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FOREWORD

This service manual has been complied for engineers engaged in sales,
service, inspection and maintenance. Accordingly, descriptions of the
construction and functions of the engine are emphasized in this manual
while items which should already be common knowledge are omitted.
One characteristic of a marine diesel engine is that its performance in a
vessel is governed by the applicability of the vessel’s hull construction
and its steering system.

Engine installation, fitting out and propeller selection have a substantial
effect on the performance of the engine and the vessel. Moreover, when
the engine runs unevenly or when trouble occurs, it is essential to check
a wide range of operating conditions — such as installation to the huil
and suitability of the ship’s piping and propeller — and not just the engine
itself. To get maximum performance from this engine, you should com-
pletely understand its functions, construction and capabilities, as well
as proper use and servicing.

Use this manual as a handy reference in daily inspection and mainte-
nance, and as a text for engineering guidance.

Model 4JH3E has been used for the illustrations in this service manual,
but they apply to models 3JH3E, 3JH3BE, 3JH3CE, 4JH3BE, and 4JH3CE
as well.

METRIC
ALL DIMENSIONS IN MILLIMETERS
UNLESS OTHERWISE SPECIFIED

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

1. Exterior Views

1-1 3JH3E

® Operation Side intake manifoid

Dipstick

/

o Fuel filter

VEn g /_—“

Marine gaa;r_\ ﬁi© 2 : I \-J Fuel oil pump
=
i

i

= ol
\ -y
Shift lever - {\

pil filter cap

/ \ 3 Fuel teed pump

IS / Lube il filter
: & ‘

® Non Operation Side V-belt Fresh water tank

Fresh water pump

Alternator

Exhaust manifold

Sea water pump

{Note> This iflustration shows Yantnar marine gear (Model : KM3P) when it has been attached,
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Chapter 1 General
1. Exterior Views 3, 4JH3(BXC)E

1-2 4JH3E

Dipstick

e Operation Side
Intake manifold

Fuel filter

Marine gear .
Fuel oil pump

Shift lever Qii filter cap
Fuel feed pump
Lube oil filter
® Non Operation Side Vobelt Fresh water tank

Fresh water pump

Alternator

Exhaust manifold

Starter motor

Sea water pump

{Note> This illustration shows Yanmar marine gear {(Model : KM3P) when it has been attached.
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Chapter 1 General

2, Sp&CiﬁC&inﬂS 3. 4JH3(BXC)E
2. Specifications
2-1 3JH3E, 3JH3BE, 3JH3CE
Maodel 3JH3E 3JH3BE 3JHICE
Type Vertical 4-cycle water cooled diesel engine

Combustion system

Direct injection

Aspiration Normal aspiration
Number of cylinders 3
Bore X stroke mm 84 X 90
Displacement £ 1.496
Quiput/crankshaft kW/rpm 26.5/3650
One hour rating speed {HP/rpm}) (36/3650}
output |
(fly&heai output) Eﬁés“seu’r‘.‘fa” sffactive kgt/cm® 593
Piston speed m/sec. 10.95
. . Qutput/crankshatft kW/rpm 29.4/3800
Continuous rating | speed (HP/rpm} {40/3800})
outpot
{DING270A) Brake mean effactive kgtfem? 0.621
flywheel cutput pressure (6-33)
Piston speed m/sec. 11.4
Compression ratio 17.7
) 240" 240" 240°
Fire order { — 3 — 2 — 1
Fuel injection pump YPES-CL (with Timer}
::,;J_.T,I_SJ;TO" timing degree 12°
Fuel injection pressure kg/cm? 20045
Fuel injection nozzle Hale type
Drctonof | (crankshat) Courter clck e
Power take off At Flywheel side
Constant high temperature fresh water coaling
Cooaling system Fresh water : Centrifuga! pump
Sea water :Rubber impeller pump
Lubrication system Forced lubrication with trochoid pump
. Starting motor DC 12V,1.2kW
Starting system i
AC generato 12V,55A {12VB0A : Option)
Model KM3P KM3A (Sai! Drive SD-31 can be used )
Type Mechanical cone clutch &"oﬁﬁznlﬁ{gfﬂg gl#g;?eh) drectly onlocation.
Reduction rate {ahead/astern) ifi 2.36/3.16 2.61/3.16 3.20/3.16 2.33/3.04 2.64/3.04 _—
Propeller speed (ahead/astern} rpm 161011203 14571203 118811203 |  1629/1249 1441/1249 —
Standard propeller
Marine Gear (Dia. Xpitech X number) mm
Propeller shatt dia.
X Countershatt dia. mm
Lubrication system Splash
Lube il pan | Total capacity 2 0.35 0.45 —
Effective capacity 2 0.05 0.05 —
Cooling system ——
Weight [kg] [13] [13]
Overall length mm 755.6 752.8 545.8
Dimensions Qverall width mrm 5206 520.6
Overall height mm 628.6 628.6
Engine weight without marine gear (dry) kg 186 173
Lubricating oil capacity Effectmax. £ 4418 4.9/2.1 4.8/2.1

(Note) Rating condition : 1SO — 3046/1, 1HP = 0.7355kW
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Chapter 1 General

2. Specifications 3.4JHI(BXC)F
2-2 4JH3E, 4JH3BE, 4JH3CE
Engine Model 4JH3E 4JH3BE | 4JH3CE
Type Vertical 4-cycle waler cooled diesel engine
Combustion system Direct injection
Aspiration Narmal aspiration
Number of cylinders 4
Bore X stroke mm 84 X 90
Displacement £ 1.995
QOutput/crankshaft kW/rpm 36.8/3650 34.6/3650
One hour rating speed {HP/rpm) (50/3650) (47/3650)
output Brake mean effective
(flywheel output) | pressure kgticm? 6.18 5.81
Piston speed m/sec. 10.85
QOutput/crankshaft kWirprn 41.2/3800 38.2/3800
Continuous rating | speed (HP/rpm) (56/3800) (52/3800}
outpot
Brake mean eifective
{DING270A) A kgt/iem? 6.65
flywheel output
Piston speed m/sec. 114
Compression ratio 17.7
Fire order l803 15) 4 182 1280_ 1
Fuel injection pump In-line type YPES-CL {with Timer}
Fuel injection timing .
bT.D.C.) 12
(bTD.C) degree ( )
Fuel injection pressure kg/cm? 220+5
Fuel injection nozzle Hole type
Direction of Counter-clock wise
rotation (Crankshaft) viewed from starn
Power take off At Flywheel side
Constant high temperature fresh water cooling
Cooling system Fresh water : Centritugal pump
Sea water :Rubber impeller pump
Lubrication system Forced lubrication with trochoid pump
. Starting motor DC 12V,1.2kW
Starting system _
AC generato 12V,55A {12V, 80A : option)
Model KM3P KM3A ( SailDrive SD-31 can be used )
" Mechanical cone clutch | \ directly on location.
Type Mechanical cone clutch (torque limiter no angte)
Reduction rate {(ahead/astern) ifi 2.36/3.16 2.61/3.16 2.33/3.04 2.64/3.04 _—
Propeller speed (ahead/astem) pm 161011203 1457/1203 1629/1249 144111229 _—
Standard propeller mm
Maring Gear (Dia. Xpitch>number)
Propeller shaft dia.
. mm E—
X Countershaft dia.
Lubrication system Splash
Lube oil pan | Total capacity £ 0.35 0.45 —
Effective capacity [ 0.05 0.05 _—
Cooling system — _
Weight [ka] [13} [13] _—
Overall length mm B49.6 639.8
Dimensions Overall width mm 563.1 563.6
Overall height mm 623.6 623.6
Engine weight without marine gear (dry) kg 223 210
Lubricating oil capacity Effect/max. £ 5.3/1.1 at engine installation angle 0"

(Note} Rating condition : 1SO — 3046/1, 1HP = 0.7355kW
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Chapter 1 General

2. Specifications 3 4TH3BXC)E
2-3 Sales condition, Marine gear
Reduction ratio No. af blad QOuter diameter | Moment of propeller Propelier Engine
{Marine gear model} O orbiades | o propeller inertia (GD%kg-m?) materials application
3.20 {(KM3P) 3 = 4490
=0.23 3JH3BE
3.21  (KM3A) 4 = ¢ 460
2.81 {KM3P) 3 = 4470
=018 Bronze
2.64 (KM3A) 4 = ¢ 440 3JH3(BE
2.36 (KMaP) 3 = ¢ 450 4JH3(BE
=015
2.33  (KM3A) 4 = 425
Printed in Japan
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Chapter I General
3. Engine Qutline

3. Engine Outline

3-1 3JH3E (with KM3P Marine gear)
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Chapter 1 General

J4THIBNCE

3. Engine Outline

3-2 3JH3BE (with KM3A Marine gear)
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Chapter I General

3. Engine QOutline

3-3 4JH3E (with KM3P Marine gear)
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Chapter 1 General
3. Engine Outline 3,4TH3(BXC)E

3-4 4JH3BE {with KM3A Marine gear}
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Chapter 2 Basic Engine
1. Cylinder Block

JAHIBACE

1. Cylinder Block

The cylinder biock is a thin-skinned, {low-weight}, short
skirt type with rationally placed ribs. The side walls are
wave shaped to maximize ridigity for strength and low
noise.

Cap plug 50mm ——
{camshaft hole) (7"}

Cap plug 30mm

1-1 Inspection of parts

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

1-2 Cleaning of oil holes

Ciean all ol holes, making sure that none are clogged up
and the blind plugs do not come off.

Colar check kit Quantity
Penetrant 1
Developer 2
Cleaner 3

Printed in Japan
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Cap plug

Cap plug 12mm
{main gallery}

1-3 Color check procedure

{1} Clean the area fo be inspecied.

{2) Culor check kit
The color check test kit consists of an aerosol cleaner,
peneirant and developer.

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

{4} Spray on red penetrani
After cieaning, spray on the red penetrant and aliow 5
~10 minutes for penetration. Spray on more red pene-
trant if it dries before it has been able {o penstrate.

{5) Spray on devetoper
Remove any residual penstrant on the surface alter
the penetrant has penelrated, and spray on the developer.
If there are any cracks in the surface, red dots or a red
line will appear several minutes after the developer
dries.
Hold the developer 300--400mm away trom the area
being inspected when spraying, making stire to coat
the surtace uniformly.

{6} Clgan the surlace with the cleaner.

NOTE  Without fail read the instructions for the color
check kit before use.



Chapter 2 Basic Engine
1. Cylinder Block

1-4 Replacement of cup plugs

34JHIBNCIE

which the cup plug is to be driven.
(Remove scale and sealing material previously
apphed )

Aemove loreign
materiais with a
screw driver

or saw blade.

Ste - :

N P Description Pracedure Tool or material used
0.
1 |Ciean and remove grease from the hole inlo # Screw driver or saw blade

® Thinner

HINSHI-HEo0s

2 |Remove grease trom the cup plug. Visually check the nick around ® Thinner
the plug.
3 |Apply Threebond No. 4 to the seat surface Apply over the whole guiside of e Threebond No. 4
where the plug is to be driven in. the plug.
4 {insert the plug into the hole. Insert the plug so thal it sits
conectly.
5 Place a driving tool on the cup plug and drive if Drive in the plug paraileito the * Driving oo
in using a hammer. seating surface.
\ * Hammer
4—- o I~ n
‘ 3mm 100mm
e 2 3Mim
mm
*Using the special tool, drive the cup Plug dia. 0
piug so that the edge of the plug is 12 11.9~12 5
2mm (0.0787in.) below the cylinder ¢ $11.9 0 %20
surface. $30 $29.9~30.0 ¢ 40
oo Printed in Japan
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1-5 Cylinder bore measurement

Measure the bore diameter with a cylinder gauge at the
positions shown in the figure.

Replace the cytinder bore when the measured value
exceeds the wear limit. Measurement must be done at
jeast at 3 positions as shown in the figure, namely, top,
middle and baottom positions in both directions along the
crankshaft rotation and crankshaft center lines.

Cylinder gauge

Frinted in fapan
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3.4JHI(BNC)E
mm
<
o
% N
j Top position Z
2 %
z 7z
’ 7
4 7
V: % £
4 7 Middie position
R 2 /
” ?
% %
3 7 / -
s £ e
g Z Bottom pasition
Y
Direction of
crankshaft
center line
Direction of
crankshaft
rotation
mim
Standard Wear limit
Cylinder bore dia. ¢ 84.00~¢ 84.03 $84.20
Cylinder roundness 0~0.01 0.03
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S4THI(BXC)E
2. Cylinder Head
The cylinder head is of 4-cylinder integral construction,
mounted with 18 bolts. Special alloy stellite with superior
resistance to heat and wear is fitted on the seats, and the
area between the valves is cooled by a water jet.
Valve rocker arm shaft
& Yalve rocker
I arm shaft spring
& i /
@ A
== o
Exhaust valve \\\
rocker arm
Fuel injection nozzie [ntake valve Valve rocker
o focker arm arm support
£2
8 ?
2 o
% Vaive sprin
8 %- pring
G £— Stem seal
8— Valve guide
& - / ’
]
Exhaust valve seat
Exhaust vatve Intake valve seat
e Intake valve
\ Cy”nder h@ad gasket
| Printed in Japan
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2-1 Inspecting the cylinder head

The cylinder head is subjected to very severe operating
conditions with repeated high pressure, high temperature
and coaling. Thoroughly remove all the carbon and dirt
alter disassembly and carefully inspect all parts.

-3

2-1.1 Distortion of the combustion surface

Carefulty check for cylinder head distortion as this leads to

gasket damage and compression lgaks.

{1} Clean the cylinder head surface.

(2) Place a straight-edge aiong each of the four sides
and each diagonal. Measure the clearance between
the straight-edge and combustion surface with a feeler

gauge.

Measurement procedure

Straightedge

Feeler gauge
mm

Standard Wear limit

Cyiinder head distortion 0.05 or fess G.15

2-1.2 Checking for cracks in the combustion surface

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

Printed in Japan
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2-1.3 Checking the intake and exhaust valve seats

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

Intake 120°
Seat
atangle Exhaust a0’
Seat width Standard Wear limit
intake 1.07 ~1.24 1.74
Exhaust 1.24~1.45 1.94
intake valve seat L 6.5
$345
120"

Exhaust valve seat

Standard dimension

54 '

= @

[¢] 2

> :

@ = o
=3 =4 £ S
g | 5 0|7
> £

uj 1

o "
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2-2 Valve seat correction procedure NOTE : Clean the valve and cylinder head with light oif or
the equivalent after vaive seat finishing is com-

;Zesren;;sstu‘ig?;ngghze;l;ﬁ Jg;;:rrggggnilronﬁs\f’enness of pleted and make sure that there are no grindings
) remaining.
{1} Use a seat grinder to make the surface even. g
As the vaive seat width will be enlarged, first use a 7¢°
grinder, then grind the seat to the standard dimension
with a 15° grinder.

Lapping tool

Seat grinder

NQOTE : 1. Insert adjusting shims batween the valve spring
and cylinder head when seals have been re-
finished with a seat grinder.

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

_ Intake valve 30°
Seat grinder Exhaust valve 45° 2-3 Intake/exhaust valves, valve guides
2-3.1 Wearing and corrosion of valve stem
NOTE : When seat adjustment is necessary, be sure 10 Heplace the valve if the valve stem is excessively worn or

check the valve and valve quide. If the clearance carroded.
exceeds the lolerance, replace the valve or the
valve guide, and then grind the seat. p\ ’

N v

bsd

[ 30mm 60mm
4

Seat

{2} Knead valve compound with oil and finish the valve
seat with a lapping tool.

(3} Final tinishing should
be done with olf only.

Jaive stem Standard Wear limit
Lapping tool Intake ¢ 7.960~ $7.975 ¢ 7.900
Use a rubber cap type lapping
tool for cylinders without Exhaust $7.855~47.970 #7.800
a lapping tool groove slit.
2—5 Frinted in Japan
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2-3.2 Inspection of valve seat wear and contact
surface

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

valve seal.

NOTE: Keep in mind the fact that the intake and discharge
valve have differant diametlers.

2-3.3 Valve sinking

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

Sink

Cylinder head / /

Standard Wear |imit
Valve sink 0.306~0.506 1.0

2-3.4 Valve guide

{1} Measuring inner diameter of valve guide.
Measure the inner diameter of the valve guide and

replace it if it exceeds the wear limit.
mm

Standard Woear limit
Vaive guide |Intake | $8.010~$8.025 +0.2
inside dia.  {Exhayst |48.015~¢8.030 +0.2

NOTE : The inner diameter standard dimensions
assume a pressure fit.

Frinted in Japan
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{2} Beplacing the valve guide
Use the insertion tool and tap in the guide with a
mallet.

/Tool

Valve guide

Cylinder head
| _,7L

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

1 i

46mm
49mm

5mm

' =
=TS \
Exhaust valve guide o —

Intake valve guide

(3) Valve gulde projection
The valve guide should project 15mm from the top
of the cylinder head.
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(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.

Valve stem seai

Valve guide
Cylinder head

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.

{4) Measure spring tensicn.

Spring tension tester

(3) Measure inclination.

Square gaude F

Uity

il

{Inside) mm
Valve spring Standard Wear limit
Free length 44 .4 43.0
Distortion — 1.1
Tension [1mm pressure} 2.36/3.101 -—

<Remarks> Tension is shown for the smaller pitch.

Assembling valve springs.

The side with the smaller pitch (painted yellow) should

face down (cylinder head).

Up side *

% Smaller pitch side (yellow)
Cown side * T

NOTE : The pitch of the valve spring is not even. The side
with the smaller pitch (yeliow) should face down

(cylinder head) when assembled.

(5} Spring retainer and spring cotter

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

FPrinted in Japan
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2-5 Assembling the cylinder head

Partially tighten the bolts in the specified order and then
fighien to the specified torque, being careful that the head
does not get distorted.

{1) Clean out the cylinder head bolt holes,

{2} Check for {oreign matter on the c¢ylinder head surface
where it comaes in contact with the block.,

(3) Coat the head bolt threads and nut seats with lube oil.

{4) Use the positioning pins to line up the head gasket
with the cylinder block,

{5) Match up the cylinder head with the head gasket and
mount.

Exhaust manifold side

13
o
o o
3
@ [
2 8
E m
=S o
'R &
E
;—
Inlake manifold side
kg-m
First Second
Tightening torque 45~5.5 87~93

2-6 Measuring top clearance

{1} Place a high guality tuse (#1.5mm,10mm long) in three
positions ¢n the llat part of the piston head.

i2) Assemble the cylinder head gasket and the cylinder
biock and tighten the bolts in the specified order o the
specified torque.

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

{4) Remove the head and take out the broken fuse.

(5) Measure the three posilions where gach fuse is broken
and calcutate the average.
{0.71~0.78mm is ideal)

Fuse wira

mm

Top clearance 1 04.860~0.780

Printed in Japan
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2.7 Intake and exhaust valve arms

Valve arm and valve arm bushing wear may change open-
ing/closing timing of the valve, and may in turn affect
engine performance according to the extent of the
change.

Valve rocker
g arm support

‘%\ 9 &
i

§

Exhaust valve
rocker arm

.

Intake valve '
rocker arm

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

mm

Standard Wear imit

Intake and exhaust
valve rocker arrh A
shatt outside dia.

Intake and exhaust
valve rocker arm B
inside dia.

Valve rocker arm shaft
and bushing clearance
at assembly

15.866~15.988 15.955

16.000~15.010 16.09C

0.016~0.054 .140

Replace the valve arm shaft bushing if it moves and
replace the entire valve arm if there is no tightening clear-
ance.
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2, Cylinder Head 3.4JH3BXCE
(2) Valve spring
Check the valve arm spring and replace it if it is corrod-
ed or worn.
Adjusting

(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 flaking.

SCrew

Clearance Lock nut

2-8 Adjustment of valve head clearance

{1) Make adjustments when the engine is cool.
mm

intake and exhaust valve head clearance I 0.2

. o AN R AN
VAT e
/ - HE 7 H
CR VO e a7 B
— ) = s L J
G2 B
N0 O &
7> 3 ﬁ) s g NS
7 (> b/ "
{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).
1DC TD.C.
. . 90y 13-
‘\On,_,?,() 3 ~23. 10 3¢
Exhaust 254" Intake 281° Exhaust 254" Intake 288"
. \
90- =y ¥ -0
2 S+ o s o
B.D.C.
B.D.C.
4JH3E. 44H 3JH3E 44H3E
( AJH3E] 3JH3BE 4JH3BE
3JH3CE 4JH3CE
[3JH3E,3JH3BE 3JH3CE) Intake valve Open | b.TDC. 6" ~20° 10°~20"
Intake valve Closed { a.BDC. 40" ~50° 48" ~58"
Exhaust valve Open | b.BDC. 51°~60" 517'~61°
Exhaust valve Closed | a.TDC. 13"~23° 13°~23"

Printed in Japan
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3. Piston and Piston Pins

Pistons are made of a special light altoy with superior ther-
mal gxpansion characteristics, and the top of the piston
torms a swirl type toroidal combustion chamber. The
opposite face of the piston combustion surface is oil-jet
cooled.

Piston for engines with superchargers have a valve ress
for the intzke and exhaust valves,

The clearance between the piston and cyfinder liner is
kept at the pronper valve by the piston cylinder liner prop-
erty fit effected during assembly at the Yanmmar factory.

1st compression ring
2nd compression ting

it ring

ABp!icable engine model
1.0, mark

@ — Rston

p

Piston pin

. Circlip

ID Mark for Piston
L
ML
Ms
S

Printed in fapan
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MPORTANT:

Fiston shape differs among engine models. If an incorrect
piston is instatied, combustion performance will drop. Be
sre to check the applicable engine model identification
mark {LD.Mark} on the piston to insure use of the correct
part.
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3-1 Piston

3-1.1 Piston head and combustion surface
Remove the carbon that has accumulated on the piston

head and combustion surface, taking care not to scratch
the piston. Check the combustion surface for any damage.

3-1.2 Measurement of piston outside diameter/
inspection
{1) Repiace the piston if the outsides of the piston or ring
grooves arg worn.
{2) Measure the piston 22mm from the bottom at right
angles 1o the piston pin.

[
X 1
i__[ T i|
r ]
I 9> 5 T
%k}i
i ]
£
£
&l
&
Standard Waear limit
83.945~83,975 83.90

3-1.3 Replacing the piston

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

3-2 Piston pin

Measure the outer diameter and replace the pin if it is
excessively worn.

} ¢ |
mm

Standard Wear limit
Piston pin insert -
hole din. # 26.000~26.009 ¢ 26.020
Piston pin
outs: depdia‘ # 23.987-~26.000 #25.900
Standard clearance 0~0.022 012

Printed in fapan
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mm
3-3 Piston rings Standard Wear limil
There are 2 compression rings and 1 oil ring. First Groove widih 2.965~2.080 —
The absence of an oil ring on the piston s‘kirt prevents al piston | Ring width 1.970~1.990 s
from being kept on the thrust surface and in twrn provides ring P e——" .
gOOd lubrication. ring clearance G.875~0.110 (134
Groove width 2.035~2.050 —_—
Second
piston  |Ring width 1.870~1.990 —
A ring Groove and
-N ring clearance 0.045~0.080 0.2
B
S Groove widih 4.015~4.630 —
/ Barret face Qifring  [Ring width 3.975~3.990 -—
B-side chrome piated,
L//\J A-side friction-pF;oof AL 0.025~0.060 0.2
hardening processed

P

8

Coil expander

3-3.1 Measuring the rings.

Measure the thickness and width of the rings, and the
ring-to-groove clearance after installation. Replace it wear
exceed the imil.

Width

//—"

Thickness

Printed in fapan
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3-3.2 Measuring piston ring gap

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

/
Gap
about 30mm
{(1.1811n) o
ISONING  Cylinder liner
il -
[zw R—
S Fran
NIy -
Cap i
! .. _
mrm
Standard Wear limi
First piston ring gap 0.20~0.40 1.5
Second piston ring gap 0.20~0.40 15
Oil ring gap 0.20~0.40 1.5




Chapter 2 Basic Engine
3. Pistons and Piston Pins

3 4JTHIBXC)E
3-3.3 Replacing the piston rings
(1) Thoroughly clean the ring grooves when replacing 1st compression ring
piston rings. R
(2) The side with the manufacturer’ s mark (near piston
ring gap) should face up. @
2
o Direction of
S piston pin
he) e et i
= Qil ring
c
o
g
&

The side with the maker
mark faces up

2nd compression ring

(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.

1st compression 1ing

2nd compression ring

2nd
compression ring

Oil ring

— Printed in Japan
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4. Connecting Rod

The connecting rod is made of high-strength forged car-
bon steel.

The large end with the aluminium metai can be separated
into two and the small end has a 2-layer copper alloy coil
bushing.

Piston pin bushing

Connecting rod —

Measuring twist and parallelity
Crank pin metal
mm
Standard Wear limit
Connecting rod less than (.05 0.07
twist and parallslity {at 100mm) :
%?éﬁgﬁgﬁggpr)&é ‘ 4-1.2 Checking thrust clearance
Conneeting rod bolt Fit the respective crank pins 1o the connecting rod and
check to make sure that the clearance in the crankshaft
direction is correct,
\\\ <)

4-1 Inspecting the connection rod

4-1.1 Twist and parallelism of the large and small ¢hds
Insert the measuring tool inte the large and smafl ends of
the connecting rod. Measure the extent of twist and paral-
tetism and replace if they exceed the tolerance,

Feeler gauge

mm

Standard Wear limit

Connecting rod side —
clearance 0.20~0.40 0.55

Printed in Japan
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4-2 Crank pin bushing 4-2.3 F;Les%?;sgms on replacement of crank pin

4-2.1 Checking crank pin bushing (1) Wash the crank pin bushing.

Check for flaking, melting or seizure on the contact sur- (2) Wash the large end cap, mount the crank pin bushing
face. and make sure that it fits tightly on the large end cap.
4-2.2 Measuring crank pin oil clearance {3) When assembling the connecting rod, match up the

large end and large end cap number. Coat the bolis
with engine oil and gradually tighten them alternately
to the specitied torque,

If a torque wrench is not available, make match marks
on the balt heads and large end cap {to indicate the
proper torque position) and retighten the bolts to those
positions.

Use a plastic gauge.

Cylinder gauge

Procedure

{1) Use the prass gauge (Plastigage) for measuring oil
clearance in the crank pin.

{2) Mount the connecting rod on the crank pin (tighten to
specified torque}.

Connecting rod tightening torque 4.5~5 Skg-m

{3) Remocve the connecting rod and measure the broken
plastic gauge with measuring paper.

{4} Make sure there is no sand, metal cuttings or ather for-
eign matter in the lube oil, and that the crankshaft is
not scratched, Take special care in cleaning the oil
holes.

Plastic gauge 4-3 Piston pin bushing

{1} Measuring piston pin c¢learance.

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

_ Printed in Japan
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mim
Standard Wear limit
Pin pin bushing
inside dia 26.025~26.038 26.10
Piston pin and bushing _
il clearance 0.0256~0.051 0.2

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

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

Flywheel! side Cam shaft side

Fuel injection Gear case side

pump side

Maker mark
{YANMAR)

Afignment mark

(easting mark})

Printed in Japan
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5. Crankshaft and Main Bearing

The crank pin and crankjournal have been induction hard-
ened for superior durability, and the crankshaft is provided
with four balance weights for optional balance. The
crankshaft main bearing is of the hanger type. The upper
metal (cylinder block side) is provided with an oil groove.
There is no oil groove on the lower metal {(bearing cap
side). The bearing cap (location cap) of the flywheel side
has a thrust metal which supports the thrust load.

Balance weight

Crank shaft

Thrust metal

Main bearing cap (basic)

Main bearing bolt Main bearing metal

{intermediate)

\ ‘.
5-1 Crankshaft @
(1) Color check of shaft Main bearing cap
Perform a color check after cleaning the crankshaft, ' {intermediate)

and replace the crank shaft if there is any cracking or
considerable damage.

Main bearing bolt

— Printed in fapan
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{2} Bending of the crankshaft

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

|

SIS

Diat gauge

V block V block Deflection

mm

Crankshaft hend f Less than 0.02 mm

{3} Measuring the crank pin and journal
Measure the extent of journal wear {roundness, taper).
Regrind it to the proper shape it it is within the outer
diameter limit, and replace if not.

B
ARy
l[ﬁ\p 4

Crank journal '; §
Crank pin
mm
Standard Wear fimit
i Outside dia, ¢ 47.952~-67.962 47.91
Crank pin - —

Crank pin and bearing oil clearance 0.038~0.088 0.25

. Qutside dia. 49,952-.49.962 48.75
Crank journal - ; -

Crank journal and bearing oil clearance $.0368~0.068 0.15

Filiet rounding of crank pin and journal 3.500~-3.800 —

Printed in fapan
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{4) Checking side clearance of the crankshaft
After assembling the crankshaft, tighten the main
bearing cap to the specified torque, and move the
crankshaft to one side, placing a dial gauge on one
end of the shaft to measure thrust clearance.
This measurement can also be effected by inserting
the gauge directly into the clearance between the
thrust bearing and crankshaft thrust surface.
Replace the thrust bearing it it is worn beyond the
limit.
mm
Standard Wear limit

Crankshaft side gap 0.14~0.22 0.30

5-2 Main bearing

(1) Inspecting the main bearing
Check for flaking, seizure or burning of the contact sur-
face and replace if necessary.

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

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

Main bearing metal (basic)

&

Thrust metal {Flywheel side}

Main bearing cap {basic) @ t /
1
Main bearing bohg

@

34JHIBYC)E

Dial indicatar

Crankshaft

NOTE : When assembling the bearing cap, keep the fol-
lowing in mind.

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

2)The upper matal (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.

Thrust metal{gear side)

m

..\ / Main bearing metal(intermediate)

? ; ? ' "\
@ Main bearing cap(intermediate}

ﬁ%
L

Printed in Japan
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6. Camshaft and Tappets

6-1 Camshaft

The camshaft is normalized and the cam and bearing sur-
faces are surface hardened and ground. The cams have a
curve that minimized the repeated shocks on the valve

seats and maximizes valve seat life.

I £ +]

4]

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

/Camshaﬁ gear
/ Thrust metal
o‘
]Lw_.
F o— il
E ]
—t— Side gap
mm
Standard Wear limit
Camshafi side gap 0.05~0.25 0.4
Printed in Japan
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b Push rod

Camshaft gear

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

g /
I
E
0
QD
I
Camshatft height mm
Standard Wear fimit
Intake cam
38.635~38.785 38.40
Exhaust cam
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{3} Measure the camshalt outer diameter and the
camshalft bearing inner diameter. Replace if they
exceed the wear limit or are damaged.

mm
Standard Wear limit
Gear case side Intermediate Flywheel side arimi
Camshaft journal sutside dia. 44 9p5~44 950 44.910~44.935 44 97544 950 448
Camshaft journal bushing ingide dia. 44.990~-45.050
Cylinder block bearing inside dia. r——— 45 000~45.025 45.000~45.025 _—
Ol clearance 0.040~0.125 3.0656~0.115 0.050~0.100 0.2
{4) Bending of the crankshaft 6-2 Tappets
Support both ends of the crankshaft with V-blocks, (1)} The tappets are offset to rotate during operation and
place a dial gauge against the central bearing areas thereby prevent uneven wearing. Check the contact of
and measure bending. Replace if excessive. each tappet and replace if excessively or unevenly
Dial gauye wormn,

Camshaft
central bearing area

Normal contact

NOTE : The reading on the dial gauge is divided by two o
pbtain the extent of bending.
mm Offset — Offset
Wear hmit — it I b
Camgshaft defisction Less than 0.02

NOTE : When removing tappets, be sure to keep them
separate for each cylinder and intake/exhaust
valve.

. Printed in Japan
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6. Camshaft and Tappets

{2) Measure the outer diameter of the tappet, and replace
if worn beyond the limit.

Standard Wear limit
Tappet stem outside dia. 11.975~11.990 11.93
Tappet guide hole inside
dia leylinder block) 12.000~12.018 12.05
Tappet stem and guide
hole il clearance 0.010~0.043 0.10

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

Feeler gauge

mm
Standard Wear limit

Push rod length 178.25~178.75 —

Push rod bend Less than 0.03 0.3

Push rod dia.

8.5

Printed in Japan
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7. Timing Gear

3. 4JH3BXC)E

7. Timing Gear

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

Fuel injection pump gear

Camshaft gear

Sea water pump gear

N \—\
f
Nl
4
Idle gear
Crankshaft gear
Lubricating oil pump gear
mm
No. of teeth| Face width|Spiral angle Center distance Back lash Back lash Wear limit
Sea water pump gear 31 2.0 right 92.544~92 592 0.07~0.15 0.2
Camshaft gear 56 18.0 left
ol g 3 8.0 aht 105.318~105.380 0.07~0.15 0.2
e gear . i
g 9 7552575573 0.07~0.15 0.2
Crankshaft gear 28 40.0 left
Lubricating oil pump gear 29 8.0 right 60.629~60.677 0.11~0.19 0.22
Idle gear 43 18.0 right
gear_ 9 105.254~105.316 0.04~0.12 0.2
fuel injection pump gear 56 10.0 left

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

Qr warn.

(2) Measure the backlash of all gears that mesh, and
replace the meshing gears as a set if wear exceeds

the limit.

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

{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 cil 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.

Frinted in Japan
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7. Timing Gear

Idle gear
Idle gear bushing

%

Idle gear shaft

Alignment mark

mm
Slandard Wear limit

Idle shaft dia. 45,950~45.975 45.88

Idle shaft bushing —

inside dia. 46.000~46.025

Idle shaft and bushing —

oil clearance 0.025~0.075 015

7-2 Gear timing marks

Maich up the timing marks on each gear when assembling
{A, Band C).

Fuel injection pump gear

Camshaft gear

Sea water pump gear

Crankshaft gear
Lubricating oil pump gear

Printed in Japan
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8. Flywheel and Housing

34TH}BXC)E

8. Flywheel and Housing

The function of the Hywheel is through inertia, to rotate the
crankshatft 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 maounting flange (flywheel housing) which
is bolted to the cylinder block.

the fitting surface for the damper disc is on the crankshalit
side of the flywheel. The rotation of the crankshaft is
transmitted through this disc to the input shaft of the
reduction and reversing gear. The reduction and reversing
gear is fitted to the mounting flange.

The flywheel’s unba'anced force on the shaft center must

8-1 Specifications of flywheel

be kept befow the specified value for the crankshaft as the
flywheel rotates with the crankshaft at high speed.

To achieve this, the balance is adjusted by drilling holes in
the side of the flywheel, and the unbalanced momentum is
adjusted by drilling holes in the circumference.

The ring gear is shrink fitted onto the circumference of the
flywheel, and this ring gear serves to start the engine by
meshing with the starter motor pinion.

The stamped letter and line which show top dead center
of each cylinder are positioned on the flywheel circumfer-
ence, and by matching these marks with the arrow mark
at the hole of the flywheel housing, the rotary position of
the crankshaft can be ascertained in order to adjust tappet
clearance or fuel injection timing.

Engine Model 3JH3(B){C)E 4JH3(B)}{C)E
Outside dia. of flywheel mm ¢ 300 # 300
Width of flywheel mm 74 74
Weight of flywheel
{including ring gear) kg 20.4kg 20.4kg
GD? value kg-m? 1.15 1.15
Circumierential speed m/s 59.7 {(at 38C0rpm) 59.7{(at 3800rpm)
Speed fluctuation rate o 1/128 {at 3800rpm} 1/409 (at 3800rpm)
Allowable amount of unbalance | g-cm 32 32

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

Xbolt dia. equally spaced equally spaced

Pitch circle

dia. of bots | ™™ 66 &6
Fixing part of | No. of
crankshaft thread holes mm 6-M10 6-M10

Fit joint dia. ¢ 85.000~85.035 ¢ 85.000~~85.035
Model of reduction and
reversing gear KM3P, KM3A KM3P, KM3A
Ring gear Center dia. mm 322.58 322.58

No of teeth 127 127
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8. Flywheel

3ATHIBNCE

8-2 Dimensions of flywheel and mounting flange
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8. Flywheel 34JHBXC)E

8-3 Ring gear

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

Flywheel

i

Interference of ring gear [ 0.21~0.45

- Ring gear
8-4 Position of top dead center and fuel

injection timing
{1} Marking

Wooden stand
Flywheel housing

Injaction
timing marks

LE;).C.
{or2.3)]
Fiywheel
._......g -
N 1
Stampod kg ine Stamped making
indicating T.D.C. 5 ped marking fine
‘7” 8 indicating fuel injection
Stamped marking l i timing
fine indicating fust 4l Stamped marking line
injection timing h {‘ o indicating T.D.C.
W,
_\1 % u__:fa. |
929 Printed in fapan
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(2) Matching mark

Flywheel housing

Matching mark

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

8-5 Damper disc and coocling fan
/Flywheel

Cooling fan

Flywheel side

)
B

61.5

Spline | SAE 20740

N
¢ 146 0r less

47

44
$169.8~170.2
¢ 189.928~180.000

Torsional rigidity 219 kg*m/rad N

Max.angle of torsion 7.3X10 *rad '19.5

Stopper torque 20.8kg'm
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Chapter 3 Fuel Injection Equipment

1. Fuel Injection Pump Service Data 34JH3(B)OE
1. Fuel Injection Pump Service Data
1-1 3JH3(B)(C)E
Engine model JJHA(B)(C)E
Part code {Back No.} 729270-51300(B759)
Adjustment SPEC ENG SPEC SERVICE 8TD
Fuel valve (Valve pressure) BJ(220) (170}
ftem Nozzie type 1D mark 150P225TCO DN-128D12
Fuel injection pipa mm ¢ 2X360 #2X600
Starting Pump rpm Ns(rprm) 200 ———
Average injection volurne Qs{imm?/st) 453135 S
Rated load Pump rpm No(rpm) 1900 e
Injection volume Qlo{mmYst) ] Nonunifornity 3¢ | 27.5::0.75 { +3
Injection | Torque rize Pump rpm Nrfrpm) e —_
Adjustment Injection volume Qr(mmYst) [ Nonunifomity % —_—
Hi-idle Purmp rpm Nri{rprn} 207013 -
{niection volume Qu{mm/st} §~7 —
idle Pump rpm Ni{rpm) 400 —
Qi (mmst) | Nonunifomity % 9~10 | 10 —— —
Cam {mm) 80
Plunger dia. (mm) ¢8
Delivery {mn) 36 (0.22)
Pre-stroke {rmm} 3.0
Top ¢learance {rnm) 0.5
Gov spring (KXL} {mmyj 0.431X42
1-2 4JH3(B)(C)E
Engine model 4JH3{BHCIE
Part code (Back No.) 729670-51300{B750)
Adjustment SPEC ENG SPEC SERVICE 8TD
Fuel valve {Valve pressure} BJ{220} {170}
ltem Nozzle type 1D mark 150P225TCO DN-128D12
Fuel injection pipe mm $ 2X400 $2X600
Starting Pump rpm Ns{rpm} 200
Average injection volume Qs(mm3/st) 55~60 ——
Rated load Pump rpm No(rprn) 1900 E—
injection volume Qofmmst) | Nonunifomity % | 29+0.76 |  +3 — JE—
Injection | Terquerize | Pump rpm N1{rpm} — e
Adjustment Injection volume  Qr(mmd/st) ] Nonunifomity 9 — ——
Hi-idle Pump tpm Nufrpmy) 2070118 —
Injection volume Qri{mred/st) 6~7 —
idle Pump rpm Nifrprn) 400(325) ——
Qifmm?¥st) Nonunifornity % 5~10 | 10 e e
Cam {mmy}) 8.0
Plunger dia. {rmmj ¢8
Delivery {mm) 36 (0.22)
Pre-stroke (mm) 3.0
Top clearance {mm)} ¢
Gov spring (KXL) {mm) 0.431X42
Printed inr Japan Ferl
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34JTHIBNCE

1. Fuel Injection Pump Service Data

¢ 4JH3(B)(C)E
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2. Governor 34JH3(BXC)E

2. Governor

2-1 Cold start knob (For 4JH3(B}(C)E only)

{1) When the engine is difficult to stant due to low tempera-
tures, pull out the Cold start knob to facilitate the stan-
ing operation.

Cold start knob

Speed control lever

Cold start knod

Acceleration adjusting screw

<= F.O-increase
wp F.O-decrease

Fuel limiter

Adjust bolt

3—4 FPrinted in Japan
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2, Governor

{3) Operation of cancel knab

1 Since this device is the device that imits the {usl injec-
tion amount for starting the engine in cold tempera-
tures {below —5C), it is necessary to increase the fuel
injection amount.

2 I the engine is hard to start in cold temperatures, start
the engine by pulling the cold start knob,

3 Once the engine is started, push the knob back inta
resume the function of the boost compensator.

(4} Adjustment of cold start knob
The initial rack of this device has been adjusted prop-
erly at the time of shipment. Howsever, the accelera-
tion can be increased at the request of the customer.
Watch the color of the exhaust while making the
adjustment.

Adjust bolt

{Procedure?
Remove the cap nul of adjust bolt, loosen the lock nut and
adjust the bolt with the biade-type screw driver.

Right furn Large efect » Higher acceleration
# More black exhaust

Left tum Small gHect * Lower acceleration
® Less biack exhaust

Prinfted in Japan
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2. Governor

3.4JH3(BXC)E
2-2. Disassembly Reassembly and Inspection (3) Remove the governor case bolt. Remove the governor
of Governor case (parallel pin) from the fuel pump until while lightly

C tapping the go r case with nh .
This illustration shows the fuel injection pump for model PPIng the gavernor case with a wooden hammer

; i Create a gap between the governar case and fuel
4JH3(B){C)E. Model 3JH3(B)(C)E differs only in the num- pump by maving parts of the governor lever.

ber of cylinders. However, only the fuel injection pump
for model 4JH(B){C)E has a boost compensator.

2-2-1 Governor disassembiy
{1) Remove the governor case.

(4) Pull out the governor link snap pin by inserting needte
nosed pliers between the fuel pump and governor
case.

NOTE : Loosen the hex bolt on models with an angleich @)

- ' Y B
] l ﬂ; XAl 1, -
spring.

(5) The governor and fuel pump come apart by sliding the
governor case and fuel pump apart and pulling out the

(2) Remove the control lever hex nut, and pull cut the con- link pin of the fuel control rack.

trol lever from the control lever shaft.

O
Ml

FPrinted in Japan
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{8) Remave the snap-rings on both ends of the governar
lever shaft.

{8y Remove the stop lever return spring from the governor {9) Putarod 8 mm in dia. or less in one end of the governor
lever shait. iever shaft, and tap the governar shaft until the O-ring
comes out the ather side of the governor case.

{10} After removing the O-ring, lightly fap the end of the shaft

{7} Use needle nose pliers to unhook the governor spring that you removed the O-ring from, and remove the

from tha tension lever and control lever shaft. governor lever shaft. Then remave the governor shait
assembly and washer.

Printed in fapan .
HINSHH-Hg8000 3—7



Chapter 3 Fuel Injection Equipment
2, Governor 3, 4TH3(BXC)E

NOTE : The governor assembly consists of the governor
fever, tension bar, bushing, throttle spring and
shifter, and is normally not disassembled.

The spring pin is removed when you replace
the shifter or throttle spring.

(1é) When you need to pull out the stop lever, remove the
stop lever shaft stop pin, and lightly tap the ingide of
the governor case.

(13} When you need to pull out the control lever shaft, tap
the end ¢f the shalt with a wood hammer.

NOTE : 1. Do not rernove the fuel limit nut from the governor
case unless necessary.

3-8 Printed in Japan
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2. Governor 34JH3(BXC)E
{14) Pull out the governor sleeve on the end of the tuel {16) Remove the governor weight assembly from the fuel
camshaft by hand. pump cam using the governor weight pulling tools.

{15 Turn the governor weight with a box spanner two or
three times to loosen i, stopping it with the hole in the
{uel coupling ring or helding the coupling with a vise.

NOTE : When the taper fit comes apart after you have NOTE : The governor weight assembly is made up of the
removed the nut, the governor weight may fly out governor weight, support and pin. Do not disas-
- Be Careful. semble.
Printed in fapan 3—9
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2-2-2 Inspection of governor

Inspection of governor weight assembly

{1) Replace the governor weight if it does not open and
close smoothly.

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

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

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

Inspection of governor sleeve

Contact surface
/ /with governor weight

—

Sleeve inner dia.\—l

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

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

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

Inspection of governor shaft assembly

(1) Measure the clearance between the governor shait
and bushing, and replace if it exceeds the limit.

Contact surface —__;
with shifter

mm

Standard Clearance Limit

0.065~0.124 0.5

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

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

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

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

Standard side gap 0.4

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

(5) Inspection of springs
1} Check the governor spring and other springs and replace
if they are broken, settled or corroded.
2} Measure the free length of the governor spring, and
replace if it exceeds the limit.
See service data sheet for free length of govemor spring.

et Free length {

Governor spring spec. table

Spring constant  kg/mm 0.32

Free length mm 12

2-3 Assembling governor

Inspect all parts after disassembly and replace any parts
as necessary. Before starting reassembly, clean new
parts and parts to be reused, and put them in arder.

Make sure to readjust the unit after reassembly to obtain
the specified performance,

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

kg-m

Governor weight nut tightening torque 4.5~50

Printed in Japan
HINSHI-H800%



Chapter 3 Fuel Injection Equipment
2. Governor
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{2) Open the governor (weight to the outside, and insert the (6) Mount the governor lever assembly to the governor link.
sleeve in the end of the fuel pump camshaft.

NOTE : 1. Make sure that the correct governor link mount-

ing holes are used, and that it is mounted in the
correct direction.

2. Make sure that the governor link moves smoothly.

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

(3) When the stop lever has been disassembled, mount {7) Put the governor lever shaft assembly in the governor

the stop lever return spring on the stop lever, tap the case, insert the governor lever shaft, and tap it in until

stop lever lightly with a wooden hammer to insert it, the O-ring groove comes out the opposite side of the
and tighten the stop lever stop pin. governor case.

{4) When the control lever shaft has been removed, lightly
tap the control lever shaft and washer from inside the
governor case, using an appropriate plate.

{5) I the governor has been disassembled, tap in the spring
pin.

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

Printed in fapan
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2. Governor 3.4JH3(BXC)E
3. Don't forget to mount the washers to both sides (9) Fit the stop lever return spring to the end of the gover-
of the governor laver. nor lever shaft,

{8) After you have mounted the O-ring, tape the governor )
lever in the oppaosite direction, and mount the E-shaped {19) HOO*} the governor spring on thf-‘ control lever shaft and
stop rings on the grooves at both ends. tension lever hook with radio pliers.

(11) Pull the governor link as far as possible towards the
governor case mounting surface, insert the governor
tink pin in the fuel control rack pin hole and fit the
snap pin on it.

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

_ Printed in Japan
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2, Governor

{12} Mount the governor case to the fuel pump unit while
lightly tapping # with 2 wooden hammer, and tighten
the bolts.

{13} Place the adjusting spring and adjusting rod on the
governor case cover adjusting bolt, and mount the
governor case cover.

14) insert the control lever in the control lever shafl, and
tighten the nut.

NOTE : Move the controf lever back and forth to make sure
that the entire link moves smoothiy,
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3. Disassembly, Reassembly and Inspection of Fuel Injection Pump 3 4JH3(BYC)E

3. Disassembly, Reassembly and Inspection of
Fuel Injection Pump

6

Fuel pump unit

Delivery valve retainer stop
Delivery valve retainer
Delivery valve stopper
Delivery valve spring
Delivery valve assembly
Delivery valve

Detivery valve seat

. Plunger assembly

10. Plunger barrel

11. Plunger

12. Fuel pump camshaft

13. Bearing

14. Bearing

15. Bearing helder

ODNON AWM~

16.
17.
18.
19.
20.
21,
22.
23.
24
25.
26,
27.
28.
28.
30.

36

“oil seal

Adjusting packing (shim)
Tappet stopper

Tappat assembly

Pin

Roller guide

Rolier (outer)

Roller {inner)

Adjusting shim
Adjusting bolt

Plunger spring rest B
Plunger spring

Plunger spring rest A
Contrei sleeve (reduction ring)
Contral pinion B

31. Stop screw

32. Aux. spring

33. Contre! rack stopper
34. Piunger barrel stopper
35. Deflector

36. Pump side cover

37. Pump bonom cover

NOTE : 1. Some models are equipped with ball bearings

and some with taper roller bearings.

2. *Oil seal : Some models are equipped with oil
seals and some are not. The shape of the
bearing holder differs for models with and with-
out oil seals.
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3. Disassembly, Reassembly and Inspection of Fuel Injection Pump 3 4JH3BIOE

3-1 Disassembly of fuel injection pump (2) Remove the fuel feed pump.
NOTE : Do not disassemble the fuel feed pump. Ses in-

structions for fual fead pump for details.

When disassembling the fuei pump, separate the paris for
each cylinder and be careful not to get thermn mixed up.
Be especially careful to keep the plunger/plunger barrel,
delivery vaive/delivery valve seat and other assembiies
separate for each cylinder {the parts of each assembly
must be kept with that assembly and put back in the same
cylinder}.

Preparation

1. Wash oif the dint and grease on the outside of the pump
with cleaning oil (kerosene or diesel oil) before disas-
sembly.

2. Perform work in a clean area.

3. Take off the fuel pump bottom cover and remove lubri-
cant ofl.

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

(1) Loosen the nut with a box spanner and take it off,
holding it with the hole in the fuel coupling ring or hald-
ing the coupling with a vise and take out the gavernor
weight agsembly,

Printed in Japan
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3. Disassembly, Reassembly and Inspection of Fuel Injection Pump 3. 4JH3(BXC)E

{7) Turn the fuel pump upside down, move all the roller
guides to the plunger side, and then put the pump
on its side. Turn the camshaft to a position so that
none of the cylinder cams hit the 1appets.

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

{4) Turn the camshaft until the roller guide is at the maxi-
mum head, and insert the plunger spring suppaort plate
in between the plunger spring washer B (lower side)}
and fuel pump unit.

Piunger spring supportplate

NOTE : If the camshaft does not turn, put double nuts on
the end of the cam shaft or remove the coupling.
{5) Remove the camshaft wood ruif key.
(8) Put a screwdriver in the two grooves on the camshaft
bearing holder mounting surface, and pull out the
camshaft bearing holder.

(10) Use a hammer handie or the like 1o push up the roller
guide trom the bottom of the pump, and remove the
plunger spring support plate.

NOTE : 1. Be sure not to damage the oil seal with the thread-
ed part of the camshaft. NOTE : The plunger spring may make the roller guide and

2. Be careful not to loosen the shims in between plunger, etc. fly out when the plunger support
the pump and bearing holder. plate is removed.

3--16 Printed in Japan
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{11} Remove the roller guide. {13} Loosen the small screw on gontroi pinion.

NOTE : When you stand the fuel pumnp up, alf of the rolfer NOTE : 1. Check to make sure the match marks on the
guides drop out at pne time. Therefore, first pinion/sleeve are correct before loosening the
remove the stop boit for one cyfinder at a time, small screw on the controf pinian, as the pin-
and then the rofler guide for each cylinder-—con- ion and sleeve come apart when- the screw is
tinue this process. loosened. If the mark is hard to read or off

center, fightly inscribe a new mark. This will
serve as & quide when adjusting infecuon vol-
ume fater.

/ Small screw on cantrol pinien

[ ali 'é %—— Control pinion
% }"‘

o b \j\ Match mark

Control sieave

(12) Remove the plunger, plunger spring and lower washer 2. Keep paris separate for each cylinder.
from the lower part of the pump. {14} Remove the control pinicn, sleeve and upper rest.

NOTE : Keep the parts separate for eacti cylinder.
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3 4JH3(BXC)E
{15} Remove the control rack stop bolt and remove the rack.

(17) Remove the delivery valve holder.

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

NOTE: 1. Be careful not to lose the delivery valve pack-

ing, delivery valve spring, delivery vaive stopper

or other small parts.

Keep the delivery valve assemblies for each
cylinder clearly separated.

{16) Loosen the delivery valve retainer stop bolt, and (19) Take the plunger barrel out from the top of pump.
remove the delivery valve holder stop.

NOTE : Keep it as a set with the plunger that was remov-
ed earlier.

3—18 Printed in Japan
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3. Disassembly, Reassembly and Inspection of Fuel Injection Pump

3. 4JTH3BXC)E

3-2 Inspection of fuel injection pump

(1) Inspection of plunger

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

2) The plunger is in good condition if it slides down
smoothly when it is tilted about 60°. Repeat this
several times while turning the plunger. Repair or
replace it it slides down too quickly or if it stops part
way.

8-

{2} Inspectior of delivery valve

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

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

3} Likewise, the vaive should compleiely close by its own
weight when you lake your finger oft the holes in the
bottom of the delivery guide sheet.

NOTE : When fitling new paris, wash with diesel oil and
perform the above inspection.
{3) Inspection of pump
1} inspect for exireme wear of roller guide sliding surface.
Scratches on the roller pin sfiding surface are not a
problem.
2} Inspect the plunger barrel seat.
i there are bum or discoloration, repair or replace as
this will lead to dilution of the lubricant.
{4} Inspection of fuel camshaft and bearings
1} Fuel camshalt
inspect for scratches or wear of camshaft, deforma-
tion of key grooves and deformation of screws on both
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ends, and replace if necessary.

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

NOTE : Replace fuel camshalts and bearings together.

(5} Inspection of roller guide assembly
1} Roller

Replace if the surface is worn or flaked.

2) Roller Guide
Replace it the outer rofler pin hole ig extensively wom
or there are many scratches.

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

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

{6) Inspection of rack and pinion
1) Rack

LT T T e AR L VA

L=

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

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

NOTE : If the tooth surface or sliding surface is nat in good
working order, rack resistance increases, affect-
ing the condition of the engine (rough rom, over
running, etc.).

{7} Inspection of plunger spring and delivery spring
inspect springs for scratches, cracks, breakage, uneven
wear and rust.
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{8) Inspection of oil seals

Inspect oil seals to see if they are burred or scratched.
{9) Inspection of roller guide stop

Inspect the side of the tip, replace if excessively worn.
{10) Inspection of O-rings

Inspect and replace if they are burred or cracked.

3-3 Reassembly of fuel injection pump

Preparation

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

(1} Put in the plunger barre! from the top of pump.

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

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

(3) Place the control rack, and tighten the control rack stop
bolt.

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

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

{5) Locking from the bottom of pump, align the match
marks an the rack and pinion.

Control rack

Control pinien

Pinch section

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

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

Pinion/sleeve match mark

Match mark
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3. Disassembly, Reassembly and Inspection of Fuel Injection Pump
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{7) Mount the plunger spring upper rest.

NOTE : 1. Be sure o mount the upper rest with the hollow
side facing down.
2. Recheck to make sure that the lack moves
gasily.

{8) Mount the plunger spring.

(9} Mount the tower rest an the head of the plunger, and
fit the plunger in the lower part of pump while aligning
the match marks on the plunger flange and the sleeva.

NQTE . if the plunger is mounted in the opposite direction,
the injection volume will increase abnarmally and
cannot be adiusted.
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{10} Insert the plunger spring suppart plate between the
plunger spring seat B {lower) and fuel pump, by put-
ting the handle of a hammer in the lower part of pump
and pushing the roller guide up.

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

E}—~J:»v————— Stop screw hole
{ Step groove

t
st :
f
1

SR

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

coirect position.
3. When replacing the rolfer guide assembly, fit
shims and lightly tighten;
Standard shim thickness 1.2mm

(11) Make sure that the roller guide stop groove is in the
correct position, and tighten the roller guide stop bolt.
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{12} Fit the bearings to both ends of the camshaft and in-
sert from the drive side by tapping lightly.

{15) Mount the fuel pump side cover.

NOTE : Turn the pump upside down, and tap in the cam- (16} Tap in the camshaft wood ruff key.
shaft while moving the roller guide to the plunger (17) Turn the camshaft, and pull out the plunger spring
spring side. support plate.

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

-._“,.1;' m] () By
-

IEAK

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

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

mm
Camshaft side clearance 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. NOTE : Fit double nuts to turn the camshaft.
mm
0.50
A . . 0.40
Adjusting shim thickness 0.30
0.15
3—99 Printed in Japan
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{18} Tighten the delivery valve retainer. 207 Mount the tusl feed pump

ey

Kg-m

Tightening torque l 3.5~4.0 NOTE : Refer to the instructions for reassembly of the fuel
feed pump.

NOTE : 1. Tighten the relainer as far as possible by hand-
if the bolt gets hard o twrn part way, the pack-
ing or delivery valve are out of place. Remove,
corr@ct, and start tightening again.

2. Overtightening can result in malfunctioning of
the rack.

{19) Fit the delivery retaingr stop and tighten the stop boll,

kg-m

Tightening torgque | 0.3

NQTE : Overtightening can upset the delivery retainer and
cause oil leakage.
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4. Adjustment of Fuel Injection Pump and Governor

This illustration shows the fuel injection pump for modet 4JH3(B)(C)E. Model 3JH3(B}C)E differs only in the

number of cylinders.

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

4-1 Preparations

Prepare for adjustment of the fuel injection pump as

follows:

{1} Adjusting nozzle assembly and inspection of injection
starting pressure

ka/em?

Adjusting nozzle type DN-128D12
Injection starting pressure 215~225

{2} Adjusting injection pipe.

Inner dia./outer dia. Xlength 2.0/6.0 X 600
Minimum bending radius 25 (0.9842)

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

mm
Tester used 21 £z
Yanmar 110 150
Robert Bosch 125 165

{4) Remove the control rack blind cover and fit the rack

indicator.

Next, turn the pinion from the side of the pump until
the control rack is at the maximum dive side posi-
tion, and set it 1o the rack indicator scale standard
position.

Then make sure that the controf rack and rack indi-
cator slide smoothly.

Rack indicator

-

E S A D J
19510 5 0

Base line

-’_\M—j

— m : J
—
\ E 2 S;Tg:ark

Part code number ! 158090-51500
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3. 4JHI(BNC)E

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

NOTE : Links are avaifabe in 1mm {0.0394in.) increments.

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

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

(8) Set the pressure of oil fed from the pump tester to the
injection pumgp at 0.2~0.3kg/cm?.

4-2 Adjustment of top clearance

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

Top clearance

f
f

Plunger barrel

—t Plunger

mm
Tap clearance 0.5
Pre-stroke 3.0
Standard shim thickness 1.2
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Relation between top clearance, standard shim thickness

and pre-stroke. mm

Adjusting shim thickness

_._._A_._‘_.
RN AN Yot

129155-51600

Part Code No.

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

)
f»uMeasuring jig jlﬁ
LA -

— -

|

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

(3) Turn the camshaft, and bring the cam fo the top dead
center while watching the gauge needle.
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4. Adjustment of Fuel Injection Pump and Governor 3.4JH3(BYC)E
(4) Read the gauge at this position, and adjust until the {1) Set the governor control lever to the operating position
clearance is al the specified value by changing adjust- and fix {bring plunger to the effective injection range),
ing shims. turn the camshaft clockwise, and check the injection
Tighten the adjusting screw after completing adjust- starting time (FID} of cylinder No.1 {start of discharge
ment. of fuel from the delivery retainer).
Cylinder no. Count from the drive side

Adijusting bolt Direction of rotation Right boking from drive side

@Adiusting shim (2) In the above state, set the tester needle to a position
easy to read on the flywheel scale, and check the
injection timing several times by reading the flywheel

Tappel scale, according to the injection order.

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

Engine model 3JH3(B)(C)E 4JH3(B)(C)E
Injection order 1-2-3-1 1-3-4-2-1
NOTE : Adi Hil chi o then tiahl Injection timing 120° 80"
: auge, and then en. — :
just whtle walching gaug 9 Allowable deviation +30
(5) After adjustment is completed, insert the delivery valve
assembly and tighten the delivery retainer. {3) Readjust the top clearance of cylinders that are not
kg -m within the allowable deviation (increasing adjusting
Delivery retainer tightening torque 35~440 shim thickness makes injection timing faster, and
decreasing makes it slower).
Repeat the above procedure to adjust the top clearance of The change in injection timing effected by adjusting
each cylinder. shims is as follows :

Change in shim thickness Change in injection timing

Cam angle Crank angle
0.1mm 05° 1.0°

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

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

Cylinder No_4 ment. mm

Cylingelf T;O-3N ) Allowable top clearance 0.3
ylin er No.

Cylinder No.1

NOTE : 1. All cylinden must be readjusted it any one shows
less than the allowabie value.
2. If the top clearance is less than the allowable
value, the plunger will hit the delivery valve or
the plunger flange will hit the plunger barrel.

_ Printed in Japan
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4-4 Plunger pressure test

{1} Mount the pressure gauge o the delivery retainer of
the cylinder o be tested.

Max. pressure gauge reading 1000 kgiony?

Connecting screw dimensions M12XX1.5

(2) Set the governor control lever to the stop position,
operate the injection pump at about 200 rpm, and
make sure that the pressure gauge reading is 500
kgficm® (7110 lb/in?) or more while lightly moving the
control pinion gear towards full throtile (drive side)
fram the pump.

Beplace the plunger if the pressure does not reach
this value.

(3) Immediately release the gear after the pressure rises
to stop injection.

At the same time, check to see that oif is not leaking
from the delivery retainer or fuel injection piping, and
that there is no extreme drop in pressure.

4-5 Delivery valve pressure test

{1} Perform the plunger pressure test in the same way,
bringing the pressure to about 120kg/om? {1706 hin?),
and then stopping injection,

Pressure gauge

{2} Afler pressure rises o the above value, measure the
time it 1akes 1o drop from 10030 kg/em? .

100—90 kg/em? 5 seconds

If the pressure drops faster than this, wash the deliy-
ery valve, and retest. Replace the delivery valve if the
pressure continues to drop rapidly.
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4-6 Adjusting injection volume
{uniformity of each cylinder)

The injection volume is determined by the fuel injection
pump rpm and rack position. Check and adjust to bring 1o
specified value.

4-6.1 Measuring injection volume
{1} Preparation
Set the pump rpm, rack position and measuring stroke
10 the s ecified value and measure:
3JHI(BYC)E I 4JH3(B)(C)E
1800 rpm
Right looking from drive side

Engine model
Purmp APM
Pump rotating direction

Rack indicator scale reading 8 mm

7 mm l

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

26 mm
) . o
#3 l SE
T - . 15
) {
Mé % 1.0
Part Code No. | 158090-51510

{2) Measuring injection volume
Measure the injection volume at the standard stroke,
and adjust as follows it it is not within the specified
value.

Measuring stroke 1.000 st
Specified injection volume See injection pump
at standard rack position service data
Nonuniformity of cylinders +3%

4-6.2 Adjustment of injection volume

Measure the injection volume in measuring eylinders for

each cylinder, and adjust if necessary to obtain the speci-

fied values.

{t) Push the controi rack ali the way fo the driveside, stop
with the rack fixing bolt, and loosen the pinion/sleeve
fixing balt 1/3 of a revolution.
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(2) When the control sleeve is turned to the right or left,
the plunger is turned through the same angle to in-
crease or decrease injection volume.

The injection volume is increased when the control
sleeve is turned in the - direction and decreased
when turned in the + direction in the following fiaure.

Pinign

y
7
%’](}_/@’/ Alignment mark
[

Sleeve

{
-

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

(4) Next, measure the injection volumes under ditferent
conditions, and make sure the injection volume for
every cylinder is within the specifications.

Replace the plunger i the injection volume is not
within specifications.

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

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

(6) If nat aligned with the match mark, make a new
match mark.

4-7 Adjustment of governor

4-7.1 Adjusting fuel limit bolt

(1} Adjust the tightness of the fuel limit bolt to bring the rack
position to the specified value (R1) with the governer
cantrol lever all the way down towards the fuel increase
positian, while keeping the pump at rated rpm N1,

{For 3JH3(B}(C)E]

Note: The fi i
ote: The figure inthe o1y starfing: Q adjustment

fank ()i w2
i:deiltr:]a:gr)_ 'S the bolt tightining adjustment boit
i% /
19 e
(12)( R
=4
E
£ : \
= 14
£ (@)
w
2
-
[
1]
o !
R
Rz

S

Pump (pm N (rpm}

[For 4JH3(B)C)E]

Note: The figure in the

blank { }is the At the starfing: Q adjustment

indicator. N -
405 balt tightining adjustment bolt
191
(12) 0\
3
v
£
g Q
c 1 —
3
a
-
Q
bl
o 1
Ra N |
Rz - -
"6 Ns Ni NT Noe
© NHi

Pump rpm N (rpm)

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

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

4-7.2 Adjusting RPM limit bolt

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

Maximum spped
adjustment

Control lever

{2) Check maximum RPM at no load
Further increase rpm, and make sure that rack position
(R2 = Ri—L) corresponding to maximum rpm at no
load is within specified value (NHi).
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4-7.3 Adjusting idiing
{1} Maintain the pump rpm at specified rpm {Ni}.

Idling rom (Pump BPM} T 325 rpm

{2) Measure the injection volume while lowering the
governor control lever to the idling poshion, and adjust
the position of the conirol lever with the idling adiust-
meni balt to bring it to the specified value,

Measurins stiroke 1000 st
Idling injecion volume See injection pump seryice dalg

4-7.4 Check injection volume when starting

(1) Make sure the contro! rack maves smoothly while
gradually reducing idling rpm.

{21 Next, fix the governor control fever at the full load
position with the pump at the specified rpm (Ra}, Make
sure thal control rack is at the maximum rack position
{11.05~12.08}.

Measure the injection volume and chack to make sare
it is within the specitied value,

Pump rpm {N1) 200 rpm

Rack indicator scale 11.5~12.5 mm
Measuring stroke 1000 81

Injection volume See injection pump service data

Checking injection siop

Drive the pump at rated rpm (N1) and standard rack posi-
tion (R} with the governor controf lever at the full load
position, operate the siop lever on the back of the gover-
nor case, and make sure that injection to all cylinders
is stopped.

NOTE : Be sure o remove the rack fixing boit when daing
this.
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5. Fuel Feed Pump

The fuel feed pump pumps fuel from the fusl tank, pass-
es it through the fuel filter element, and supplies it 1o the
fuel injection pump.

The fuel fead pump is mounted on the side of this engine
and is driven by the {eccentric) cam of the fuel pump
camshaft. It is provided with a manual priming lever so
that fuel can be supplied when the engine is stopped.

To fuel filter
Yy
x From fuel .
tank O
4

Q\
" packing
Fue! feed pump

5-1 Construction of fuel feed pump

1112 13 14 15

10 /
A ""XEL% / f’// //
: bﬁ/

:.’i:’.:L.F_‘ \‘!M

T ___WW l_j}.w

)
A
1. Bottont bidy 8. Pin 11. Top body agsembly
2. Piston spring 7. Leverreturn spring 12, Packing
3. Piston 8. Laver assembly 13, Cover
4, Diaphragm spring 3. O-fing 14. Small screw
5. Diaphragm assembly 10, Stop pin 5. Cap
5-2 Fuel feed pump specifications
Head im
230 co/min
Discharge volume | at 1500 carn rpm, discharge pressure
ot 0.2 kgren?
0.3 kg/em?
Closed off pressure or more (at 400 cam rpm}
3—130 Printed in Japan
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5-3 Disassembly and reassembly of fuel feed pump

5-3.1 Disassembly

(1) Remove the fuel feed pump mounting nut, and take the
tuel teed pump off the fue! injection pump.

{2} Clean the fue! feed pump assembly with fuel oil.

(3} After checking the crientation of the arrow on the cover,
make match marks on the upper body and cover,
remove the small screw, and disassembie the cover,
upper body and lower body.

5-3.2 Reassembly

(1} Clean all parts with fuel oil, inspect, and replace any
defective parls.

{2} Replace any packings on pars that have been dis-
assembled.

{3} Make sure that the intake valve and discharge valve on
upper body are mounted in the proper direction, and
that you don't forget the valve packing.

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

{b) Align the match marks on the upper body of the pump

and cover, and tighten the smail screws evenly. kg
*cm

Tightening torque ! 16~28

5-4 Fuel feed pump inspection

{1} Piace the tuel feed pump in kerosene, cover the dis-
charge port with your finger, move the priming lever
and check for air bubbles {Repair or replace any part
which emits air bubbies).

Measuring cylinder

Air pressure kgiom?

Conlainer filled
with light oil

(2) Attach a vinyt hose to the fuel feed pump intake, keep
the pump at the specified depth from the fuel oil sur-
face, move the priming lever by hand and check for
sudden spurts of tuel oil from the discharge part. [f ail
is not spurted out, inspect the diaphragm and
diaphragm spring and repairfreplace as necessary.

{3) Diaphragm inspection
Parts of the diaphragm that are repeatedly burned will
become thinner or deteriorate over a long period of time.
Check the diaphragm ard replace if necessary.

SEVEY

Diaphragm
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(4) Valve contact/mounting
Clean the vaive seat and valve with air to remove any
foreign matter,

Cullet valve

{5} Inspect the diaphragm spring and piston spring for sefil-
ing and the piston for wear, and replace as necessary.

NOTE . Heplace parts as an assembly.
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6. Fuel Injection Nozzle

When fuel oil pumped by the fuel 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

The fusl is atomized by the nozzie fo mix uniformiy with
the air in the combustion chamber, How well the fuel is
mixed with high temperature air directly affects combus-
tion etliciency, engine performance and fuel economy.
Accordingly, the fuel injection nozzies must be kept in top.
condition to maintain performance and operating efficiency.

{1} Hole type fuel injection nozzle

F.O. return pipe joint

Applicable engine model e NOZZIR COVET MOUNting groove

1.D. mark

Nozzle holder

e,

Nozzie spring

Nezzle spring seat
Stop plate

T

Nozzie vaive

J—~ Nozzle
Nozzie body

Nozzle clamp nut

Puositioning pin

Nozzie LD. Mark 155P225TCO

Spray angle 150°
5X0.22mm

215~ 225xglony?

No. of injection hole X dia

Nozzle opering prassure

Fuel starting pressure adjusting shim

6-1 Functioning of fuel injection nozzie

Fuel from the fuel injection pump passes thraugh the oil
port in the nozzie holder, and enters the nozzie body
reservoir

When oil reaches the specified pressure, it pushes up the
nozzle valve (held by the nozzle spring), and is injected
through the small hole an the tip of the nozzle body.

The nozzie valve is automatically pushed down by the
nozzie spring and closed after fuel is injected.

Qi that leaks from between the nozzle valve and nozzle
body goes from the hele on top of the nozzle spring
through the ol leakage fitting and back infe the fuel tank.
Adjustment of injection starting pressure is effected wilt
the adjusting shims

Nozzle holder

Fue! starting pressure
Adiusting shim 1

—1
Nozzle spring

Nozzle spring seal ~—— L —- Positioning pin
Stop plate
Nozzle valve
>, Nazzie clamp nut
Nozzie body ' B
e
Hole ~——— L
- Nozzle valve
.0, reservoir /
Nozzie body
@On hole

Spray angle
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6. Fuel Injection Nozzle

3 AJTHUBNC)E

Novzzle body identification number

The type of nozzle can be determined from the number
ingcribed on the outside of the nozzle body.

1} Hole type fuel injection nozzles

Sample
Y DLL A —150 P R225TCO

{———- Desigh code

Spray angle

Mounting angle
of nozzle on
cylinder head

Code A: at angle
No code: not at angle

Type {DLL: semi-long type)

YANMAR

identification number

6-2 Fuel injection nozzie disassembly

NOTE ! 1. Disassembie fue! injection nozzle in a clean
area as for the fuel injection pump.

2. When disassembling more than one fuel injec-
tion nozzle, keep the parts for cach infection
nozzle separate for gach cylinder (i.e. the
nozzie for cylinder 1 must be remounted in
cyfinder 1}.

{1} When removing the injection nozzle from the cylinder
head, remove the high pressure fuel pipe, fuel leak-

age pipe, etc,, the injection nozzle retainer nut, and
then the fuel injection nozzle.

®

ggf"%m Fuel injection nozzie refairer

Nozzle cover {rubber)

Fue! injection nozzle

Haole fype
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(2) Put the nozzle in avise

NOTE ; Use the special nozzle holder for the hole type
infection nozzle so that the high pressure mount-
ing threads are not damaged,

{3) Remo.ve the nozzle nut

@/Bex spanner

Holder

NOTE : Use a special box spanner for the hole type (the
thickness of fhe two nozzle nuts is 15mm.

{4} Remove the inner parts

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

6-3 Fuel injection nozzle inspection

€.3.1 Washing

{1) Be sure to use new diegel oil to wash the fuel injection
nozzle paris

{2} Wash the nozzie in clean diesel oit with the nozzle ¢lean.
ing kit.

Nozzie cleaning kit

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

2} Anzen Jidosha Co., Lid. nozzie cleaning kit:
Type NCK-001

{3) Clean off the carbon on the outside of the nozzle body
with a brass brush.
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6. Fuel Injection Nozzle 34JHHBNC)E
{4) Clean the nozzle seat with cleaning spray.
Nozzle contact surface Pin
/ Seal surface '
1
Hoie type
mm
Nozzte contact surfaoe wear limit 0.1

(5) Clean off the carbon on the tip of nozzle with a piece of
wood.
{6) Clean hote type nozzles with a nozzle cleaning needle.

Nozzie cieaning needle (piano wire)
0.2 mm dia. wire, 22mm long X5 wires

o
- —

Part code no. 28210-000010

6-3.2 Nozzle inspection

{1) Inspect for scratches/wear
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 nozzie body in clean diesel oil,
and make sure that when the nozzle is putled out
about half way from the body, it slides down by itself
when released.
Rotate the 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.

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

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

6-4 Fuel injection nozzle reassembly

The fuel injection nozzle is reassembled in the opposite

order to disassembly

{1) Insert the adjusting shims, nozzle spring and nozzle
spring seat in the nozzle holder, mount the stop plate
with the pin, insert the nozzle body/nozzie 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 kg m

Hole type nezzle 4~45
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6-5 Adjusting fuel injection nozzle

6-5.1 Adjusting opening pressure

Mount the fuel injection nozzle on the nozzle tester and
use the handle to measure injection starting pressure If it
is not at the specified pressure. use the adjusting shims lo
increase/decrease pressure (both hole and pintle types).

Nozzle tester

Injection starting pressure
kg/cm?

Injection starting pressure } 185~205

6-5.2 Injection test

After adjusting the nozzle to the specified starting pres-
sure, chack the fuel spray condition and seat oil tightness.

{1) Check seat oil tightness

After two or three injections, gradually increase the
pressure up to 20 kg/cm?*(284 Ib/in?) before reading the
starting pressure, maintain the pressure for 5 secands,
and make sure that no oil is dripping from the tip of the
nozzle.

Test the injection with a nozzle tester; retighten and
test again if there is excessive oil leakage from the
overflow coupling.

Replace the nozzle as a sat if cil leakage is still ex-
cessive.

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

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

Spray from each nozzle
hole is unifarm

Poor

— D

® Excessive difference
in apray angle( 8 )

® Excessive difference
in injection angle {a)

& [ncomplete atomization

& Sluggish starting/stopping
of injection
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/. Trouble shooting of fuel injection pump

7-1 Troubleshooting of fuel injection pump

Complete repair means not only replacing defective
parts, but finding and eliminating the cause of the trouble
as well. The cause of the trouble may not necessarily be
in the pump itself, but may be in the 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 paints given here.

Basic check points

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

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

* Check the nozzle spray.

® Check the fusl delivery Is it in good condition? Loosen
the fuel pipe connection at the injection pump inlet, and
test operate the fuel feed pump.

7-2 Major faults and troubleshooting

Fault Causa Remedy
1. Engine | Fuel not {1) No fuel in the fuel tank. Resupply
won't delivered to (2) Fuel tank cock is closed. Open
start injection (3) Fuel pipe system is clogged Clean
pump {4} Fuel filter element is clogged Disassemble and clean,
or replace element
(5) Airis sucked into the fuel due to defective connections Repair
in the piping from the fuel tank to the fuel pump.
{6) Defective valve contact of feed pump Repair or replace
{7) Piston spring of feed pump is broken. Replace
(8) Inter-spindle or tappets of feed pump are stuck Repair or replace
Fuel (1) Defective connection of control fever and accel. rod of Repair or adjust
delivered injection pump.
to injection {2} Plunger is worn out or stuck. Repair or replace
pump. (3) Delivery valve is stuck Repair or replace
(4) Control rack doesn't move Repair or replace
(5) Injection pump coupling is damaged, or the key Is broken. Replace
Nozzle {1) Nozzle valve doesn't open or close normally Repair or replace
doesn't work. | (2) Nozzle seat is defective. Repair or replace
(3) Case nutis logse. Inspect and tighten
{4} Injection nozzle starting pressure is too low Adjust.
(5} Nozzle spring is broken. Replace
(6) Fuel oil filter is clogged. Repair or replace
(7) Excessive oil leaks from the nozzle sliding area. Replace the nozzle assembly
Injection {1} Injection timing is retarded due to failure of the coupling. Adjust
fiming is (2) Camshalt is excessively worn. Replace camshaft
defective. (3) Roller guide incorrectly adjusted or excessively worn. Adjust or replace
{4} Plunger is excessively worn. Replace plunger assembly
2. Engine slarts, but {1} Fuel pipe is clogged. Clean
immediately stops. (2} Fuel filter is clogged. Disassemble and clean,
or replace the element
(3) improper air-tightness of the fuel pipe connection. Replace packing repair pipe
or pipe is broken and air is being sucked in.
{4) Insufficient fuel delivery from the feed pump Repair or replace
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Fault Causa Remedy
a Defective {1} Knocking sounds caused by improper {too fast) injection timing. Ingpect and adjust
Engine's injection {2) Engine overheats or amits large amount of smoke dug inspect and adjust
output is timing. and to improper {to slow) injection timing.
insufficient. | other fallures. | (3} Insufticient fuel delivery from feed pump. Hepair or replace
Nozzie {1) Case nut loose. Inspect and retighten
movemenis {2) Defective injection nozzle performance, Repair or replace nozzle
is defective. {3) Nozzie spring is broken. Replace
{4) Excessive oil leaks from nozzle. Replace nozzie assembly
injection {1} Max delivery {imit boll is screwed in too far. Adjust
pump is {2) Plunger is worn Replace
defective. (3} Injection amount is not uniform, Adjust
{4) Injection timings are not even. Adiust
{5) The tst and 2nd levers of the governor and the contral Repair
rack of the injection pump are impropetty lined up
{8} Delivery stopper is loose. Inspect and retighten
{7} Delivery packing is defeclive Repiace packing
(8) Delivery valve seat is defective. Repair or replace
{9) Dslivery spring is broken. Replace

4. idling is rough.

(1) Movement of control rack is defective.
1) Stiff plunger movement or sticking.
2} Rack and pinion filting is defective,
3} Movement of governor is improper
4) Delivery stopper is too tight.
{2} Uneven injection volume.
{3} Injection timing is defective.
(4) Plunger is worn and fuel injection adjustment is difficult..
{5} Governor spring is too weak.
(6) Feed pump can’t feed oil at low speeds,
{7} Fuel supply is insufficient at low speeds due to clogging
of {uel fiter.

Repair or replace
Repair

Repair

Inspect and adjust
adjust

adjust

Replace

Aeplace

Hepair or replace
Disassemble and clean,
or replace element

5. Engine runs at high
speeds, but cuts out
at low speeds.

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

Inspect and repair
inspect and repair

6. Engine doesn't reach (1) Governor spring is broken or excessively worn. Replace
max. Ipm. {2) Injection performance or nozzie is poor Repair or replace
7. Loud knocking. {1} Injection timing is too fast or too slow, Adjust
{2) Injection from nozzle is improper, Adjust
Fuel drips after each injection
(3) Injection nozzle starting pressure is too high Adjust
{4) Uneven injection. Adjust
{5} Engine overheats, or insufficient compression. Repair
8.Engine When exhaust | {1} Injection timing is too fast. Adjust
exhausts | smoke is {2} Airvolume intake is insufficient. Inspect and repair
too much | black: {3} The amount of injection is unaven. Adijust
smoke. {4) Injection from nozzle is improper. Repair of replace
When exhaust | (1} Injection timing is ioo slow. Adjust
smoke is (2} Water is mixed in fuel. inspect fue!l systern,
white: and clean
{3} Shoriage or lube ol in the engine. Repair
(4) Engine is over-cooled. inspect
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8. Tools

Name of tool Shape and size Application

Pump mounting scale

for Yanmar tester 158098-51010
for Bosch {tester) 158090-51020

Measuring device
{cam backlash)
158080-51050

Plonger inseny
158080-51100

Tappet holder
158090-51200

Weight extractor
158090-51400
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Name of too! Shape and size Application

Rack indicator
158090-51500

Rack lock screw
158090-51010

Dumany nut
158090-51520

Nozzie plate
158090-51700

Plunger gauge
121820-92540

Top clearance gauge
158090-51300

Timer exiraction ool
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9. Fuel Filter

9. Fuel Filter

The fuel filter is installed between the fuel feed pump and
fuel injection pump, and removes dirt/foreign matter from
the fuel pumped from the fuel tank.

The fuel filter element must be changed periodiically. The
fuel pumped by the fuel feed pump goes around the ele-
ment, is fed through the pores in the filter and discharged
from the center of the cover. Dirt and foreign matter in the
fuel are deposited in the element.

é Discharge

Fuel filter bracket

3ATHIB)C)E
9-1 Fuel filter specifications
Filtering method filter paper
Filtering area 840cm?
Maximum flow 1.5 £/min
Prassure loss 20mm Hg or less
Max. dia. or unfiltered particle 10 u

9-2 Fuel filter inspection

The fuel strainer must be cleaned occasionally If there is
water or toreign matter in the strainer bowl, disassemble
the strainer and wash with clean fuel oil to completely
remove foreign matter. Replace the element every 300
hours of operation.

Replace the filter prior to this if the filter is very dirty,
deformed or damaged.

8-#6 hole

#63
#775

#85

#38

Element
| E—
=] -
=] A -
< . ol h
N \
b
I
' \
(0.13837)
75 —r
—
3—40

M20 X 1.5 Make sure there are
3.5 effective threads
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10. Fuel Tank

A triangutar 30 liter fuel tank with a 2000mm {78.7402 in)
rubber fuel hose to fit all models is avaitabte as an option.

A fuel return connection is provided on top of the tank
to which a rubber hose can be connected to retun fuel

fram the fuel nozlles.

Fual return connestion
Tank

Level gauge

Pipe joint

Clamp

Drain cock

Fubber Hoge me

250 15 362

M@%@_ \ g ,/Bﬂmmmnl \'

?

|

3
623

224

Nwari® |

L

mm
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11. Troubleshooting (Concerning engine and fuel injection equipment)

Malfunctions

Causes

Remedies

The engine does

not operate

1. Fuel Qil is not
injected from
the injection

pump

2. Injection timing
is incorrect

3. The nozzle does
not operate

The engine
operates. but
only for a short
time

The engine
"knocks"

. There is no fuel ¢il in the fuel

tank

. The fuel line from the fuel tank is

blocked

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

pump chamber

. The acceleratar linkage is not

properly connected

. The magnet valve wiring is

broken or its armature is Sticking

. The feed pump blades are

sticking, and therefore not
operating

. The drive gear or woodruff key is

broken

. The drive gear or belt

connections are incorrect

. The injection pump is incorrectly

installed on the engine

. The roller holder assembly’s roller

or pin is worn excessively

. The plunger is worn excessively

. The nozzle or nozzle holder is

functioning incerrectly

. The pipe(s) to the injection pump

is blocked. or the fuel filter is
clogged

. The fuel cil contains air or water
. The feed pump’s delivery

guantity (or pressure) is
insufficient

. The injection timing is too

advanced

. The nozzle or nozzle holder is

functioning incorrectly

Supply fuel and bleed the system
Clean or replace

Clean or replace
Bleed the system

Repair
Repair or replace

Repair or replace

Replace

Repair

Repair and adjust injection timing
Replace the assembly

Replace the distributor assembly
Inspect. then repair or replace
Clean or replace the pipe(s) or
fuel filter

Bleed of air or replace the fuel ol
Repair or replace

Readjust the timing

Inspect. then repair or replace
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Malfunctions

Causes

Remedies

The engine
exhaust contains
smoke and the
engine "knocks"

The engine
output is unstable

Insufficient

output

1. The injection
guantity is
insufficient

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

—y

. The injection timing is incorrect

2. The nozzle or nozzle holder is
functioning incorrectly

3. The injection quantity is

excessive

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

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

3. The injection pump is sucking air

4. The regulating valve is stuck in
the open position

5. The plunger is sticking and does
not travel its full stroke

6. The plunger spring 1S broken

7. The control sleeve is not sliding
smoothly

8. The governor lever is not
operating praperly or is worn
excessively

9. The delivery valve spring is
broken

10. The delivery valve is not sliding

properly
11. The nozzle or the nozzle holder
is not functioning properly
12. The injection timing is incorrect

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

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

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

4. The plunger is worn

5. The delivery valve seating
portions are damaged

Readjust the timing
Inspect, then repair or repface

Readjust

Clean or replace

inspect and repair

Inspect and repair

Replace

Replace the distributor assembly

Replace
Repair or replace

Repair or replace

Replace
Repair or replace
Inspect, and then repair or replace

Readjust

Readjust
Readjust

Replace

Replace the distributor assembly
Replace

Readjust
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Malfunctions

Causes

Remedies

3. The injection
timing is too
retarded and the
engine is
overheating or
the exhaust
contains smoke

4. The nozzle or
the nozzle
holder is not
functioning

properly

The engine
cannot reach its
maximum speed

The engine's
maximum speed
is too high

Idiing is unstable

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

2. The controf lever is not reaching
the maximum-speed pasition

3. The nozzle's injection operation is
poor

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

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

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

2. The governor's idling adjustment

is improperly adjusted

. The plunger is worn

. The plunger spring IS broken

. The rubber damper is worn.

. The governor lever shaft pin is

worn excessively

7. The feed pump blades are not
operating properly

8. The regulating valve is stuck in
the open position

9. The fuel filter element is clogged
and therefore fuel oil delivery is
poor

10. The nozzle or the nozzle holder

is not functioning properly

(o2 &) I L

Readjust

Inspect and then repair or replace

Readjust or replace
Readjust

Repair or replace

Readjust or replace

Repair or replace

Inspect or replace

Readjust

Replace the distributor assembly
Replace

Replace

Replace

Repair or replace

Replace

Clean or replace

Inspect and then repair or replace
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I. Intake and Exhaust System

3.4JH3(BXCIE

1. Intake System

Air enters in the intake silencer mounted at the end of the
intake manifold, is fed to the intake manifold and then on
to each cylinder.

Exhaust gas goes into the exhaust manifold (in the fresh
water tank) mounted on the cylinder head discharge.
After cooling it enters the mixing elbow which is directly
connected wilh the exhaust manifold, and is discharged
from the ship along with waste cooling water.

Intake system

Intake air silencer

Intake manifold
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Cylinder head

When the inside of the intake manifold becomes dirty,
intake resistance is created reducing engine powaer.
Periodically check the inside of the intake manifold. inthe
same way, the net portion of the intake air silencer should
be checked for dirt periedically and cleaned.

When the intake manifold is being attached to the cylinder
head, the attachment surfaces should be checked for dirt
and cleaned. Care should also be taken to insure there is
no air leakage.

Do not operate with the intake air silencer removed.
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2. Exhaust System
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2. Exhaust System

2-1 Construction 2-2 Mixing elbow inspection

There are two types of mixing elbows, the L-type and the {1} Clean dirt and scale out of the air and cooling water
U-lype. The mixing elbow is atiached to the exhgust man- fines.

tfold. Refer 1o the exterior diagrams included here. (2) Repair crach or damage to welds, or replace.

{3} Inspect the gasket packing and replace as nacessary.

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

{Option)

L-type e
Mixng elbow U-type ¢
Mixng elbow aO
3,
Exhaust manifold
4—9 FPrinted in Japan
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1. Lubrication System
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1. Lubrication System

The fube oil in the oil pan ts pumped up through the intake
filter and iniake piping by the lube oil pump, through the
holes in the cylinder body and on to the discharge fifter.
The lube oil which flows from the holes in the cylinder
body through the bracket to the «il element is filtered and
sent to the oil cooler. i returns from the oil cocler o the
bracket, the pressure is regulated, and it is fed back to
main galiery in the cylinder body.

The fube oil which flows in the main gallery goes to the
crankshait journal, lubricates the crank pin from the
crankshaft journal, and a portion of the oil is fed to the
camshaft bearings.

Oil is sent from the gear case camshalt bearings through

Lubricating oil coaier}—-—-

[4JH3E only]

i . i £
— Lubricating oi! fitter ]

|

Qil pressure

[ Ol pressure switch |
1T

the holes in the cylinder body and cylirder head to the
valve arm shafl to lubricate the valve arm and valves.

QOil is also sent from the main gallery to the piston cooling
nozzle to cool the piston surface, and is sent through the
intermediate gear bearing (oil) holes to lubricate the in-
termediate gear bearings and respective gears,

Lube oil for the fuel injection pump is sent by pipe from
the main gallery to the fuel injection pump.

Part of the lube oil is sent from the oil cooler discharge to
the supercharger in engines fitted with one, and is then
piped backfrom the supercharger to the wil pan.

LFueE injecfion pump

regulating valve [ {

f

Cyfinder block main gallery

}

{ f

Lubricating oil pump dle gear shaft l Cam shaft beariﬂgﬁ Crank journal Cooling nozzle l

f i

Lubricating oil filter [\dle gear face] \;erlrl:‘esatgg;?er
!

Valve rocker asm!

j

\ LTappei and cain face I

}
LCrankpin | | Pison |

Oil pan /
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2. Lube Oil Pump

2-1 Lube oil pump construction

The trochoid type lube oil pump is mounted on the gear
case side engine plate, and the rotor shaft gear is driven
by the crankshaft gear.

The lube il flows from the intake filter mounted on the
bottom of the cylinder body through the hcles 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/cm?,

Intake

Exhaust

Quter rotor

282 —Packing

Bolt

Q
- Strainer

Boit

5—2 FPrinted in Japan
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Oil pressure regulator valve

spring

Outer :{}ter\\:

Inner rotor ——.__|
p—

-q»-A—l- l
= \ Rator shaft

Gear ?

Pump body

Side cover

Qil pressure regulator valve

Custer rotor

Rotor shaft
Innar rotor

2-2 Specifications of lube oil pump

Tabls of helical gear L/O pump specifications
Precision{JIS) Class 4 Standard pitch dia. $61.722 Engine speed 3800(rpm) 800(rpmy}
Gear teeth shape Standard Transposition factor —0.0866 Purmp speed 3477(rpm) F72{rpm}
Tool | Gearteeth shaps | Gear teeth average | Finishing method shaving Delivery theory £19.0(/min) #8.0(I/min)
Module 20 Crowning None Delivery pressure | 4.4 (kglicm?) 20.5(kgliem?}
Angle of pressure 20° Number of teeth 28 Qil temp. 80:£5(C) -
Number of teeth z39 Other gear | Transpositionfactor | —0.025 Suction head 1/28-40cm -—
Straddle 421 516) Finishing method | shaving Lube oil SAE#30 —
Gear | (Reference) Distance {o center £0.65+0.05
thickness Overpin dia. 5.7_95519_04 Backlash 0.16::0.04
{Pin dia =3.969) Taugh-ride surface treatment
Distortion angle 20° Remarks | Mardness: HVS7D~680
Distortion direction RIGHT
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Chapter 5 Lubrication System

2-3 Lube oil pump disassembly
{1} Remove the Ilube oil pump assembly from the \ .

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

do not disassemble the rotor, rotor shaft or drive gear.

The oil pressure regulating valve plug is coated with

adhesive and screwed in, so it cannot be disassem- Inner rotor

bled. These parts cannct be reused after disassembly.

Replace if necessary as an assembly. Outer roter

N . . mm
- n

2-4 Lube oil pump inspectio Po—— YPA—
(1} Clearance between outer rotor and pump body Outer Totor and

Insert a teeler gauge between the outer rotor and inner rotor clearance 0.050~0.105 0.15

pump body to measure the clearance, and replace if
it exceeds the limit.

Outer rotor

Body

Feeler gauge

mm
Standard Wear limit

0.09~0.16 0.25

Quter rotor and
pump body clearance

{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

QOuter rotor

(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

mm
Standard Wear limit

0.05~0.10 0.13

Pump body and inner rotor,
outer rotor clearance

{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.
mm

Standard Wear limit
0.016~0.049 0.25

Rotor shaft and
body clearance

(5) Check for looseness of driver gear/rotor shatt 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 assembily 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. rotaled.

Turning torque less than 1.5 kg-cm

Printed in Japan
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Chapter 5 Lubrication System
2. Lube Oil Pump 3ATHHBNC)E

2-5 Qil pressure regulating valve construction

The oil pressure regulating valve atlached with fube ail
pump controls the ol pressure from the time the lube oi
leaves the filter and is cooled in the lube oif cooler untit
just before it enters the cylinder body main gallery.

When the pressure of lube oil entering the cylinder body
main gallery exceeds the setting, the regulating valve pis-
ton opens the bypass hole and lube oil flows back into the
oif pan.

Regulating pressure T 3.5 ~ 4.5 kg/cm?®

Printed in Japan
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3. Lube Oil Filter

3-1 Lube oil filter construction

The lube oil filter is a full-Hlow paper element type.
mounted to the side of the cylinder body with the filter
bracket. The cartridge type filter is easy to remove.

To prevent seizure in the event of the filter clogging up, a
bypass circuit is provided in the oil filter. The bypass valve
in the filter element opens when the difference in the pres-
sure in front and behind the paper element reaches 0.8~
1.2 kg/cmz

Cylinder body main gallery

To oil pan

Filter bracket
\ To lubricating
ail cooter

From lubricating

ail cooler
Filter
Opticn
To lubricating oil coofer oil pressure

sender unit

t

—J _By-pass vaive
4
]

* By-pass

' Eiement
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Chapter 5 Lubrication System

3. Lube Qil Filter

Type Full fiow, paper glement
Filtration area G.10m¥
Discharge volume 30 £ /min

Pressure [oss

0.3 ~ 0.5 kwem®

By-pass valve
regulating pressure

0.8 ~ 1.2 kg/om?

3-2 Lube oil filter replacement

(1) Period

The paper element will get clogged up with dirt after
long hours of usage, and eventually unfiltered oil will
be fed to the engine through the bypass circuit.

Replace the filter according to the following standard,
as the dirt in unfiltered oif will of course have a detri-

mental sffect on the engine.

(2) Heplacemant

1} Remove the lube ol filler with the speciai tool

2) Clean the filter mounting surface on the filter bracket
and mounting screws.

3) Coat the filter rubber packing with lube ail

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

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

sure that there is no oil leakage.
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4. Lube oil Cooler

4-1 Lube oil cooler construction
The lube oil coole’r is comprised of 36 cooling pjpes and 9

internal baffle plates.
The fube oil flows through this passageway and is cooled
by the cooling water (sea water} flowing through the inner

pipe.

[4JH3E only]

Connrections M20 X 1.5

| 2130
57.5 80.0
218 .20.0, 20.0
E _F‘:’ REF REF
g .:g Cg T T
~t [T+ R e /
& T T
P - -t -
o
o 2 g S 3 -
<o} B
8 \, /
122.0

Sweat header ASSY into casing

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

2. PNEUMATIC TEST
SEAWATER SIDE : 0.4 MPa (4 kgficm?)
OIL SIDE: 1.0MPa (10 kgficm?2)
3. MATERIAL (EXCEPT TUBES) : BRASS

4-2 Inspecting the lube oil cooler

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

{2) If the rubber hose connection or welds are corroded,
repair or replace the cocler

{3) Apply the fallowing water pressures to the sea water
and lube oil lines to check for any leakage. Repalr or
replace the coofer if there are any leaks.

Test pressure
Lubricating oil circuit 1.5 kg/cm?2
Sea water circuit 4 kg/cmz2

5—8 Printed in Japan
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5. Rotary Waste Oil Pump (Optional)

A rotary waste oil pump to pump out waste oil during oil
changing is available as an option,

This is a vane type pump. Turming the handle rotates the
vanes and pumps out lube oil.

Hotary waste ofl pump Rubber hose

5-1 Construction
Cover
Asa
Vane
O
O Spindle
Spring

-

|

Rotary waste oil pump 5-2 Inspecting the waste oil pump
Delivery capacity {1} Disassembie the waste oil pump and check for spring
of one stroke 0.13¢ i
breakage or vane damage when there is an extreme
Dalivery pressure 1.5 kg/em? or below drop in discharge volume, and replace if necessary.
Suction head less than 1m (2} Replace the oil seal if there is excessive oil leakage
from the handle shaft.
Part No. - . .
° 43600-602311 {3} Replace the impeller i there is an excessive gap

Rubber hose between the impeller and the covers on both sides
nner dia. X fengih 4 155 1600mm of casing. This will cause a drop in discharge volume.

{4} The hose coupling is coated with adhesive and scrow-
Part No. of rubber hose 43720-001220 ad in It therefore cannot be disassembled

Printed in Japan
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1. Cooling Water System

1. Cooling Water System

S AFHIBYCO)E

The cooling water system is of the indirect sea water
coolad, fresh water circulation fype. The cylinders, cyiin-
der heads and exhaust manifold are cooled with fresh
water, and fresh water cooler (heat exchanger) use sea
water.

Sea water pumped in from the sea by the sea waler
pump cools the lube oil in the iube oll cooler and then
goes to the heat exchanger, where it cools the fresh
water. Then it is sent to the mixing elbow and is dis-
charged from the ship with the exhaust gas.

Fresh water is pumped by the fresh water pump from
the fresh water tank to the cylinder jacket to cool the
cylinders,and the cylinder head. The {resh water pump

e Sca water citcuit

Fresh water circuit

bady also serves as a discharge passageway (line) at the
cylinder head outlet, and is filted with a thermostat.

The thermostat is closed when the fresh water tempera-
ture is low, immediately after the engine is started and
during low load operation, etc. Then the fresh water flows
to the fresh water pump inlet, and is ciroulated inside the
gngine without passing through the heat exchanger,

When the temperature of the fresh water rises, the ther-
mostat opens, fresh water flows to the heat exchanger,
and itis then caoled by the sea water in the wbes as
it flows through the codling pine. The temperature of
the fresh water is thus kept within a constant range by the
thermostat.

B
Heat exchanger l
- Mixing
bow
—_—
Thermostat It
R ]
l ' Cyi. head
| -
’_@ Cyi. Block Lube. oil
cooler
Fresh water pump
Only on
4IHIBIE

1 Sea water purp

Kingston cock

T
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Fresh water line

Heat exchanger

/Filler cap (whith pressure control valve)

-
-

e
hvisced

S Sub tank
\‘——_

Thermostat cover

-

Water temperature sender unit

Qutlet for water heater

~ Water temperature switch

Inlet for water heater  Fresh water pump

Sea water line

Mixing elbow

Heat exchanger
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2. Sea water pump

P BN
4
|
——

X
o
o
I~
o
-

=3

§
|
: i
Ny
i
i i
i
$69.806 52
$72 B
@ g6+18
45

<
8
A—A 7 19
B4.4 17.2]12
6 89.9 44.2
2-1 Specifications of aea water pump 2-2 Sea water pump disassembly
1. Performance {1} Remove the rubber hose from the sea water pump
Flow min 3800 2 /h at cutiel and then the sea water pump assembly from the
. pin==~-0.05 bar gear case.
go;é;%?srr?ar (2) Remove the sea water pump cover and take out the
aftert 500‘; duly O-ring, impelier and wear plate.
Seltpriming max 10 s at {3} Remove'the mechanical_ seal side stop ring.
ability suctionhead==0.5m {4} Insent pliers from the drive gear long hole and remove
':-‘QQSISOOT pipe==0.6m the stop ring that holds the bearings.
e, " b em (5) Lightly tap the pump shaft from the impelier side and
ightness tes 4oar remove the pump shaft, bearings, and drive gear as a
sel.
2. Durability (6) Remove the oil seal and mechanical seal if necessary.
impelier min1500h
Fiow drop max1 l?% after
1000 .
-3 S ater pu Inspect
Leakage from max3ceth 2-3 Seaw pump pection . .
seal {1) Inspect the rubber impeller, checking for splitling
Lipseal water 1000n around the outside, damage or cracks, and replace if
Lipseal,oil 3000h
necessary.
Endcover,
wear piate min3000kh
Other parts minB000h
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Chapter 6 Cooling Water System
2 Sea Water Pump

34JHIBXC)E
{2) Inspect the mechanical seal and relace if the spring is
damaged, or the seal is corroded. Also replace the
mechanical seal if there is considerable water leak-
age during operation.
Cooling water leakage less than 3 cc/h
{3) Make sure the ball bearings rotate smoothly. Replace
if there is excessive play.
2-4 Sea water pump reassembly
{1) When replacing the mechanical seal, coat the No.1101
oil seal and pressure fit Coat the sliding surface with a
good quality silicon oil, taking sufticient care not to
cause any scratches.
{2) When replacing the oil seal, coat with grease and in-
ser.
{3) Mount the pump shaft, ball bearing and gear assembly
1o the pump unit and fit the bearing stop ring. Be
sure not to forget the water O-ring when daing this.
NOTE : Coat the shaft with grease.
(4) After inserting the mechanical seal stop ring, mount
the wear plate and impeller.
(5) Mount the 0-ring side cover.
NOTE : Replace the O.ring.
2-5 Current characteristics
90 3
80 3 ——
70 ,/
g %03
S
: 50 3
z 403 /
2 3
* 303 //
203 7
10 3
O-Il'l T r T LB T 1T 17 1 LI I N L B B YT v T 11 T %
0 500 1000 1500 2000 2500 3000 3500 4000
Speed (rpm)
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S4THHBYCE

3. Fresh Water Pump

3-1 Fresh water pump construction

The fresh water pump is of the centrifugal {voiute} type,
and circulates water from the fresh water tank to the
cylinders and cylinder head.

The fresh waler pump consisls of the pump body, im-
petier, pump shaft, bearing unit and mecharnical seal,
The V pulley on the end of the purnp shaft s driven by a V
belt from the crankshaft.

The begring unit assembled in the purmp shaft uges grease

Cylinder head

CYLINDER BLOCK
B

O-ring

Printed in Japan
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Water temperature &
sender ynjt

fubricated balt bearings and cannot be disassembled,

The totally enclosed mechanical seal gpring presses the
impeller seal mounted on the impeller side away from the
pump body side. This prevenis water from leaking along
the pump shaft.

As the impeiler and pulley flanges are press fit assembled,
they cannot bie disassembled,

Water termperatins swilch
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34JTHIB)NC)E

From heat _—
exchanger
{fresh water tank}

3-2 Specifications of fresh water pump

Pulley ratio

(cran{c shaft/pump shaft) #134/4120 ~
Pump shaft speed(Max) 4020 rpm

Delivery capacity 70 £/min

Total head am

3-3 Fresh water pump disassembly

(1) Do not disassemble the fresh water pump. It is difficult
1o 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 cylinder head, replace the
cylinder intake pipe O-ring.

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

Tightening forque for

pump setting bolts 70~110 kg-cm

3-4 Fresh water pump inspection

{1) Bearing unit inspection
Rotate the impeller smoethly. if the rotation is not
smooth or abnormal noise is heard due to excessive
bearing play or contact with other parts, 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.

—. To heat exchanger
{fresh water tank)

For turbine cooling water joint
and water temperature switch

For sender unit

V-pulley flange

Thermostat p— Pump plate

.
bl

Bearing unit i
V-pulley K — Gasket
Impeller
! ™~ Bypass port

WY
A

Pump body
Mechanical seal

—~ To cylinder body

f i "= 0-ring
k
Gasket

Pipe flange

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

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

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

{6) Measure the clearance between the impeller and the
pump body. and the impeller and the plate.

Measure the clearance between the Impeller and the
pump body by pushing the impeller all the way towards
the body, and inserting a thickness gauge diagonally
between the impeller and the body.

Measure the clearance between the impeller and the
plate (pump body bracket) by placing a straight-edge
against the end of the pump body and inserting a
thickness gauge between the impeller and the straight-
edge.
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Measuring clearance between impelier and purmp body.

)

W\F Thickness gauge

Measuring clearance between impelier and pump body
bracket.

M//

Thickness gauge

rrm
Standard Wear fimit
Ciearance between
impeller and body 0.3~1.1 1.5
Ciearance between
impeller and plate 15 e
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4. Heat Exchanger

4-1 Heat exchanger construction

The heat exchanger ceools 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 smalt dia. tubes and baffie plates.

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

Outlet Side cover

O-ring

"~
inletl ey

Seawater

There is a reservoir at the bottom of the cooling pipe
which serves as the fresh water tank. There is an exhaust
water passageway {line) in the reservoir which forms a
water cooled exhaust gas manifold.

The filler cap on top of the heat exchanger has a pressure
valve, which lets off steam through the overflow pipe
when pressure in the fresh water system exceeds the
specified value. It also takes in air from the overflow pips
when pressure in the fresh water system drops below
the normal value.

Filler cap

Fitler cap body (with pressure contral valve)

Overflow tube

Heat exchanger (fresh water cooler)

O-ring

Side cover

Fresh water inlet >

— |- Sea water Qutlet

-

14

Sea water inlet

Cooling pipe

Qvetfiow tube

Filler cap

Heat exchanger

/ Coofin?tube Balfle plate
/ f

| Fresh water <=, G I f . ‘?IT\
inlet T T T = Sea water outlet
Side cover ; T}{ 4= Sea water injet

Fresh water .~ T
outlet C’UJ

Exhaust gas o I drain plug

i Exhaust gas
' < outlet

(Rt s N If'\" S

Fresh water tank

Exhaust manifold
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4-2 Specifications of heat exchanger

MODEL UNIT 3JH3E 4JH3E
Tube dia. mm $87/¢45X54 P67/48X54
Tube surface area m? 0.183 0.347
Tube surface area/output m ¢.0048 0.0062
Frosh water frow £ fhr 4260 4200
Sea water frow £ /hr 3800 3800
Fresh water velocity m/s 1.21 1.11

Sea water velocity s 1.99 1.89

4-3 Disassembly and reassembly of the heat
exchanger
{1) Hemove the covers on both sides and fake out the caol-
ing pipe and O-ring(s).

NOTE : Replace the O-ring{s) when you have removed the
cooling pipe.

{2} Remove the filler assembly

4-4 Heat exchanger inspection
{1y Cooling pipe inspection
1) Inspect the inside of the tubas for rust or scalg buildup
from sea water, and clean with a wire brush il neces-
sary.

NQOTE : Disassemble and wash when the cooling water
temperature reaches 85 C.

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

3) Check tubes and replace if leaking.

4) Clean any scale or rust off the outside of the tubes.

{2} Heat exchanger hody inspection

1) Check heat exchanger body and side cover for dirt and
corrosion, Replace if excessively corroded, or ¢racked.

2} Inspeci sea water and fresh waler inlgls and oullets,
retighten any joints as necessary and clean the insides
of the pipes.

3) Chack the exhaust gas intake flange and line, and
replace # corroded or eracked.

Printed in fapan
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{3} Heat exchanger body water Leakage test
1} Compressed air/water tank test
Fit rubber covers on the fresh water and sea waler in-
lets and outlets. Place the heat exchanger in a water
tank, feed in compressed air from the ovetflow pipe
and check for any {water) leakage, (air bubbles).

Pressure gauge

Air hose

/ Filler cap
/7

== Rubber
cap

— Tast tank

Rubiber cap

Test pressure 2kg/em?

2) Use of the tester

Fit the fresh and sea water inlets and ocutlets with rub-
ber covers and fill the fresh water tank with fresh
water, Fit a pressure cap lester in place of the pres-
sure cap, operate the pump for one minute and set the
pressure at 1.5kg/fem? (21.33Ib/in.%). If there are any
leaks the pressure will not rise. if there are no leaks
the pressure will not fall.

Pressurs tesler

Pressure gauge

TE> Rubber cap
0 E

C
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5. Pressure Cap and Sub Tank

5-1 Pressure cap construction

The pressure cap mounted on the fresh water filler neck
incorporates a pressure control valve. The cap is mounted
on the 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 0.9kg/em?. 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 air is drawnin
through the overtlow pipe.

Pressure valve spring

7 -

Overflow pipe
\\

[N S e iy |

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

Action of pressure control valve

Pressure valve | Open at 0.9 kg/cm?

Vacuum valve

Open at 0.05 kg/cm?® or below

5-3 Pressure cap inspection

Precautions

Do not open the pressure cap while the engine is running
or right after stopping because high temperature steam
will be blown out. Remove the cap only after the water
has had a chance to cool down.

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

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

{2} Fit the adapter on the tester to the pressure cap. Pump
until the pressure gauge is within the specified pres-
sure range (0.75~1.05kg/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 I 120445-44600

5-4 Function of the sub tank

The pressure valve opens to discharge steam when the
steam pressure in the fresh water tank exceeds 0.8kg/cm?
{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 leve! in the sub tank rises.

When the pressure in the fresh water system drops
below the normal value, the water in the sub tank is
sucked back into the fresh water tank to raise the water
back to its original level.

The sub tank facilitates long hours of operation without
water replacement and eliminates the possibility of burns
when the steam is ejected from the filler neck because the
pressure cap does not need to be removed.
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Fiiler cap

Sub tank +

mm

205

13G

5-5 Specifications of sub tank

Qverall capacity 1.251¢
Subtartk capacity | Full-scale position 0812
Low-scale pasition G214

5-8 Mounting the sub tank

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

{2) The overflow pipe should be less than 1000mm
{38.3701in} long, and mounted so that it does not sag
or pend.

Overflow tube
Mounting plate

Sub tank

NOTE : Make sure that the overflow pipe of the sub fank is
not submerged in bilge If the overflow pipe is sub-
merged in bilge, water in the bilge will be
siphoned into the fresh water tank when the wafer
is being cooled.
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5-7 Precautions on usage of the sub tank

(1) Check the sub tank when the gngine is cool and refill
with fresh water as necessary to bring the water level
between the low and full marks,

{2} Check the overfiow pipe and replace if bent or cracked
Clean sut the pipe i it is clogged up.
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6. Thermostat

6-1 Functioning of thermostat

The thermostat opens and closes a valve according to
changes in the temperature of the fresh water inside the
engine, controlling the volume of water flowing to the heat
exchanger from the cylinder head, and in turn maintain-
ing the temperature of the fresh water in the engine at a
constant level.

The thermostat is bottom bypass type ltis located in a
position connected with the cylinder head outlet line at
the top of the top of fresh water pump unit.

When the fresh water temperature is low (75.0C~78.0C
or less}, the thermostat is closed, and fresh water goes
from the bypass line to the fresh water pump intake and
circulates in the engine.

When the fresh water temperature exceeds the above
temperature, the thermostat opens, and a portion of the
water is sent to the heat exchanger and cocled by sea
water, the other portion going from the bypass line to the
fresh water pump intake.

The bypass line is closed off as the thermostat valve
opens and is completely closed when the fresh water
temperature reaches 81.5°C (valve lifts 4mm (0.1575in)},
sending all of the water to the heat exchanger.

Thermostat cover

Thermostat valve

From cylinder head

Impeller

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

To heat exchanger

L Thermostat vaive

From eylinder head

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

6-2 Thermostat construction

The thermostat used in this engine is of the wax pellet
type, with a solid wax pellet located in a small chamber,
When the temperature of the cooling water rises, the wax
melts and increases in volume. This expansion and con-
struction is used 1o open and close the valve

6-3 Characteristics of thermostat

Opening temperature 75~78C
Full open temperature 90°
Valve lift at full open 8 mm
By.pass valve lift 3.7mm
By.pass valve close temperature 81.5C
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6-4 Thermostat inspection

Remove the thermostat cover on top of the fresh water
pump and take out the thermostat. Clean off scale and
rust and inspect, and replace if the characteristics (perfor-
mance) have changed, or if the spring is hroken,
deformed ar corroded.

Thermostat cover
(fresh water outlet connection}

(Gasket
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6-5 Testing the thermostat

{1} Put the thermostat in a Leaker with fresh water, and
heat it on an eleciric stove. The thermostat is function-
ing normally if it starts to open between 75~780C,
and opens 8mmm or more at 30T Replace the thermo-
stat if it is not functioning normally.

{2} Normaliy, the thermostat should be inspected every
500 hours of 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 2000 hours of
operation {whichever comaes first).
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7. Bilge Pump and Bilge Strainer (Optional)

7-1. Introduction
7-1.1 General Introduction

Name Bilge pump

10 minutes
Right (viewed from the impeller side)

Time

Roatation direction

Weight Pump 1.4kg
Swilch ASSY  0.3kg

Negative pressure

detector Diaphragm type

Temperature —30°C~ 80C

7-1.2 Exterior

1} Pump dimensions

Length 225mm

Yoke diamete ¢ 61

Assembly hole diameter $5.3

Assembly pitch 50X890mm

For further details on the above dimensions, refer to
External View (0730 001 0710).

(2} Switch ASSY dimensions

64mm
$4.5

Length

Assembly hole diameter

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

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

7-2, Description

7-2.1 Characteristics

{1) Discharge At lift : Om discharge capacity : 20 £ /min. or
greater.

(2) Automatic feeding height : 1m or greater
(Limit for automatic feeding height : new pump with
inside parts wet, approx. 2m)

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

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

: new pump with

7-2.2 Insulation

(1} Insulation resistance : 500V with a megatester when
the difference between the continuity point and the
body is 1MQ or greater.

(2) Insulation proof stress : AC50 between the
continuity point and the body, or 60hz 500v for 1
minute when impressed current leakage is 10mA or
lower.

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

7-2.4 Vibration proof : Amplitude 0.51mm (one side
of the amplitude)
Vibration frequency 10~-55Hz
Sweep time S0secs.
Direction of vibration each direction 4 hours
No difficulties after test period

7-3. Cautions

(1) Attach at a position higher than the bilge water away
from rain or other water, and 50~70cm above the bot-
tom of the boat.

{2) Never run the pump dry. Be sure that the strainer is
inserted in the drain water befare pushing the switch. If
no water is being drawn up after a pericd of 10 sec-
onds or more, prime the pump. (Do not run the pump
for longer than 10 seconds when no water is being
drawn up.}

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

(4) When charging the diessl engine oil, wait a period of
30 minutes or longer from the time of stopping (ol
temperature 20~70°C). Refrain from operation when
the oil temperature is below 15°C, or above 50TC.

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

(6) The impeller replacement kit includes one impeller and
3 washers for adjusting the side gap. If after replacing
the impeller the pump does not drain, place side gap
adjustment washers underneath the bottom plate to
adjust. Select the number of washers used in accor-
dance with the following. (When the pump is draining,
the electric current load is about 5A. When there are
too many washers, the electric current value will be
too great and wifl blow a fuse.)

Printed in Japan
HINSHI-H8009



Chapter 6 Cooling Water System
7. Bilge Pump and Bilge Strainer (Optional) 34TH(BYC)E

HAY 2.0 Red

{0nG1L}

2-#10.5

S
\ o E
2
o Q@ —~
N £ 5= .
EZ B
%z S 5> 4
-4 oF )
z@w = ET @&
o & z Ez =
Y odoia T 55 &
LS 233 Ee 2
i o o
ITT 0, 2 o
e . : £
il 5 £
i [:%
=
w
3
gz,
3
= -
o
o d E
g f 3
@ W p=
Q.s =
= E =
¥ E =
m
£
%
[\
=
w
-
= 3
a1} -
o
& @ )
g
; E w &
- i o ! =
H e W \
i —
: ]
: . r\i ] . [ ol
‘ — |2
i J 34 P
) e .
J e e 5 T |®
iy A 311~ lw| |N
C un H o s e 2
b 2] & 1
E & 8 gl | 8 z o e 5
E ] A ! = ] T =
B =l ElFE_ MO
£ = <3 : B Bl P Py
z z : i 18 R IR I b
CA-S ! £ , 8
g £ i 0 H e O |
£ a2 |39 ! g ]
b
= & ! + g S —
o * ~ :
3 2 E & ,
g z »
g Q = \ - A o
' s 1 3 bt X ke
=z N 5 —
o e
= = <
2% FIY] & a7
Zla E
= @ Z .
212 Z (VEydayds ]
g & 02690
E1E- -% ooogogg X
- 0002030000 i Gie
=, 029909 -
i ‘ oSokolol .
' r ‘ 02686
Sodol ,
02680 :
3 - o goeell 8 :
o - ooog i — i
o 020 b e
o Jo503 <2 e
z - Bn0a080 1 ki B
= Ly =
265525500650 :
26530820630 :
o] .
afoSo :
: % L

ze 0L
Printed in fapan
HINSHIHR00S 6—15



Chapter 6 Cooling Water System
7. Bilge Pump and Bilge Strainer (Optional)

34JH3(BYC)E

(7) The pump cannot be used to drain off 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) Do not use the pump for showering.

It the pump outlet is deformed for showering, the
increase in water pressure w ill increase the load on
the motor and cause motor seizure.

{9) Fix the strainer so that it will not turn upside down or
con 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

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

1. Assembling the bilge pump

® Select a dry place above the bilge water level.

# Select the location for the bilge pump taking intc consid-
eration the length of the switch cable {approx. 3m} and
its attachment point, and the position of the battery.

e Pasition at a 45° angle as shown in the illustration with
the nozzle facing up, and 50~70cm from the bottom of
the boat.

$5X12 SCrew, 4each

50~70cm

////s Bilge 77777

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.)

#5X12 screw,
Contreiler

 AV2wire Red (+)

7
2mm?
AV2wire White {—)

3. Positioning the strainer

® Attach at the place where the greatest amount of water
is callected when the boat is stopped.

# |t is best to place the strainer as close to the bilge pump
as possible. Cut the 3m hose to a length of 1.2m~1.8m
and attach allowing plenty of give.

® Check the strainer during a test operation before screw-
ing firmly into place.

(When the strainer is screwed in, be especially careful
not to damage the bottom of the boat.)

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

® Always keep the strainer clean.

$4X16 screw, 1 each

4. Attaching the delivery nozzle (outiet)

* Make a fixing hole of ¢ 21 or less for attaching the noz-
zle. The hose attached at the nozzle should be 1.8m or
less and should reach without any strain, therefore care
should be taken in deciding on the best position.

® Fix the nozzle {(outlet) in place and attach on the dis
charge side ot the pump.

Fixinghole , 921 hose
/V— £ -
\4/ -

I Delivery nozzle <~
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5. Attaching the hose

# Altach the hose from the strainer to the pump inlet.

& Antach the delivery nozzie hose to the pumgp outiet.

® Make the hose as short as possible and avoid sharp
bends.

8. Test operation

* Collect water in the bottom of the boat, and check for
any problems with the hose or wiring. After doing this,
connect the battery.

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

» [f the inside of the pump is dry, or if the water is not
being drawn up initially after a perdod of 10 seconds, lift
the strainer above the water surface and stop the pump,
Prime the pump before starting it up again.

7. Fixing the strainer

# After the test operation, fix the strainer into place with
SCrews.
(Be careful not to damage the bottom of the boat with
the screws.)

Cautions for Assembling
Observe the following cautions for handiing.

D06 not use gasoline or sotvents.

1. gasoline 2. ester 3. benzol 4. battery fluic
5. liquids at 70°C or greater or engine oil

©ONever run when there is no water in the bilge.

Check to be sure that the strainer is in the water before
turning on the switch.

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

©When the pump has not been used far a long pericd of
fime, the inside of the pump will be dry and H may not
operate properly at first. If aftert0 seconds the pump is
not working, turn oft the switch and prime the pump
before trying again.

{Never run the pump dry for a period of greater thani0
seconds.)
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©)Replace the diesel engine oil only after the engine has
been slopped for a peériod of 30 minutes {aif temp. 20~
T70C). Whenever possible refrain from operation when
the ol temperature is below 15°C or above 50°C.

©Bilge water left in the hose or inside the pump can
freeze, and care should be taken 1o see that any excess
bilge is completely discharged. il bilge water should
freeze inside the hose or pump, it should be completely
melted befare starting up the pump. When the temper-
ature inside the pumyps is low, it will take a longer time for
the pump to operate, {0°C, 5~10secs,)

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

©Use the regulation hose; do no use thin vinyl hose or
hose which is not heat- resistant,

©The pump cannot be used i drain off rainwater or large
guantities of flood water. This pump can be operated
continuously for a period of 10 minutes.

D0 not use the pump for showering.

If the pump outiet is deformed for showering, the
increase in water pressure will increase the load on the
motor and cause molor seizure.

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

©The specific gravity for the battery fluid is 1.25,

Oefer to your local dealer for impeller replacement.

The local dealer will perform the following.

The impeller replacement kit includes one impeller and
3 films for adjusting the side gap. U after replacing the
impeller the pump does not drain, place side gap adjust-
ment washers underneath the bottom plate to adjust.
Select the number of films used in accordance with the
following. {(When the pump is draining, the electric cur-
rent load is about 10A for 12V and 5A for 24V. The
pump operates efficiently at these electric current
loads.)

*Sieps for replacement

1. Hemaove the impellar plate by taking out the M4
screws (4) and opening the top of the diaphragm
switch and the.

{Screw lock has been applied to the screw, and a
dryer shouid be used to heat the screw befere remov-
ing it.)

. Clean the inside of the pump.

3. Grease the plate, impeiler, and fiim for side gap
adjustment, and then reassemble the pump by insert-
ing first the film plate and then the impeller,

ro



Chapter 6 Cooling Water System

7 Bilge Pump and Bilge Strainer (Optional)

SAJHIBNC)E

Troubleshooting

Refer to the following countermeasures for difficulties that arise.

Problem Cause Countermeasure
1. Pump does not turn Faulty wiring Check the wiring between the molor and battery.
Faulty battery Check to see if the specific gravity of the battery

fluid is greater than 1.25.
Recharge or replace the battery.

Faulty starter switch

Consult your local dealer.

Faulty pump

Consult your local dealer.

2. Pump turns but does not draw up
water.

Draws up air.

Check hose connections.
Retighten purmp screws.

Low vacltage in battery.

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

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

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

The pump is too high.

Lower the pump. (Position the pump se that it is 50~
70cm above the bottomn of the boat.)

Pump intake is weak,

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

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

Clogged strainer

Clean strainer.

Hose is 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
stops when hand is removed from
starter switch.

Faulty diaphragm switch

Check for loose wiring in diaphragm switch and correct.

Damaged diaphragm switch

Consult your local dealer.

6. Motor does not stop when there.
is no bilge water left

Clogged strainer or hose

Clean strainer or hose.

Damaged diaphragm switch

Check for continuity of diaphragm switch terminal.
Consult your local dealer if there is continuity.
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Marine Gear Models
KM3A

for Engine Models 3JH3BE

1. Construction

1-1. Construction

This cluteh is a cone-type, mechanically oparated cluteh.

When the drive cone (which is connecied to the ouiput

shaft by the lead splinelis moved forward or backward,

its taper contacts with the large gear and transfers power
to the output shaft.

The construction is simple when ¢ompared with other

types of cluich and i serves to reducs the number of

components, making for a lighter, more compact unit
which can be operated smoothly. Although itis Small,
the power transmission efficiency is high even under

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

because high grade materials are used for the shalt

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

Pawer transmission is smooth because connection with

the engine is made through the damper disc.

»The drive cone is made from special aluminum
bronze which has both higher wear-resistance and
durability. The drive cone is connected with the
output shaft through the thread spline. The taper
angle, diameter of the drive cone, twist angle, and
diameter of the thread spline, are designed to give the
greatest efficiency, thus ensuring that the drive cone
can be readily engaged or disengaged.

# Helical gears are used for greater strength.

The intermediate shaft is supported at 2 points to
reduce deflection and gear noise.

® The clutch case and mounting flange are made
fram an aluminum alloy of special composition to
reduce weight.
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It is also anticotrosive against seawater.

# As the damper disc is fitted o the input shaf, power
can be ransmitted smoothly.

# There is small clearance between the dipstick and the
inside of the dipstick tube. A small hole in the dip-
stick works as a breather.

® When the load on the propeller is removed, the
engagement of the drive cone and the large gear is
maintained by the shifter and V-groove of the drive
cone. Evenwhen the drive cone’s tapered area and
V-groove are worn, this engagement is maintained by
the shift iever device and accordingly no adjustment of
the remote control cable is required.

& The cup spring on the rear of the larger gear absorbs
rotational fluctualions and stabilizes the engagement
of the drive cone and the larger gear. Thus, the
durability of the cone against wear is enhancad.
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1-2 Specifications

Model KM3A
For engine models 3JH3BE 4JH3BE
Clutch Constant mesh gear with servo cone clutch (wet type)

] ] Forward 2.33 2.64 233 2.64
Reduction ratio Reverse 3.04 3.04 3.04 3.04
Propeller shaft rpm (Forward) 1577 1396 1577 1396

Input shaft Counter-clockwise, viewed from stern
Direction of rotation Forward Clockwise, viewed from stern
Output shaft - -
Reverse Counter-clockwise, viewed from stern
Control head Single lever control
Cable Morse. 33-C (cable travel 76.2mm or
Remote control
Clamp YANMAR made. standard accessory
Cable connector YANMAR made, standard accessory
Outer diameter #100rmm
Output shaft coupling Pitch circle diameter $78mm
Connecting bolt holes i 4-410.5mm
Position of shift lever Right side, viewed from stern
Lubricating oil SAE 20/30
Lubricating ol capscity 0.45¢
Dry weight 12kg

Note

In the case of clutch model KM3A, when are larger pro-
peller or moment of inerta of the propeller than those list-
ed in the table bellow is used, install the limiter (Option).

Reduction ratio No. of blade Diameter of the propell(er : Moment of inertia (GD%kg-m?) Material
mm

3 450

2.33 =0.15
4 425
3 470

2.64 =019 Bronze
4 440
3 490

3.21
4 460 =0.23

7—9 Printed in Japan
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1-3 Power transmission system
1-3-1 Arrangement of shafts and gears

ldle gear Input gear

_\( _-Input shaft

Intermediate
shaft

p
Large gear of
Guigutgshaﬁ

Forward small gear
with input shalt

Shatt arrangsment e 3
viewsd from the stern /f gﬁgf{%ﬁf ;r;}aaggeaf
Intermediate shsft /
Forward large gear
Drive cong
Idle gear
Reverse large gesr Output shaft
1-3-2 Reduction ration
Forward
Na. of teeth No. of teeth - . .
Model of forward small gesr Zif of forward 18rge gear Zof Reduction retio Zof/Zit
24 55 56/24 =233
KM3A 22 58 58/22 = 284
19 61 61/19=321
Heverse
No. of teeth No. of teeth No. of teeth . o
Model | of reverse small gesr Zif | of intemediate shaft gear Zi | of reverse large gear Zdr Reduclion ratio ZifZlr - Zdr/Z!
KM3A 23 36 70 70/23 =3.04
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1-3-3 Power transmission routine-Forward

i}

j Cutput shaft

RS / Forwardlarge / ” ‘

A

Qutput shaft coupling
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1-5 Sectional view
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2. Shifting Device

2-1 Construction of shifting mechanism

Spring pln

Location pin _U l
Cable clamp Lock nut
5 S
Bolt _T
Shifter
f) , Sprlng

Cable bracket

Washer Spllt pin

Shift lever m Oil seal / Shift lever shaft
Piiv ot ; O-ﬁng

Side cover
® A
Bolt (M8 x 30)
Stopper bolt
Bolt (M8 x 25)
The shift lever shaft is installed on the side cover with I T
{o
neutral, forward and reverse positions provided on this ! | Location :
cover. The neutral, forward and reverse location pins of pin HH
the shift lever shaft are constantly inserted into their Side cover >
respective grooves on the shift lever by the tension of \\ Y S ras
the shifter spring. The shifter is set on the eccentric hole Cone —_ ™\ . J ”
of the shift lever shaft and moves the drive cong in the Drive shaft center \ e l F
neutral position either to the forward or reverse posi- Eccentric i _ 4 : E
tions,and then back to the neutral positions. (The shift Shiﬂerinstallatioa .
lever shaft moves slightly to the shift lever or drive cone center s A
side when the shift lever is ptaced in the forward on e "
" shifter

reverse positions.) Spring gShih lever shaft
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2-2 Forward and reverse clutch operation
{Neutral = Forward; Neutral = Reverse)

When the shift lever is moved to forward position from
the neutral position, the shift lever shaft starts to revolve,
and the location pin disengages from the neutral V-
groove position of the side cover, (Shift lever moves
approx. 0.5mm to the drivecone side.) At thistime the
shifter, moves the drive cone's V-groove to the forward
large gear.

When the location pin of the shift lever shaft falls in the
forward position groove of the side cover, the shift lever
shaft moves approx. 3mm to the shift lever side, and the
shifter stars to press the drive cone V-groove to the for-
ward large gear side through the spring force.

2-3 Engagement and disengagement of clutch
(Forward = Neutral; Reverse = Neutral)

When the shift lever is moved to the forward position
from the neutral position, the shift lever shaft starts to
revolve, and the location pin disengages from the for-
ward position groove of the side caover. (The shift lever
shaft moves approx. 3mm to the drive cone side.) At
this time, the shifter which is set on the eccentric hale
of the shift lever shaft is moved to the neutral side
(reverse large gear side). The drive cone, however, is
engaged with the forward large gear through the torque
force produced by the revolving centrifugal force.

Further, when the shift lever shaft starts o revolve, and
the positioning pin falls in to the neutral V-groove position
of the side cover (the shift lever shaft travels approx.
5mm to the shift lever side), the shifter moves to the shift
lever side(to the spring side) while moving the V-groove
of the drive cone to the reverse large gear side. The
movement of the shifter to the shift lever side, howev-
er, is stopped when the shifter end contacts the stop-
per bolt. The shifter only works to press the V-groove
of the drive cone to the reverse large gear side. Thus,
the drive cone is disengaged from the forward large
gear. After this disengagement, the transmission torque
of the drive cone is decreased to zero and the shift lever
is returned to the neutral position by the spring force.

=

Shifter center
{Cone center}

Shift lever shaft
Shift lever center

Il

i

Reverse
Side
\

Forward side
Cone center

[

X

{Eri]hifft leve

shalt moves 'gide cover

approx. 0.5mm) neytral position
{ V-grove)

Shifter center
Sr}ift lever shaft

Reverse
side

At

Forward Side
Cone center

-

T

Reverse
side

Forward
Side

side

\ Reverse

T

T

(Shift lever shaft
moves approx. 3mm)

engagement position
Shifter center
Shift lever shaft
/
/-

Vi
L

{Shift lever shaft

moves approx. 3mmj

Shifter center
Cone centar

Shift lever shaft
Shift lever center

(Shift taver

shaft moves \

approx. 0.5mm
Side cov=r
neutral pesition
(V.groove)
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2-4 Clutch shifting force

\ Shifting position

shifting direction

Shifting lever posi-
tion at 56mm

Remote control handle
postition at 170mm
{Cable length, 4m}

Engaging force
at 100Crpm

3~4 kg

4~5kg

Disengaging force
at 1000pm

3.5~5kg

4~6 kg

2-5 Adjustment of shifting device

Whenever the side cover, shift lever shaft, shifter, stopper
bolt or drive cone is replaced,be sure to adjust the clear-
ance between the shifter end and the stopper bolt by
using shims. When the adjustment of this clearance is
not proper the drive cone may be improperly fited When
the shift lever is moved to the neutral position from either

the for ward or the reverseposition.
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2-5-1 Measurement and adjustment of clearance

{1) Assemble the shitting mechanism (without installing
the stopper bolt of the shifter) to the marine gear

case.
{mm)
NOTE : Ensure the correct alignment of the shifter
before assembly.
Top side
Shift | Shim
hift lever
shaft center J J h, - Stopper bolt
Shifter center - 7 E’
' T _*1:[_4
Bottom side — (36.32~38.78} {0~2.5) *(37.4~37.6)

{2} Turn the shift lever 10~15 degree either to the forward
or reverse position from the neutral position. 2-5-2 Inspect for the following points

(3) Measure the L-distance between the shift lever shaft {to be inspected every 2-3 months)
end surface and the shifter end and measure the mini-
mum L (Lmin).

(4} Measure the H-distance (the distance from the neck of
the stopper bolt to its end).

(1) Looseness at the connection of the cable connector
and the remote control cabie.
{2) Looseness of the attaching nut of the cable connector

{5) Obtain the shim thickness T" by the following formula. and the shift lever.

g T = (H—Lmin +1.25) £0.1mm |

NQTE ” Shim set includes one each of tmm, 0.4mm,
0.3mm, 0.26mm shims.
{(YANMAR Part No. 177088-06380)

(6} Insert shim {s) of proper thickness to the stopper bolt
side and tighten to the shift lever shaft.
NOTE ! When tightening the stopper bolt, apply either a
non-drying type liquid packing (THREE BOND
No.1215), or a seal tape around the bolt threads .

- —
Approx. [_b

Smm.

Do not apply
liquid packing'
or seal tape to
this area.
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2-6 Adjustment of the remote control head
Marine gear box control side
{1) Equal distribution of the cantral lever stroke.

Neutral
51 52

Forward
Remote Contro! Head

The strake between the neutral position — forward posi-
tion {82, and the neutral position — reverse position {S1}
must be equalized.

When either streke is too short, clutch engagement
becomes faulty.

(2) Equalizing the travel distance of the control cable.
After ensuring the equal distribution ¢f the stroke
described in (1}, connect the ¢abls 1o the control head,
Adjust so that the cable shift trave! of the $1 and S2
control lever strokes becomes identical,

Newtral
31 52

Reverse ) 4D Forward

Remote Controi Head

Note ;{x) Cable shift travat
$1= Mare than 36mm
$2= More than 36mm

Clamp
d M
To engine speed S

FPrinted in japan
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Reverse

2-7 Cautions

{1} Always stop the engins when attaching, adjusting,
and inspecting.

{2) When conducting inspection immediately afler stop-
ping the engine, do not touch the clutch,
The oil temperature is often raised 1o around 90T
{194°F).

{3) Half-clutch operation is not possible with this design
and construction. Do not use with the shift lever
halfway to the engaged position,

NOTE ! The dual (Two} lever remote controf device can-
not be usded.
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3. Inspection and Servicing

3-1 Clutch case

{1) Check the clutch case with a test hammer for ¢cracking.
Perform a color check when required.
If the case is cracked, replace it.

{2) Check for staining on the inside surface of the bearing
section.
Also, measure the inside diameter of the case.
Replace the case if it is worn beyond the wear limit.

3-2 Bearing

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

(2} Make sure that the bearings rotates smoothly.
If rotation is not smooth, if there is any binding, or if
any abnormal sound is evident, replace the baring.

3-3 Gear

Check the surface, tooth face conditions and backiash of

each gear. Replace any defective part.

{1) Tooth surface wear.
Check the tooth surface tor 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 teoth
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{in}
Maintenance o
standard Wear limit

Input shaft forward gear
and output shaft forward 0.05~0.14 0.2
gear
Input shaft reverse gear
and infermediate gear 0.06~0.12 0.2
Intermediate gear and
output shaft reverse gear 0.06~0.12 0.2

3-4 Forward and reverse large gears

(1) Contact surface with drive cone.
Visually inspect the tapered surface of the forward and
reverse large gears where they make contact with the

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

If any defect is found,
replace the gear.

Tapered surlace

(2) Forward/reverse gear needle bearing.
When an abnormal sound is produced at the needle
bearing, visually inspect the rollers; repface the bear-
ing if the rollers are faulty.

Z ™ Rollers

3-5 Drive cone

{1) Visually inspect that part of the surface that comes
into contact with the circumferential triangular slot
to check for signs of scoring, overheating or wear. if
deep scoring or signs of overheating are found,
replace the cone.

contact surface

Helical involute spline

{2) Check the helical inveolute spline for any abnormal
cendition on the tooth surface, and repair or replace
the part should any defect be found.

(3} Measure the amount of wear on the tapered contact
surface of the drive cone, and replace the cone when
the wear exceeds the specified fimit.

Printed in Japan
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mm (3) Lap the large gear's cave and drive cone, pushing
Standard dimensions | Limited dimensions them together by hand.
Dimensions £ |KM3A 29.2-29.8 28.1

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

{4) if the wear of the V-groove of the drive cone is exces-

sive, replace the part.

NOTE : When replacing the dive cone, the dnve cone and
forward large gear and reverse large gear must
be lapped prior to assembly.

The lapping procedure is described below.

{4) Push and turn the clutch gear about 5 times both

/U\ clockwise and counter-clockwise.

3-5-1 Lapping Procedure for Drive Cone

(1) Coat the lapping powder onto the cave of the clutch
gear {Lapping powder : 87 micron silicon carbide (5) After lapping them, wash them with washing oil. The
#280) lapped parts should be cleaned completely.

{2) Set the large gear on the clutch shaft with a needle
bearing and then set the drive cone on the clutch
shaft.

NOTE Do not mix the combination of the lapped parts.
The washing oil should be changed frequently in
order to prevent residual powder being left on the
parts.

When assembling the drive cone, be sure o
check its alignment. The larger chamferrng face
should be on the forward large gear side.
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3-6 Thrust coliar

Thrust coliar A

Cup spring

Thrust collar B

Thrust collar B

Drive cone

Thrust coller A

Cup spring

7—14 Printed in Japan
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{1) Visually inspect the sliding surface of thrust collar A
or B to check for signs of overheating, scoring, or

cracks.
Replace the collar if any abnormal condition is

found.
{2) Measure the thickness of thrustcollar Aor B, and

replace it when the dimension exceeds the specified

Hmit.
11
= , 12
i~—- Sliding surface Sliding suHace — %!
Thrust collar A Thrust collar B
- ]
o u
mm
Stepped wear Limit for use
Thrust collar A, t1 0.C5
Thrustcollar B, 12 0.20

3-7 Cup spring

{1} Check for cracks and damage to the cup spring.
Renlace the part if defective.

{2) Measure the free length of the cup spring. if the length
or the thickness deviates from the standard size,

replace the pan.

Cup spring

/

mm

Standard Limit

Cup spring.T 2.8~31 2.6

Printed in Japan
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3-8 Oil seal of output shaft

Visually inspect the oil seal of the pulput shaft to check if
there is any damage or oil leakage; repface the seal when
any abnormal condition is found.

3-9 Input shaft

O seal

(1) Spline part
Whenever uneven wear and/or scratches are found,

replace with a new part.
{2) Surtace of il seal.
I the sealing surface of the oii seal is worn or

scratched, replace.

3-10 Output shaft

IJ—A Straight pin

Key siot

Hellcal invoiute spline

{1} Visually inspect the spline and the helical involute
spling, and repair or replace a part when any abnor-
mal condition is found on its surface.
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3-11 Intermediate shaft

Ball bearing

Intermediate shaft

{1) Ball bearing
Check the turning condition with gently rotate, and
when bearing is sticked or damaged.
Replace if necessary.

3-12 Shifting device
3-12-1 Shifter

Spring pin

Location pm...ﬂ i ﬂ

ﬂ Sliding surface of shifter

Spnng

Shift lever shaft

(1} Visually inspect the surface in contact with the drive
cone, and replace the shifter when signs of overheat-
ing, damage or wear are found.

(2) Measure the shaft diameter of the shifter.

Replace the shaft if the size deviates from the stan-
dard.

3,4JHBXC)E
D2 D1
VY e
P _ - N
mm

Standard Limit
D1 6.60~6.70 6.50
D2 11. 966~11.984 11.95
shift lever shaft, | 45545018 12.05

Shifter insert hole

3-12-2 Shift lever shaft and location pin

{t)Check the shift lever shaft and lecation pin for
damage or distortion, and replace defective parts.

If the location pin must be replaced,

together with the shift lever shatt.
(2) Measure the diameter of the shift lever shaft and the
shifter insertion hole. Replace the part if the size devi-
ates from the standard value.

¢ 5, Location pin

replace it

o] l | A
i
L\—_
mm
Standard Limnit
D1 27.959~27.98 27.90
D2 12.0~12.018 12.05
Side cover, 28.0~28.021 28. 08

Shifter insert hole

Printed in fapan
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3-12-3 Shifter spring
{1) Check the spring for scratches or corrosion.
(2) Measure the free length of the spring.

Shifter spring Standard Limt
Free length 22.86mm 19.8mm
Spring constant 0.854kg/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.

-

Approx. : 4

5mm {0.1968in.} L

Do not applv
liquid packing
or seal tape to
this area.

3-12-5 Side cover and oil seal

{1} Check the neutral, forward and reverse pasition
grooves.
Replace if the grooves are worn.
(2) Measure the insertion hola 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.

—TH1 M

Reversg ——

Neutral —=

Forward ——=
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3-13 Damper disc

Pin Spring

(1) Spline part.
Whenever uneven wear and/or scratches are found,
replace with a new part.

(2) Spring.
Whenever uneven wear andfor scratches are found,
replace with a new part.

(3} Pin wear
Whenever uneven wear and/or scratches are found,
replace with a new part.

{4) Whenever a crack or damage to the spring slot is
found replace the defective part with a new one.

3-14 Shim adjustment for output and input
shafts

Check the thickness of shims for both input and output
shafts. When the component parts are not replaced after
dismantiing, the same shims can be reused. When the
clutch case and flange or any one of the following parts is
replaced the thickness of the shim must be determined in
the following manner.

For input shaft part: input shaft, bearing.
For output shaft parts: output shaft, thrust collar A, thrust-
collar B, gear, bearing.
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{1} Shim thickness (T2,T3) measurement of output shaft
{a) Measure the bearing insertion hole depth (A) of the
mounting flange, and the bearing insertion hole
depth (A} of the clutch case.
(b) Measure the length (B) between the bearing outer

race.

NOTE : Tighten the mounting flange nut of the ocutput
shaft assembly with the specified torque. Press-
fit the inner race of the clutch case rofler bearing
to the large gear side .

Mounting flange

(c) Measure lenghts (D) and (C) from the outer race
end of the clutch case bearing included in the out-
put shaft assembly.

NOTE . Before measuring length (D) and (C), press the
forward 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 :

Tz = A+A'—B—T3 (Tz2: Clearance =§'™™
Ta(KM3A) = A'—50—C/2—D (Tolerance=£0.05mm)

Mounting fiange

Clutch case

Clutch case.

QOut put shaft assy

[ - [

R
AN

U

CLD
| |

T1

Mounting flange

SIS - S N S
f 0] b
L-ﬁ—@L._J'““t-—-
)’_ ey
Clutch case

T1 : Clearance=0.05
1. Assemble the outer bearing race without inserting
shims into the clutch case body and flange, and then
assemble only the input shaft.
(Caution): The outer bearing race should be inserted all
the way to the bottom.
Do not suspend it halfway.
2. Fasten the case body and the flange by tightening 2
bolts diagonally.
3. Fasten the dial gauge to the flange and fit the needle
to the end face of the input shaft.
4. Move the input shaft up and down manually and read
the dial gauge figure to decide the shim thickness.
{Note): The bearing installation hole does not make a right
angle to the joint face of the case and flange.
Accordingly, precise measurement at the service
site is not possible.
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(2) Standard size of parts

mm
. Drive cone neutral
ATA B ¢ O center position
138.40~ 136.56~ 20.50~ 57.83~ 50
138.75 138.10 21.10 58.65

NOTE : Compare your measurements with the above
standard size. If your measurements differ large-
ly from the standard sizes, measurements may
not be correct. Check and measure again.

{3) Adjusting shim set

Part No. Tickness. mm{in.)| No.of shims
1.0 1
Input and 7088- 0.5 1
Qutput shaft 177088-02300 0.3 2
0.1 3
3-15 Torgue limiter
Housing Coupling
Shim
\———l
Cup spring
fl FW { - |_
Holder
|

i

He—=—=

The torque limiter assembly includes these parts.

The conversion to the torque limiter specification is easy
by exchanging the standard shaft coupling. (Use the
check nut, not the end nut, to install the torque limiter.)
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4. Disassembly

4-1. Dismantling the clutch {4) Remove the end nut and output shaft coupling.
{1} Remove the remote control of cable.
{2) Remove the clutch assembly from the engine mounting

flange.

{3) Drain the lubricating oil.
Drain the lubricating oil by loosening the plug at the
bottom of the clulch case.

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.

Drain plug

i Printed in Japan
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{7} Ramove the bolts which secure the mounting flange to
the case body, give light taps 1o the left and right with
a plastic headed hammer while supporting the ciutch
case with your hand, then remove the mounting
flange.

intermediate shaft.

Plastic hgaded

Mounting flange
9 9 hummer

Cluteh housing

Printed in Japan
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3 4JH3(BNCE

{9} Take out the intermediate shaft and input shaft and
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(10) Remove the cil seal of the output shaft from the case {12} Remove the oil seal of the input shait from the mount-
boay. ing flange.

(13) Remove the outer bearing race from the mounting
flange in the same way as with the case body.
(14) Remove each adjusting plate from the input our output
shaft,
NOTE ! The same adjusting plates can be revsed when
the following paris are not replaced.
When any part is replaced however, readjusiment
is necessaty.

4-2 Removal of the output shaft

{1) Take out the reverse large gear, thrust collar A, cup
spring and inner bearing race.
The reverse large gear must be withdrawn using a
pulley extracter, by fixing the nut at the forward end
in avice.

{11 Remove the outer bearing race from the case body by
using the special tool.

Pulley pullar

Cradle Qutput ahaft

T\

N
R4

Revene large gear
Outer bearing race

{2) Loosen the calking of the forward nut and remave the
nut.
Remove the nut by using a torque wrench after setting
the cutput shaft coupling and fixing the coupling balt in
{ a vice.

5 __[O:

— Speciai ool
P/MNo. 177088-09010
Case body

Outer bearlng race

. Printed in japan
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(3) Place the pulley extractor against the end surface of
the forward large gear, and withdraw the forward
large gear, thrust collar A, cup spring, and inner bear-
ing race.

Pulley puller

Cradle

Forward large gear

Output shaft

NOTE : Take care as the nut has left-handed thread.

Printed in japan
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(4) While gripping the drive cone, tap the end of the shaft
with a plastic headed hammer,and withdraw the thrust
extractor may be used.

Pulley puller

Drive cone
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4-3 Removal of the intermediate shaft. 4-4 Dismantling the shifting device
(1} Remove the ball bearing using a pulley. (1) Take out the shifter and shifter spring.

(2) Remove the stopper bolt of the shitter and shim.

(2) Remove the ball bearing oppostte narrow end using
screw driver.

(3) Loosen the bolt of the shift l[ever and remove the shift
lever from the shift lever shaft.

{4} Remove the shift lever to the anti-shif lever side.

{5) Remove the oil-seal and O-ring.

7— Printed in Japan
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5. Reassembly

5-1 Reassembly of output shaft
(1) Fit the forward side thrust collar B onto the shaft.

{2} Drive in the forward end inner needis bearing race
using a jig.

inserting tool
neodle bearing race

{3) Assembie the needie bearing and forward large gear.
NOTE ! Check that the forward large gear rotates smoathly.

{4} Fit the cup spring, Pin and thrust collar A, and dive in
the inner bearing race using a jig.

Stepped surface
#

[

=

Thrust coliar A

Qutput shaft

Prinved in fapan
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1} Drive in with a plastic headed hammer.
Do not hit it hard.

2) When fitting the thrust coliar A, note the fitting
dlrection. Fit it keeping the stepped surface
toward the rofler bearing side.

3) Note that the pin cannot be fitted after the
innar bearing race has been driven in.

4) Check that the forward large gear rotates
smoothly.

NOTE :

{5) Set and lighlen the forward end nut. Insert the balt
into the coupling, and fix it in a vice, keeping the apline
part upward.

Ingert the shaft into the spline of the coupling, fit the
spacer, and tighten the nut with a torque wrench.

Tightening torque 10+ 1.8kg-m

{The same torque applies to both modets KM2P and KM3P)

NOTE ! 1} Take care as itis a lef-handed thread.

2) Use the reverse side nut used befpre disman-
tling at the forward eng. This is to provide
effective calking to the nut by changing the
calking position .
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5-2 Reassembly of the clutch

{1} Fit the oil seal, bearing outer races and shim {output
shaft side) in the clutch case.

{2} Insert the input shaft into the clutch case.

(3} Drive the intermediate shaft into the cluich case.

Output shaft

(B) Insert the drive cone while keeping the cutput shaft set
for reverse.

Output shaft

Drive cone

Thrust colier A

Output shaft

gl

P N’ )
/

NOTE :1) Fit thrust collar A so that the stepped surface
faces the roller bearing side.
2) Check that the reverse large gear rotates
smoothly.

- Printed in Japan
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(5) Fit the adjusting plate to the mounting flange, and
drive in the outer beating race.
NOTE ! The outer bearing race can be easily driven in
by heating the mounting flange to about 1007,
or by cooling the outer race with liquid hydrogen .
(6) Apply non-drying liquid packing around the outer
surface of the oil seal, and insert the oil seal into the
mounting flange while keeping the spring part of the
ol seal facing the inside of the case.
{7) Apply non-drying iiquid packing to the matching
surfaces of the mounting flange end the case hody,

{8) Insert the input shaft and output shaft into the shaft
holes of the maunting flange, assemble the mounting
flange aon the case body, and tighten the bolt.

NOTE . Apply non-drying liguid packing to gither the
mounting flange or the case body.

(9) Assemble the output shaft ¢coupling on the output
shaft, and fit the O-ring.

{10} Tighten the end nut by using a torque wrench, then
catk it

Printed in Japan
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NOTE ! Take care as it is a left-handed thread.

Tightening torque 10+%1.5kg-m
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5-3 Reassembly of the shiating device

{1) Fit the oil seal and O-ring to the side cover. £ \\\K\M ark | |

/
e,
THN

1t IT\JI
-
b

= beddd

\w»’ - ,/'

{4} Insert the shiater spring and shifter io the shift lever
{2 Insert the shift lever shaft to the side cover. shaft.

(5) Fit the side cover assembly to the clutch case.

NOTE : 1) Check the direction of the shifter {Top and
baottom sida) .
2} The shift lever may not furn smoothly if the
cluich case is not fifled with lubricating ofl.
(8) Fit the shim and stopper bolt to the shift lever shait.

NOTE : Apply non-drying liquid packing or sealtape 1o
the thread of the stopper boit

—

1

Approx. A é 4

Smm. L}

Do not apply

{3) Fit the shift lever to the shift lever shaft. g?:lgaﬁ)?;;;n?o

NOTE ! Check the direction of tha shift lsver & mark . this area.
{7} Fit the pivot to the shift lever,

Shift lever
Side cover

Pivot

_ Printed in Japan
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Marine Gear Models

KM3P

for Engine Models 3JH3E

1. Construction

1-1. Construction

This clutch is a cone-type, mechanically operated clulch.
When the drive cone {which is connected to the output
shaft by the lead spiine)is moved forward or backward,
its taper comtacts with the large gear and transfers power
10 the output shaft.

The construction is simple when compared with other

types of clutch and if serves to reduce the number of

components, making for a lighter, more compact unit
which ¢an be operated smoothly. Although itis Smal],
the power fransmission efficiency is high even under

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

because high grade matetials are used for the shaft

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

Power transmission is smooth because connection with

the engine is made through the damper disc.

#The drive cone is made from special aluminum
bronze which has both higher wear-resistance and
durability. The drive cone is connected with the
output shaft through the thread spline. The iaper
angte, diameter of the drive cone, twist angle, and
diameter of the thread spline, are designed to give the
greatest efficiency, thus ensuring that the drive cone
can be readily engaged or disengaged.

e Helical gears are used for greater strength.

The intermediate shaft is supported at 2 points to
reduce deflection and gear noise,

* The cluteh case and maounting ftange are made
from an aluminum alloy of special compaosition to
reduce weighl.

Printed in Japan
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it is also anticorrosive against seawater.

# As the damper disc is fitted to the input shaft, power
can be ransmitted smoothly.

® There is small clearance between the dipstick and the
inside of the dipstick tube. A small hole in the dip-
stick works as a breather.

*When the load on the propelier is removed, the
engagement of the drive cone and the large gear is
maintained by the shifter and V-groove of the drive
cone. Even when the drive cone's tapered area and
V-groove are worn, this engagement is maintained by
the shift lever device and accordingly no adjustment of
the remote conirol cable is reguired.

® The cup spring on the rear of the larger gear absorbs
rotational fluctuationg and stabilizes the engagement
of the drive cone and the larger gear. Thus, the
durability of the cone against wear is enhanced.
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1-2 Specifications

Model KM3pP
For engine rmodels 3JH3E 4JH3E
Clutch Constant mesh gear with sarvo cone clutch {wet type)
) Forward 2.36 2.61 3.20 2.36 2.61
Reduction ratio
Reverse 3.16 3.16 3.16 3.16 3.16
Propeller shaft rpm {Forward}) 1559 1411 1150 1559 1411
Input shaft Counter-clockwise, viewed from stern
Direction of rotation Forward Clockwise, viewed from stern
Qutput shaft ; -
Reverse Counter-clockwise, viewed from stern
Controi head Single lever control
Cable Morse. 33-C (cable travel 76.2mm or
Remote control
Clamp YANMAR made. standard accessory
Cable connector YANMAR made, standard accessory
Outer diameter ¢ 100mm (3.93"
Output shaft coupling Pitch circle diameter # 78mm (3.07")
Connecting bolt holes i 4-¢ 10.5mm (4- 4 0.417)
Position of shift lever Right side, viewed from stern
Lubricating oil SAE 206/30
Lubricating oil capscity 035¢
Dry weight 12kg {26.5lbs)

Note

in the case of clutch model KM3A, when are larger pro-
peller or moment of inerta of the propelier than those list-
ed in the table bellow is used, install the limiter (Option).

Reduction ratio No. of blade Diameter of the propeller Moment of inertia (GD*kg-m?} Material

3 450 {17.5)

2.36 =0.15
4 425 (16.5)
3 470 (18.5)

2.61 =0.19 Bronze
4 440 (17.5)
3 490 (19)

3.20 =0.23
4 460 {18}

7—30 Printed in Japan

HINSHI-HR009



Chapter 7 Reduction and Reversing Gear
1. Construction 3 4JHIBNC)E

1-3 Power transmission system
1-3.1 Arrangement of shafts and gears

Forward small gear of input shaft

idle gear
Reverse smaill gear of input shaft

Input shaft

Large gear of put shaft

Intermediate shsft output shaft

Forward small gear

Qutput shaft with input shaft

Reverse small gear
with input shaft

Shait arrangemert
viewed ffofg the stern Intermediate shatt

e
o,

u&/ Quiput shaft

Forward iarge

gear
Drive cone
idle gear
Reverse large gear
1-3.2 Reduction ration
Forward
No. of teeth No. of teeth . , .
Model of forward smali gesr Zii | of forward 18rge gear Zof Reduction retiv Zot/Zif
25 55 59/25 = 2.36
KM3P4 23 80 60/23 = 2.61
20 64 64/20 = 3.20
Reverse
No. of teeth No. of teeth No. of teeth . —— .
Madel of reverse small gesr Zif | of intemediate shalt gear Zi |  of reverse large gear Zdr Reduction ratio Zi/Zir + Zdr/Zi
Ki3P4 19 26 60 60/19 = 3.18
Printed in Japan 7—31
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1-3-3 Power transmission routine-Forward
Contact Clearance
} /
c | Oulput shaft
Qutput shaft tlput sha

Forward large
gear

i ¢ H
Fprward large gear E Reverse large gest

Diive cone

1-3-4 Power transmission routine-Reverse

Clearance Contact
\

. {
' ' Qutput shalt

ek a A
NN .
AR \: RN

—t N

! I
Forward large gear i Reverse large gear
i

Drive cone

Cutput shaft coupling

- Printed in Japan
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1-5 Sectional view
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2. Shifting Device

2-1 Construction of shifting mechanism

Spring pin @D@ }r
Location pin—ﬁ l a /

@3\3‘}

Lock nut
Cable clamp ]

:r e

} Shifter
Oil seal Spring
| Washer Spiit pin ! AN Shift isver shaft
Shift tever N
ot i ‘
l . @D " Side cover
&’ )
Bolt (MB x 25}
\
@ Shims
Stopper bolt
chlt (M8 25)
Shift lever shait
Side cover
The shift lever shaft is insialied on the side cover with
neutral, forward and reverse positions provided on this Large gear
cover. The neutral, forward and reverse location pins of
i Cone

the shift lever shaft are constantly inserted inta their
respective grooves on the shift lever by the tension of
the shifter spring. The shifter is set on the eccenttic hole
of the shift lever shalt and moves the drive cone in the
neutral position either to the forward or reverse posi-
tions,and then back io the neutral positions. (The shiit
lever shaft moves slightly to the shift lever or drive cone ST
side when the shift lever ig placed in the forward on Spting  Shifter
reverse positions.)

~ Drive shalt center

1_ Eccentric

 Shifter instaliation
. centar

FPrinted in Japan
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2-2 Forward and reverse clutch operation Shifter center
{Cone center)

(Neutral = Forward; Neutral = Reverse) Shift lever shaft
When the shift lever is moved to the forward position ) Forward
from the neutral position, the shift lever shaft starts to Shift lever center Side
revolve, and the location pin disengages from the T /
neutral V-groove position of the side cover. (Shift lever ( [ _
moves approx. 0.5mm to the drive cone side.) At this e A N

time the shifter, which is set on the eccentric hole of the
shift lever shaft, moves the drive cone’s V-groove to the
forward large gear.

Reverse
side

When the location pin of the shift lever shaft falls in the (Shift lever
forward position groove of the side cover, (the shift lever Side cover shaft moves approx. 0.5mm)
shaft moves to the shift lever side approx. 3mm), and the neutral position (V-groove)

shifter stars to press the drive cone V-groove to the for-
ward large gear side through the spring force.

Shifter center

Shift lever shatft Forward side

Cone center

2-3 Engagement and disengagement of clutch
(Forward = Neutral; Reverse = Neutral)

When the shift lever is moved to the forward position
from the neutral position, the shift lever shatt starts to
revolve, fi.nd the location plQ disengages from Fhe for- (Shift lever shaft Reverse
ward position groove of the side cover. (The shift lever moves approx. 3mm) side
shaft moves approx. 3mm to the drive cone side.) At At forward engagement position
this time, the shifter which is set on the eccentric hole i
of the shift lever shaft is moved to the neutral side

Shifter center Forward Sid

[
{reverse large gear side). The drive cone, however, is . e
. Shift lever shaft Cone center
engaged with the forward large gear through the torque
iorce preduced by the revolving centrifugal force.

Further, when the shift lever shaft stars to revolve, and e e J
the positioning pin falls in to the neutral V-groove position )

of the side cover {the shift lever shaft travels approx. /T_.. /

5mm to the shift lever side), the shifter moves io the shift

lever side(to the spring side) while moving the V-groove (Shift lever shaft 2%":’59

/

of the drive cone to the reverse large gear side. The moves approx. 3mm)

mov_emem of the shifter to ‘the shift lever side, howev- Shifter center
er, is stopped when the shifter end contacts the stop- Cone centar
per bolt. The shifter only works to press the V-groove Shift lever shaft Forward M
of the drive cone to the reverse large gear side. Thus, Shift lever center /

Side
Bl
TS

the drive cone s disengaged from the forward large
gear. After this disengagement, the transmission torque
of the drive cone is decreased to zero and the shift lever

e

is returned to the neutral position by the spring force. =
Reverse
side
(Shiftlaver|
Side cover shaft moves approx. 0.5mm
neutral position (V-groove}
7—136 Printed in Japan
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2-4 Clutch shifting force
i it : ;. | Remote control handle
\\s—h-itimg POSOR | Shift lever posi- postition at 170mm
shifting direction tion at S6mm {Cabile length, 4m)
Engaging force " —~
at 1000rpm I~dkg 4~Skg
Disengaging force — .
at 1000rpm 3.5~5ky 4~8 kg
ul
w
T Reverse
k& Neutral
Forward
2-5 Adjustment of shifting device
Forward Side

Whenever the side cover, shift lever shait, 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 of this clearance is
not proper the drive cone may be properly fitted When the
shif! lever is moved to the neutral position either from the
forward or reverse position.

Printed in Japan
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2-5-1 Measurement and adjustment of clearance

{a) Assemble the shifting mechanism (without installing
the stopper bolt of the shifter) to the marine gear
case.

NOTE : Ensure the correct direction of the shifter
before assembly.

Top Side

a

Shift lever
‘ ( shaft center

I

Shifter center

¢

Bottom sida

(b} Tum the shift lever 10~15 degree either to the {orward
or reverse position from the neutrai position.

(c) Measure the L-distance between the shift lever shaft
end surface and the shifter’s end.

(d) Measure the H-distance (the distance from the neck of
the stopper bolt to its end).

{e) Obtain the shim thickness T by the following tormula.

T=(H—L+41.25) £0.1mm

NOTE [ Shim se!t includes one piece each of 1mm,
0.4mm, 0.3mm, 0.25mm shims.
{YANMAR Part No. 177088-06380)

{f) Insert shim (s) of proper thickness to the stopper boit
side and tighten to the shift lever shaft.
NOTE : When tightening the stopper bolt, apply either a
non-drying type liquid packing (TREE BOND
No.1215), or a seal tape around the bolt threads .

=
=

{| Approx.
Smr.
i Do not apply
liquid packing
or seal tape to
this area.

2-5-2 Inspect for the following points
{to be inspected every 2-3 monthis)

{1) Locseness at the connection of the cable connecter
and the remote control cabie.

{2) Looseness of the attaching nut of the cable connector
and the shift lever.

AMark (KM2P)

Shim
Stopper bolt |
H—r
—_— h .
H T, L
1374~376) (0~25) {36.32~36.78)

AMark (KM3P)

{mm)

Printed in Japan
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2-6 Adjustment of the remote control head
Marine gear box control side
{1) Equal distribution of the control lever stroke.

Neutral
31 52

Reverse B Forward

-Remote Control Head

The stroke between the neutral position — forward posi-
tion (82}, and the neutral position — reverse position {51}
must be equalized.

When either siroke is too short, clutch engagement
becomes faulty.

{2) BEqualizing the travel distance of the control cable.
After ensuring the equal distribution of the stroke
described in {1}, connect the cable {0 the control head.
Adjust that the cable shift trave! of the 81 and S2 can-
trol lever strokes becomes identical.

Neutral

31 S2

I
G i -4D Forward
‘.i Remote Control Head

Reverse

Note ;{x) Cable shift travel
S1= More than 36mm (1.42")
52= More than 36mm {1.427}

Clamp
{3
; \/—\}]
To engine speed S

FPrinted in Japan
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165

Reverse

Oﬂ }g Newtral

2-7 Cautions

{1} Always stop the engine when attaching, adjusting,
and inspecting.

{2} When conducting inspection immediately alter stop-
ping the engine, do not touch the clutch.
The oil temperature is often raised to around 90°C
{(194°F).

{3) Hall-clutch operation is not possible with this design
ang construction. Do not use with the shift lever
haltway to the engaged position.

NQOTE ! The dual {Twol fever remate control device can-
not be usded.
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3. Inspection and Servicing

3-1 Clutch case

(1) Check the clutch case with a test hammer far 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 roller refainer is
damages, replace the bearing.

(2) Make sure that the bearings rotates smoothly.
If rotation is not smoaoth, 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
Maintenance -
standard Wear limit

Input shaft forward gear
and output shaft forward 0.06~0.12 0.2
gear
Input shaft reverse gear —
and intermediate gear 0.06~0.12 0.2
Intermediate gear and —
output shaft reverse gear 0.06~0.12 0.2

3-4 Forward and reverse large gears

{1) Contact surface with drive cone.
Visually inspect the tapered surface of the forward and
reverse large gears where they make contact with the
drive cone to check if any abnormal condition or sign
of overheating exists.
If any defect is found,
replace the gear.

Tapered surface

7

{2) Forward/reverse gear needle bearing.
When an abnormal sound is produced at the needle
bearing, visually inspect the rollers; replace the bear-
ing if the rollers are faulty.

(2
™ Rollers
3-5 Drive cone

{1} Visually inspect that part of the surface that comes
into contact with the circumferential triangular slot
to check for signs of scoring, overheating or wear. If
deep scoring or signs of overheating are found,
replace the cone.

contact surface

Helical involute spline

(2) Check the helical involute spline for any abnormal
condition on the tooth surface, and repair or replace
the part should any defect be found.

(3) Measure the amount of wear on the tapered contact
surface of the drive cone, and replace the cone when
the wear exceeds the specified limit.

Reverse
large gear

Drive cone Drive cone

Forward large gear

Printed in Japan
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mm

Siandard dimensions | Limited dimensions

Dimensions £ | KM3P4 32.7~33.3 32.4

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

{4) If the wear of the V-groove of the drive cone is exces-

sive, replace the part.

NQTE : When replacing the dive cone, the dnve cone and
forward large gear ant reverse large gear must
be lapped prior to assembly.

The lapping procedure is described below.

V)

(A

3-5-1 Lapping Procedure for Drive Cone

(1} Coat the lapping powder onto the cave of the clutch
gear (Lapping powder ; 67 micron silicon carbide

#280)
A
4 y

{2) Set the large gear on the clutch shaft with a needle
bearing and then set the drive cone on the clutch
shaft.
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{3) Lap the large gear's cave and drive cone, pushing
them together by hand.

{4} Push and tumn the clutch gear about 5 times both
clockwise and counter-clockwise.

{5) After lapping them, wash them with washing oil. The
lapped parls shouid be cleaned compistely.

NOTE ! Do not mix the combination of the lapped parts,
The washing oil should be changed frequently in
order to prevent residual powder being left on the
parts,

When assembling the drive cone, be sure to
check ils afignment. The larger chamferrng face
should be on the forward large gear side.
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3-6 Thrust collar

Thrust collar A
Spring retainer

Thrust coltar B

Forward large gear

Thrust collar B

Drive cone

— Printed in Japan
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{1} Visually inspect the sliding surface of thrust collar A
or B to check for signs of overheating, scoring, or
cracks,

Replace the collar if any abnormal condition is
tound.

{2) Measure the thickness of thrust cofiar Aor B, and
replace it when the dimension exceeds the specified
limit.

1

I

e Sliding sUrface  gying surface —wif]

Thrust collar A Thrust collar B

Lﬂ 1]

mim
Stepped wear Limit for use
Thrust coilar A, {1 0.05
Thrust coltar B, 12 0.20

3-7 Cup spring and spring retainer

{31} Chack for cracks and damage 1o the cup spring and
spring retainer.

Replace the part if defective,

{2) Measure the free length of the cup spring and the
thickness of the spring retainer, i the length or the
thickness deviates from the standard size, replace the
parl.

Cup spring Spring retainer

t

s S

/ :

2
T T
mim
Standard Limit
Cup spring. T 2.8~31 2.6
Spring retainer,T 2.92~3.08 2.8
Spring retairer.t — 0.1
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3-8 Qil seal of output shaft

Visually inspect the oil seal of the output shaft to check if
there is any damage or il leakage; replace the seal when
any abnormal condition is found.

3-9 Input shaft

Ol seal

{1} Spline part
Whenever uneven wear andfor scratches are found,
replace with a new part.

{2} Surface of oil seal.
If the sealing surface of the oil seal is worn or
scratched, replace.

3-10 Output shaft

{1) Visually inspect the spline and the helical involute
spline, and repair or repiace a part when any sbnor-
mal condition is found on its surface.
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3-11 Intermediate shaft D2 D1

aEESYAe

 Intermediate shaft

N ED
|

ldle gear _
Thrust washer L]
4 O-ring
':‘ 4 mm
G —
= Standard Limit
D1 66.9~67.0 65
{1) Needle bearing dimensions, staining. D2 11.966~11.984 11.96
th
Check the sgr!ace. of the roller to see whether g Shift lever shaft,
needle bearing slicks or is damaged. Replace if Shifter insert hole 12.0~12.018 12.05
necessary.

3-12 Shifting device

3-12-1 Shifter 3-12-2 Shift lever shaft and location pin

(1)Check the shift lever shaft and location pin for
damage or distortion, and replace defective parts.
It the location pin must be replaced, replace it
together with the shift lever shaft.

{2} Measure the diameter of the shift lever shaft and the
shifter insertion hole. Replace the pan if the size devi-
ates from the standard value.

Spring pin

Location pin —{j l ﬂ

& 3\’-\ Sliding surface of shifter

l ¢ 5, Location pin
Spring

Shift lever shaft

{1) Visually inspect the surface in contact with the drive
cone, and replace the shifter when signs of overheat-
ing, damage or wear are found. mm

(2) Measure the shait diameter of the shifter. Standard Limnit
Replace the shaft if the size deviates from the stan- D1 27.059~27 98 27 90
dard.

b2 12.0~12.018 12.05
Side cover, -
Shift insert hole 28.0~28.021 28.08
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3-12-3 Shifter spring
(1} Check the spring for scratches or corrosion.
(2) Measure the free length of the spring.

Shifter spring Standard Limt

Free length 22.6mm 19.8mm

Spring constant 0.854kgt/mm —

Length when attached 14.35mm —_— )
Load when attached 7.046kg 6.08kg 3-13 Damper disc

3-12-4 Stopper bolt
Check the stopper bolt. 1f it is worn or stepped, replace.

Check point
Top

g 7 Spline
-

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 cil seal and the O-ring for damage.
Replace if the part is defective.

(1) Spline part.
Whenever uneven wear and/or scratches are found,
replace with a new part.

(2) Spring.
Whenever uneven wear and/or scratches are found,
replace with a new part.

(3) Pin wear

= Whenever uneven wear and/or scratches are found,

T~ replace with a new part.
r {4) Whenever a crack or damage to the spring slot is
+——— Reverse tfound replace the defective part with a new one.

- Neutral 3-14 Shim adjustment for output and input
shafts
Check the thickness of shims for both input and output
+~—— Forward shafts. When the component parts are not replaced after
dismantling, the same shims can be reused. When the
k_] ..J_'L/-——] clutch case and flange or any ane of the following parts is
_J replaced the thickness of shim must be determined in the
following manner.

For input shaft part : input shaft, bearing.
For output shaft parts : cutput shalt, thrust collar A,
thrustcollar B, gear, bearing.
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{1) Shim thickness (T1) measurement ot output shaft

{a) Measure the bearing insertion hole depth (A) of the
mounting flange, and the bearing insertion hole
depth (A') of the clutch case.

{b) Measure the length (B) between the bearing outer
race of the input shaft assembly.

(c) Obtain the (T1) thickness by the following formula :
T1=A+A"—B (T1: Clearance +0.05mm}

T
Mounting flange

Clutch case

Mounting flange

Clutch case

e
B
o S
[ B —
===
=

Input shaft ass'y

{2) Shim thickness (T2, T3) measurement of output shaft
{a) Measure the bearing insertion hole depth {C) of
the mounting flange, and the bearing insertion hole
depth {C") of the clutch case.
(b) Measure the length (D) between the bearing
outer races.

NOTE : Tighten the mounting flange nut of the output
shaft assembly with the specified torque. Press-
fit the inner race of the cluich case roller bearing
to the large gear side .

Clutch case.

Maunting flange

(c) Measure the (F) and {(E) length from the outer race
end ol the clutch case bearing included in the out-
put shaft assembly.

NOTE ! Before measuring the (F) and (E} length, press
the forward large gear and the reverse large gear
to the drive cone until there is no clearance
among them.

{d) Obtain the (T2) and {T3) thicknesses by the following
forrnulas :

T2 = C+C'—D—T3a (Clearance ~§'™™)
Ta{KM3P) = C’-—-47.3——§——F (Clearance 20.05mm)

Mounting flange
Clutch case

J_L |
%ﬁc 7 /’%
] s e————
H -~ | Drive cone neutral

position center
KM3P:-ee 47.3mm

Output shaft ass'y
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(3) Standard size of parts
rmm
B . Drive cone neutral
A+A B Cc+C D F center position
KM3P | 132.40~132.75 131.20~132.10 141.20~141.55 | 139.56~141.00 23.50~24.10 57.83~58.65 473
NOTE : Compare your measurements with the above
standard size. If your measurements largely dif-
fer from the standard sizes, measurements may
not be correct. Check and measure again.
(4) Adjusting shim set
Tickness. mm {in.} No.of shims
0.5 1
Input shaft 0.4 1
0.3 2 o
1.0 1
0.5 1
Output shaft 0.3 5
0.1 3
3-15 Torque limiter
Housing Coupling
\ /
Shim
Cup spring \ O-ring Check Nut
H ::T: H E - l 7%

“older

d

The torque limiter assembly includes these parts.

The conversion to the torque limiter specification is easy
by axchanging the standard shaft coupling. (Use the

check nut, not the end nut, to install the torque limiter.}
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4. Disassembly

4-1. Dismantling the clutch (4) Remove the end nut and output shaft coupling.

(1) Remove the remote contral of cable.

{2) Remove the clutch assembly from the engine mounting
flange.

Clutch assembly

{3) Drain the lubricating oil.
Drain the lubricating cil by loosening the plug at the
bottom of 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 fixing bolts on the side cover, and also
remove the shift lever shaft, shift lever and shifter.
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(7) Remove the balts 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. fnput-shaft

(9) Take out the intermediate shaft and input shaft. When
taking out the intermediate shaft, place a bolt or
spacer on the shaft hole of the case, and drive the
shaft out by tapping it lightly.

Plastic headed
hummer

Clutch housing

(8) Withdraw the oulput shaft assembly.

Input shaft

Output shaft
assembly

Intermediate shaft

/
Input shaft
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{10) Remove the oil seal of the output shaft from the case
body.

Oil seal

(11} Remove the outer bearing race from the case body by
using the special tool.

Outer bearing race

B

Special tool

Case body

“~Outer bearing race

{12) Remove the oil seal of the input shaft from the mount-
ing flange.
{13) Remove the outer bearing race from the mounting
flange in the same way as with the case body.
{(14) Remove each adjusting plate from the input our output
shaft.
NOTE ! The same adjusting plates can be revsed when
the following parts are not replaced.
When any part is replaced however, readjustment
is necessary.

4-2 Removal of the output shaft

{1) Take out the reverse large gear, thrust collar A, cup
spring, spring retainer and inner bearing race.
The reverse large gear must be withdrawn using a
pulley extracter, by fixing the nut at the forward end
in a vice.

Pulley pullar

o &

B

Cradle M'wm“ Oulput shaft
& 'l
[ et ]

Nt
i

10
Y

Revene large gear

/A

(2} Loosen the calking of the forward nut and remove the
nut and spacer.
Remove the nut by using a torque wrench after setting
the output shaft coupling and fixing the coupling bolt in
a vice.
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(3) Place the pulley extractor against the end surface of
the forward large gear, and withdraw the forward
large gear, thrust collar A, cup spring, spfing retainer
and inner bearing race.

Pulley puller —

Cradle 1

Forward large gear

NOTE : Take care as the nut has left-handed thread.
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(4) While gripping the drive cone, tap the end of the shaft
with a plastic headed hammer,and withdraw the thrust
collar B and inner needle bearing race. A pulley
extractor may be used.

Pulley puller —

Drive cone

-— Qutput shaft
9‘"5-
N

4-3 Removal of the intermediate shaft.

{1) Remove the “O”ring.

{2) Remove the thrust washer.

{3) Remove the intermediate gear and needle bearing.

Intermediate shaft

=N

O-ring

Intermediate gear

Thrust washer
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4-4 Dismantling the shifting device {4} Remove the shift lever to the anti-shif lever side.
{1} Take out the shifter and shifter spring.

{2) Remove the stopper bolt of the shifter and shim. {6} Remove the oil-seal and O-ring.

{3} Loosen the bolt of the shift lever and remove the shift
lever from the shift lever shaft.

_ Printed in Japan
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5. Reassembly

5-1 Reassembly of output shaft
{1) Fit the forward side thrust collar B onto the shaft.
{2) Drive in the forward end inner needie bearing race

using a jig. Inserting tool
Roiler bearing
I
/
Inserting tool -

Inner need'e bearing race
NOTE ! 1} Drive in with a plastic headed hammer.
Do not hit it hard.

2) When fitting the thrust collar A, note the fitting
direction. Fit it keeping the stepped surface
foward the roller bearing side.

3) Note that the pin cannot be fitted after the
inner bearing race has been driven in.

4) Check that the forward large gear rotales

Z smooathly.
' {5) Assemble the collar and pin so that the pin is in the
{3) Assemble the needle bearing and forward large gear. groove of the collar.

{6) Set and tighten the forward end nut. Insert the bolt

NOTE : Check that the forward large gear rotates smoothly. into the coupling, and fix it in a vice, keeping the spline

. . . . part upward.
(4) Fit the cup spring, spring retainer, thrust collar A and Insert the shaft into the spline of the coupling, fit the
Pin, and driven in the inner bearing race using a jig. spacer, and tighten the nut with a torque wrench.

Stepped surface

Tightening torque 10%1.5kgf-m

NOTES ! 1) Take care as it is a left-handed thread.
2) Use the reverse side nut used before disman-
Hing as the forward end nut. This is so as not
to match the calked portion fo the same point .
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5-2 Reassembly of the cluich

(1) Fit the oil seal, bearing outer races and shim {output
shaft side} in the clutch case.

{2) insert the input shaft into the ciutch case.

{3) Drive the intermedliate shaft into the clutch case.

Intermediate shaft

{7) \nser! the drive cone while keeping the output shaft set
for reverse.

NOTES ! 1} if the ouiput shaft is not fitted into the clutch
case before driving-in the intermediate shaf,
if cannot be assembied.

2) Note the assembly direction of the thrust
washer.

Drive cone

{4) Insert the output shaft into the clulch case.

{8) Apply procedures 1 through 4 to the forward end.

Stepped surface

Intermediate shaft

input shéx
.
.

Spring retainer
Cup spring

NOTE :1) Fit thrust collar A so that the stepped sufface
faces the roller bearing side.
2} Check that the reverse large gear rolales
smioothiy.

— FPrinted in Japan
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{5) Fit the adjusting plate to the mounting flange, and
drive in the outer bearing race.
NOTE : The outer bearing race can be easily driven in
by heating the mounting flange to about 1007T,
or by cooling the outer race with liquid hydrogen .
(6) Apply non-drying liquid packing around the outer
surface of the oil seal, and insert the cil seal into the
mounting flange while keeping the spring part of the
oil seal facing the inside of the case.
{7) Apply non-drying liquid packing to the matching
surfaces of the mounting flange end the case body.
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(8) Insert the input shaft and output shaft into the shaft
holes of the mounting flange, assemble the mounting
flange on the case body, and tighten the bolt.

Input shaft

Intermediate shaft

NOTE ! Apply non-drying liquid packing to either the
mounting flange or the case body.

(9) Assemble the output shaft coupling on the output
shaft, and fit the O-ring.

(10) Tighten the end nut by using a torque wrench, then
calkit.

NOTE ! Take care as it is a left-handed thread.

Tightening torque 1011.5kgf-m
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5-3 Reassembily of the shiating device
(1) Fit the oil seal and O-ring to the side cover.

{2} Insert the shift lever shaft to the side cover.

{3} Fit the shift lever ta the shift lever shaft.
NOTE [ Check the direction of the shift lover 2 mark .

N

Side cover

7—56

AMark(KMaP)

{4} Insert the shiater spring and shifter to the shift lever
shaft.
(5} Fit the side cover assembly to the clutch case.

NOTE : 1} Check the direction of the shifter {Top and
bottorn side) .
2} The shift laver may not tlum smoothiy if the
clulch case is not filled with lubricating oil.
(8) Fit the shim and stopper bolt to the shift lever shaft.

NOTE : Apply non-drying liquid packing or sealtape o
the thread of the stopper bolt .

Py

Approx.
Smm

- |

. —
-

. Do not apply

liquid packing
ar seal tapeto
this area.

(7) Fit the cable connecter to the shift lever.

Split pin Washer

/ Shift lever
H / /

W/\ o
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1. Remote Control System

1-1 Construction of remote control system

The remote control permits one handed contrel of the
engine speed changing from forward to reverse, and stop-
ping.

Fittings which allow for easy connection of the remate
control cables with the fuel injection pump and transmis-
sion are provided with the remote control set.

The use of Morse remote control cables, clamps and
a remote control head, are also provided for The device
to stop the engine is electric and will be explained under
the section on electrical equiprment

1-2 Remote control device components
Marse description

Morse MT3 top mounting

Remote single lever
control head Morse MV side mounting
single lever
Remote Marse 33C X 4m
control cable Morse 33C X 7m
Enging Yanrmar 4m
stop cable Yanmar 7m

{1) Remate control handle

MT-3 Type

The model MT-3 remote control has been designed
s0 that operation of the clutch {shift) and governor
{throttle} can be effecied with one lever.

Two cables are required for the MT-2 single, one for
the clutch and the other for the governor.

When warming up the engine, to freely control the
governor separately from the clutch put the lever in-
neutral, the central position. and pull the knob in the
center of the control lever. Whan the lever is returned
1o the neutral position, the knob automatically returns
to its original position, and the clutch is free. The gov-
ernor can then be freely operated.
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The MV type controller has been designed so that
operation of the clutch and throttfe can be effected
with one lever. When the button next to the control
lever is pulled out with the lever in the central position, it
holds the clutch in the neutral position so that the throtile
can be opened all the way and warm up the engine.
When the engine is warmed up, return the handie to
the central position and push the bufton back in. Con-
trol of the clutch and throtile is thus effected with ona
handle.

{2} Remote control cable

33C

Use only Super Respongive Morse Control Cables
These are designed specifically for use with Morse
control heads. This engineered system of Worse
cables, control head and engine connection kits
ensures dependable, smooth operation with an
absclute minimum of backlash,

{3) Engine stop cable
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2. Remote Control Installation

2-1 Speed control

Cabile bracket ‘:,
J© ;
© 2 ‘ .
/ =
(=
Remote control Cable ] 2

P [ 1
Cable joint % 5 4 »
v T

Ceontrol lever

Idle stopper

2-2 Clutch control

Remote control lever

Clevis

8§—2 Printed in Japan
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2 Remote Control Installation

2-3 Engine stop

o~
\-\L/:;k

N
T

e
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Engine stop remote control cable

Set balt
4

i// Lock nut
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3. Remote Control Inspection

(1) When the contro! lever movement does not coincide
with operation of the engine, check the cable end stop
nut to see whether or not it is loose, and readjust/
retighten when necessary.

Neutral
Reverse V Forward
%‘hiﬂ in - Shi‘m

{ N \,
Thfo/ttf. / “‘{\ l‘ // \ Thrattle
| \\ /

{ J\\

Free throttle

(2} Too many bends (turns) in the cable or bends at too
extreme an angle will make it difficult to turn the han-
dle. Reroute the cable to reduce the number of bends
or enlarge the bending radius as much as passible (to
200mm or more).

(3} Check for loose cable bracket/clamp bolts or nuts and
retighten as necessary.

{4) Check cable connection screwheads, cable sleeves
and other metal parts for rust or corrosion. Clean off
minoer rust and wax or grease the parts. Replace if the
parts are heavily rusted or corroded.

34TH3(BXC)E
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4. Remote Control Adjustment

{1) Shift lever adjustment
Move the lever several times—the movement of the
clutch lever on the engine from forward, neutral and
reverse must coincide with the forward, neutral and
reverse on the control lever. If they do not coincide,
adjust the fittings as necessary (first engine side,
then controller side).

(2) Throttle lever adjustment

Move the control lever all the way to full throttle sever-
al times, and then return. The throttle lever on the
engine must lightly push against the idle switch
when it is returned If it is property adjusted, the knob
can be easily pulied out when the lever is in the neu-
tral position, and will automatically return when the
control lever is brought back to the neutral position If
the control lever presses too hard against the knob,
it may not return automatically, in which case the cable
end must be adjusted as explained for the clutch.
The knob cannot be pulled out when the leveris not in
the neutral {central) position.

Cable joint i ( a

o S
idle stopper @' < ,
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1. Electrical System

1-1 System diagram of electric parts (B-type)

B2-type instrument panel

Extension — - -—Lube cil pressure switch

wireharness -
Cr L*A Joint

\ Starter relay

(only 6m extension,
Tachometer sensor ‘_@

wireharness use)

Alternator

Battery switch

Water temperature switch
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C-type

C-type
instrument panel

%— Lube oil pressure switch
’:;‘2 Joint
=2

B3
@“- Air heater (option)

" Sarterrelay 7 ]
(only 6m extension
(\\ wireharness use)
ﬂ 1‘

Battery switch

Water temperature

% sender unit

Water temperature switch
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1-2 Wiring diagram
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1-2.2 For C-type instrument panel
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3 4JTH3(BXC)E

2. Battery

2-1 Construction

Terminal

-
Battery case

The battery utilizes chemical action to convert chemical
energy to electrical energy. This engine uses a read acid
battery which stares a fixed amount of power that can be
used when required. After use, the battery can be
recharged and used again.

As shawn 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 lcad
across these two terminals.

When the battery is discharging. an electric current flows
from the positive plates to the negative plates. When the
battery is being charged, electric current is passed
through the battery in the opposite direction by an external
power source.

2-2 Battery capacity and battery cables

2-2.1 Battery capacity

Since the battery has a minimum capacity of 12V, 70AH. it
can be used for 100~ 150AH.

minimum 12V-100AH
Battery capacity standard 12V-120AH

coold weather 12V-150AH
Full charged specific gravity 1.26

2-2.2 Battery cable

Wiring must be performed with the specitied electric wire.
Thick, short wiring should be used to connect the battery
1o 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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T Glass mat

Negative plate

Separate plate

Positive plate

[Wirethinner!han specified J r Single conductor wire _]

[ Wire longer than specified I

"

Hign wiring resistance 1

Open circuit caused
by vibrations

h 4

| Low current |
| Faulty starting ] r Faulty charging ?
Battery swilch
[ 1
Key switch j{s-—
é S Brt
tarter
Battery C[ mater
ok

e

The overall lengths of the wire between the battery {1+)
terminal and the starter (B) terminal, and between the bat-
tery (—) terminal and the starter (E) terminal, should be
determined according to the following table.

Volt Allowable Conductor asb+o
oltage wiring Cross-
system voltage section allowable
drop area length
20mm? Up to 2.5m
12y 0.2V or less/100A
40mm? Up to 5m

Note : Excessive resistance in the key switch circuit
{between the battery and start {S] terminals) can
cause improper pinion engagement. To prevent
this, folfow the wiring diagram carefully.

2-3 Inspection

The quality of the battery governs the starting perfor-
mance of the engine. Therefore the battery must be rou-
tinely inspected to ensure that it functions perfectly at all
times.

2-3.1 Visual inspection

(1) Inspect the case for cracks, damage and electrolyte
leakage.

(2) Inspect the battery holder for tightness, corrosion, and
damage.

(3} Inspect the terminals for rusting and corrosion, and
check the cables for damage.

{4) Inspect the caps for cracking, electrolyte leakage and
clogged vent holes.
Correct any abnormal conditions found. Clean off
rusted terminals with a wire brush before reconnect-
ing the batlery cable.
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2-3.2 Checking the electrolyte
(1) Electrolyte level

High

=F=

Good Low

Rnagyi')

Check the electrolyte level every 7 to 10 days. The
electrolyte must always be 10 ~ 20 mm {3937~
0.7874in) over the top of the plates.

NOTES: 1. The “LEVEL” hne on a transparent plastic bat-
tery case indicates the height of the electrolyte.
2. Always use distilled water to bring up the elec-
trolyre level.
3. When the electrolyte has leaked out, add dilute
sulfuric acid with the same specific gravity as
the electrolyte.

{2y Measuring the specific gravity of the electrolyte
1} Draw some of the electrolyte up into a hydrometer.

Y

2) Take the specific gravity reading at the top of the
scale of the hydrometer.

Rubber bulb

Giass tube Read top of scal2

3) The battery is fully charged if the specific gravity is
1.260 at an electrolyte temperature of 20°C. The
battery is discharged if the specific gravity is 1.200

(50%). if the specific gravity is below 1200, recharge
the battery.

4) If the difference in the specific gravity among the
cells of the battery is £0.01, the battery is OK.

5) Measure the temperature of the electrolyte.
Since the specific gravity changes with the tempera-
ture, 20°C is used as the reference temperature.
Reading the specific Gravity at 20°C
S20 = St+0.0007(t—20)
S20 : Specific gravity at the standard temperature of
20C
St : Specific gravity of the electrolyte at t'C
0.0007 : Specific gravity change per 1 °C
t: Temperature of electrolyte

2-3.3 Voltage test

Using a battery tester, the amount of discharge can be
determined by measuring the voltage drop which occurs
while the battery is being discharged with a large current.

Battery tester

(1) Connect the tester the battery.
12V battery tester
Adjust the current (A).

{2} Connect the (+) lead of the tester to the (+) battery
terminal. and the (—) tester lead to the (—) battery ter-
minai.

(3) Push the TEST button, wait 5 seconds, and then read
the meter.

® Repeat the test twice to make sure that the meter
indicaticn remains the same.

2-3.4 Washing the battery

{1) Wash the outside of the battery with a brush while
running cald or warm water over the battery. (Make
sure that no water gets into the battery.)

{2) When the terminals or ather metal parts are corroded
due to exposure to electrolyte leakage, wash off all the
acid.

{3} Check the vent holes of the caps and clean if clogged.

(4} After washing the battery, dry it with compressed air,
connect the battery cable, and coat the terminals with
grease Since the grease acts as an insulator, do not
coat the terminals betore connecting the cables.
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2-4 Charging 128 Py [T T
2-4.1 Charging methods 28 \‘\ = ~
. ~J
There are two methods of charging a battery: normal and o d e \.,_\
rapid. Specific 127 <" <~ - -
Rapid charging should only be used in emergencies. gravnyme - B ~ ST
& Normal charging---Should be conducted at a current of e . S <
1/10 or less of the indicated battery 1.25 o - g e
capacity {(10A or less for a 1C0AH 124 "~ ~ ~{
battery) : o N ™~
® Rapid charging--- Rapid charging is done over a short 1.23

period of time at a current of /5 ~
1/2 the indicated battery capacity
(20A~50A for a 100AH battery).
However, since rapid charging
causes the electrolyte temperature
to rise too high, special care must
be exercised..

2-4.2 Charging procedure

(1) Check the specific gravity and adjust the electrolyte
level.

{2) Disconnect the battery cables.

{3) Connect the red clip of the charger to the (+) battery
terminal and connect the black clip to the {—) 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 45C
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 dicdes.

{Before disconnecting the (+) battery cable, discon-
nect the (—) battery cable [ground side].)
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2-5 Battery storage precautions

The life of a battery depends considerably on how itis

handled. Generally speaking, however, after about two

years its performance will deteriorate, starting will

become difficult, and the battery will not fully recaver its

original charge even after recharging. Then it must be

replaced.

(1) Since the battery will self-discharge about 05%/day
even when not in use, it must be charged 1 or 2
times a month when it is being stored.

® ]

\ 50T
N [

-+ i -.__T__

~._|30C |
e e

)

5

4

Seli-discharge/
day (%)

[%)

| 20T i
ot 2 23 4 5
Number of days after charging

{(2) If charging by the engine alternator is insufficient
because of frequent starts and stops, the battery will
rapidly lose powet.

Charge the battery as soon as possible after it is
used under these conditions.

{3} An easy-to-use battery charger that permits home
charging is available from Yanmar. Take proper care
of the battery by using the charger as a set with
a hydrometer.

When the specific gravity has dropped to about 1.16
and the engine will not start. charge the battery up to a
specific gravity of 1.26 (24 hours).

(4} Before putting the battery in storage for long perods,
charge it for about 8 hours to prevent rapid aging.

Simple charger
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3. Starter Motor

3-1 Specifications

YANMAR Part No. 129698-77010
HITACHI Model No. 5114-815
Yoke diameter (mm} 68
Nominal power (kW) 1.2
Nomina! voltage ) i2
Rating (sec) 30
Direction of Rotation Clockwise
{Looking from the Pinion side)
Number of Pinion teeth 11
Weight (kg) 3.0
Terminal voltage (V) 11
Nofoad | Electric current (A} 90 (MAX)
Revolutions {r/min} 2.750  (MIN}
Terminal voltage (V) 8.4
Lecad Efectric current (A) 250
Torque (N - m)} 7.2 (MIN)
Revolutions {rimin} 1.200 (MIN)

3-2. The planetary gear starter system
3-2.1 The planetary gear starter

While these only had specialized applications in the past,
they currently are being widely adopted because of their
compact, lightweight design.

Although smaller than the direct-drive type starler with its
armatuer and pinion driven at the same speed, the plane-
tary gear starter actually reduces the motor speed to
approximately 17% prior to driving the pinion.

It does this without reducing output, hence the derivation
of its name.

Furthermore, use of heat-resistant insulating materials
and advanced producticn technology makes the compact,
light weight design possible and improves its starting
capabilities in cold regions.

13

/ 12

2% 1

-
forearsd

Armature

Yoke

Brush

Rear Cover

Pinion Shaft
Center Bracket (A)
Center Bracket (P}

No oA ON

8. Internal Gear
9. Planet Gear
10. Pinion

11. Eear Case

t2. Shift Lever

13. Torsion Spring
14. Hagnetic Switch

Fig.1 Planetary Gear Starter Construction
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3-2.2 The Engagement Mechanism

This type utilizes electromagnetic force. The pinion is
engaged with the ring gear by means of the torsion spring
and shift lever. The plunger is shifted by the attracting
farce, and depresses the pinion. When the pinion does not
strike the ring gear, smooth engagement occurs, and
then the contacts close 1o start the motor.

Also, when the pinion strikes the ring gear teeth, it com-
presses the torsion spring and closes the contacts. When
the current flows through the motor and the armature

Pinion

G 1)
B

starts rotating, the pinion is depressed strongly on the ring
gear and rotated by means of the torsion spring pressure
and the helical spline's force. Then, the pinion teeth are
arranged in engagement with the ring gear teeth. When
the key start switch is turned OFF, the magnetic switch is
demagnetized, and the pinion is returned by the torsion
spring force. Simultaneously, the contacts cpen to stop
motor operation. In Fig. 2, engagement between the pin-
ion and ring gear is illustrated.

Fig. 2. Engagement of Pinion and Ring Gear

Ring Gear

12

2

. Pinien

. Armature

. Magnet

. Torsion Spring

. Shilt lever

. Stationary Contactor
. Movable Contactor

~ G B LD R e

8. Shunt Ceil {Holding Goil}

9. Series Coil {Attracting Coil}

10. Plunger

11. Key Start Switch
12. Battery

13. Riug Gear

Fig. 3. Schematic Layout of Planetary Gear Starter's Electrical Circuit

3-3 Removal

(1) Disconnect the battery's negative or & side cable at

the battery.

{2) Disconnect the battery's posilive or B cable and the
main harmess' feed wire from the magnsetic switch of

the starter.
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{3) Disconnect © cable at the starter,
{4) Remaove the starter retaining bolts and lockwashers.
Then, withdraw the starter.
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3-4 Trouble shooting the starter system
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3-5 Disassembly

A 1) The Magnetic switch's 8 mm nut A 13) Shift Lever
2) The 6 mm Bolts {2) 14) Dust Cover
4 3} Magnetic swilch 15} internal Gear
4) The'd mm Screws {2) 4. 16) Planet Gear (3}
5) The 5 mm Through Belts (2} 4 17} The Pinion Stopper clip
4. 6} The Rear Covee 18) Pinion Stopper
7} Thrust Washer M 19} Pinion
A B8} The Brush Hoider A 20} E Ring
9) Yoke 21} washer (2)
10) Armature 22) Center Bracket {p}
A 11) Center Bracket (A} M 23} Pinion Shaft

12) Gear Case
A : Disassembly reference exhibit is provided

Dust cover (Adjusting washer) Magnetic Switch
Adjust clearance “£” to washer Resistance value {81 20°C} “M,B” Terminal Nut
thickness (ie 0.5, 0.8 mm) Series Coil 1 0.34Q O 7.35-9.81 N-m

Shunt Coil : 0.720

Bolts 6 mm
T5.9-83N'm

Through Bolts 5 mm
T 4.9-6.3 N*m 5

el
[
&

Screws 4 mm
foag " .
Armature @1.7-23N-m
Commutatar dia. © 29/28 mm
Depth of insulating mold Brush Holder
(0.5-0.8/0.2 mm) Brush Length : 16/12 mm
Shaft bend : Less than G.1 mm Brush spring tension ; 14.6-17.8N
Clearance “ " between Pinion’s front T : N-m
edge and pinion stopper: 0.3-1.5 mm Unit: mm (Standard “New”/ Limit “Used”}

Fig. 4. Exhibit of dissembled paris

Printed in Japan
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1) The Magnetic switch's 8 mm nut

Remove the magnetic switch's 8 mm nut
and disconnect the connecting wire.

2) The 6 mm Bolts {2)
3) Magnetic Switch

The Magnetic Switch can be disassembled once the
6 mm Bolts are reamoved.

4) The 4 mm Screws (2)
5) The 5 mm Through Baolts {2)
6) The Rear Cover

The Rear Cover is disassembled by removing the 4 mm
screws and the 5 mm through bolts.

7) Thrust Washer
The Thrust Washer is removed with a standard screwdriver.

—_ FPrinted in Japan
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8} The Brush Haolder

Puil the Brush Spring up with a Brush Spring lifter tool so
that the Brush is separated from the surface of the
Commutator.

9} Yoke
10) Armature
11) Center Bracket (A}

12} Gear Case
13) Shift Lever
14} Dust Cover

The Shift Lever can be removed once the Dust Cover is
disassembled from the Gear Case.

15) Internal Gear
16} Planet Gear {3}

The Internal Gear and the Planet Gear disassemble.

Printed in Japan
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17) The Pinion Stopper Clip
The Pinion Stopper Clip is removed with a standard

screwdriver while the Pinion Stopper is pushed toward the
Pinion.

18) Pinion Stopper
19) Pinion

The Pinion Stopper and the Pinion can be disassembied
once the Pinion Stopper Clip has been removed.

20) E Ring

The E Ring is removed by hammer with special fixture.

21} Washer (2)
22) Center Bracket (p)
23) Pinion Shatt

The Center Bracket (P) and the Pinion
Shaft can be diassembled once the E Ring is removed.

Fig. 13

23

_ Printed in Japan
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3-6. Inspection and Repair

3-6.1 Armature
{1} Cheack the diameter of the Commutator,

If the outside diameter of the commutatar is below the
minimum limit then replace it
mm

Standard (New) Limit (Used)
29 28

{2} Continuity Test for the Armature Coil.

Use a tester ta check for continuity between parallel
points on the commutator. f there is conlinuity, the
armature is sliff good.

No continuity ¢ {Disconnected coil)
Replace the armature.

{3} Insulation Test for the Armature Coil.

Use a tester to check for continuity between a point on
the commutator and the shaft or the core.
If there is no continuity the armature is stilf good,
Continuity Exists : (Short circuited cail)

Replace the armature.

{4) Check for Surface Distortion on the Armature
and the Commutator.

Use a dial gauge to measure the distortion of the outside
surfaces ot the armature core and the commutator, it is
above the limit, then repair or replace it.

3,4JH3BNC)E

Tester

Tester

mm
Standard (New) Limit {Used)
Armature 0.05 (MAX) o
Commutator 0.5 (MAX) 0.1
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(5} Check the Surface of the Commutator

If the commutator surface is rough, then please use
No. 500-600 sandpaper to make it smooth.

{6) Check the Depth of Insulating Material from the
Commutator Surtace.
If the depth of the insulating material from the commu-
tator segments is less than the limit, then please repair
it by filing it down.

mm
Standard (New} Limit (Used)
0.5~0.8 0.2
3-6.2 Brush

Measure the length of the brushes and if they are under
the limit, replace them.

mm

Standard (New}) Limit {Used)
16 12

3-6.3 Brush Holder

Insulation Test for the Brush Holder

Check for continuity between the brush holder's positive
side and its base (negative side) with a tester. If there is
no continuity the brush holder are still good.
Continuity Exists : (Unsatisfactory insulation)

Replace the brush halder.

0.5~0.8mm
Insulator
Commutator
segments
Correct
Incorrect
Fig. 22

; ‘l
Brush
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(3) Inspection of the Brush Springs.

Check the weight of the brush springs.

Standard Weight (N)
14.6~17.8

3-6.4 Magnetic Switch

(1) Continuity Test for the Shunt Cail
Check for continuity between the “S” terminal and
the switch body with a tester. If there is continuity,
then it is still good.

No continuity : (Disconnected coil)
Replace the magnetic switch.

(2) Continuity Test for the Series Coil

Check for continuity between the "S" and "M"
terminals with a tester. If there is continuity,
then it is still good.

No continuity : (Disconnected coil)
Replace the magnetic switch.

{3) Continuity Test for Contact-Points

Put the plunger on the under side and then push the
magnetic switch down. At this time, check for continu-
ity between the "B" and "M" terminals with a tester. If
there is continuity, then it is stili good.

No continuity : (Insufficient Continuity}
Replace the magnetic switch.
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3-6.5 Pinion
(1) Inspection of the Pinion

Rotate the pinion manually. While rotating it in the direc-
tion of normal operation, smoothly reverse the direction of
rotation to confirm that it locks.

In the event of any irregularity, replace it.

3-6.6 Yoke Assembly
{1) Inspection of the Yoke
Check the magnet of the yoke assembly for damage.

3-6.7 Check the Bearing Diameter
{1) Inspection of the Gear Case
If the diameter of the gear case is above the limit then
replace it.
mm

Standard (New) Limit (Used}

12,5 70027 0.1

(2) Inspection of the Rear Cover
It the diameter of the rear cover is above the limit
then replace it.

MM

Standard (New) Limit {Used)

+0.027
0

12 o1

Fig. 30

12.5%8%

Printed in Japan
HINSHI-HE009



Chapter 9 Electrical System
3. Starter Motor

34JHIBXCIE

{3} inspection of the Center Bracket (P}

i the diameter of the center bracket (P) is above the
timit then replace it

mm
Standard {New) Limnit {Used}
-+0.037
18 10012 0.1

{4} Inspection of the Pinion Shait

if the diameter of the Pinion Shaft is above the limit
then replace it.

mm
Standard (New) Lirnit (Used)
~+0.070 B
6.7 Logo5 8.3
Printed in Japan
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3-7 Reassembly
Reassembly is in the reverse order of disassembly, how-
ever please note the following points.

1. Tightening Torques : Refer to page 4 of the referece
materials for the tightening
tarques of particular screws.

2. The Places to Apply Grease :
(I----The maoving parts of shilt lever. Part D @ @
(@-+--The sliding surface of magnetic swilch plunger.
i--The sliding surface of pinion.
(3----The tooth of Internal Gear and Planet Gear.

Shell Alvania | NPC FG-6A | Multemp SRL

Grease | reaseNo.2 | GREASE GREASE

{1) Measurement of the Pinion's Motion

After connecting the positive ) side of the battery lo
the "S" terminal and the negative O side 1o the "M" Switch
terminal and turning the switch on, measure the
amount of movement " £" in the direction of the pin-
ion's thrust.

-
-
=

Standard length " £ Battery -

-4
0.3~1.5mm I

Note : When taking the measurement, please do so by 2
pushing the pinion softly in the direction of the large
arrow in the exhibit.

2=103~15mm
Fig. 35
(2) When the measurement " £ " is outside of the standard
range, please adjust the dust cover by inserting it fur- Magnetic switch
ther or loosening it in order to achieve an acceptable *Dust
measurement. "" ust cover
Pinion
Fig. 36
9—90 Printed in Japan
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3-8. Operation Specifications Check

Please follow the directions in Performing a no-load test,
since to a certain extent, it provides an easy way to
confirm the specifications.

Note : The rating is 30 seconds, so piease perform the
test expeditiously.

{1} The No-load Test

Set the starter securely on a test bench and lay the
lings 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 satisty the
specifications.

Ammeter
Battery
o__0O

Vol imeter

° i

Digital Tachometer

Fig. 37

Printed in Japan
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4. Alternator Standard, 12V/55A

The alternator serves to keep the battery constantly
charged. 1t is installed on the cylinder block by a bracket,
and is driven from the V-pulley at the end of the crankshaft
by a V belt.

The type of alternator used in this engine is ideal for
high speed engines with a wide range of engine
speeds. It contains diodes that convert AC to DC, and
an IC 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 tollowing features.

(1} The IC regulator is self-contained, and has nc moving
parts (mechanical contact points) It therefore has supe-
rior features such as freedom from vibration, no fluctu-
ation of voltage during use, and no need for readjusment.
Also, it is of the over-heating compensation type and
can automatically adjust the voltage to the most suit-
able level depending on the operating temperature.

{2) The regulator is integrated within the alternatnr to
simplify external wiring.

(3} It is an alternator designed for compactness, light-
ness of weight and high output

(4) A newly developed U-shaped diode is used to provide
increased reliability and easier checking and mainte-
nance.

(5) As the alternator is to be instalied on board, the follow-
ing measures are taken to provide salt-proofing.

1} The front and rear covers are salt-proofed.

2} Salt-proof paint is applied to the diode.

3) The terminal, where the inboard harness is connected
to the allernator, is nickel plated.

4-3 Characteristcs

4-2 Specifications

Model of alterngtor

LR155-20 (HITACHN)

Model of IC regulator

TRIZ-63 (HITACHY)

Battery voltage

12v

Nominal output

12v/55A

Earth polarity

Negative earth (©)

Direction of rotation

(viewed from puiley end) Clockwise

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

Reguiated vollage

14.5+0.3V(Standard temperature
voltage gradient,—0.01/C)

15 T L
10C R
" eguiated voliage
F
12F 80
= i :
. = |
& of - 60 :
s L | i
B N § L= Qutput current for 13.5V ll
5 3 /
2 6 3 4¢
o | o /
A
r 20 F—-1
0
0
0 2 4 8 10 12

Speed of alternator (rpm}

9—22
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4-4 Construction

This is a standard rotating tield type three-phase alterna-
tor.

It consists of six major parts: the pulley, fan, front cover,
rotor, stator and rear cover. The IC regulator is an integral
part of the alternator.

Brush
regulator assy N

Bearing retainer
Rear cover

Flont cover

Capacitor assembly

| /Brush regulator assembly

Rear cover assembly

Stater assembly

Fronit cover assembly Rotor assembly
Boari ] Brush assembly
ng retainer \ / IC regulator assembly
Ball bearing Brush sel Through bolt
Pulley nut assembly Bail
ail bearing
Spacer
Rear caver

Spacer ‘
Insulatmg bushing
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3 4JH3(B}C)E

4-5 Alternator functioning
(1} IC regulator

The IC regulator is the transistor {Tr1} which is series-
connected with the rotor. The IC regulator controls the
output voltage of the generator by breaking or conduc-
ting the rotor coil {exciting) current.

When the output voltage of the generator is within the
standard value, the transistor (Tr1} turns on. When the
voltage exceeds the standard value, the Zener
diode goes on and the transistor(Tr1) turns off.

With the repeated turning on and off of the transistor,
the output voltage is kept at the standard value. {Refer
to the circuit diagram below.)

(2) Charge lamp

When the transistor (Tr1) is on, the charge lamp key
switch is turned to ON, and current flows to R1,R4
and to Tr1 to light the lamp. When the engine starts to
run and output voltage is generated in the stator coil,
the current stops flowing to this circuit. turning off the
charge lamp.

(3) Circuit diagram

4-6 Handling precautions

1)

(2)

Be careful of the battery's polarity (+, —terminais). 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 dicdes burn out. and the wire harness will burn.
Make sure of the correct connection of each terminal.

(3} When quick-charging, etc., disconnect either the bat-

(4)
()

tery terminal on the AC generator or the terminal on
the battery.

Do not short-circuit the terminals

Da not conduct any tests using high tension insulation
resistance. (The dicdes and IC regulator will burn out.}

l BAT
<
L ; charge lamp
¢ o
lgnition
switch
Stator 4
" Battery switch
Rotor cail J
T -:r Battery
T Fiegulal_or
ot E
AC generator :
g ]
BAT:  Generator output terminal D1-Ds : Output commutation diode
Dic: IC protecting diode R1-R4 : Resistor
L: Charge lamp terminal D1-Do: Charging lamp switching diode
2D : Zener diode F: To supply current to rotor ¢oil
E: Earth Rn: Thermistor
Tr1, Tr2 : Transistor {Temperature gradient resistance}
9—94 Printed in Japan
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4-7 Disassembiling the alternator {4) Hemove the nut, the brush-holder and diode fixing nut
at the SAT, and the terminal screws of the rear cover

Separate the rear cover from the stator (with the diode
and brush holder).

(1) Remove the through-belt, and separate the front as-
sembly from the rear assembly.

{8) Disconnect the soldered joint of the stator lead wire,
and remove the diode and brush regulalor assemblies
from the stator at the same time,

(2} Remove the pulley nut, and pull out the rotor from the
front cover.

{8) Separating the regulator
1} To separate the regulator, remove the ¢ 3mm { ¢ 0.1181
in) rivet which keeps the diode assembly and the
{3} Remove the ¢5mm {#0.1868 in.) screw from the front brushless reguiator in place, and the soldered joint of
cover, and then remove the ball bearing. the L-terminal.

Printed in Japan
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3.4JH3(BXC)E

2) To replace the IC regulator, disconnect the soldered
joint the IC regulator and pull out the two bolts. Do not
remove these two bolts except when replacing the IC
regulator.

4-8 Inspection and adjustment
(1) Diode

Between terminals

BAT ( +side diode)

Tester wire +- side — side
+ side Continuity
uv.w. - —
— side No Continuity

Between terminals E { +side diode)

Tester wire — side — side
-+ side No continuity
U.V.W. _
— side Continuity
u v w
9 N
Lot 1
;7 T Auxiliary diode
+ side diode -
—“f_f —-a BAT
side diode: —e" \;P 7 m—p
-/
-E

Currem dwecncn

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.

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 dicde, check the continuity
between both ends of the dicde.

CAUTION : Do not use high tensile insulation resistance
such as meggers, efc. for testing. The diode
may burn out.

(2) Rotor
Inspect the slip ring surface, rotor coil continuity and
insulation.
1) Inspecting the slip ring surface
Check it the surface of the slip ring is sufficiently
smooth. If the surface is rough, grind the surface with
No. 500-600 sand paper. If it is contaminated with

oil, etc., wipe the surface clean with alcohol.
Standard Wear limit
Slip ring outer dia. ¢ 31.6mm $ 30.6mm

2) Rotor coil continuity test
Check the continuity in the slip ring with the tester. If
lhere is no continuity, there is a wire break. Replace
the rotor coil.

Resistance value ' Approx. 3.34Q at 20°C

Frinted in Japan
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34THIBXC)E
3) Rotor coil insulation test 2) Siator coil insulation test
Check the continuity between the slip ring and the Check the gontinuity between the terminals and the
rotor core, or the shaft. If there is continuity, insulation stator core. If there is continuity, insulation of the sta-
inside the rotor is defective, causing a shori with the tor coll is defective, This will cause a short-circuit with
earth circuit, Replace the rotor coil. the earth core. Replace the stator coil.

4} Check the rear side ball bearing. H the rolation of the

bearing is heavy, or produces abnormal sounds,

replace the hall bearing. (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 helder, and read the
gauge.

L ST

{3} Stator
1} Stator coil continuity test
Check the continuity between each terminal of the sta-
tor coil. If there is no continuity, there is a wire break in
the stator coil. Replace the stator coil.

Brush spring strerath l 255—34a5g

{5} Brush wear
Check the brush length.
The brush wears very little, but replace the brush if
worn over the wear limit line printed on the brush.

Wear limit line (brush)
Approx. 0.0770 at 20T m

1-phase resistance Maintenance standard Wear limit
Brush length 16 9

Resistance value

Printed in fapan
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(6) IC regulator Wind the wire 1.5 f
: : ; ind the wire 1.5 times
Connect the variable resislance, two 12V batteries, around the terminal groove.

resistor, and voltmeter as shown in the diagram.
11+0.5mm

1} Use the following measuring devices.
Resistor (R1} 1000, 2W, 1pc.

Variable resistor (Rv) 0—300Q, 12W, 1pc. ==
Battery (BAT1, BAT2) 12V, 2pcs —
DC voltmeter 0—30V, 0.5 class 1pc.
(measure at 3 points)
2) Check the regulator in the following sequence, accor- Tmm
ding to the diagram. Mount the insulation tube
a) Check V3, {BAT1+BATz voltage). If the voltage is on the terminal surface.
20-26V, both BAT1, and BAT2, are normal. NOTES : 1. Use non-acid type paste.
b) While measuring V2 (F-E terminal voltage), move 2. The soldering iron temperature is 300~-350C.

Rv gradually from the O-position. Check if there
is a point where the V2, voltage rises sharply from
below 2.0V to over 2.0V. If there is no such paint,
the regulator is defective. Replace the regulator. If
there is a sharp voltabe rise when testing, return the
Rv to the O-position, and connect the voltmeter to
the V1, position.

c) While measuring V1, (voltage between L-E terminals),
move RV gradually from the O-position. There
should be a point where the voltage of Vi, rises
sharply by 2-6V. Measure the voltabe of Vi, just
before this sharp voltage rise. This is the reguiating
veltage of the regulator. If this voltage of Vi, is within
the standard limit, the regulator is normal. If the volt-
age deviates from the limit, the regutator is defective.
Replace the regulator.

2) Mount the IC regulator on the brush holder as illustrated,
and press in the M5 bolt. Do not forget to assemble
the bushing and the connecting plate at the same
time.

(If the bushing is left out, the output terminal will be
earthed and the battery short-circuited).

Bushing M5 bolt

NOTES : 1. Insertion pressure is 100kg
2. Insert vertically.

\

{2) Connecting the brush regulator assembly and diode
1} Check the rivets
Place the rivets as shown in the figure, and then calk

R, them using the calking tool.
: Calking torque 500kg
@ Vi 2) Connect the brush to the diode.
Insert the brush side terminal into the diode terminal,
! | calk it, and then solder into place.
4 L ¢ O-pasition

3.0mm dia rivet.

4-9 Reassembling the alternator
Reassembly is done in the reverse order of disassembly.

For reassembly, be careful of the following points (Refer {(

to 4-7 disassembling alternator.} ~

{1) Assembling the brush regulator

1) Soclder 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 C
(lead wire).
Rivetting pressure 500kg

_ Printed in Japan
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(3) Assembling the rear caver
insert ping from the outsice of the rear cover. Install
the brush on the brush holder, then attach the rear
cover.
After assembly, pull out the pins.

Brush hcider

Pin

Rear cover

{4) Tightening torques
. Tightening torque
Positions kg-cm
Brush hoider fixing 32—40
Dicde fixing 32—40
Bearing retainer fixing 32—40
Pulley nut tightening 460600
Through-bolt tightening 32—40

4-10 Performance test

Conduct a performance test on the reassembled AC gen-
erator as foliows. The lollowing is the circuit for the perfor-
mance test.

Yarnable resistor

—

Battery

| —

-6

0.250Q Resistor
Cannect when
e batterries

are discharged

Printed in Japan
HINSHI-H3009

(1) Measuring devices

DO voltmeter 0—158V or 0—30V, 0.5 Class, 1pc.
DC ammeter 0—100A, 1.0 Clsss 1pc,
Variable resistor | 0—0.250. 1kW, ipc.

Lamp 12V, 3W

1004 resistor 3w

0.25Q resistor 25W

{2} Measuring the regulating voliage

1) When measuring devices are connected in the per-
formance lest circuit as shown above, the charge
famp lights.

2) Close SW2 while keeping SW1 open and run the AC
generator. When the revolutions of the generalor are
gradually raised, the charge lamp goes off.

3} Raise the revolutions of the AC generator, and read the
voltmeter gauge when the revolutions reach about
5,000 rpms.

NOTES : 1. Make sure that the ammeter indication al this
time is less than 5A If the indication is over
5A, connect the 0.25Q resistor. The volt-
meter indication at this ime must be with-
in the prescribed reguiating voltage value.

2. Raise the AC generator revolutions high to
fMmake sure the regulaling voltage does not
fluctuate along with changeg in the revolu-
tion speed.

{3) Precautions for measuring the regulating voltage
1} When measuring the voltage, measure the voltage
between the AC generator BAT terminal, or Battery
-+ terminal, and AC generalor E-terminal.
2) Use a fully charged battery.
3} Measure the voltage quickly.
4) Keep SW, open for measurement,
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5. Alternator 12v/80A (OPTIONAL)

The alternator serves to keep the battery constantly
charged. It is installed on the cylinder block by a bracket,
and is driven from the V-pulley at the end of the crankshaft
by a V belt.

The type of alternator used in this engine is ideal for
high speed engines with a wide range of engine speeds.
It contains diodes that convert AC to DC, and an IC regu-
lator that keeps the generated voltage constant even
when the engine speed changes.

5-1 Features

The alternator contains a regulator using an IC, and has

the following features.

(1) The IC regulator is self contained, and has no mov-

ing parts {mechanical contact paoints} It therefore
has superior features such as freedom from vibration,
no fluctuation of vollage during use, and no need for
read-justment.
Also, it is of the over-heating compensation type
and can automatically adjust the voltage to the
most suitable level depending on the operating tem-
perature.

(2} The regulator is integrated within the alternator to
simplify external wiring.

(3) It is an alternator designed for compactness, light-
ress of weight, and high output.

{4) A newly developed U-shaped diode is used to provide
increased reliability and easier checking and mainte-
nance.

{5) As the alternator is to be installed on board. the follow-
ing measures are taken to provide salt-proofing.

1) The front and rear covers are salt-proofed.

2) Salt-proof paint is applied to the diode.

3) The terminal, where the inboard harness is con-
nected to the alternator, is nickel plated.

5-3 Characteristcs
15

3ATHIHBYC)E
5-2 Specifications
Model of alternator LR180-03 (HITACHI)
Meodel of IC regulator TRIZ-63 (HITACHI)
Battery voltage 12v
Nominal output 12V/80A

Earth polarity

Negative earth (©)

Direction of rotation

{viewed from pulley end) Clockwise
Weight 5.8kg

Rated speed 5000 rpm
Operating speed 1000 ~ 9000
Speed for 13.5V 1000 or less

Output current at 20°C

over 78A/5000 rpm

Regulated voltage

14.5£0.3V(Standard temperature
voltage gradient,—0.01/C)

100 | T 7
i 1 Regulated voltage
L)
12+ 80
/ Output current for 13.5V

— T ]
2 L < /
QD -—
g 9r § 60 /
S - 3
2 [z /
3 6F S 40
o o /
g L
- |

3 20

0 0

0 2 4 6 8 10 12

Speed of alternator (rpm)

9--30
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5-4 Construction

This is a standard rotaing field type three-phase alterna-
tor.

It consists of six major parts: the pulley, fan: front_ caover,
rotor, stator and rear cover. The IC regulator is an integral
part of the alternator.

Brush
regulator assy

Stator

Bearing retainer

Rear cover

Flont cover

Fan
Condenser )
Capacitor assembly

Brush regulator assembly

Brush heldar

Rear cover assembly Diode assembiy

Stator assembly
Front cover assembly Rotor assembly
Brush assembly

Bearing retainer IC regulator assembly

Ball beanng BrUSh set Through bolt

Pul i
ulley nut assembly Ball bearing

»ﬂgﬁb

Rear cover

Spacer

Insutatmg bushing
Pulley assembly

Screw (M5X0.8X14)

Printed in Japan 9—31
HINSHI-H&009



Chapter 9 Electrical System
5. Alternator (OPTIONAL)

34TH3(BYC)E

5-5 Alterator functioning

(1) IC regulator
The IC regulator is the transistor (Tr1) which is series-
connected with the rotor. The |C regulator controls the
output voltage of the generator by breaking or conduc
ting the rotor coit {exciting) current.
When the output voltage of the generator is within the
standard value, the transistor (Tr1) turns on. When the
voltage exceeds the standard value, the Zener
dicde goes on and the transistor (Tr1) turns off,
With the repeated turning on and off of the transistor,
the output voltage is kept at the standard value (Refer
to the circuit diagram below.)

{2) Charge lamp
When the transistor (Tr1) is on, the charge lamp key
switch is turned to ON, and current flows to R1,R4
and 1o Tr1 to light the lamp. When the engine starts to
run and output voltage is generated in the stator coil,
the current stops flowing to this circuit, turning off the
charge lamp.

{3) Circuit diagram

5-6 Handling precautions

(1} Be caretul of the battery's polarity (+,—terminals). and
do not connect the wrong terminals to the wrong
cables, or the battery will be short-circuited by the gen-
erator diode.

In this case too much current will flow, the IC regulator
and diodes burn out. and the wire harness will burn,

(2) Make sure of the correct connection of each terminal.

{3) When quick-charging, etc., disconnect either the bat-
tery terminal on the AC generator or the terminal on
the battery.

{4) Do not short-circuit the terminals

{5) Do not conduct any tests using high tension insulation
resistance. {The diodes and IC regulator will burn out.)

J\ BAT

Di—Ds

. charge lamp

L
Ignition
switch

Rotor coil

I—’THTY‘ d
T

R4 Rz J

Battery switch

— 5o

T

Battery

if--1}

nl
r}

=

el
L

Trs, Trz : Transistor

9—32

. Regulator
E
AC generator _J
BAT :  Generator output terminal Dh-De:  Qutput commutation diode
D1o: IC protecting diode R1-R4: Resistor
L: Charge lamp terminal D1-Dg: Charging lamp switching diode
2D : Zener diode F: To supply current to rotor coil
E: Earth An: Thermistor

(Temperature gradient resistance)
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5-7 Disassembling the alternator
{1) Remaove the through-bolt, and separate the front as-
sembly from the rear assembly.

(2) Remove the pulley nut, and pull out the rotor from the
front cover.

(3) Remove the ¢ 5mm {# 0.1969 in.) screw from the front
cover, and then remove tte ball bearing.

{4) Remove the nut, the brush-holder and diode fixing nut
at the SAT, and the terminal screws of the rear cover
Separate the rear cover from the stator {with the diode
and brush holder).

e
e @¢

5} Disconnect the soldered joint of the stator fead wire,
ans remove the diede and brush regulator assemblies
from the stator at the same time.

(6) Separating the regulator
1) To separate the regulator, remove the ¢ 3mm (¢ 0.1181
in) rivet which keeps the diode assembly and the
brushless regulator in place, and the soldered joint of
the L-terminal.

Printed in fapan
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2) To replace the IC regulator, disconnect the soldered
joint the IC regulator and pull out the two bolts. Do not
remove these two bolts except when replacing the iC
regulator.

5-8 Inspection and adjustment
(1} Diode

Between terminals BAT ( +side diode)
Tester wire =+ side — side
+ side No continuity
U.V.W. - —
— side Continuity
Between terminals E { —side diode)
Tester wire + side — side
+ side continuity
UV.W. : —
— side No Centinuity
W
Q -
L S
# |—_Auxiliary diode
-—{: 3
+ side diode ‘ : kS o BAT

Current direction

U.V.W.: terminal from the stator coil

Current flows only in one directicn 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 dicde is
defective.

When the tester is connected in the reverse of above,
there should be no continuity. [f there is, the diode is
defective.

After repeating the above test, if any diode is found to be
defective, replace the dicde assembly. Since there is no
terminal on the auxiliary diode, check the continuity
between both ends of the diode.

CAUTION : Do not use high tensile insulation resistance
such as meggers, efc. for testing. The diode
may burn cut.

(2) Rotar
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. [f the surface is rough, grind the surface with
No. 500—600 sand paper. [f it is contaminated with
oil, etc., wipe the surface clean with alcohol.

Standard Wear limit
¢31.6mm ¢ 30.6mm

Slip ring outer dia.

2} Rotor ceil continuity test
Check the continuity in the slip ring with the tester. If
there is no continuity, there is a wire break. Replace
the rotor coil.

Resistance value | Approx. 2.58Q at 20°C
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3) Rotor coil insulation test
Check the continuity between the slip ring and the
rotor core, or the shaft. If there is continuity, insulation
inside the rotor is defective, causing a short with the
earth circuit. Replace the rotor coil.

4) Check the rear side ball bearing. [f the rotation of the
bearing is heavy, or produces abnormal sounds,
replace the ball bearing.

{3) Stator
1) Stator coil continuity test
Check the continuity between each terminal of the sta-
tor coil. If there is no continuity, there is a wire break
in the stator coil. Replace the stator coil.

Approx. 0.04Q at 20°C
u,v-phase resistance

Approx. 0.036Q at 20C
w-phase resistance

Resistance value

Printed in Japan
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2) Stator coil insulation test
Check the continuity between the terminals and the
statar 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
gauge.

Brush spring strerath I 255—345g

(5} Brush wear
Check the brush length.
The brush wears very little, but replace the brush it
worn over the wear limit line printed on the brush.

Wear limit line (brush)

mm
Maintenance standard Wear limit
16 g
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{6) IC regulator® _
Connect the variable resistance, two 12V batteries, Wind the wire 1.5 times

resistor, and voltmeter as shown in the diagram. around the terminal groove.

1) Use the following measuring devices.
Resistor (R1} 100Q2, 2W, 1pc.

Variable resistor {Rv) 0—3000Q, 12W, 1pc. —
Battery (BAT1, BAT2) 12V. 2pcs —
DC voltmeter 0—30V, 0.5 class 1pc.
(measure at 3 points) Brush
2) Check the regulator in the following sequence, accor- E] 1mm
ding to the diagram. . Mount the insulation tube
a) Check Vi, (BAT:+BATz voltage). If the voltage is on the terminal surface.
20-26V, both BAT1, and BAT2, are normal. NOTES : 1. Use non-acid type paste.
b} While measuring V2 (F-E terminal voliage), move 2, The soldering iron temperature is 300~350T.

Rv gradually from the O-position. Check if there
is a point where the Vz, voltage rises sharply from
below 2.0V to over 2.0V. |f there is no such point,
the regulator is defective. Replace the regulator If
there is a sharp voltabe rise when testing, return the
Rv 1o the 0O-position, and connect the voitmeter to
the V1, position.

¢) While measuring Vi {voltage between L-E termi nals),
move RV gradually from the O-position. There
should be a point where the voltage of V1, rises
gharply by 2-6V. Measure the voltabe of V1, just
betfore this sharp voltage rise. This is the regulating
voltage of the regulator. i this voltage of V1, is within
the standard limit, the regulator is normal. If the
voltage deviates from the limit, the regulator is
detective.
Replace the regulator.

2) Mount the IC regulator on the brush holder as illustrated,
and press in the M5 bolt. Do not forget to assemble
the bushing and the connecting plate at the same
time.

(If the bushing is left out, the output terminal will be
earthed and the battery short-circuited).

NOTES : 1. Insertion pressure is 100kg
2. Insert vertically.

{2) Connecting the brush regulator assembly and diode
1) Check the rivets
Place the rivets as shown in the figure, and then calk
them using the calking tool.

Calking torque 500kg

ssUlc

@ C\b — BAT 2) Connect the brush to the diode.
T
!

Insert the brush side terminal into the diode terminal,
calk it, and then solder into place.

L : O-position

3.0mm dia rivet.

5-9 Reassembling the alternator

Reassembly is done in the reverse order of disassembly. s

For reassembly, be careful of the following points {(Refer f

to 4-7 disassembling alternator.)

{1) Assembling the brush regulator

1) Solder the brush.

Pasition the brush as shown in the drawing and sclder
it. Be careful not to let the solder drip into the pig tail
{lead wire).

Rivetting pressure | 500kg

_ Printed in Japan
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(3} Assembling the rear caver
Insert pins from the outsice of the rear cover. Install
the brush on the brush holder, then attach the rear

cover.
After assembly, pull out the pins.

Brush hcider

Pin

Rear cover

{4) Tightening torques

Positions Tlghtekl;?grgorque
Brush holder fixing 32—40
Diode fixing 60—70
Bearing retainer fixing 32—40
Pulley nut tightening 400—600
Through-bolt tightening 32—40

5-10 Performance test

Conduct a performance test on the reassembled AC gen-
erator as follows. The following is the circuit for the per-
formance test.

Charge lamp

©
Battery
D

Printed in Japan
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(1) Measuring devices

DC voltmeter 0—15V or 0—30V, 0.5 Class, 1pc.
DC ammeter 0—100A, 1.0 Clsss 1pc.
Variable resistor 0—0.25Q. 1kW, 1pc.

Lamp 12V, 3W

100Q resistor 3w

0.25Q resistor 25W

{2) Measuring the regulating voitage

1) When measuring devices are connected in the per-
formance test circuit as shown above, the charge
famp lights.

2) Close SW2 while keeping SW1 open and run the AC
generator. When the revolutions ot the generator are
gradually raised, the charge lamp goes off.

3) Raise the revolutions of the AC generator, and read the
voltmeter gauge when the revolutions reach about
5,000 rpms.

NOTES : 1. Make sure that the ammeter indication at this
time is less than 5A. If the indication is over
54, connect the 0.25Q resistor. The voli-
meter indication at this time must be with-
in the prescribed regulating voltage value.

2. Raise the AC generator revolutions high to
make sure the regulating voltage does not
fluctuate along with changes in the revolu-
tion speed.

(3) Precautions tor measuring the regulating voltage
1) When measuring the voltage, measure the voltage
between the AC generator BAT terminal, or Battery
+ terminal, and AC generator E-terminal.
2) Use a fully charged battery.
3) Measure the voltage quickly.
4} Keep SW, open for measurement.

0.25Q Hesistor
Connect when
the batterries

are discharged
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5-11 Troubleshooting
(1) Charging failure

Doesn’t
Does the charge lamp go off go off
when the key switch |s turned
(after engine starting}?

Goes oft

Defective

_>

< Check fan belt

® Replace fan belt.
® Adjust fan belt.

OK

After stopping the engine, tum on the key switch. )

¥

C

Remove the R-L generator coupler.

N
J

BAT, R-L. terminal
Voltage: 9-12V

Y

Measure the voltage between the
BAT termirnal, and the R-L
coupler terminat.

: Defective

OK

® Check electrical wiring for defective
continuity of the BAT, and R
terminals.

* Check the key switch and charge
lamp for defective continuity of the
L-terminal.

Insert the R-L coupler to the generator,

l

Tum on the key switch for engine starting

)
)

Defective
*Measure the voltage between
the generator BAT, and the L

*Measuring condition
Generator rpms: 5,000

Py N

e

® |n case of defective continuity »f
BAT terminal, replace the IC ragu-
lator.

® |n case of defective continuity of
the L-terminal, check or replace
the diode, startor and rotor.

terminal.
l oK

Defective
Light the night lamp. Measure
the BAT terminai voltage of
generator; 0.3—2V is normai.

___’

Check the electrical wiring for the
night famp.
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{2} Qvercharging

Defective
Tum on the key swilch. *Measure the BAT voltage of Repl h
{Start the engine.) the generator. eplace the IC reglator or generator.

(3) Charge lamp failure

Defective
Check the wiring.

Repiace the charge lamp,

Check  the charge lamp lighls
after turning on the key switch.

OK

Defective
After turning on the key switch ‘ «Reol o fan bel
{after engine starting}, check if The Charge lamp is OK if it goes off, .Af’-‘?;:f% ; g ;ﬂ 2.
the charge lamp goes off. ! et
Chack the fan beit. OK
Defective
Measure the BAT voltage of W Replace the charge lamp.
generator.
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6. Instrument Panei

6-1 B2-type instrument panel with wiring
@
ﬁ mmy{ir.)
(=] Water temperature waming lamp
s Tachometer i i Qil pressure warnina lam
o nght switch 1 p Sharaamn p
I' 1_ @7|
28 [DD@II.] |
~F 10
213 | )
o[ s
ol i Tachometer
ol
i Key switch
2
uy
T3] g: S.r
ot N JON
128 (5.0393)/ 128\15.0393] | "Qeoﬁ
0(0.3937} [ 276 (1. 8661)\ N\ PR
Fer engine stop cable Alarm buzzer *Engine stop switch {0.3937)
6-2 C-type instrument panel
mmii.
) Tachometer Cooling water thermometer
= Lube oil pressure gauge
o 336 (13.2283)/ /
2 | 12(0.4724) 312 {(12.2834) / 12 (0.4724)
T o
AT
PN
& &l e
==
IS
o (R
ksl Warning lamp
| C.W. temperature lamp
L Engine L.O. pressure lamp
— Charge lamp
0 |
o] I
o :
M les e

Integral hour meter  FUS@ Dox /
Buzzer switch

"o

Light swrich

Starter switcr.

Engine stop switch

3.4JH3(BXC)E

Key switch

3
Light switch \

Engine stop switch ™ |
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6-3 Extension codes

mm

Part code No. L

Extension cord 4M 129574-77710 3750 ~ 3850

Extension cord 6M 129574-77720 5750 ~ 5850

Priated in japan
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7. Warning Devices

7-1 Qil pressure alarm

If the engine oil pressure is below 0.1~0.3 kg/cm? {1.42~
4.26 Ib/in.?), with the main switch in the ON position, the
contacts of the oil pressure switch are closed by a spring.
and the lamp is illuminated through the lamp — oil pres-
sure switch — ground circuit system. If the oil pressure is
normal, the switc contacts are opened by the iubricating
oil pressure and the lamp remains off.

Pilot lamp

® &

Oil pressure

Oil pressure switch

Spring

g

Inspection

Oil pressure switch

Fuse Main switch
Alarm buzzer : Battery

ai

{Oil pressure aiarm circuit)

Contacts

7] Oil pressure
—  o—

Lube oil
pressure——
switch

Cylinder body main gallery

Rated voltage 12V
Operation pressure 0.1~0.3kg/cm?
Lamp capacity 5W

Problem

Inspection |tem

Inspection method

Corrective action

Lamp not illuminated when
main switch set to ON

1.

Oil pressure lamp
blown out

(1) Visual inspection

(2) Lamp not ifluminated even
when main switch set to ON
position and terminals of cil
pressure switch grounded

Replace lamp

2. Operation of oil pressure

switch

Lamp illuminated when checked
as described in (2) above

Replace oil pressure switch

1.

Oil level low

Stop engine and check oil
level with dipstick

Add oil

Lamp not extinguished

2. Qil pressure low

Measure oil pressure

Repair bearing wear and
adjust regulator valve

while engine running

3. OHl pressure faulty

Switch faulty if abnormal at (1)
and (2) above

Replace oil pressure switch

4. Wiring between lamp and oil

pressure switch faulty

Cut the wiring between the
lamp and switch and wire with
separate wire

Repair wiring harness

9-—42
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7-2 Cooling water temperature alarm
A water temperature lamp and water temperature gauge, ON 97~103C
backed up by an alarm in the instrument panel, are used Operating temperature = 87°C or high
. B . L
to monitor the temperature of the engine cooling water. . 9
Electric capacity DC 12V, 1A

A high thermal expansion material is set on the end of the
water temperature unit. When the cooling water tem-
perature reaches a specified high temperature, the con-
tacls are closed, and an alarm lamp and buzzer are
activated at the instrument panel.

Caoling water temperaiure switch

Thermostat housing

Fresh water pump

'a'l Water temperature unit ~ —— Battery

I

57.7mm

—Tf,_/»—-Green

PT 3:4

Printed in Japan
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Response time with in 80 sec.

Green
2.40~-3.20kg-m

Indication color

Tightening torque

7-3 Sender unit for lube oil pressure gauge

The sender unit for the lube ocil pressure gauge has a
mounting seat for mounting on the lube oil filter bracket.
Oil pressure is measured when the oil enters into the main
gallery after being fed from the lube oil cooler and passing
through the oil pressure control valve Be sure to mount a
vibration damper when mounting the oil pressure sender
unit.

Damper

Lube oil pressure sender unit
Lube cil filter



Chapter 9 Electrical System
7. Warning Devices

34JHXB)XC)E
Lube cil pressure sender unit
824
mm
16.7 | 37 107, 8 10
M5 x P0.8
! "/ ‘ o @ \J
T T (=24
\‘\ i@j 17—
K UL
Damper
Type Resistance switch
PT 1/8 Rated voltage DC 12/DC 24
\j wn .
-~ Max. operating pressure 8kg/cm?
F’_—_ e
b3
w
PT 1/8

A

#1

7-4 Sender unit Oor the cooling water
temperature gauge
The water temperature sender unit has a mounting seat
for mounting on the fresh water pump unit. Water temper-
ature is measured when the cooling water flows into the
thermostat housing after leaving the cylinder head. %\

Cooling water Cooling water
temperature temperature
switch sender unit
mm
2.2 Qutlet far water heater
227 14 20.5 Inlet for
17 M5 x P0.8 waler heater
@% ©« l 7)) \Q[ w
&_J/y = ZJ a
r ] -
Black
PT 3/8
Type Thermistor switch
Rated voltage | 12V/24V
9—44 FPrinted in Japan
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8. Air Heater (Optional)

An air heater is available for warming intake air when
starting in cold areas in winter, The air heater is mounted
between the intake manifold and intake manifold coupling.
The device is operated by the glow switch an the instru-

ment panel.
Gasket
Air heater
intake maniioid
78 o
50 | 21
R
o
! |
/l( RN
aEE I 0, 8
/o i i
22X M6 terminal
SRERVECRVRIEF] ’/}.\\
G iy | : ,
4- 49
Rated output 400W
Rated current 33.3A
Rated voltage oC2v
Rated ting i Engine operation : 60 sec.
ated operating time Engine stop - a0 sec.
Range operating ¥ K . :
temperature +50°C~30°C(122°F~—22 F)
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9. Electric type Engine Stopping Device (Optional)

To employ the eletric engine stop device, the stop lever of
the fuel injection pump is connected to the solenocid with a

connection metal.

The device is operated by the stop switch on the instru-

ment panel.

9-1 Solenoid

Engine stop wireharness

Engine stop scienoid.

Relay

Solenoid model

1504-12AU1B

Rated voltage 12V
Taking current 41A
Taking force 5.0kg
Holding force 9.0kg
Helding current 0.75A
mm
with current
120 |
33 64
15 M6 screw 853
| depth 20.8 L
Fa
(@] /
(Y]
@l i )
832 ' $71
-32 screw Tie-| ’
termine| 'e-lap Canstant valume boot

Soiencid bracket

Printed in Japan
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9-2 Relay

Rated voitage

12V

Cantact current

Lamp: 20A, extra-lamp : 25A

Range of operation

—30C~+-90C

9-3 Wire hamess of engine stop

Starting motor

terminal B R

Instrument panel

Printed in Japan
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10. Tachometer

10-1 Construction of tachometer
The tachometer indicates the number of revolutions per 10
minute by means of an electrical input signal which is gen-
erated as a pulse signal from the magnetic pickup sender

(MPU sender).

The function of the sender is to convert the rotary motion
into an electrical signal by counting the number of teeth of P
the ring gear connecting with the flywheel housing.

Ring gear speed
{m/sec)

(2) Sensitivity limit of sender unit

Good zong] /

/

4 /|
/ NG zone
2 //
@ Tachometer sensor 0
0.5 1.0 1.5 2.0 2.5
Sender unit and gear clearance C {(mmy}
——C
|
Ring gear )]:t
Sender unit

(3) Dimensions of sender unit

w
g
Red/black
A Orange
Ring) IR = ~
Rotati Biue/red
otation Black
detecting sender Tachometer (4

10-2 Specifications and dimensions of tachometer

(1) Specifications
Rated voltage DC12v
Range of operating voltage 10~15V
illumination 3.4W/12v
Ring gear No. of teeth 116
Module 2.54
Part No. of sender unit 128170-91160

2530.5 34.5 mm
15 3 5 45
' 15.5
] T S
2 —1_ | I8
0y | ] ~ |s
=
\ L 2
M18 x P15
Dimensions and shape of tachometer
723
10—+
=
bt b
[Ts] o
o |
- 3
U

|dentification mark
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10-3 Measurement of sender unit characteristics
(1) Measurement of output voltage

Output voltage | 1.0V or higher

/\ IV o higher

Measuring conditions

Synchrascope

Rotation detecting sender

@@Zm

| Q o

Ring gear
No. of Teath

116

1.3mm 20kQ2

AG 100V

*Check the output wave pattern and number of pulses
when carrying out the output voltage measurement.

(2} Measurement of internal resistance
Number of teeth ot 116
ring gear
i Measuring conditions
Sapetweente s | 1 amm : o
9 Measuring temperature 20C
Resistance 20k €2 Measuring mnstrument Digital tester
Speed of ring gear 500 rpm
Measuring temperature 20C Digital tester
Measuring instrument Synchroscope 1600
Rotation detecting sender kQ
—_— 2 <
AC 100V
Fault Diagnosis Remedy

Does not function well.
1) Painter does not move.
2} Functions intermittently.

Check if there is an open-circuit cable connection at the
rear of the meter, a loose or disconnected terminal or bad
continuity due to corrosion.

Yes Make goed the connection.

Disconnect at the instrument terminals. and measure the No
voltage between the cable terminals. {To be 10~16V)

| Satisfactory

If the input voltage is
abnormal, check the cause.
{e.g. short-circuit, disconnec-
tion, or blown fuse, etc.)

Printed in Japan
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Check if the sender is loosely fitted. Yes Fix the sender securely.
| No
Measure the internal resistance of the sender. No  Replace the sender.
{Tobe 1.6£0.1kQ at 20°C})
v
Measure the output voltage of the sender. No Replace the sender,

(To be or higher at 20°C)

Printed in Japan
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1. Disassembly and Reassembly
Precautions

(1) Disassembiy

® Take sufficient time to accurately pin-point the cause
of the trouble, and disassemble only those parts
which are necessary.

¢ Be careful to keep all disassembled parts in order.

¢ Prepare disassembly tools.

® Prepare a cleaner and cleaning can.

® Clear an adequate area for parts and prepare a
container(s}

e Drain cooling water (sea water, fresh water) and
lube oil.

# Close the Kingston cock

(2) Reassembly

# Sufficiently clean and inspect all parls to be assem-
bled.

e Coat sliding and rotating parts with new engine oil
when assembling.

® Replace ali gaskets and O-rings.

e Use a liquid packing agent as necessary to prevent
oil/water leaks.

# Check the oil and thrust clearances. etc. of parts when
assembling

® Make sure you use the correct bolt/nut/washer.
Tighten main bolts/nuts to the specified torque. Be
especially careful not to overtighten the aluminum
alloy part mounting bolts.

® Align match marks {if any) when assembling. Make
sure that the correct sets of parts are used for bear-
ings, pistons, and other parts where required.

Printed in Japan
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2. Disassembly and Reassembly Tools

The following tools are required when disassembling and
reassembling the engine.
Please use them as instructed.

2-1. General Handtools

Name of tool lllustration Remarks
Wrench Size : 10X13
&
Wrench Size 1 12X14
=
Y,
Wrench Size : 17X19
\/‘
¢
Wrench Size : 22X24
Screwdriver
Steel hammer ) Local supply
10—2 Printed in Japan
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Name of tool ilustration Remarks
M
Copper hammer Pl j Local supply

Maliet Local supply
Nippers Local supply
Pliers Local supply

Offset wrench Local supply 1 set

Box spanner Local supply  set

(b .“
f%’#‘r‘@

Scraper W Local supply

FPrinted in Japan
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2. Disassembly and Reassembly Tools
Name of tool lllustration Remarks
Lead rod Local supply
( ]
i ———— ]

File < = ] Local supply 1 set
Rod spanner for L903| supply
hexagor cocket yl Size: 6 mm
head screws i £ ” 8 mm

10 mm
5—0
Stariing Fliers
Hoie type Local supply
Shaft type HaHg
S = Hole type
H = Shafttype

— Printed in Japan
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2-2 Special Handtools
Name of tool Shape and size Application
mm

i

Piston pin insertion/ ‘
extraction tool _i@@

20 a0 '

Piston pin extractor

~ ) o
od
\ 20 80 ,
Connecting rod small ‘ ‘
end bu_shing insertion/ ('L“n; \ ';u(;
extraction tool L / ) ir
Fi BN j 2
_ 20 75 .
Intake and exhaust ‘ ‘ '
valve insertion/ w0 > ) _
r~ —

extraction tool

Lubricating oil No.2
filter case remover

Printed in Japan
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Name of tool Shape and size Application
Piston ring
compressor

Valve lapping handle

Valve lapping powder

Lappira tool

Feeler gauge

Pulley puller

Local supply Removing the coupling
— Printed in Japan
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2-3 Measuring Instruments
Name of tool Shape and size Application

Vermier calipers \‘ﬁ: =0
J

0.05mm
0—~150mm

Micromater

0.01mm
0~~25mm
25~50mm
50~75mm

75 ~100mm
100 ~125mm
125~150mm

Cylinder gauge

0.0tmm
18~38mm
35~60mm
50~100mm

Thickiness gauge

0.05~2mm

Torgue wrench E“i\; .

0~13kg-m

Nozzle tester

0-~-500kg/cm?

FPrinted in Japan
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2-4 Other material

ltems Usual Contents Features and application
Thr:eoB‘lond 200g Non-drying liquid gasket; solventless type, easy to remove, superior in seawa-
TBﬁ 01 (1kg also aviable} | ter resistance, applicable to various mating surfaces.
Three Bond 2009 Non-drying liquid gasket; sasy to apply, superior in water resistance and oil
TBrice | (1K@ asoaviable) | e e resistance.
E Thrzz%ond 150g Drying film, low viscosity and forming of thin film, appropriate for mating sur-
;] ) face of precision parts.
o TB1103
o
B
= Three Bend 2009 Semi-drying viscoelastic material, applicable to non-flat surface having many
- No.4 (1kg also aviable) indentations and protrusions, superior in heat resistance, water
TB1104 resistance, and oil resistance.
Three Bond Solventless type silicone-b lant, applicable to high
No.10 100g olventless type silicone-base sealant, applicable to high temperature areas.
T81é11 (—50°C to 250)
Three Bond 100g Silicone-base, non-fluid type, thick application possible.
TB1212
Three Bond 200 Prevention of loose bolts, gas leakage, and corrosion. Torque required to
g TB14M1 9 loosen bolt: 10 to 20% larger than tightening torque.
]
e
2 Lock tight
SUPER 50g Excellent adhesive strength locks bolt semipermanently.
TB1324
Sealing material for threaded parts of various pipes.
5m round t
Seal Tape undlape Ambient temperature range: —150°C to 200°C
¢ 1.92-m dia.:1
2.42-m dia. 1 . .
O-ring kit i 31 2_: g:z 1 O-ring of any size can be prepared, whenever required.
¢3.52-m dia-:1 (Including adhesive, release agent, cutter, and jig)
$ 5.72-m dia.:1
< | Brand name 50g
‘_»:5 (LOWCOL PASTE) For assembly of engine cylinders, pistons, metals, shafts, etc.
2 | Brand name 330 Spray type facilitates application work.
£ | (PASTE SPRAY) g
= 2
S 38
£ £.|Brand name 50 Prevention of seizure of threaded pants at high temperature.
D—:_‘ g | (MOLYPASTE) 9 Applicable to intake and exhaust valves. {stem, guide, face)
o =
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ems

Usual Contents

Features and application

Scale salvent

{caustic soda)

o <o 1 hox
Scale solvent {4kg X dremovers)
‘ 1 box
Neutralizer (PkgX 4

neutralizers}

pH test paper

# The scale solvent removes scafe in a short time. {1 to 10 hours)
® Prepare water (seawater is possibile) in an amount that is about 10 times the
weight of the salvent. Mix the solvent with water,

» Just dipping disassembled part into remover mixture removes scale,
To shorten removal time, stir remover mixture,

# If cleaning performance drops, replace remover mixture with new remover
mixture,

® Neutralize used mixture, and then dispose of it.
To judge cleaning performance of mixture, put pH test paper inte mixture.
if test paper turns red, remover mixiure is stil] effective.

Add antirust to fresh water system. Then ¢perate engine for approximately 5

Antirust 22 minutes. Antirust will be effective for 6 manths.
Anti freeze 2¢ Add antirust to fresh water system at the cold area to engine operate.
* The cleaning agent removes aven carbon adhering to disassemnblad parts.
Cleaning agent 1kg X 20 e lf a cleaning machine is used, prepare 4 to 6% mixture of 60° to 80T to

ensure more effective cleaning.
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items

Usual Contents

Features and application

Cleaning agent
for turbocharger

4£X4

18 €1

15sets - 1,
500ccX 6

Special cleaning agent that requires no watar, specially designed for

blower of turbocharger and intercooler.

Cautions:

It is recommended that the liquid gasket of Three Bond TB1212 should be used for service work.

Before providing service, observe the cautions below:
(1) Build up each gasket equally.
(2) For a bolt hole, apply liquid gasket to the inside surface of the hole.

(3) Conventionally, Three Bond TB1104(gray) or Three Bond

TB1102{yellow) is used for paper packings though single use of one of these bonds is not effective.

{4} If conventional packings are used, do not use a liquid packing.

Oil pan mating surface

Cutside
Inside

(Inside of oil pan)

o
I

Buildup of TB1212

10—190
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Chapter 10 Disassembly and Reassembly
2. Disassembly and Reassembly Tools

. 3 4JTH3(BXC)E
2-5 Measuring Instruments (BXC)
No. Name of tcol Use Hustration
1 | Dial gauge Measures shaft bending, distortions of levelness,
and gaps.
g ‘@v--
2 | Testindicator Measures narrow and deep places which cannot be
measured with dial gauge.
3 | Magnetic stand Keeps the dial gauge firmly in position, thereby
permitting it 1o be used at various angles. %
4 1 Micrometer Measures the outer diameter of the crank shatt,
piston, piston pin, etc.
RS
5 | Cylinder gauge Measure the inner diameter of the cylinder liner and
rod metal.
& | Vermier calipers Measures various outer diameters, thicknesses, and
widths,
7 | Depth micrometer Measures sinking of valves.
8 | Square Measures distorlion in position of springs and
perpendicularity of parts. ’
9 | V Biock Measures shaft distortion,
M

FPrinted in Japan
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Chapter 10 Disassembly and Keassembly

2. Disassembly and Reassembly Tools 3.4JH3(BXC)E
No. Name of tool Use iiustration
10 | Torque wrench Used to tighten bolts and nuts to standard torque.

) Se—

11 | Thickness gauge Measures the distance between the ring and ring

groove, and between the shaft and shatft joint at

time of assembling. %
12 | Cap tester Checks for leakage in the fresh water system.
13 | Battery current tester Checks density of antifreeze and charging condition

of battery fluid. %j}
14 | Nozzle tester Checks the shape and pressure of spray emitted

from the tuel injection valve at the time of injection.

15 | Digital thermostat Measures temperature of various parts.
Detector ‘I D
16 Contact type Measures rotation speed by placing at the indenta
-tion hale of the revolving shaft. q:{ l
Phatoelectric type Measures rotation speed by using a reflector seal | Revolving part
which is placed on the exterior of the revolving '
shaft. s =
o 3
2
S
° Reflector seal
o
% | High pressure fuel pipe | Measures rotation speed without reference to
é clamp type revolving shaft center or the exterior of the revol.
High pressure pipe {
L ]
S 3
10—12 Printed in Japan
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Chapter 10 Disassembly and Reassembly

2. Disassembly and Reassembly Tools 3.4JH3(BXC)E
No. Name of tool Use ustration
17 | Circuit tester Measures the resistance , voltags, and continuily
of the slectric ¢ircuit.
18 | Compression gauge Measures the pressure of the compression.

Model

Yanmar code no.

Ali models

TOL—87190080

Printed in Japan
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Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

3. 4JH3(BNC)E

3. Disassembly and Reassembly

3-1 Disassembly
For engines mounted in an engine room, remove the pip-
ing and wiring connecting them to the ship.

(1) Remove the remote control cable (from engine and
marine gearbox).

(2) Uunplug the extension cord for the instrument panel
fram the engine.

(3) Remove the wiring between the starting motor and the
battery.

(4) Remove the exhaust rubber hose from the mixing
elbow.

(5) Remove the fresh water sub-tank rubber hose from the
filler cap.

(6) Remove the cooling water (sea water) pump sea
water intake hose (after making sure the Kingston
cock is closed).

(7) Remove the fuel oil intake rubber hose from the fuel
feed pump.

(8) Remove the body fit (reamer) bolts and disassemble
the propeller shaft coupling and thrust shaft coupling.

{9) If a driven coupling is mounted to the front drive coupl-
ing, disassemble.

{10} Remove the flexible mount nut, lift the engine, and
remove it from the engine base.

(Leave the flexible mount attached to the engine
base.}

3-1.1 Drain cooling water

(1) Open the sea water drain cock between the sea water
pump and lube oil cooler to drain the sea water.

(2) Open the cylinder body drain cock to drain the fresh
water from the cylinder head and cylinder body.

{3) Open the fresh water drain cock on the lower part of
the fresh water tank to drain the fresh water.

Fresh water tank

For fresh water
{3JH3E series only)

Alternator

Tachemeter sensor Alternator

Fresh water tank

3-1.2 Drain lube oil

{1) Remove the pipe coupling bolt which holds the lube ol
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 cil from the marine
gearbox.

NOTE: If a lube olf supply/discharge pump is used for the
engine, the intake hose is placed in the dip stick
guide, and for the clutch side (gearbox) it is placed
in the oif hole on top of the case.

3-1.3 Removing (electrical) wiring
Remove the wiring from the engine.

Damper

Qil pressure
sender unit \E g

2 Lube oil
é/ pressure switch

Joint

f\ Water temperature
sender unit

Coeoling water lemperature switch

Printed in Japan
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Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

3 4THIBXNC)E

3-1.4 Removing the fuel oil filter & fuel oil pipe

(1) Remove the fuel oil pipe (fuel ol filter-fuel feed pump,
fuel oil filter-fuel injection pump)

(2} Remove the fuel oil filter (with bracket from the intake
manifold.

Intake manifcld

Fuel oil pipe

(filter—pump) Fuel ail filter

Fuel oil pipe
{pump—filter)

Fuel injection pump

3-1.5 Removing the intake silencer

(1) Remove the breather hose attached to the inlake
silencer-valve rocker arm chamber cover

(2} Remove the intake silencer from exhaust manifold
outlet.

Pog

Couplin
Intake sitfencer uping

Intake manifoid

Printed in Japan
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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 water pips
{mixing eloow—heat exchanger)

Heat exchanger

Mixing elbow



Chapter 10 Disassembly and Reassembly
1. Disassembly and Reassembly Precautions 3 4JH3(BXC)E

3-1.7 Removing the starting motor
Remove the starting motor from the flywheel housing.

Mixing elbow

Starting motor

Flywheel housing

3-1.8 Removing the aiternator

{1) Loosen the alternator adjuster bolt and remove the
v-bell.

{2) Removing the adjuster from the fresh water pump, anc
remove the alternator from the gear case (with dis-

tance piece), 3-1.10 Removing the heat exchanger

(exhaust manifold, fresh water tank unit)

Adjuster Remove the heat exchanger and gasket packing.

Fresh water pump

Altemator

Heai exchanger

Cylinder head

3-1.9 Removing the cooling water pipe

(1) Remove the cooling water {sea water) pipe (lube
oil cooler--heat exchanger).

(2) Remove the cooling water (fresh water) pipe
(heat exchanger-fresh water pump. fresh water
pump— fresh water tank).

(3} Remove the cooling water pipe (lube Oil cooler —
marine gearbox).

. Printed in Japan
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Chapier 10 Disassembly and Reassembly
3. Disassembly and Reassembly

5 4JHI(BXC)E

3-1.11 Removing the cooling water {sea water} pipe
(sea waler pump-Lube oil cooler).

Coaling water
{saa water) pipe

Lube oll cooier

-

3-1.12 Removing the sea water pump

{1) Pull out the bearing mounts, receptacles from the sea
water pump mounting side and from the opposite side
of the gear case.

(2} Remove the sea water pump.

Sea water pump

Gear case flange

Gear case

3-1.13 Removing the lube oil filter

{1) Remove the lube ail pipe (lube oil cooler-filter bracket
filter bracket-lube oil cooler)

{2) Remove the filter bracket {with lube oil filter element)
from the cylinder block

(3) Remove the lube oil pipe (cylinder block-fuel injection
pump)

(4} Remove the tube oil dipstick and guide.

Lube oil cooler Cylinder block

\Gasket packing

Lube oit fille

Dipstick — .

Lube oil dipstick guide

Printed in Japan
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Sea water pump

3-1.14 Removing the high pressure fuel pipe

{1) Remove the high pressure fuel pipe vibration stop from
the intake manifold.

(2) Loosen the box nuts on both ends of the high pressure
fuel pipe and remove the high pressure fuel pipe

{(3) Remove the fuel oil return pipe (fuel injection nozzle-
fuel injection pump)

Fuel injection nozzle

Fue! injection pimp

3-1.15 Removing the intake manifold
(1) Remove the governor speed remote control bracket.
(2) Remave the intake manifold and gasket packing.

Cylinder head

Intake manifold Gasket packing

10—17



Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

3 4TH3BNC)E

3-1.16 Removing the fresh water pump
Remove the fresh witer pump, gasket packira and O-ring.

ﬂ = l /Cylinder head

4 Gasket packhig

7

Fresh water
pump

3-1.17 Removing the fuel injection nozzles

Rermnove the fuel injection nozzle retainer nut, and pull cut
the fuet injection nozzie retainer and fuel injection nozzle.

Cylinder head

NOTE : If the heat protector stays in the cylinder head,
make a note of the cylinder no. and be sure {o
remove it when you disassemble the cylinder
head.

10—18

3-1.18 Removing the valve elbow shaft assembly

{1) Remove the valve elbow chamber cover.

{2) Remove the valve elbow shaft support mounting
bolis(s), and remove the entire valve elbow shalt
assembly.

(3) Pull out the push rods.

=]
& Racker arm chamber cover
Tl

et
= ,_ Valver rocker arm ashaft assembf

U& Push red
|

3-1.19 Removing the cylinder head

(1) Remove the cylinder head bolts with a torque wrench,
and remove the cylinder head.
{2) Remave the cylinder gasket parking.

Cylinder head

7 Gaitet packi
oy P ing
" Q.
1 ) '
{ NS O Cylinder block
H : )
N SN NG =
7 o
e 4 R ] .
I N RS,
{¥ T
Qg' . ?/“' !4@ @
* T
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Chapter 10 Disassembly and Reassembly

3. Disassembly and Reassembly 2 4JHHBXCE
3-1.20 Removing the crankshaft V-puliey 3-1.22 Removing the lube il cooler
Remove the hex bolts holding the crankshaft V pulley. and Remove the lube cil cooler from the upper part of the fly-
remove the crankshalt V-puliey with an extraction tool. wheel housing.

- Lube il coaler

Crankshaft V-Putiey

Heat bolt

3-1.21 Removing the marine gearbox 3-1.23 Removing the fiywheel

(1) Remove the hex bolls from the clutch case flange, and fRemove the fiywhoo! mounting balts and then the flywheel.

remove the gearbox assembly Fiwhee
ywhesl.

NOTE : Be carefuf not to scratch the ring gear.

Printed in Japan _
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Chapter 10 Disassembly and Reassembly

3. Disassembly and Reassembly 3.4JH3BYC)E
3-1.24 Turning the engine over 3-1.27 Removing the gear case
{1) Place a wocd black of appropriate size on the floor, Remove the gear case mounting bolts, and remove the
and stand up the engine cn the, flywheel housing gear case from the cylinder block.

{2) Remove the engine mounting feet.

3-1.25 Removing the oil pan

{1} Remove the bracket helding the cil pan and clutch
housing

{2) Remove the oil pan and gasket packing.

3-1.28 Removing the lube oil pump

Remove the [ube oil pump and gasket packing from the
gear case flange.

3-1.26 Removing tne lube oil intake pipe
Remove the lube oil intake pipe and gasket packin

Gasket packing
Lube oil Pump
’ E‘; > .
Lube oil Iniake pipe i 2 Gasket packing
IS
3
10—20 Printed in Japan
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Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly
3-1.31 Removing the pistons and connecting rods
{1) Remove the connecting rod bolt and the large end cap.
{2} Push the connecting rod from the bottom and pull out

the piston connecting rod assembly.

3-1.29 Remove the fuel injection pump
{1} Bemove the blind plug mounted o the hub of the
automatic advancing timer

{2) Remove the bax nut, and pull out the fuel oil pump

drive gearfautomatic advancing timer assembly with
e - Piston

}

= Connecting rod

an extraction tool.
{3} Remave the fue! injection pump and O-ring from the

gear case flange.

Large end cap M%

Connecting rod bott

NOTE : Place a tool against the piston cooling nozzle lo
make sure the nozzle position dees nof change

and it does not get scratches.

3-1.30 Removing the iding gear
Remove the two hex bolis hoiding the idiing the idling

pult out the idling gear and idling shaft.

! '"ﬁ* ',%‘ _:/;k\, 2
ushing

RS Y, 4
\.’:‘ 3 a’fe it B
":&* -" % ,
idling shat
o

Idling gear

1021
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Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

34JHIBXNC)E

3-1.32 Tumning the engine over

Place a wood block of suitable size on the floor and turn
the engine over, with the cylinder head mounting surface
facing down.

NOTE : Make sure that the cylinder head positioning pins
on the cylinder block do not come in contact with
the wood block.

3-1.33 Removing the flywheel housing
Remove the flywheel housing from the cylinder black.

Flywheel housin

Apply liquid gasket

Cylinder body

3-1.34 Removing the main bearing.
(1) Remove the main bearing bolts.

{2y Remove the main bearing cap and lower main bearing
metal.

NOTE . The thrust metal {lower) is mounted to the standard
main bearing cap. Be sure to differentiate between
mounting surfaces.

/5,
(bzlge) earing Q/

%

o,
g @-‘ Main bearing

Main bearing bolt

10—22

3-1.35 Removing the crankshaft
{1} Remove the crankshaft

NOTE : 1. The thrust metal (upper) is mounted to the stan-
dard main bearing. However, in some cases the
thrust metal (upper) may be mounted to the
crankshaft.

2. Remove the main bearing metal (upper) from
the cylinder block.

3-1.36 Removing the camshaft

(1) Loosen the thrust rest mounting bolts out of the holes
in the camshaft gear, and remove.

{2) Pull out the camshaft gear and camshaft assembly
from the cylinder block.

NOTE : The camshaft gear and camshaft are shrunk fit
They must be heated to 180-2007TC to disassemble.

3-1.37 Removing the tappets

Remove the tappets from the tappet holes in the cylinder
black

3-1.38 Removing the gear case flange

{1) Remove the gear case flange from the cylinder biock.
(2) Remove the two O-rings from the lube oil passage.

Cylinder body

Apply liquid gasket

- o
AL
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Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

[Precautions when disassembly]
1) Be careful fo keep all disassembled parts in order.

2} Ciear an adequate area for paris and preparga con-
tainer (8).

3} Prepare a cleaner and cleaning can before disassem-
bling stast.

FPrinted in Japan
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3-2 Reassembly
3-2.1 Clean all parts

Clean all parts using by the cleth and diesel (or cleaning
agent) before reassembly.

NOTE : 1. If the dust remain with the parls, engine may
cause the selzing or damags.
2. The cleaning agent removes even carbon
adhering to disassembled paris.

3-2.2 Mounting the gear case flange

Mount the gear case flange, gasket packing and lube oil
line Q-ring onto the cylinder block.

NOTE : 1. When mounting the gear case flange, maich
up the two cylinder block pipe knock pins.
2. Be sure to coat the cylinder block lube oil line
O-ring with grease when assembling, so that it
does not gat put of place.

Cylinder body

3-2.3 Inserting the tappets

Coat the inside of the cylinder block tappet holes and the
gutside circumference of the tappets with engine oil, and
insert the tappets in the cylinder block.

NOTE : Separate the tappets to make sure that they are
reassembled in the same cylinder, intake/
exhaust manifold as they came from.



Chapter 10 Disassembly and Reassembly
1. Disassembly and Reassembly Precautions

3 4JTHHBNC)E

3-2.4 Mounting the camshaft

(1} It the camshaft and camshaft gear have been disas-
sembled, shrink fit the camshaft and camshaft
gear [heat the camshaft gear to 180—2007T in the
hot cil and press fit].

NOTE : When mounting the camshaft and camshaft gear,
be sure not to forget assembly of the thrust rest.
Also make sure they are assembled with the cor-
rect orientation.
(2} Coat the cylinder block camshaft bearings and camshaft
with engine oil, insert the camshatft in the cylinder
block, and mount the thrust rest with the bolt,

{3) Measure the camshaft side gap. mm

Camshatt side gap 0.05~0.20

{4) Make sure that the camshaft rotates smoothly.

3-2.5 Mounting the crankshaft

(1} The crankshait and crankshaft gear are shrink fitted. If
the crankshait and crankshaft gear have been dis-
assembled, they have to be shrink fitted [ heat the
crank shaft gear to 180°—2007C 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 melals. The upper metal has an
oif groove.

2. When mounting the thrust metal, fit it so that
the surface with the oil groove slit faces
outwards, {crankshaft side).

(3) Coat the crank pin and crank journai with engine oil
and place them on top of the main bearing metal.

NOTE : 1. Align the crankshaft gear and camshaft gear
with the "A" maich mark.
2. Position so fthaf the crankshaft gear is on the
gear case side.
3. Be careful not to let the thrust metal drop.

10—24

() .
Maaigebearing @O @
= @g‘”@
g g ?&an bearing

Main bearing boit

3-2.6 Mounting the main bearing metal with engine
oil, and mounting the main bearing cap.

NOTE : 1. The lower main bearing metal does not have
an oil groove.
2. The standard bearing thrusr metal is fitted with
the oil groove slit facing outwards.

{1) Coat the main bearing cap bolt washer contact surface
and threads with engine oil, place them on the
crankshaft journal, and tighten the main bearing boits

to the specified torque. kg-m

10.5~11.5

Main bearing bolt tightening torque

NQOTE : 1. The main bearing cap should be fitted with the
arrow near the embossed lettars "FW" on the
cap pointing towards the flywheel.

2. Make sure you have the correct cylinder align-
ment no

(2) Measure the crankshaft side clearance. mm

Crankshaft side clearance 0.140~0.220

{3) Make sure that the crankshaft rotates smoothly and
easily.
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Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

34JTHIBXCOE

3-2.7 Mounting the fiywhee! housing

{1) Press fit the oil seal in the flywheel housing, and coat
the tip of the oil seal with engine oil

{2) mount the flywhee! housing and gasket packing. mat-
ching them up with the cylinder block positioning pins.

NOTE : Trim the gasket packing if it protrudes onto the oil
pan mounting surface.

Flywhee! housing

)
¥
I
e

x -
Toaw st ="

3-2.8 Stand up the cylinder block

On woed blocks, with the flywieel housing facing down.
Take care that the gearbox mounting surface does not get
scratched.

Printed n Jaran
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3-2.8 Mounting the piston and connecting rod
(1) Reassemble the piston and connecting rod.

NOTE ; When reassembling the piston and connecting rod,
make sure thal the parls are assembled with the
carrect orientation.

{2) Each ring opening {piston/oil rings) should be staggered

at gaps of 120°.
18t comprassion fing

e

T 2,

- Direction of
. piston pin

! Oilting

Birection of side pressure

2nd cormpression ring

{3 Coat the sutside of the piston and the inside of the
connecting rod crank pin metal with engine oil and
insert the piston with the piston insertion tool.

% - Piston
L4
L
A
/ Connecting rod

Large and cap

Connecting rod bolt

b



Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

3 4JH3(BNC)E

NOTE : 1. Insert the piston so thal 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, locking from the top of the piston.

{4) Align the large end match mark, mount the cap, and
tighten the connecting rod bolts. kgem

Connecting rod bolt tighlening torque 5.0~5.5

NOTE : If a torque wrench is not available, maich up
with the mark made before disassembly.

3-2.10 Mounting the idling gear

{1) Fit the idling gear so that the side of the idling shaft
with two oil holes faces up.

{2) Align the "A" and "C" camshaft gear and crankshaft
gear match marks, match up with idling shaft retain-
ing plate, and tighten the bolts.

(3) Measure the idling gear, camshatt gear and crankshaft
gear backlash.

Idling gear

Iding shaft

Fuel pump gear

Camshalt gear

Crankshaft gear

"
rd

Lube oil pump gear

Looking from gear case side

Sea water pump gear

3-2.11 Mounting the fuel injection pump
Lightly fit the fuel injection pump on the gear case.

NOTE : 1. Be careful not to scratch the O-ring between the
fuel injection pump and gear case flange.
2. Tighten the fuel injection pump all the way after
adjusting injection timing.

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 paris in bot
assemblies with grease.

(2) Align the "B" match marks on the fuel pump drive gea
and idling gear.

{3} Tighten all box nuts holding the fuel feed pump to the

specified torque.
kg-m

Box nut tightening torque } 6 ~7

{4} Grease parts around the box nuts (lithium grease) ar
tighten the blind plug.
(5) Measure the backlash of the fuel feed pump drive gear.

3-2.13 Mounting the lube cil pump

(1) Mount the ube oil pump on the gear case flange.
(2) Measure the backlash of the lube oil pump drive gear.

Gear case fla

Gasket packing

Lube oil pump
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Chapter 10 Pisassembly and Reassembly
3. Disassembly and Reassembly

34JH3(BYC)E

3-2.14 Mounting the gear case

{1} Coat the inside and cutside of the oil seals with engine
oil and press fit them into the gear case.

{23 Position the two pipe knock pins and tighten the bolis

holding the gear case and gasket packing.

NOTE : Trim the gasket packing if it protrudes onto the oil
pan mounting surface.

Gaar case

3-2.15 Mounting the fube oil intake pipe
Mount the lube oil intake pipe on the bottom of the cylin-
der block, using new packing.

e Gasket packin
Lube oil intake pipe % packing

L]

kgm

lube oil intake pipe lightening torque 2.6

Frinted in Japan
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3-2.16 Mounting the oil pan

(1} Coat with three bond {3B-1114) the surfaces of the gear
case, gear case flange and flywheel that contact with
the cylinder biock

(2) Tighten the gasket packing/ail pan bolts,

{3) Mount the bracket tha! connects the fywhee! with the
il pan.

Flywheal
housing

3-2.17 Mounting the engine mounting feet and
turning the engine upright.

Place suitable wood biocks below the oif pan and turn the
engine upright.

3-2.18 Mounting the flywhesl!

{1} Coat the flywheel mounting boit threads with engine oil.
{2} Align the positioning pins, and tighten the flywheel bolis
to the specified tarque.

Fiywheal

Kg«m

Flywhee! mounting bolt

tightening torque 8.5~3.0




Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

34JHAB)NC)E

3-2.19 Mounting the marire gearbox

{1} Mounl the fan and damper disk to the flywheel.
(2) Align the damper disk with the input shaft spline and
insert Tighten the flywheel housing and flange.

Damper disk

Marine gearbox

3-2.20 Mounting the crank V-pulley

(1) Coat the oil seal and the section of the shaft with which
it comes in contact with oil.

(2) Tighten to the specfied torque.

Crankshaft V-pulley

Hex bolt

kg-m

V-pulley tightening torque 11.5~125

10—28

3-2.21 Mounting the cylinder head

(1) Fit the Qasket packing against the cylinder black, align-
ing it with the cylinder block posihoning pins.

NOTE : The side on which the engine model is inscribed
should face up (cylinder head side).
(2) Lift the cylinder head hoizomtally and mount aligning
with the cylinder head gaskel
(3) Coat the mounting bolt washers and threads with engine
oil, and lightly tighten the balts in the specitied order
Then tighten completely, in the same order.

B—Cylinder head bolt
] ()

Cylinder head

Gasket packing

Cylinder block

{3 Cylinder }
Camshaft side
2 @ ® 3
g_.@.(_>®f_\©<_>®_§
Z @ ©)] U @ @ e
NEE @ ® ) 8
FO pump side
{4 Cylinder }
Camshalt side
@ @
g { @ ©) ® @ 5
§ 8/ N0/ NC No NG|
H 5 e et et ot
. @ @ <
FO pump side
kgm
Partial Complete
Cylinder bolt
tightening torque 4.0~5.0 9.0~9.6
(4) Measure the top clearance
mm

top clearance 0.74
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Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

3 4JH3(BXC)E

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.

kg+*m
Valve rocker arm shaft -
sugpart tightening torque 24~28
{3) Adjust valve clesrance.
=
3 Rocker arm chamber cover
Valve rocker arm
s shaft assembly
ENERES
e ;'._f} Push rod
Y _}l 5

Adjusting screw

Lock-nut

mm

Intake/discharge valve clearance 0.2

(4) Coat the valve rocker arm and valve spring with engine
oil and mount |he valve rocker arm chamber cover.

Printed in Japan
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3-2.23 Mounting the fuel injetion nozzle
(1) Mount the injection nozzle tip heat protectar, and then

the fuel injection nozzle. e
&
Fuel injection nozzle retainer =,

Fue! injection nozzle

Cylinder head

(2} Tighten the fue! injection nozzle retainer nut to the

specified torque. kgm

Fuel iniection nozzle
retainer tightening torque 0.7~0.9

3-2.24 Mounting the fresh water pump

(1} Thoroughly coat both sides of tlbe packing with
adhesive.

(2) Replace the O-rirg tfor the connecting pipe which is in-
serted in the cylinder block, and tighten the tfresh
water pump to the specified torque.

Cylinder head

Gasket packing

pump

kg-m

Fresh water pump
tightening torque £.7~-11
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3. Disassembly and Reassembly

34JHI(BXC)E

3-2.25 Mounting the intake manifold

(1} Thoroughly clean the inside of the intake manifold, and
mount the gasket packing and intake manifold.

(2} Mount the governor remote control bracket.

Cylinder head

Intake manifold

Gasket packing

3-2.26 Mounting the high pressure fuel pipe and
fuel oil return pipe
{1) Mount the high pressure fuel pipe and then the high
pressure fuel pipe vibration stop.

NOTE : Lightly lighten the box nuts on both ends of the
high pressure fuel pipe. Completely tighten after
adjusting the injection timing.

{2) Mount the fuel oil return pipe with the hose clamp (fuel

injection nozzle-fuel injection pump).

Fuel injection nozzle

Fuel injection pump

10—30

3-2.27 Mounting the lube oil coocler

Mount the lube oil cooler to the top of the flywheel hous-
ing with the bracket.

Lube oil cooler

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 cocler

Cylinder block

Lube oif pipe
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3. Disassembly and Reassembly

34JH3(B)C)E

3-2.29 Mounting the lube oil pipe

{1) Mount the lube Oil pipe (filter-lube oil cooler, lube ail
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

Lube oil dip stick guide —

Al

3-2.31 Mounting the sea water pump

{1} Mount the sea water pump assembly to the gear case
flange.

(2) Lightly tap the gear case side bearing rest with a wood
hammer, and tighten the mounting bolts.

Sea water pump

Gasket packing

Gear case flange

Gear case

3-2.32 Mounting the cooling sea water pipe

Mount the cocling water pipe with the hose clamp (sea
water pump-lube oil cooler).
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NV \ Cooling water (sea water) pipe

Lube oil cooler

3-2.33 Mounting the heal exchanger
{exhaust martifotd, fresh water tank urdt).

Mount the gasket packing and exhaust manifold.

Heat exchanger

Gasket packing

Cylinder head

3-2.34 Mounting the cooling water pipe

(1} Mount the coolirg fresh water pipe with the hose clamp
(fresh water tank—fresh water pump, fresh water pump
heat excharger).

(2) Mount the cooling sea water pipe with tbe hose clamp
(fube oil cooler—heat exchanger).

(3) Maount the cooling sea water pipe with the hose clamp
{lube oil cooler—marine gearbox).

Cooling water (sea water} pipe
9 ( ) pip Heat exchanger

Ceoling water

_g. {fresh water) pipe
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3. Disassembly and Reassembly

34JH3BXC)E

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. Adjuster

Fresh water pump

Alternator

~F About 10mm
Cocling water
purmnp pulley
{fresh water)
Alternator
pulley
Crank puller

3-2.36 Mounting the starting motor
Fit the starting motor in the flywheel housing.

Flywhee! housing

3-2.37 Mounting the mixing elbow

{1) Mount the mixing elbow on the exhaust manifold outlet.

{2} Mount the cooling sea water pipe rubber hose with the
hose grip (heat exchanger-mixing elbow).

Sea water pipe
% {mixing elbow—heat exchanger)
Y

Heat exchanger

Mixing elbow

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).

aalher hose
v Rocker arm chamber cover

Coupling

Intake silencer
Intake manifold

3-2.39 Mounting the fuel fifter and fuel oil pipe

(1) Mount the fuel filter.
(2) Mount the fuel oil pipe (fuel feed pump-tuel filter, fuel
fiter-fuel injection pump).

Intake manifald
R g
& &
]

A%

Fuel oil pipe

{filter—pump) Fuel oil filter

Fuei oil pipe
{pump—filter—}

Fuet injection pump
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3. Disassembly and Reassembly

3.4JHIBNC)E

3-2.40 Electrical Wiring
Connect the wiring to the proper terminals, observing the
color coding 1o make sure the connections are correct.

Hydraulic sender unit for Vibration prevention demper

lube oil pressure gayge -

P
A
7
3

/’E’" Lobu oil pressure switch
7 o Joint

-~

.

@w—-m heater

For staring motor

For instrument panel

Water temperature
sender unit

for Cooling water
temperature gauge

7

Tachometer sensor Alternator

%

Cooling water temperature switch

3-2.41 Installation in the ship and completion of the
piping and wiring

Mount the engine in the ship after all engine assembly

has been completed. Connect the cooling water, fuel

cil and other piping on the ship and the exhaust hoses.

Connect the battery, Instrument panel, remote control and

other wiring.

3-2.42 Filling with lube oil

Fill the engine with lube oil from the supply port on top of
the gear case and the marine gearbox supply port on top
of the clutch case.
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3-2.43 Filling with cooling water

(1} Open the frssh water tank cap and fill with water.

(2) Fill with water until the level in the sub-tank is between
the full and low marks.

(e}

Fresh water tank capacity 6.0

(2}
Full
Sub-tank capacity 0.45
Pressure cap
Fresh water
supply part
045 ¢

3-2.44 Check fuel iniection timing
{1) Open the fuel tank cock and shift the fuel feed pump
priming tever for air bleeding.

F.Q. teed pump F.O. feed pump

priming

{2) Check injection timing by tuming the flywheel and
looking through the inspection hale in the flywheel

housing.
@ Fiymheel housing
Inlection )

timing marks J

> I

6.1
B
Flywheel g



Chapter 10 Disassembly and Reassembly

1. Disassembly and Reassembly Precautions 3 4JHHBXC)E

(3) If injection timing is off, change the mounting position
using the long hole in the injection pump mounting
flange. Turning the fuel feed pump towards the cylin-
der block slows timing down, while movement in the
other direction makes it faster.

Fuet injection timing (FID) b.TDC12°£1°

_ Printed in Japan
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Chapter 10 Disassembly and Reassembly

4, Table of Standard Measurements for Maintenance

SATHIBHCOE

4. Table of Standard Measurements for Maintenance

4-1 Cylinder head

Modei
3JH3(BYC)E 4JH3(B}C)E
ftern Standard Limit
Distortion of combustion surface 0.05 or less than 0.15
Intake 1207 —
Valve seat angle
Exhaust 90" -
Intake 1.07~1.24 1.74
Width of valve seat
Exhaust 1.24~1.45 184
Quter dia. of stem 7.960~7.975 789
Intake vaive Guide inner dia. 8.010~8.025 8.1
Qil clearance 0.035~0.065 0.2
Outer dia. of stem 7.8955~-7.970 7.9
Exhaust valve Guide inner dia, 8.015~8.030 8.1
Qi clearance 0.045~0.075 0.2
Amount of valve guide spray 15 o
Amount of intake/ intake valve 0.306~0.506
exhaust valve sinking Exhaust valve 0.3~05 1.0
Thickness of valve Intake vaive 1.244~1.444
umbrella Exhaust valve 1.35~-1.55 os
imake valve timing Open | bT.D.C 8~20° 10°~20°
Ciose | aT.DC 40°~50° 48°~58"
Exhaust valve timing | Open | b.B.D.C 51"~80" 51°~61" o
Close | aT.D.C 13°~23" 13" ~23°
Free length 44 .4 —
Valve spring Distortion — i
Tensile strength{kg) (1mm under pressure} 2.71(Axonometric pitch) / 3.61 ——
Intake/Exhaust valve clearance 0.15~0.25 —
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Chapter 10 Disassembly and Reassembly

4. Table of Standard Measurements for Maintenance

3 4JTH3(BNC)E
4-2 Cylinder block (mm)
Model
3JH3(BHC)E 4JH3(B){C)E

ltem Standard Lirnit
Cylinder inner dia 84.000~-84.030

L mark 84.020~84.030

84.20

Cylinder inner dia M mark 84.010~84.020

S mark 84.000~84.010
Cylinder circle degree ¢.00~0.01 0.03
Cylinder cylindrical degree 0.00~0.01

4-3 Valve equipment (nm)
Model
3JH3(B)}{C)E 4JH3(B)YC)E

Iltem Standard Limit

Valve arm bearing outer dia. 15.966~15.984 15.95
Intake/Exhaust

Valve arm inner dia. 16.000~16.010 16.08
valve arm

Qil clearance 0.016~0.054 0.14
Distortion of push rod 0.03 or lower —

Tappet outer dia. 11.975~11.990 11.03
Tappet Tappet hole inner dia. 12.000~12.018 12.05

Qil clearance 0.010~0.043 0.12
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4. Table of Standard Measurements for Maintenance SATHBNCIE
Model
ISH3IB)(CIE 4JH3(BYCIE
ltem Standard Limit
Piston outer dia. 83.945~83.975
L mark 83.965~B3.975
ML mark 83.960~83.965 83.90
Piston ouier dia.
MS mark 83.955~-83,960
8 mark B3.945~83.855
Minimum gap between pistons and cylinders 0.040~0.070 e
Top clearance 0.660~0.780 s
Pistan pin outer dia. 25.987~26.000 2580
Piston and Piston pin | Piston pin hole inner dia. 26.000~26.009 26.02
Qi clearance 0.000~0.022 .42
4-5 Piston ring (rnm)
Modet
3JHI(BICE 4JH3(B)(C)E
ltemn T Standard Limit
Ring groove width 2.065~2.080 R
B measuremenis 1.970~1.880 r—
Top ring
Minimum gap between groove and ring 0.075~0.110 —
Clearance 0.200~0.400 1.5
Ring groove width 2.035~2.050 E—
B measurements 1.870~1.880 e
Second ring
Minimum gap between groove and ring 0.045~0.080 T
Clearance 0.200~0.400 1.5
Ring groove width 4.0315~4.030 s
. B measurements 3.870~3.880 e
Oil ring
Minimurm gap between groave and ring 0.025~0.060 ——
Clearance 0.200~0.450 1.5
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4. Table of Standard Measurements for Maintenance

3 4JH3(BXC)E
4-6 Connecting rod {mm)
Model
3JH3(BXCIE 4JH3(B}C)E
ltem Standard Limit
Large end inner dia. 51.000~51.010 —
Large end hole Crank pin metal thickness 1.492~1.500 —
Crank pin outer dia. 47.952~47.962 47 .91
Oil clearance 0.038~0.074 0.16
Small end hole inner dia. 26.025~26.038 26.10
Small end hole Piston pin outer dia. 25.987~26.000 25.90
Qil clearance 0.025~0.051 0.2
Distortion and parallelism 0.05 or lower for 100 mm 0.08
4-7 Cam shaft (mm)
Model
3JH3(BXC)E 4JH3(B}C)E
ltem Standard Limit
Cam shaft outer dia. 44 925~44 950 44.85
Gear side
Qil clearance 0.040~0.130 e
Cam shaft outer dia. 44 .910~44.935 44.85
Middle
Qil clearance 0.065~0.115 —_—
Cam shaft cuter dia. 44.925~44.950 44.85
Flywheel side
Oil clearance 0.050~0.100 —
4-8 Crank shaft (mm}
Model
3JH3(BKC)E 4JH3(B){C)E
ltem Standard Limit
Crank shaft 49.952~49.962 49.91
Journal Thickness of metal 1.995~2.010 —
Qil clearance 0.038~0.068 0.15
Distortion 0.02 or lower —
10—38 Printed in Japan
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4. Table of Standard Measurements for Maintenance 3 4JHIBXC)E
4-9 Side clearance and backlash (mem)
Modsl
3JH3(BKHCIE 4JH3(B}CIE
ftem Standard
Crank shaft 0.140~0.220
Cam shaft 0.05~0.20
Side clearance
Connecting rod 0.2~0.4
Idle gear 0.1~0.3
{(mmy}
Model
3JH3(B)CIE 4JH3(B)(C)E
ltem Standard
Crank gear, Cam gear, Idle gear,
S . 0.07~0.15
Backlash Fuel injection pump drive gear
Lube oil pump gear 0.11~0.19
4-10 Miscellaneous
Model
3JHI(BHCIE 4JH3(Bj(C)E
ltem Standard
Dslivery of lube High speed 2 min 19.0 (at 3000rpm)
oif pump Low speed 8.0 (at B0Orpm}
Open valve pressure far il pressure adjustment valve kgt/em? 3.5~45
Operation pressure for oil pressure switch kgf/em? 0.1~0.3
Sea water pump £ fmin 60 (af 3800rpm)
Delivery of fresh water pump £ /min 70 {at 3800rpm)
Thermostat valve Vaive open temp ¢ 7578
open femp. Fully open iist mm 8.0 or marsa {at 807C)
Thermostat switch ON °c 97~103
operalion temperature OFF 87 or more
Printed in Japan 10—39
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5. Tightening torque 3 4THHBXC)E
5. Tightening torque
5-1 Main Boit and Nut
{kgt-m)
Madel
No. Name JJH3(B}C)E - 4JH3({B}C)E
Torque

1 Head bolt Coat with lube oil (Screw dia. X pitch) 9.0~9.6 (M102<1.25)
2 | Rodbolt Coat with lube oil (Screw dia. X pitch) 5.0~5.5 (M9X1.0)

3 | Flywheel retainer bolt

Coat with lube ail (Screw dia. X pitch)

8.5~9.0 (M10X1.25)

4 | Metal cap retainer bolt

Coat with lube oil (Screw dia. X pitch)

9.8~10.2 (M12X1.5)

5 | Crank V-pulley fastening bolt

Coat with lube oil (Screw dia. X pitch})

10.5~11.5 (M14X1.5)

6 | Nozzle fastening nut

No lube oil (Screw dia. X pitch)

0.7~0.9 (M6X1.0)

7 | Timer fastening nut

No lube oil (Screw dia. X pitch)

6.0~7.0 (M12X1.75)

5-2 Standard Bolts and Nuts {(without lubricant)

(kgf-m)
Name Screw dia. X pitch | Tightening torque Remarks
M6 X 1 1.0~1.2 1} When bolting the aluminum parts, tighten the
. o . . .
Hexagon bolt t M8 X 1.25 0329 polts with 8024 of the tightening torque specified
in the Table.
(7T) and nut M10 X 1.5 4.5~55 2) 4T bolt and lock nut should be tightened with 60%
M12 X 1.75 8.0~10.0 of the tarque shown in the table,
1/8 1.0
1/4 2.0
PT plug
3/8 3.0
1/2 6.0
M8 1.3~17
M12 25~35
Pipe joint bolt
M14 4.0~5.0
M18 5.0~55
10—40 Printed in Japan
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6. Test Running

JATHIBNC)E

6. Test running

6-1 Preliminary Precautions

Belore making a test run, make sure of the following
paoints.

{1} Warm the engine up.

{2) Remove any precipitation from the F.O. fiiter. water

{4) Be sure to add Yanmar anti-rust agent to fresh cooling
water,

(5) During cold weather, add Yanmar anti-freeze to the
cooling water.

{6} Provide good ventilation in the engine room.

separator, and F.O tank.
{3} Use only lube oif recommended by Yanmar.

5-2 Check Points and Precautions During Running

Step ltem Instructions Precautions
1 Checks before 1) Make sure that the Kingston Cock is apen.
operation 2) Make sure there is enough lube oil and {fresh) cooling
water
3) Operate the remote control handle and check if the 3) Lamp should go off when engine is
devices connected o the engine side work property running.
2 No load operation ; 1) When the |ube oil temperature is raised to allow the
warm up operation engine 1o start, the pilot lamp goes off.
2) When the engine is started, check the following: 2}
® there is no water and no ol leakage. ® Fit leaks i any.
& gas does ot leak when the engine is started. & Check the intake/exhaust valves,
® there are no abnormal indications on the instrument FO. injection valve. and cylinder
panal head.
® there is no abnormality in cooling water discharge,
engine vibrations. or engine sounds.
3} To warm up the engine, operate at low revolutions for 3} Do not raise the engine revolutions
about 5 minutes, then raise the revolutions to the rated abruptly.
rpms and then to max. rpms.
3 Cruising {load) 1) Do not operate the engine at full load yet, but raise the
operafion rprs gradually for about 10 minutes uniil they reach
rated rpms.
2} Make sure that exhaust color and temperature are normal.
3} Check the instrument panel and see if the water
termperature and il preéssure are normal.
4 Stopping the engine | 1) Before stopping the engine, operate it at 650-700 rpms 1) Stopping the engine suddeniy during
for about 5 minutes. high speed operation increases the
temperature of engine parts.
2) Raise engine rpms to 1,800 just before stopping the 2) This procedure prevents carbon from
engine and idle the engine for about 3-4 seconds. being deposited on the valve seats,
etc.
5 Checks after stop- 1} Check again for water and ofl leaks. 1} Check the oil seal area,
ping the engine 2) Make sure that no nuts and holts are loose. 2) Especialty the engine instailation
bolts.
3) Ciose the Kingston and fuel cocks.
4) When the temperature is expected 1o fall below freezing, | 4) Drain from the sea water pump.
drain the cooling water (sea waler).
5} Turn off the battery switch.
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Chapter 11 Troubleshooting
1. Troubleshooting 3.4]H3(B)C)E

1. Troubleshooting

It is important to thoroughly understand each system and
the function of all of the parts of these systems. A careful
study of the engine mechanism will make this possible.
When problems arise, it is important to carefully observe
and analyze the indicalions of trouble in order 1o save
time in determining their cause. Begin by checking the
most easily identifiable causes of difficulty. Where the
cause of the ditficully is not readily apparent, make a
thorough examination of the system from the very begin-
ning, proceeding until the point of trouble can be deter-
mined.While experience is an important factor in
pinpointing engine problems, careful study and under-
standing of the engine mechanism combined with good
comman sense will help you to rapidly become more
expert at troubleshooting.

l Chart 1

TAOUBLE AND TROUBLESHOOTING ] THE ENGINE SUDDENLY STOPS,
£ 1{1-1) Adduel oil and prime, { Il -1} Heplace.
B! 2) Bleed air. _ ‘ ) {11-2) Clean carefully to insure good working order.
2 |{1-3) Remove water from drain and fuel oil system and prirme.
ERIR 4) Check and make necessary repairs,
g [ {1-5)Clean.
8 | {1-6) Replace.
E { I} Fuet oil supply cut off } L { £ } Governor trouble ;
{1} Ingyticient ail in el oil 1ank \ {3) Water in lual oil tank \ (1) Damage lo governor spring
(21 Air in fugl oi ; \ {4} Fual oil cock closed
in tuet o syst g Tt i \
PAuin il oi sysiem and fuet injgction pump & {5} Clogging of fuet ait filter (2} Sticking of governar sfesve
g (8} Damaga in {uel oil system
= 71 Problem with loal lesding purmp
Lid
-g THE ENGINE
. ) SUDCENLY STOPS,
g {1} Loose lube cil prassure adjusiment vaive {3) Leakage Iram luba o salaty vaive {1} Serzure of moving pans
1]
= ) /(4} Troubla with lube ol pump /
8 {2) Clogging of lube o filer  / - - 123 Onrbsating tun (o insutlicnnt cooliog
/. 15} Raelay oparation iriggered by low tbe oll pressurs
waier Countermaasure
uﬂ} Emergency stoppage device in aperafion } E (V} Misceltanecus I
g {11 -1} Tighten adjustment valve. {M-7} Return to original condition, {{V-1) Remaove and repair of replace,
Z |(#-2} Clean. -2} Di i L
o . -2} Disassemble and 1
$ [(11-3) Tighten satety valve. {W-2) ta t and clean cooling water pump and check cooling
5 l{11-4) Remove and repair or replace. waler sysiem.
S i ili-5) Return o original condition.
& i(i-6) Return to originat condition.
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Chapter 11 Troubleshooting

1. Troubleshooting 34JH3(BXC)E
Chart 2 | chats
TROUBLE AND THOUBLESHOOTING] | CYLINOER QUTPUTLS UNEVEN COUNTERMEASURE Trouble and Troubleshaoting | l POOR EXHAUST COLOR
2 1 (1-1) Bleed air. { | -7) Disassemble and clean 2 i . 1) Clean
% ( | -2) Disassemble and clean. and repair or replace. § E : ;; gzilcakéerepalror replace. }II _2; Check, Repair or replace
@ K y ' ’
£ § : 3; 22[3';?;} eolace E |( t -3) Check, repair or replace. | {11-3) Adjust.
z p place. £ 1(1-4) Adjust. {i1-4) Check, Repair or replace.
S |(I1-5 Replace.‘ 3 |( } -5} Adjust. (11-5) Clean
8 | (| -B) Tighten firmly. & -
[[11) Uneven quantity of fuel ail injected | [_[1) Faulty luefinjection pump | {(11) Faulty fuel injection valve |
{1 Aif in 1he [uel injaction pump
) \ {5} Damaged exhaust union packing (1) Fauly plunger oparation, (1] Injection opaning is clogged
{2) Faulty operation of plunger
2) Worn plunger . {2) Sticking of valve needle
13} Damaged plunger spring {6) Loose pinion screw {3) Faully jection valve \ 13} Low injaction prassure /
5 ‘ (7) Faulty tuel injection pump G 14) Uneven quantity of fuel injected (4) Fauky spray condition /
@ (4) Faulty luel oif ejection valve [+]] {9) hirequiar luel injection timing {5) Carbon depesit /
= tappet =
by INDER QUTPUT - \ POOR
| w g*b:EVEN Y 2 EXHAUST
© . v COLOR
{1) Qil leakage in injechion .
8 Systam gg {1) Clogged filter {1) Ovarloading
g (2) Damaged valve / (4} Irregular injection timing (:‘-} {2} Too graal a quanlity of \ lube oil
O spring & (3) Carbon daposit in suction \valves
{3) Insutticient inyection / (5] Sticking of injection vaivesCause (#) By arr cooler \
pressure in injaction {5} Poor quaiiy tuel ail —\
valves
_ {51 Clogging in exhaust systemCause
L {I) Fauity fuel injection valve {I} Clogged intake alr fitter [V} Miscellaneous
o i @ {IV-1) Reduce ioad.
3 |(11-1) Check and repair. 2 (1) Clean, (Iv-2) Adjust quanity of oil.
< |(11-2) Replace. @
bt | @ {v-3) Clean.
E |(11-3) Adjust. E
5 |12 Adjust o {Iv-4) Clean.
= En o Cléan- = (V-4) Replace.with new oil.
& - 3 (Iv-4) Clean.

TROUBLE AND TROUBLESHOOTING

Chart 4
TROUBLE WITH MARINE GEAR

@ [(1-1) Cisassemble and clean. (1-7) Replace. {II-1) Review( | -1 1 -11) {Il-1) Replace.
3 [¢!-2) Repair or replace (1-8) Replace. { -2} Reduce Joad. :
ﬁ {1 -3y Repair or replace. ( 1 -9} Adjus! to correct positicn. { 1-3) Replace. (il 2) E?plrace. i
g [t |-4) Replace. {1:10) Reassombla. ( 11 -4) Check ail level and adjust. {Ii1-3) Eliminate dangerous rotation.
@ [(1-5) Repair. (1-11) Check for oil leakage (1 -5) Check water level and adjust
€ [c1-6) Adjust. and replenish. ! Just.
2 ( O -8) Change oii.
[&] ( 0-7) Review manual.
L { I} Low clutch oii prassure (clutch slips) {1} Overheating (I} Abnormai noise
(1) Clogging of litar on suctionsite | (1) Wore iing parts of lorwdraverse {1} Cluteh sl‘:ztp:g;zus‘:l?a
\ cenversion vake -
12} Worn oil pump (2) Cluch sippage due 3 gy propiom with oil cogler {1) Excessve backlash of gear
(3) Sticking ol o prassine 18) Damaged O-ring, V-fing in oil prassure pipa lo ovariading -
5 adustment valve r \ (61 Poor qualty or mappropriate o1l
4) Damaged of ok! ol prassurg {9) Low spaed valva handla slips . .
..'gi, ( ’ ammlmentfa\w sprng \r (3) Damaged bearing (2) Damaged bearing
K] \ 110} Poor assembly of low spasd vaive handie {7 Poor aperatian ol dvam
E (5) Damagad seal ring T h sl ! perabar of low speed vave (3) Abnoemal vibraben
0o muzh ol btk il
[y {6} Incorract positioning of (13} Insutticiant oil —— e ]
g forward/reverse conversion valva,
3 ’ TAQUBLE WITH
8 ) MARINE GEAR
Q {1} Seizura of friction plate {1} Ssizure ol incton plate {4) Lub ol pressgure {1} Ol leakage
E ) {3) Damagad or ald lube oil
] /. 13) Foregn materiai m pipa systam ' loa high © (2} Clogged lube adjusiment valve spring
(2) Damaged ho'ding spring ol ppe  /~ 12) Mot enough wam n steal piale oll filter
‘ L 14) Oil leakage whara (here is remola control ) L {5) Viscosity of luba oil is toa high (4} Sticking of luba oil adjustment
(5) Phase slippage (3) Oaaged hoiding spring ot pips  / valveCountarmeasure
i
[(N) Difficulty changing into forward, neutral, and reverse_] {V) Dragging [M) Abnormal lube oft pressure}
n5> (V-1) Replace. (V-1) Replace. {V1-1) Check and repair.
2 (IV-2) Replace. (V -2} Replace. {\1-2) Disassemble and clean.
2 (x-g) g'ﬂa“-, (V -3) Replace. (V1-3) Replace.
B (IV-S) Repfe{'"fl)ﬁ ;” a"‘: check. Replace bellotrom. (V-4) Adjust lube oil adjustment valve. (V1-4) Repair or replace.
§ (Iv-5) Repair link system. (Vv -5) Change oil.
(&)
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Chapter 11 Troubleshooting
1. Troubleshooting

3 4JH3(B(C)E

Chart 5

TROUBLE AND TROUBLESHOOTING [ ROTATION 1S NOT SMOOTH
@ [(1-1}Lap. (O-1)Clean, {{1-7) Bleed air and prime.
2 | (1 -2) Replace. { 1-2) Replace. ( 11-8) Adjust.

S {11-3) Replace. { 0-9) Adjust.
% (11 -4) Correctly install pump.
‘:&" (11-5) Clean.
8 (-6} Replace.
r( 1) Faulty operation of injection vaIvL[ {1} Unevan supply of fusl ol injected
{1} Faulty oparation ol fual pump plunger
{5} Clogging of tusl filter
{1) impediment to valve needle movemen {2) Damaged luel pump plungar 3 ng
{6) Camaged fuel cam
G 12) Damaged vaive spring 13) Damagad plunger sering \_T 17} Air in fuel injeclion systam
..9 [B) Faulty operation ol adjusimeni rack
- (4] Inaccurate assemaly ¢! tual injechian pump
Ll
‘A\ {9) Uneven amount of fual lo cylinders
©
c
© ATION IS NOT
m
g {1} Damaged governcr bearing (1) Ovarloading
) A ——
QO (3} Sticking ol governgr slaeve /
S 218 t |
{2} Fauity oparation ol governor link /—' ;’--—~-(—J EIZUM
(4] Faulty oparation of fual oil adjustmanl // (3} Clutch slippage
S T
[ {1} Faulty operation of governor | [} Miscelianeous

@ [{iiI-1) Replace. (-1} Reduce load.
>
2 |{N-2) Adjust. (v -2) Disassemble, check and repair.
@
E |{In-3) Clean. {Iv-3) Check and adjust.
& .
‘g‘ {1l -4) Disassemble, wash and repair.
3
(&)

[ chats |

TROUBLE AND TROUBLESHOOTING J KNQCKING
@ | (1 -1) Increase injection pressure. ( 11-1) Delay injection timing.
=]
g | (1-2)Replace. { I -2) Adjust standard injection pressure.
g2 -3 Disassemble and lap.
S |1 -4) Disassemble and repair.
El
&3
{ 1} Faulty fuel injection valve m ) Faulty fuel injection J
{1) Low injaction pressurs (1} Early fuel imjection
(3) Sucking of vahve neadle \
(2) Damaged luel valve spring A (2) Fuel pressure 15 toa high,
E \ {4) Faulty injection spray
LLE KNGCKING
©
&
® 1) Excessva quantity of luel is ajactad {1} Insutlicient cooling water
“30 from tuel pump {4} Poor quaity tuel oil
4]
[&] {2) Excass piston claarance
L (%) Walter rmuxed in tuel ol
{3) Excess bearing clearance /
{6} Incgrract pressure
{ I} Excassive quantity of fusl injected aach time ] IN) Miscellaneous
% {11-1) Adjust pump adjustment rack. (-1) Check cooling water pump and lap valves.
@ (IV-2) Replace.
g {IV-3) Replace.
& {IV-4} Replace with good tuel oil.
S {IV-5) Replace with good fuel cil.
3 {IV-6) Check and repair.
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Chapter 11 Troubleshooting

1. Troubleshooting 3.4JH3(BXC)E
| Chan7
TROUBLE AND TROUBLESHOOTING TROUBLE WITH STARTING
@ [( 1 -1} Tighten. (1-1) Tighten. (1r-1) Prime well. {V-1) Lap.
; { | -2} Repair using sandpaper or replace. : {{ ‘g; Ezglaa';:s'ng sandpaper. E::: ‘S; éf’IUSL | matt e cloani {IV-2) Lap.
o] | -3) Replace. B AL . E lean out matter causing clogging.
2 E ) -4; FIB;F::air using sandpaper and (11 78) 2“:;‘,;“;;“9 sandpaper{Type 500600} | (1)) _a) add tuel to tuel tank. {(IV-3) Replace.
H then grease. {11 -6) Undercut and repa’r or replace. (::: -5) g‘pen cock. (IV-4) Clean or replace.
€ [(1-5) Adjust. {1 -7) Replace. (l1-6) Clean. : (IV-5) Adjust.
2 |¢) -6) Adjust. { 11 -8) Replace with thicker or shorter wire. |(HI -7} Disassemble and repair or replace.
< || -7) Replace. (11-9) Charga. ( E -8} Drain water from fuel systam and prime.
ﬂ 1} Pinion gears do not mesh [ { I} Ring gears do not mash | {I} Fuel il not injected [ (V) Faulty fuel injection valve
{1 Lotsa banery ergage (1) Loass batiery {5) Cut starter col i erfeﬂ‘aﬂ priming of fual ol systam {1} Faully valve seat
magnel larminal {5) Edges of gear lzeth starter tarminal o W cammutator \ 2) Imech@ cut olf dll.lﬂ to faulty governer {4 -t2) Sticking of valva nasdlo
2 F!my ccnne:non i misshapan {2) Faully connection in PE] C|'°99:‘9 0"':‘9'l"“la_'n"::’n’k (31 Worn valva neadla
PR 1
Starting swic {6} Faully posiioning of sngage magaet switch {7) Slippaga of starlar clutch 14] Insutticient fuel of {4) Cloggad outlat
{3) Cul batiery engage pinion and ring gaars (5) Fuel gil lank cack closed -
46 magnel coll {3) Waorn brushas. \ (8) Excessive rasistance ‘\—'7(6) Clogging in tuel oil pipe {5) Low injection pressure
2 (7) Seizure of starter meta) {4) Commutaler rouglh betwaan battery and starter ‘- {7) Damaged fuel oil supply pump
w {4) Rough cap movement and dirty {9) Insuflicient baltary charge (8) Water in tuel oif tank
o i STARTING TROUBLE
@ / {1) Air leakage from suction/exhaust vaives
@ {1) Worn plunger 12) No lappe! ctearance .
w o . . it bl [ {1} Incorract thickness of kat
% (3) Plunger stcks (1) Fual injeclion pump liming irreqular “‘_(3) Faully gaskel packing / pacIu:g i of gaskeg
¢ | @ Damaged plunger {4) Oil laakage Irom exhaust valve FiZ) Loosa high pressure luel pipa / {4} Upper part of cylinder linar worn /() Faully installation of govesnor
salic /73) Damaged high prassura fuel pipe {5} Worn pistan fing If g and love:
{5) Alr inside pump g o (6} Pislon ring sticks / {3} Govarnar handia is in stap posilion
(6} Damaged extaust valve spring {4) Air In high pressure fual pipe {7) Insuthicient tightening of haad bolts t" (4} Fauity angina stariar
/‘ / {8) Damagad valve sprng / {5} Clogging ol suclion/exhausl pipes
b Countermeasura
[ (V) Faulty fuel injection pump | [ (M) Fauily fuel injection system | [ [} Leakage of pressurized ai | [M) Miscellangous | ——————
- -
@ [{V-1) Replace plunger and barrel as a unit. {V1-1) Adjust. m;; ';?_,P V?lves- {Vi-1) Replace.
=1 . . - just. .
@ (V-2) Rgplace. ) (V1-2) Tighten firmly. (VI-3)(VI-4)(VI-5)Replace. {Vd-2) Adjust. ) -
g (v -3) Disassemble and repair or replace. {V1-3) Replace. (Vi-6) Disa;semble: and |{¥8-3) Move governor handle tc acceleraticn position.
& |(V-4) Lap valves. (V1-4) Bleed air. V1-7) Tigten tigntoning | (Yi-4) Check and repair.
g {V-5) Bleed air. nuts uniformly. {W-5) Clean.
8 (V-6) Replace‘ (VHi-B) Replace.

Chart 8

TROUBLE AND TROUBLESHOOTING I INSUFFICIENT POWER QUTPUT
© [(1-1; Reptace. ) ( 0 -1) Clean nozzle hote or replace. {lll-l Replace.
é E : -ig Elsasse:mble and rapair or replace. { | -2) Lap or replace. -2 Repalr.

- ap valves. _
£ |1 -4 Tighten firmly. (g 3) Lap or replace.
& |(1-5) (1 -6) Adjust. { I -4) Tighten firmly.
E |{(1-7)( 1 -B) Cisan. { [ -5) Replace.
8 1 -9y Reptace. { | -10) Repair. { [ -6) Clean.
[ (1) Amount of oil supply from fuel injection pump inadequate | (T} Amount of fue! injection inadequate [ (m)Faulty governar ]
(1] Worn pluager {6} Inaccurate positioning of adjustment rack \ (1) Clogging of nozzle hole.
(2) Sticking ot plunger A\ (7} Clogging of tush ail fitar {2) Faulty vaive seat (1) Damagad govarnar bearing
(3) On feakage Irom exhaust valve :& il (3) Sticking of valve neadic
{8) Clogging of tuel oil pipe X )
- {4) ON leakag from joint of high \ {4) Laosa high pressure pipe {2} Inagcurate langth of governor fink
8 Prasswe pipe (9) Damaged valva spring (5} Worn valve "“Ddi‘;"
m {5) Faully adjusimant of fusl pump \ {10} Faulty supply pump (6) Clogging ol hitar
'g } INSUFFIGIENT
] POWER OUTPUT
® (1) Leakagse o gas from _ ) o
% suction/axhaust vaves 7 {3} Worn upper part ol ¢ylinder liner {1} Early injaclion (1) Clogging of ai tiltar 11} Poor quality lual oil
8 (2) Inadequats tappat {4} Waorn piston ring (2) Lata injection (2) Clogging of axhaust lina
clearance {5} Sticking ot pislon ring (3) Seizure of moving parls
/ (4) Insutficient coofing water
{5) Insufficiant lube oil supplied
[{M) Leakage of pressurized gas from inside cylinder| [ (V) Irregular fuel Injection timing | [V Clogged intake airfiter| [ (V) Miscellaneous |
@ |(IV-1) Lap valves. {V-1) Adjust timing to [(V-1) Clean. (V1-1) Replace with good fuel cil.
§ (1V-2) Adjust. delay injection. (V¥-2) Clean.
© {(V-3) Replace. (V-2) Adjust ltiming to (v1-3) Disassemble, check and repair.
& [(IV-4) Replace. speed injection. (V1-4) Lap cooling water pumnp suction/exhaust valves.
§ (v-5) Disassemble and repair or replace. (W-5) Disassemble and clean fube oil pump and filter,
[
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Chapter 11 Troubleshooting

1. Troubleshooting 3 4JH3(BXC)E
| Chart 10
TROUBLE AND TROUBLESHOOTING I MISCELLANEOUS TROUBLE
@ |( | -1} Tighten nuts. {0 -1) Tighten adjustment valve. (-1} Clean.
= ) . . . { I -2} Add cooling water.
@ |(1-2) Tighten nuts and insert pins. (0 -2) Check and repair. {1l -3} Disassemble and repair or replace.
2|13 Remove adjustment liner and adjust aperture, |( I -3} Clean. (k-4 Tighten adjustmant valve.
5 or replace. (1 -4} Repair. (ue-5) Zigmen safety valve.
":C; { | -4) Check teeth, shatft, and pushred of gear for 5:::1_‘5’; Aggrl\fgeu;a oil.
3 wear.Replace whewe necessary. {111-8) Replace '
{ I) Abnormal naise {0} Low fuel oil pressure {1} Low lube oil pressure
(1) Cloggad lube o Llter
(1) Looss iywnee! instaflment boll {1} Loose pressura adjustment {5) Qul leakage trom pumgp salely valve
{2} Lubg oif temperature s oo tigh \
{2) Loose crank pin bearing boit (2) Damaged supply pump \ (6} Inadequate viscosity of lube ail
{3} Troubie with lube ol pump \
| \ \ {7} Insutticiont amount of lube ol
— {3) Worn crank pin mala (3} Clogged filter
Q {4} Loose prassure adjusiment valve A
g 14) Faul ¢ meshi \ (8} Faully prassure gauge
o aulty gear meshing (41 Laaky pipe
— "
% MISCELLANEQUS
% (1) Cogling water temparaturs / {1} Insutlicient amount of cooling water / (1) Clogging n cooling watar syslam / TROUBLE
‘:1“ nas risen ) : (S} Air in cooling water {5)Engine oullet nat constricted.
O {2} Trouble with cooling watar pump
{2) Ovarloadm (2 Trouble with cooling wator pump
Je] g
. (6} Overinading 7 16) Walar iakage lrom Cooling water joints
[3) Amount of waler returning is t0Q great
13) Cooling water hft is too great /
{3) Faully lube oil lamperature (4} Clagging in cooling wa stam / / {7) Faulty suction and exhausl| valves
- or 5y
adjustmani valve t4) A in cooling waler  / Countarmeasure
[ iV} Luge oil temperatura s too high | [ {¥) Cooling water temperature is too high [ V) Caoling water pressure is toc low |
@ 1{iV-1) Adjust the amount of returning water or check |{V-1) Open closed parts. {V-1) Clean.
—‘%' the cocling water pump and lap valves. {V-2) Check pump and repair. (V1-2) Check pump and repair.
@ |(V-2) Reduce load. {V-3) Adjust amount of returning water. m j; cessan ift S;r'ngzf‘?ngump-
& {V-3) Check and adjust. {V-4) Clean. (V1-5) Eminate causes for high cooling water tamperature
5 {V-5) Check suction opening. VI6 ‘a;hd coknstng, ‘
- g -
& {V -6) Reduce load. (VI-6) Check ana repair
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