Replace. I( V -2) Adjust liming to 1 1 (VI-3) Disassemble , check and repair. 

(N-4) Replace_ speed injeclion. 1 1 (VI-4) lap ∞oling waler pump suction/exhaust va!ves. 
(N -5) Disassemble and repair or replace. 1 (咽 -5) Disassemble and clean lube oil pump and filter. 
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Chapter 11 TroubJeshooting 
1. Troubleshooting 3.4fH3(B)(C)E 

F
υ
o
z
ω
百
c
m
ω
ω
2

丽
。

上 c旦巴旦
|M时ELLANEOUS TROUBLE 

(111-1) Clean 
(111 到 Add cooling water 
( 111 -3) Disassembla and repair or replaca 
(111 创 Tighten adjustment valve 
(111-5) Tighten salety vatve 
(111 町 Change lube oil 
(111ηAdd lube oil 
(111-8) Rep1ace 

4.协 ..... 

1(n)lowfuel αI pressure| 仆m) Low lube 011 pr四川|

飞 (1) Cloçged IUbe 011 IL川"飞
(1) Loose pressure adjustn咱们 1 \ 一一一~一一一一一-一-一-←一一一倍 5:)<l IC'" 吨。 Irom pump salely valve 

\(2门 Lube c川 I tf;!mperalure'5 100 h.gh \: 
阳 Oamaged 创P内 P川p \ - \」。印些些些些工.，ω些巴巴旦旦

\ (刮了。 uble w,jh luoe 0,1 purn\-←一一一一一一一一←一
飞一'六 7) 廿\suthe， ont amounl 01 lube 011 

(到 Clog，回 111101 …一
一---一-←一一一一___ \ (4) LρOSe OlilS9Jrû adluslmonl valvo 

\ 一一一~一一一一一一一一一一-一-飞 (8) Faully pr臼冯山 e gauge 
、二(41 Leaky plpe 飞飞
二、

飞 、日函孟石EOUS I 

(1) C∞I Lr1Q 叩「叫酬re / (1) 叫hCl8川 amounl 01 coo1mç叩 Clogg，咱们"。可叫r syslüm / 巴巴BlEAm" I TAQUBlE 

"'二 flse r'\ λ5) Alr m cooling wa 切 / (5)Englr呻阳Ilel rlol constrlct回
21 Trouble with C。 ωing 旧lef pum;-.一←一一一一一一一i-一÷二一二

(2) OVÐ川oad ，ng (2τoublO wqh coollnq 川阳'"叩
一→→一一一一~/ λ6) Overloadlng !但机 aler leakage ',om coollng W~阳阳电

βCoolmg walür 111115100 greal 
(3I Fa州 lube olllamψeralU ej ，.，，...，___.__，____.，__..._.______._~ j / (71 Fau1ly SUCII, 
出旦巳旦二 r 问川

U凹旦些旦堕些町阳叫B回川u旧r陌'"山tω阳3呻o hi~川 | (V)川)C叫叫i呻 w旧a怡阳tert川t怡empe町ra刮t山@盹比卫旦坦旦~ (问\l:) Co。∞。创11咱旧唰t阳阳阳e创盹琦归刷币础:sur山川r咱@刊陌Mω阳o (阳阳 i 
咱...叫...‘... 
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