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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 I Generai
1, Exterior Views

1. Exterior Views

1-1 3JH3E
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(Note> This illustration shows Yanmar marine gear (Model : KM3P) when it has been attached.
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Chapter I General
1, Exterior Views 34TH3(B)(C)E

1-2 4JH3E
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{Note> This tllustration shows Yanmar marine gear (Model : KM3P) when it has been attached.
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Chapter 1 General

2, Specifications 3 4JH3(BXC)E
2. Specifications
2-1 3JH3E, 3JH3BE, 3JH3CE
Madel 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 £ 1.498
Quiput/crankshaft KW/rpm 26.5/3650
One hour rating | _SPeed {HP/rpm) {36/3650)
output i
(ywheet output) | prescure " Sfectve kgticm 5.93
Piston speed m/sec. 10.95
. ) Output/crankshalft kKW/rpm 29.4/3800
Continuous 1ating | speed (HP/rpm} (40/3800}
outpot
{DINB270A} Brake mean effective kgticm® g.621
fiywheel output pressure (6.33)
Piston speed m/sec. 11.4
Compression ratio 177
) 2407 240" 240°
Fire order i1 —3 — 2 — 1
Fuel injection purnp YPES-CL (with Timer)
E:_-?—I_S.Jg?;lon timing degree 12
Fuel injection pressure kg/em? 200+5
Fuel injection nozzle Hole type
rotaton <! (Crankshafi Crowsd romstann
Power take off At Flywheel side
Constant high temperature fresh water ¢ooling
Cooling system Fresh water : Centritugal pump
Sea water :Rubber impeller pump
Lubricaticn system Forced lubrication with trochoid pump
Starting system Starting motor DC 12V,1.2kW '
AC generato 12V,55A (12VB0A : Opticn)
Madel KM3F KM3A (Sail Drive SD-31 can be used )
Type Mechanical cone clutch | Mechanica; Sone cluleh drecly on ocaton.
Reduction rate {ahead/astern} i 236/3.16 261/3.16 3201316 | 2.33/3.04 2.64/3.04 _
Propelier speed {ahead/astern) rpm 1610/1203 14571203 1188/1203 ;  1629/1249 1441/1249 —
Standard propeller
Marine Gear (Dia. Xpitch X number) mm
Propeller shatt dia.
X Countershaft dia. mm
Lubrication system Splash
Lube oil pan | Total capacity £ 0.35 0.45 —
Effective capacity [4 Q.05 0.05 —_—
Cooling system —_ —
Weight [kg] [13] [13}
Overall length mm 7556 752.8 545.8
Dimensigns Overall width mm 520.6 520.6
Overall height mm 628.6 828.6
Engine weight without marine gear (dry) kg 186 173
Lubricating oil capacity Effect/max. £ 4418 4.9/2.1 4.9/21

(Note) Rating condition : iSO — 3046/1,
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Chapter 1 General

2. Specifications 3, 4JH3(BXC)F
2-2 4JH3E, 4JH3BE, 4JH3CE
Engine Model 4JH3E 4JH3BE l 4JH3CE
Type Vertical 4-cycle water cooled diesel engine
Combustion system Direct injection
Agpiration Normal aspiration
Number of cylinders 4
Bore X stroke rmm 84 X 90
Displacement £ 1.995
QOutput/crankshaft KW/rpm 36.8/3650 34.6/3650
One hour rating | SP#8d (HP/rpm) (50/3650) (47/3650)
EIL;:aLrllteel output) Erreaé(seu%ean sffective kgffem 6.18 581
Piston speed m/sec. 10.85
Output/crankshaft kWirpm 41,2/3800 38.2/3800
Continuous rating | speed (HP/rpm) (56/3800) (52/3800)
outpot -
Piston speed m/sec. 1.4
Compression ratio 17.7
Fire order iBD:; 1@' 4 182' 1280:_
Fuel injection pump In-line type YPES-CL {(with Timer}
f::_l-g]-jgc-:}uon timing degree (b.T.D.C) 12"
Fuel injection pressure kg/cm? 220£5
Fuel injection nozzle Hole type
Diectonof | (Crankshat) Counter ciod wise
Power take off At Flywheel side
Censtant high temperature fresh water cooling
Cooling system Fresh water : Centrifugal pump
Sea water :Rubber impeller pump
Lubrication system Forced lubrication with trochoid pump
Starting system Starting moter DC 12V, 1.2kW
AC generato 12V,55A (12V, 80A : option)
Model KM3P KM3A ( Sail Drive SD-31 can be used )
Type Mechanical cone clutch | fiochanical cone slutch | Ldecty n ocaion
Reduction rate (ahead/astern) if 2.36/3.16 2.61/3.16 2.33/3.04 2.64/3.04 —
Propeller speed (ahead/astern) pm 161011203 1457/1203 1629/1249 144111229 E—
Standard propeller mm
Marine Gear (Dia. Xpitch>Xnumber)
Propeller shaft dia. R
X Countershaf! dia. mm
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 849.6 6398
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 3.4JH3BXC)E
2-3 Sales condition, Marine gear
Reduction ratio Quter diameter | Moment of propeller Propelier Engine
. Nao. of blades C ; _—
{Marine gear model} of propeiler inertia {GD%g-m?) malernials application
320 (KM3P) 3 = #4090
=0.23 3JH3{B)E
3.21  [(KM3A) 4 = ¢ 460
261  {(KM3P) 2 = $470
=019 Bronze
2.64 (KM3A) 4 = ¢ 440 3JH3({B)E
236 (KM3P) 3 = ¢ 450 4JH3(B)E
— =0.15
233 (KM3A) 4 = 4425
Printed in Japan 1—5
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Chapter 2 Basic Engine
1. Cylinder Block

JAJHIUBUCE

1. Cylinder Block

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

Cap plug 50mm ——;
{camshaft hole) /\

Cap plug 30mm

1-1 Inspection of parts

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

1-2 Cleaning of oil holes

Clean all oil holes, making sure thal none are ¢logged up
and the blind plugs do not come off.

Color check kit Quantity
Penetrant 1
Deveioper 2
Cleaner 3

FPriated in Japan
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Cap plug

Cap plug 12mm
{main gallery}

1-3 Color check procedure

{1} Clean the area 10 be inspected,

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

(3) Clean the area t0 be ingpected with the cleaner.
Either spray the cleaner on directly and wipe, or wipe
the area with a cloth moistened with ¢leaner,

{4} Spray on red penetrant
After cleaning, spray on the red penetrant and allow 5
~10 minytes tor penetration. Spray on more red pene-
trant if it dries belore it has been able o penetrate.

(5) Spray on developer
Remove any residual penetrant on the surface after
the penetrant has penetrated, 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 from the area
being inspected when spraying, making sure to coat
the surtace uniformly.

{6) Clean the surface 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

J4JHIUBICIE

materials with a
screw driver
or saw blade.

Ste - ;
Nop Description Procedure Tool ar material used
1 {Clean and remove grease from the hole inte # Screw driver or saw blade
which the qup plug is to be driven. ® Thinner
{Remove scale and sealing material previously
applhed) Aemove foreign

HINSHI-HE60

2 Remove grease from the cup plug. Visually check the nick argund ® Thinner
the plug.
3 [Apply Threebond No. 4 to the seat surface Apply over the whole outside of ® Threebond No. 4
where the plug is to be driven in. the plug.
4 {insertthe plug into the hole. Insert the plug so thal it sits
canectly.
5 Place z driving tool on the cup plug and drive i Drive in the plug parallel 1o the * Driving tool
in using a hammer. seating surface.
\ ®» Hammer
o k! o
r 3mm 100mm
—d— 2~3mm
mm
“Using the special tool, drive the cup Plug dia. 0
plug so that the edge of the plugis 12 11.9~12 >
2mm (0.0787in.) below the cylinder ¢ $11.9 0 $20
surface. $30 ¢29.9~30.0 $ 40
99 Frinted 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 cylinder bore when the measured value
exceeds the wear limit. Measurement must be done at
feast at 3 positions as shown in the figure, namely, fop,
middle and botiom positions in both directions along the
crankshaft rotation and crankshalt center lines.
mm
Cylinder gauge o
o
/é Top pasition ?’W
? K
- n
Z 7
Z 7
7 N
7l
7 __Middle position :
7z :; 4
é )
/ 7
/ 7
//,;; Bottom position
Direction of
crankshaft
center line
Direction of
crankshaft
rolation
mm
Standard Wear limit
Cylinder bore dia. | $84.00~¢84.03 ¢ 84.20
Cylinder roundness 0~0.01 0.03

Printed in fapan
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2. Cylinder Head

The cylinder head is of 4-cylinder integrat construction,
mounted with 18 bolis. 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.

e Yalve rocker
I arm ghaft springﬁ

7
Exhaust vaive
rogker arm

Valve rocker

Fuel injection nozzle Intake v
i alve arm support

I rocker arm

@%

g@

5 %— Valve spring
U E— Stem seal

D— Valve guide

Intake valve seat

Intaks valve

J4TH3(BYC)E

Printed in Japan
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2. Cylinder Head

34JHI(BXC)E

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 al! the carbon and dirt
after disassembly and carefully inspect all parts,

2-1.1 Distortion of the combustion surface

Carefully check for cylinder head distortion as this ieads to

gasket damage and compression leaks.

{1} Clean the cylinder head surlace.

(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 fecler

gauge.

Measurement procedure

Straightedge

i uge
Feeler gaug mm

Standard Wear limit

0.05 or less

Cylinder head distortion .15

2-1.2 Checking for cracks in the combustion surface

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

Printed in Japan
HINSHI-HR009

2-1.3 Checking the intake and exhaust vaive seats

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

Intake 120°
t I
Seat angle Exhaust 20°
Seat width Standard Wear limit

intake 1.07 ~1.24 1.74
Exhaust 1.24~145 | 1.94
tntake valve seat ‘ 6.5

#345

120"

6.4

Exhaust valve seat

Standard dimension

© 4
= 2
2 2
= o o
3 1= g &
2 ! K -
> £
m 1

a |

- l—h
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2-2 Valve seat correction procedure NOTE : Clean the valve and cylinder hoad with light oif or
the equivalent afier valve seat finishing is com-

pleted and make sure that there are no grindings
remaining.

The most common method for correcting unevenness of

the seat surface with a seat grinder is as follows:

{1} Use a seat grinder to make the surface even.
As the valve seat width will be enlarged, first use a 7¢°
grinder, then grind the seat to the standard dimension
with a 15" grinder.

Lapping tool

Seat grinder

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

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

. Intake valve 30°
Seat grinder Exhaust valve 45° 2-3 Intake/exhaust valves, valve guides
2-3.1 Woearing and corrosion of valve stem
NOTE : When seat adjusiment is necessary, be sure 1o Replace the valve if the valve stem is excessively worn or

check the valve and valve guide. If the clearance corroded.
exceeds the lolerance, replace the valve or the
valve guide, and then grind the seat. [N ]

N —rn

by

[ 30mm 60mm
i

A Seat width

N
7\

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.

Jalve stem Standard Wear limit
Lapping tool intake ¢ 7.960~ ¢ 7.975 #7.900
Use a rubber cap type lapping
tool for cylinders without Exhaust $7.055~ £7.870 $7.900
a lapping tool groove slit.
9§ Printed 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 seat.

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

2-3.3 Valve sinking

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

Sink

Cylinder head / /

Depth gauge

mm

Wear limit
1.0

Standard
0.306~0.506

Valve sink

2-3.4 Valve guide

{1} Measuring inner diameter of valve guide.
Measure the inner diameter of the valve guide and
replace it if it exceeds the wear limit.

mm
Standard Wear limit
Valve guide |Intake | #8.010~$8.025 +0.2
inside dia.  |Exhaust |48.015~48.030 +0.2

NOTE : The inner diameter standard dimensions
assume & pressure fil.

Prirted in Japan
HINSHI-HR009

{2} Replacing the valve guide
Use the insertion tool and tap in the guide with &
matlet.

Too!

Yalve guide
Cylinder head

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

f r

46mim
49mm

[ 5mm

' S
=[5 \
Exhaust valve gquide ' -—

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.

(3) Measure inclination.

Square gaude F

Uil

il

{4} Measure spring tensicn.

Spring tension tester

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

<Remarks> Tension is shown for the smaller pitch.

Assembling valve springs.

The side with the smaller pitch (painted yellow) should

face down (cylinder head).

Up side *

% Smafler pitch side (yellow)
Cown side ‘ =

NQOTE : 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.

Printed in Japan
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2-5 Assembling the cylinder head

Partially tighten the bolts in the specified order and then
tighten to the specified torque, being caretul that the head
does rot get distoried.

{1) Clean out the cylinder head bolt holes.

{2} Check for foreign matter on the cylinder 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
W anm . Fam— w g
4 e
O Q Q ]
g 18 12 10 3 1 5 7 @
B o] &) Q O @
o s
2 c QO o O Cc o T
= h
Y
T le 9 o O 5 0O 4 2
% ‘5 8 g 2 4 3 £
° =
intake manifold side
kg-m
First Second
Tightening torque 4.5~55 8793

2-§ Measuring top clearance

(1} Place a high quality fuse (#1.5mm,10mm long) in three
positions on the flat part of the piston head.

12} Assembla the cylinder head gasket and the cylinder
block and tighten the bolts in the specified order to the
specified torque.

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

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

(5) Measure the three positions where each fuse is broken
and calculate the average.

{0.71~0.78mm s ideal}

Fuse wirg

mm

Top clearance i (.660~0.780

FPrinted 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 alfect
engine parformance according to the extent of the
change.

Valve rocker
arm support

Exhaust vaive‘ ,49
rocker arm N ]

s
intake valve i
rocker arm

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

mm

Standard Wear mit

Intake and exhaust
valve rocker arrh A
shaft outside dia.

Intake and exhaust
valve racker arm B
inside dia.

Valve rocker arm shaft
and bushing clearance
at assembly

15.966~15.988 15.855

16.060~16.010 16.090

0.016~0.054 3,140

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) Valve spring
Check the valve arm spring and replace it it it is corred-

ed or worn.

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

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

2-8 Adjustment of valve head clearance

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

intake and exhaust valve head clearance i 0.2

{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).

TDC

.00 13-
o =2 3\23.

Exhaust 254° Intake 281°

90-

B.D.C.

[3JH3E,3JH3BE,3JH3CE)

2—10

Clearance

Adjusting
screw

Lock nut

/
et )
. 0 '.i\: N ‘\I/
T B2 & o
e oy e T
2\ & N G 5%79
\g B8 el
79 =
R
7 O =gee,
TD.C.
.00 v 13
Exhaust 254" Intake 288°
dg- >y
& \56"‘ o —~
({ BDC. 3JH3E 4JH3E
4JH3E, 4JH
AHIE) 3JH3BE 4JH3BE
3JH3CE 4JH3CE
Intake valve Open | b.TDC. 6"~20° 10°~20°
Intake valve Closed | a.BDC. 40°~50° 48" ~-58°
Exhaust valve Open | b.BDC. 51" ~860" 51"~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 alloy with superior ther-
mal expansion 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 intake and exhaust valves,

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

1st compression ring
2nd compression ting

Cil ring

Appticabie engine model
il 1.8. mark

@ — Rston

7

Piston pin

@/ Circlip

ID Mark for Piston
L
ML
Ms
S

Printed in japan
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IMPORTANT:

Fiston shape differs among engine models. If an incorract
piston is instalfed, combustion performance wilf drop. Be
sre to check the applicable engine mode! identification
mark (L.D.Mark} on the piston to insure use of the correct
part.
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3-1 Pision

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 scraich
the piston. Check the combustion surface for any damage.

3-1.2 Measurement of piston outside diameter/
inspection
{1) Replace the piston if the outsides of the piston o ting
grooves are worn.
{2) Measure the piston 22mm from the bottom at right
angles to the piston pin.

[
H ¥
= .
| £ Q T
;;{-;" ﬁi/\ lt\\'—l
k}}
] ]
E
5
&
N
Standard Waear it
83.945~83,975 83.90

3-1.3 Replacing the piston

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

3-2 Piston pin

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

} {
mm

Standard Wear limit
Fiston pin insert ~
hole dia. # 26.000~-26.009 $26.020
Piston pin
outside dia. ¢ 25 987 ~26.000 ¢ 25.5300
Standard ¢learance 0~0.022 ¢z

Printed in Japan
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mm
3.3 Piston riﬂgs Standard Wear limit
There are 2 compression rings and 1 oit ring. First Groove width 2.065~2.080 —
The absence of an oil ring on the piston s{kirt prevents oil piston  |Ring width 1.670~1.990
from being kgpt on the thrust surface and in tum provides ting e T—- pp——
good lubrication. fing clearance : 110 0.2
Groove width 2.035~2.050 —
Second
piston | Ring width 1.970~1.990 o

. " [Gresveand 1 0.045~0.080 0.2

B Groove width 4.015~4.030 ——

Barre! face A . Oifring  |Ring width 3.975~3.990 —

b/\J / P ?r?crtci’g:fp?'c?at?d' e A e 0.025~0.060 0.2

hardening processed

% N
(B/fi \\m Tapered inner cut 3-3.2 Measuring g}istgn ri!’%g gap

Kj/ Press the piston ring onto a pisten liner and measure the
. piston ring gap with a gauge. Press on the ring about
. ~ 30mm irom the botiom of the liner.

Coil expander

3-3.1 Measuring the rings. /

Measure the thickness and width of the rings, and the Gap
ring-to-groove clearance after ingtallation. Replace if wear /
exceed the limil.

about 30mm
(1L181tin) o
[ ston ring Cylinder liner
Cor ~
[zw SRS
- ax
NIy ] -
Gap l
mm
Standard Wear limit
First piston ring gap 0.20~0.4D 1.5
Width Second piston ring gap 0.20~0.40 15
* L Oil ring gap 0.20~0.40 15
Thickness
Printed in fapan Jeu13
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3-3.3 Replacing the piston rings
(1) Thoroughly clean the ring grooves when replacing 1st compression ring
piston rings.
{2) The side with the manufacturer’ s mark (near piston
ring gap} should face up. )
2
) Direction of
s piston pin
e e
= Qil ring
c
o
g
&

The side with the maker
mark faces up

(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 ring

2nd compression ring

Qil ring

compression ring

2nd compression ring

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

J
Joint of
coil expander

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 metal can be separated
into two and the small end has a 2-layer copper alloy coil

bughing.
@ Piston pin bushing

2N

N2y
N —
L)

Connecling rod ——

Crank pin metal

(big end cap)

9%

4-1 inspecting the connection rod

4-1.1 Twist and parallelism of the large and small ends
insert the measuring tool into the large and small ends of
the connecting rod. Measure the extent of twist and paral-
lelism and replace if they exceed the tolerance.

Priated in Japan
HINSHI-HEB00%

Connecting rod bolt

Measuring twist and parallelity

mm
Standard Waear limit

Connecting rod less than 0.05 0.07

twist and parallslity {af 100mm) ’

4-1.2 Checking thrust clearance

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

Feeler gauge

mm

Standard Wear limit

Connecting rod side _
Cleararice 0.20~~0.40 0.55
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4-2 Crank pin bushing 4-2.3 Precautions on replacement of crank pin

’ bushing
4-2.1 Checking crank pin bushing

. . i (1} Wash the crank pin hushing.
Check for flaking, melting or seizure on the contact sur- (2) Wash the Jarge 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
Use a plastic gauge large end aﬂg large end cap number. Coat the bolis

. with engine oil and gradually tighten them alternately
to the specitied torque,
If @ torque wrench is not available, make match marks
on the bolt heads and large end cap {to indicate the
propet torque position) and retighten the bolts to those
positions.

Procedure

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

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

Cannecting rod tightening torque 4.5~5.5kg-m

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

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

Plastic gauge 4-3 Piston pin bushing

{1} Measuring piston pin clearance.
Excessive piston pin bushing wear may result in
damage to the piston pin or the piston inself.

9—-16 Printed in Japan
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4, Connecting Rod

mm
Standard Wear limit
Pin pin bushing
inside dia 26.025~26.038 26.10
Piston pin and bushing .
oil clearance 0.026~0.051 0.2

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

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

Flywhee! side Cam shaft side
- e

Ty
Fuel injection Gear casge side

pump side

Maker mark
{YANMAR:

Afignment mark

(casting mark}

Printed int 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

Main bearing metal {basic) 7

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 crankshait, (intermediate)

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

Main bearing bolt

— Printed in Japan
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{2} Bending of the crankshaft

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

/!
|

A

Dial gauge

V block V block Deflection

mm

Crankshaft hend ! Less than G.02 mm

{3} Measuring the ¢rank pin and journal

Measure the extent of journal wear (roundness, taper).
Regrind it 1o the proper shape if it is within the outer
diameter limit, and replace it not.

R
B I
;| UM
b -

ﬂ_
4

Crank journal "% f
Crank pin
mm
Standard Wear limit
. Outside dia. ¢ 47.952~67.962 47.91
Crank pin - —

Crank pin and bearing ofl clearance $.038~0.088 0.25

. Qutside dia. 49,952--49.962 49,75
Crank journal - e

Crank journal and bearing oil clearance $.036~0.068 0.15

Filtet rounding of crank pin and journal 3.500~3.800 o

Primed in Japan —
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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 o 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 if 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, setzure 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) @ /
d
Main bearing bolt—g

@

Dial indicatar

Crankshaft

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

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

2)The upper metal (cylinder block side) has an oil groove.
3)Check the cylinder block alignment No.

4iThe “FW” on the cap lies on the flywheel side.

Thrust metal(gear side)

/ Main bearing metal(intermediate)

"\

@ j Main bearing cap(intermediate)

5y

Printed in Japan
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6. Camshaft and Tappets

6-1 Camshaft

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

{1} Chacking the camshaft side gap
The load is received by the standard bearing near the
end of the camsghaft 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 repfacing the thrust bearing.

Camshalft gear

16

m

b Push rod

3. 4JHI(BXC)E

Camshaft gear

/, Thrust melal
9
(2y Measure the camshaft height, and replace the cam if it
o is worn beyond the limit.
Mo
E N R -u
&
[
B il /
g
ke
QP
I
—t— Side gap Camshaft haight mm
mm
Btandard Wear limit
Standard Wear limit
intake cam
Camshafi side gap 0.05~0.25 0.4 Exhaust cam 38.635~38.765 98.40
Printed in Japan
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{3) Measure the camshafl outer diameter and the
camshait bearing inner diameter. Replace if they
exceed the wear limit or are damaged.

mm
Standard Wear limit
Gear case side Intermediate Flywheel side
Camshaft iournal outside dia. 44 925~44 950 44.910~-44.935 44 925~44,850 4.8
Camshaft journal bushing ingide dia. 44.990~-45.050
Cylinder black bearing inside dia. — 45.000~45.025 45.000~45.025 —_—
it clearance 0.040~0.125 8.065~0.115 0.050~0.100 0.2
{4) Bending of the crankshaft 6-2 Tappeis
Support both ends of the crankshait with V-blocks, {1} The fappets are offset to rotate during operation and
place a dial gauge against the central bearing areas thersby prevent uneven wearing. Check the cantact of
and measure bending. Replace if excessive. each tappet and replace i excessively or unevenly
Dial gauge wOorm,

N
™~
Camshaft
central bearing area
Abrnormal contact Normal contact
NOTE : The reading on the dial gauge is divided by two fo }J
obtain the extent of bending.
mm Oftset —  Offget
Wear hirnit = I b}

Camshaft deflection Less than 0.02

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

valve.
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2—22 HINSHI-HE009



Chapter 2 Basic Engine
6. Camshaft and Tappets

(2) Measure the outer diameter of the tappet, and replace
it worn beyaond the limit.

Standard Wear limit
Tappet stem outside dia. | 11.975~11.990 11.93
Tappet guide hole inside
dia. (cylinder block) 12.000~-12.018 12.05
Tappet stem and guide
hole oil 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
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Chapter 2 Basic Engine

7. Timing Gear

34TH3(BYC)E

7. Timing Gear

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

Fuel injection pump gear

Idle gear

Lubricating otl pump gear

Camshaft gear

Sea water pump gear

l/"\

Crankshaft gear

mm
No. of teeth| Face width [Spiral angle Center distance Back lash Back lash Wear limit

Sea water pump gear 31 120 | right 92.544~92.592 0.07~0.15 0.2
shaft 56 18.0 left

Cam Sk - 105.318~105.380 0.07~0.15 0.2
Idle gear 43 18.0 right

75.525~75.573 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
Idie gear 43 18.0 right

Sl g 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

or worn,

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

the limit.

NOTE: If backlash is excessive, it will not only result in
excessive noise and gear damage, but also lead
to bad valve and fuel infection 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 oil clearance exceeds the wear limit.

A, B and C are inscribed on the end of the idling gear.
When assembling, these marks sheuld align with those
on the cylinder block.

Printed in fapan
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Chapter 2 Basic Engine
7. Timing Gear 3 JHBNOE

Idle gear
Idle gear bushing

%

Idle gear shaft

Alignment mark

mm
Standard Wear limit
Idle shaft dia. 45,950~45.975 45.88
Idle shaft bushing ~
inside dia. 46.000~46.025
Idle shaft and bushing —
ail clearance 0.025~0.075 015

7-2 Gear timing marks

Match up the timing marks on each gear when assembling
(A, B and C).

Fuel injection pump gear

Camshalft gear

Sea water pump gear

Crankshaft gear
Lubricating oil pump gear

Printed in Japan
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Chapter 2 Basic Engine
8. Flywheel and Housing

34JHB)XC)E

8. Flywheel and Housing

The function of the Hywheael is through inertia, to rotate the
crankshaft in a uniform and smooth manner by absorbing
the turning force created during the combustion stroke of
the engine, and by compensating for the decrease in turn-
ing force during the other strokes.

The flywheel is mounted and secured by & bolts on the
crankshaft end at the opposite end to the gear cass; it is
covered by the mounting flange (flywheel housing) which
is bolted to the cylinder biock.

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

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

8-1 Specifications of flywheel

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

To achieve this, the balance is adjusted by drilling holes in
the side of the flywheei, 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 fiywheel circumfer-
ence, and by maiching these marks with the arrow mark
at the hale 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
GDz? value kg-m? 1.15 1.15
Circumferential speed m/s 59.7 (at 3800rpm) 59.7(at 3800rpm}
Speed fluctuation rate o 1/128 (at 3800rpm} 1/409 (at 3800rpm)
Allowable amaount of unbalance | g-cm 32 32

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

Xbolt dia. equally spaced equally spaced

Pitch circle

dia. ofbotts | ™" 66 66
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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Chapter 2 Basic Engine

8. Flywheel 34JTHIBXC)E

8-3 Ring gear

When replacing the ring gear dug to excessive wear or
damaged teeth, heat the ring gear evenly at its circumfer-
ence, and alter it has expanded drive i gradually off the
flywhee! by tapping it with a hammer, a copper bar or
something similar around the whole circumference,

Flywhee!

min

Interference of ring gear [ 0.21~Q.45

o
8-4 Position of top dead center and fuel g gesr

injection timing
{1} Marking

Wooden stand
Flywheel housing

Injection
timing marks

;I“.gc_
for 2.3
Flywhes!
._—_..g _
] il
Stamped marking line
indicating T.D.C. 27 lla|  Stamped marking fine
e indicating fuel injection
Stamped marking @ @ [T timing -
fine indicating fuet i Stamped marking fine
injection timing i [{§+7  indicating T.D.C.
¥ ~
Nar|  © &
81127 \%\
E - i
k] ]
298 Printed in Japan
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Chapter 2 Basic Engine
8. Flywheel

3.4JH3(BCE

(2) Matching mark

Flywheel housing

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

8-5 Damper disc and cooling fan

Torsional rigidity 219 kg*m/rad
Max.angle of torsion 7.3X10 ?rad
Stopper torque 20.8kg'm
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Chapter 3 Fuel Injection Equipment

1. Fuel Injection Pump Service Data 3. 4THIB)XC)E
1. Fuel Injection Pump Service Data
1-1 3JH3(B)(C)E
Engine madel J3JHI(B)(CIE
Part code (Back No.) 729270-51300(B759)
Adjustment SPEC ENG SPEC SERVICE STD
Fuel valve (Valve pressure) B.J(220) (170}
ftem Nozzle type 12 mark 150P225TCO DN-125D12
Fuel injection pipe mm ¢ 2X360 $ 2X600
Starting Pump rpm Ns(rpm} 200 ——
Average injection volume Qs{mm/sy 45435 e
Rated load Pump rpm Ne(rprn) 1900 e
Injection volurme Qo(mm?st) l Nonunifornity % | 27.5:£0.75 { +3 —— ——
Injection | Torguerize | Pumprmpm Nt{rpm} e m——
Adjustrment Injection volume Qr{mm¢/st) ! Nonunifomity %6 -
Hi-idle Pump rpm Nui{rp} 20707} —
{nigction velume Qu{mmd/st} 6~7 i
idle Pump rpm Ni{rpm) 400 —_—
Qi {mmst) | Nonunifomity % 9~t0 | 10 —— —
Cam {mm)} 80
Plunger dia. (mmj ¢8
Delivery {mim} 36 (0.22)
Pro-gtroke {mmy} 3.0
Top clearance (mm) 0.5
Gov spring (KXL} {mmyj 0.431X42
1-2 4JH3(B)(C)E
Engine model 4JH3(BHCIE
Part code {Back No.) 720670-51300{B760)
Adjustment SPEC ENG SPEC SERVICE STD
Fuel valve {Valve pressure} BJK220} (170
ftem Nozzle type ID mark 150P225TCO DN-128D12
Fuel injection pipe mm # 2X400 $2X600
Starting Pump rpm Ns{rpm} 200 —_—
Average injection volume Qs{mm/st) 55~60 ——
Rated load Pump rpm No(rpm) 1900 ——————
injectien volume Qofmmvst) | Nonunifomity % | 29+0.75 |  *3 — ~—
Injection | Terque rize | Pump rpm Nr{rpm) — ——e
Adjustment Injection volume  Qr(mméist) ] Nonunifomity % e —
Hi-idle Pump rpm Nes{rpm) 2070138 S —
Injection volume Qui{mmd/st) 6~7 ——
Idie Pump rpm Ni{rpm) 400(325) e
Qimmdist) 1 Nonunifomity 3% §~10 _ﬁ *10 e i ——
Cam {mm) 8.0
Flunger dia. {ram} ¢8
Delivery {mm;} 36 (0.28)
Pre-stroke (mrm) 3.0
Top clearance {mm}) 05
Gov spring (KXL} {mm} 0.431X42
Printed in fapan 31
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1. Fuel Injection Pump Service Data

e 3JH3(B)(C)E
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1. Fuel Injection Pump Service Data S4THBYCE
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Chapter 3 Fuel Injection Equipment
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 start due to low tempera-
tures, pull out the Cold start knob to facilitate the start-
ing operation.

Cold start knob

Speed control lever

Cold start knod

&S

-
‘

/

Acceleration adjusting screw

<= F.C-increase
=P F.O-decrease

Fuel limiter

Adjust bolt

3—4 FPrinted in Japan
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Chapter 3 Fuel Injection Equipment
2. Governor

(3) Operation of cancel knob
1 Since this device is the device that limits the fus! injec-

tion amount for starting the engine in cold tempera-
tures {below —57C), it is necessary to increase the fuel
injection amount.

2 i the engine is hard 1o start in cold temperatures, stan
the enging by pulling the cold start knob.

3 Once the engine is started, pugh the knob back inta
resume the function ot 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 bo't

{Procedure}

HRemove the cap nut of adiust bolt, loosen the lock nut and

adijust the boit with the blade-type screw driver.

Right turn Large effect » Higher acceleration
» More black exhaust

Loft tumn Small gHect » Lower acceleration
® Less black exhaust

Prinfted in Japan
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Chapter 3 Fuel Injection Equipment
2. Governor

34JHABXC)E

2-2. Disassembly Reassembly and Inspection
of Governor

This illustration shows the fuel injection pump for model

4JH3(B)(C)E. Model 3JH3(B)(C)E differs only in the num-

ber of cylinders. However, only the fuel injection pump

for model 4JH(BY{C)E has a boost compensator.

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

NOTE : Loasen the hex bolt on models with an angleich
spting.

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

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

==
=5
X
1T
ey

-
\A
]

{4) Pull out the governor link snhap pin by inserting needle
nosed pliers between the fuel pump and governoer
case.

a ) 3, e
' rﬂ v o) .\_-/, -

{5) The governor and fuel pump come apart by sliding the

governor case and fuel pump apart and pulling out the
link pin of the fuel control rack.

Lo DL

miicEaa

! -
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2, GGovernor

34JHIBXC)E

(8) Remaove the snap-rings on both ends of the governor
lever shaft.

{6y Remove the stop lever return spring from the governor

{9) Put arod 8 mm in dia. or less in one end of the governar
lever shaft.

ievar shaft, and lap the gavernor shaft untit the O-ring
comes out the other side of the governor case.

(10} After removing the O-ring, lightly tap the end of the shaft
that you removad the O-ring from, and remove the

governor lever shaft.  Then remave the governor shaft
assembly and washer.

{7} Use needle nose pliers to unhook the governor spring
from the tension lever and control lever shaft.

Printed in Japan —_
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2. Governor 34THIBHOE

NQTE : The govemor assembly consists of the governor
fever, lension bar, bushing, throftle spring and
shifter, and js normatlly not disassembiled,

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

(12} When you need to pull out the stop lever, remave the
stop lever shaft stop pin, and lightly tap the inside of
the govemor case,

{13} When you need to pull out the cantrol lever shaft, tap
the end of the shaft with a wood hammer.

NOTE : 1. Do not remove the fuel imit nut from the governor
case unless necessary.

3-8 Printed in Japan
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Chapter 3 Fuel Injection Equipment

2. Governor 34JH3(BXC)E
{14) Pull out the governor sleeve on the end of the tuel (16} Remove the governar 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 it, stopping it with the hole in the
fuel coupling ring or holding the coupling with a vise.

NOTE : When the taper fit comes apart after you have 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-
- Bg Careful. semble.

Printed in fapan
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2. Governor

3,4JTH3(BXC)E

2-2-2 Inspection of governor

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

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

(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 worrn.

Inspection of governor sleeve

Contact surface
/b with governor weight

—

Sleeve inner dk

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

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

(3) It the governor sleeve does no! move smoathly
above the cam shaft due to governor sleeve inner dia.
wear or other reasons, replace.

Inspection of governor shaft assembly

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

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 spting 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 governor spring.

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
i 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
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2, Governor

3 4JHIBXC)E

{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 camshatt.

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 govermor link moves smoothly.

NOTE : Make sure that the sleeve moves smoothly after

inserting it.

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

{7} Put the governor lever shaft assembly in the governor
case, insert the governor lever shaft, and tap it in until

the Q-ring groove comes out the opposite side of the
governor case.

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

{5) It 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 japan
HINSHI-T{8009 3—11



Chapter 3 Fuel Injection Equipment

2 GOVBI'HOI' 3,4]H3(B)(C)E
3. Don't forget to mount the washers to both sides {9) Fit the stap lever return spring to the end of the gover-
of the governor lever. nor lever shaft.

(8) After you have mounted the QO-ring, tape the governor )
lever in the opposite direction, and mount the E-shaped (10) Hook the governor spring on the control lever shat 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.

3—12 Printed in fapan
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2 Governor

(12} Mount the governor case to the fuel pump unit while
lightly tapping it with a2 wooden hammer, and tighten
the bolts.

(13} Place the adjusting spring and adjusting rod on the
governor case cover adjusting bolt, and mount the
QOVernor CASe Cover.

{14 Insert the control laver in the conlrol lever shaft, and
tighten the nut.

NOTE : Move the control fever back and forth o make sure
that the entire link moves smoothiy.

Printed in japan
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Chapter 3 Fuel Injection Equipment
3. Disassembly, Reassembly and Inspection of Fuel Injection Pump 34JHIBXC)E

3. Disassembly, Reassembly and Inspection of
Fuel Injection Pump

.
COUDNTUAWN =

TN
Wk =

15.

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

. Plunger barrel

. Plunger

. Fuel pump camshaft

. Bearing

. Bearing

Bearing holder

16.
17.
18.
19.
20.
21,
22.
23.
24

25
26

30

36

“oif seal

Adjusting packing (shim)
Tappet stopper

Tappet assembly

Pin

Roller guide

Rolier (outer)

Roller {inner)

Adjusting shim

. Adjusting bolt

. Plunger spring rest B
27.
28.
29.

Plunger spring
Plunger spring rest A
Control sleeve (reduction ring)

. Gontrol pinion B

31. Stop screw

32. Aux. spring

33. Coentro! rack stopper
34. Plunger barrel stopper
35. Detlector

36. Pump side cover

37. Pump bonom cover

NOTE : 1. Some models are equipped with ball bearings

and some with taper roller bearings.

2. *Qil 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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Chapter 3 Fuel Injection Equipment

3. Disassembly, Reassembly and Inspection of Fuel Injection Pump 34THIBXC)E

3-1 Disassembly of fuel injection pump (2) Remove the fuel feed pump.

When disassembling the fuel arate the parts for NQOTE : Do not disassemble the fuel feed pump. Ses in-
en disassemoling e U8l pump, separate ine pa structions for fugl feed pump for details.

each cylinder and be careful not to get them mixed up.
Be especially carefyl fo keep the plunger/plunger barrel,
delivery valve/delivery vaive seat and other assemblies
separate for each cylinder {the parts of each assembly
must be kep! with that assembiy and put back in the same
cylinder}.

Preparation

1. Wash oif the dint and grease on the gutside of the pump
with cleaning oil (kerosene or dieset oil) befere disas-
sembly.

2. Perform work in a clean area.

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

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

(1) Loosen the nut with a box spanner and take it off,
holding # with the hole in the fuel coupling ring or hold-
ing the coupling with a vise and take aut the governor
weight assembly,

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

{4) Turn the camshaft untif the roller guide is at the maxi- {7) Turn the fuel pump upside down, move all the rofler
mum head, and insert the plunger spring suppaort plate guides to the plunger side, and then put the pump
in between the plunger spring washer B {lower side) on its side. Turn the camshaft to a position so that

none of the cylinder cams hit the tappets.

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

and fuel pump unit.

(9} Remove the roller guide stop.

Piunger spring supportplate

NOTE : If the camshaft does not turn, put double nuts on
the end of the cam shaft or remove the coupling.
(5} Remove the camshaft wood ruff key.

(6) Put a screwdriver in the two grooves on the camshaft (10) Use a hammer handle or the like to push up the roller
bearing holder mounting surface, and pull out the guide from the bottom of the pump, and remove the
camshaft bearing holder. plunger spring support plate.

NOTE : 1. Be sure not fo damage the oil seal with the thread-

ed part of the camshatft. 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 suppart
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 control pinion.

NOTE : When you stand the fuel pump up, alf of the rolfer NOTE : 1.
guides drop out at cne tima. Therefore, first
remove the stop bolt for one cylinder at a time,
and then the roller guide for each cylinder--con-
tinue this process.

Check fo make sure the match marks on the
pinion/sleeve are correct before loosening the
smafl screw on the controf pinion, as the pin-
ion and sleeve come apart when- the screw is
loosened. If the mark is hard to read or off
center, lightly inscribe a new mark. This will

serve as & guide when adjusting injecuon vol-
ume later.

/ Srall screw on controt pinion

Cortro! pinlon

Match mark

Control sleave

(12) Remove the plunger, plunger spring and lower washer

2. Keep pants separate for each cylinder.
from the lower part of the pump.

{14} Remove the control pinion, sleeve and upper rest.

NOTE : Keep the parts separate for each cylinder.
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{15} Remove the control rack stop bolt and remove the rack.

(17) Remaove the delivery valve holder.

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

. NOTE: 1. Be careful not to lose the delivery valve pack-
= ing, delivery valve spring, delivery valve stopper

M 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 barref out from the top of pump.

remove the delivery valve holder stop.

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

3—18 Printed in Japan
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3-2 Inspection of fuel injection pump

(1) Inspection of plunger

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

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

el

{2) Inspection of delivery vaive

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 i 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 valve should compiletely close by its own
weight when you take your finger off the holes in the
bottom of the delivery guide sheet.

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

FPrinted in fapan
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ends, and replacs if necessary.

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

NOTE : Replace fuel camshafts and bearings together.

(5} Inspection of roller guide assembly
1} Roller

Replace if the surface is worn or flaked.

2} Roller Guide
Replace d the outer roller pin hale is extensively wom
ar 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 boit
Replace it the surface in contact with the plunger side
is unevenly or excessively warn.

{6) Inspection of ragk and pinion
1) Rack

FRMTIERIER FH (I TR I RS s B e

=)

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

2} Pinion
inspect for wear or deformation of it with rack.

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

{7} Inspection of plunger spring and delivery spring
Inspect springs for scratches, cracks, breakage, uneven
waar and rust.
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{B) 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} Inspecticn 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 barrel from the top of pump.

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

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

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

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

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

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

Contral rack

Control pinion

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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{7) Mount the plunger spring upper rest. (10) Ingert the plunger spring support plate between the
plunger spring seat B fiower) and fue! pump, by put-
ting the handle of a hammer in the lower part of pump
and pushing the roller guide up,

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. NOTE : 1. Face the rofler guide slop groove upwards, and
{9} Mount the fower rest on the head of the plunger, and aign it with the stop screw hole on the pump.
fit the plunger in the lower part of pump while aligning
the maich marks on the plunger flange and the sleeve. _———— -

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

3. When replacing the roller 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.

lungar inserfing lool

NOTE : If the plunger is mounted in the opposite direction,
the injection volume will increase abnarmally and
cannot be adiusted.
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{12} Fit the bearings to both ends of the camshaft and in-
sert from the drive side by tapping lightly.

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

(13} Fit the oil seal on the inside of the bearing retainer and

mount the bearing retainer.

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

(14) Fix the pump, lightlytap both ends of the cam shaft with
a woaden 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.

mm

0.50
0.40
¢.30
0.15

Adjusting shim thickness

{15) Mount the fuel pump side cover.

{16) Tap in the camshaft wood ruff key.

(17) Turn the camshaft, and pull out the plunger spring
support plate.

NOTE : Fit double nuts to turn the camshatt.
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{18} Tighten the delivery valve retainer,

kg-m

Tightening torque I 3.5~4.0

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

2. Overtightening can result in malfunctioning of
the rack.

{19) Fit the delivery retainar stop and tighten the stop bolt.

kg-m

Tightening torque

NQTE : Overtightening can upset the delivery retainer and
cause oif leakage.
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{20} Mount the fuel feed pump

NOTE : Refer to the instructions for reassembly of the fual
feed pump.
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4. Adjustment of Fuel Injection Pump and Governor

This illustration shows the fuel injection pump for model 4JH3(B){C)E. Model 3JH3(B){C)E differs only in the
number of cylinders.

Adjust the fuel injecticn pump after you have completed mm
reassembly. The pump itself must be readjusted with a Tester used €1 £z
special pump tester when you have replaced major parts Yanmar 110 150
such as the plunger assembly, roller glU|de assemply, fuel Robert Bosch 125 165
camshaft, etc. Procure a pump tester like the one illustrat-
ed below. (4) Remove the control rack blind cover and fit the rack
indicator.

4-1 Preparations Next, turn the pinion from the side of the pump until
Prepare for adjustment of the fuel injection pump as the control rack is at the maximum dive side posi-
follows: tion, and set it to the rack indicator scale standard
(1) Adjusting nozzle assembly and inspection of injection position.

starting pressure Then make sure that the controf rack and rack indi-

cator slide smoothly.
Rack indicator

E S N0 D J
Spring 1510 5 0
kgiem?
Adjusting nozzle type DN-128D12
Injection starting pressure 215~225
{2) Adjusting injection pipe. 8 ° : Contral rack blind cover
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.

Base line

\ & 2 Scale mark

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

NOTE : Links are avaitabe in imm (0.0394in.) increments.

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

{7} Complete fuel oil piping and cperate the pump tester to
purge the line of air.

(8) Set the pressure of oil fed from the pump tester to the
injection pump 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 Flunger

mm
Top clearance [ 0.5
Pre-stroke 3.0
Standard shim thickness 1.2
Printed in Japan
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Relation between top clearance, standard shim thickness

and pre-stroke, mm

Adjusting shim thickness

PN
ornbawho

129155-51600

Part Code No.

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

)

meeasuring jig jl»
L‘ e

i
L
I

13
t
|

|
I
I

eSO

J

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

(3} Turn the camshaft, and bring the cam to the top dead
center while watching the gauge needle.
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{4) Read the gauge at this position, and adjust until the
clearance is at the specified value by changing adjust-
ing shims.

Tighten the adjusting screw after completing adjust-
ment.

Adjusting bolt

Adjusting shim

%
&

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

NOTE : Adjust while watching gauge, and then tighten.

(5) After adjustment is completed, insert the delivery valve

assembly and tighten the delivery retainer.
kg-m

Delivery retainer tightening torque 3.5~40

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

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

Cylinder No.4

(1) Set the governor control lever to the operating pesition

and fix (bring plunger to the effective injection range),
turn the camshaft clockwise, and check the injection
starting time (FID} of ¢cylinder No.1 (start of discharge
of fuel from the delivery retainer).

Cylinder no. Count from the drive side

Direction of rotation Right boking from drive side

(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
scale, according to the injection order.

Engine model 3JH3(B){(C)E 4JH3(B)(C)E
Injection order 1-2-3-1 1-3-4-2-1
Injection timing 120° 80"
Allowable deviation +30°

{3) Readjust the top clearance of cylinders that are not
within the allowable deviation (increasing adjusting
shim thickness makes injection timing faster, and
decreasing makes it slower).

The change in injection timing effected by adjusting
shims is as follows :

Change in shim thickness Change in njection timing

Cam angle Crank angle

0.1mm 05’ 1.0°

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

ment. mm

Allowable top clearance 0.3

NOTE : 1. All cylinden must be readjusted it any one shows
less than the allowabie value.
2. If the top clearance is less than the allowable
value, the plunger will hit the delivery vaive or
the plunger flange will hit the plunger barrel.
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4-4 Plunger pressure test

{1) Mount the pressure gauge to the delivery retainer of
the cylinder {0 be tested.

Max. pressure gauge reading 1000 kgiony?

Connecting screw dimensions M12XX1.5

(2) Set the governor contral lever to the stop position,
pperate the injection pump al about 200 rpm, and
make sure that the pressure gauge reading is 500
kgiem® (7110 Ib/in® or more while lightly moving the
cantrol pinion gear towards full throttle (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 oil is not leaking
from the delivery retainer or fuel injection piping, and
that there is no extreme drop in pressura,

4-5 Delivery valve pressure test

{1} Perform the plunger pressure test in the same way,
bringing the pressure fo about 120kg/cm® {1706 (bin.?,
and then stopping injection,

Pressure gauge

{2) After pressure rises 1o the above value, measure the
time i 1akes 10 drop from 100~80 kg/em?® .

100—90 kg/em? 5 seconds

It the pressure drops faster than this, wash the deliy-
ery valve, and relest. Replace the delivery valve if the
pressure continues o drop rapidly.
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4-6 Adijusting injection volume
{uniformity of each cylinder}

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

4-6.1 Measuring injection volume

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

3JHI(BMC)E ] 4JH3(B){C)E
1800 rpm
Right looking from drive side

Engine model
Pump 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 1o tix the rack.

26 mm
) . 1o
#3 -
- = ¥
] — 1 s 115
B . |
M6 % 1.0
Part Code No. | 158090-51510

{2) Measuring injection volume
Measure the injection volume at the standard stroke,
and adjust as follows il 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 cylinders for

each cylinder, and adjust i necassary to obtain the speci-

fied values.

{1} Push the control rack all the way to 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 1o 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.

Pinion

4
7
H gc__/j_ Alignment mark
-

—
__L

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

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

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

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

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

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

4-7 Adjustment of governor

4-7.1 Adjusting fuel limit bolt

{1) Adjust the tightness of the fuel limit bolt to bring the rack
position 1o the specified value {R1) with the governor
contrel lever all the way down towards the fuel increase
position, while keeping the pump at rated rpm N1,

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

Note: The figure in the At the starfing: Q adjustrment

fank ()i o .
i:dezgatc(:r)_ls the bolt tightining adjustment boit
105 /
19 e
(12)( R
=4
E
£ ' \
= 14
2
oy
a
E 4
[=3
Ly}
o !
Ra
Rz

Nsi Ni!\_ k _No f

Pump pm N (rpm)

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

Note: The figure in the
blank { } is the

indicator. At the starfing: Q adjustment

balt tightining adjustment bolt

(12)—_"\

£ N)

(= 15 \

2 (8 \A— — =

(23

a2

5

& |
Raf— 7 I
Rz - -
7 Ns Ni NT No
© " Nui

Pumprpm N (rpm}

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

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

4-7.2 Adjusting RPM limit bolt

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

Maximum spped
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 idling
{1} Maintain the pump 1pm at specified rpm {Nil.

Controt fever

Idling rom (Pump RPM} T 325 rom

{2) Measure the injegtion volume while lowering the
governor control fever to the idling position, and adjust
the position of the conirol lever with the idiing adiust
ment balt ta bring it to the specified vaive.

Measurins siroke 1000 st
idiing injecion volume See injection pump seryice dalg

4-7.4 Check injection volume when starting

{1) Make sure the cantrol rack maves smoothly while
gradually reducing idling rpm.

{23 Next, fix the governor control lever at the full load
position with the purp at the specified rpm (R«}, Make
sure that control rack is at the maximum rack position
{11.05~12.08}.

Measure the injection volume and check to make sare
it is within the specified value,

Pump rpm {N1) 200 rpm

Rack indicator scale 11.5~12.5 mm
Measuring stroke 1000 st

Injection volume See injection pump service data

Checking injection siop

Drive the pump at rated rpm (N1) and standard rack posi-
tion {Fh} with the governor control ltever at the full loag
position, operate the stop lever on the back of the gover-
nor case, and make sure that injection to al cylinders
is stopped.

NOTE : Be sure to remove the rack fixing bolt when doing
this.
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5. Fuel Feed Pump

The fuel teed pump pumps fuel from the fuel tank, pass-
es it through the fue} filter element, and supplies # 1o the
fuei injection pump.

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

5-1 Construction of fuel feed pump

i1 12

5-2 Fuel feed pump speciiications

i3

Head im
230 co/min

Discharge volume | at 1500 carn rpm, discharge pressure
of 0.2 kgroim®
0.3 kg/cm?

Closed off pressure

ar more (at 400 cam rpm)

3—30

To fuel filter
Yy

x From fuel
tank (£

\.
4 @
P
" packing
Fue! feed pump

1. Bottont body g. Pin 11. Top body assembly
2. Piston spring 7. Leverreturn spring 12, Packing

3 Piston 8. Lever assembly 13, Cover

4. Dlaphragm spring 4. §-ing 14. Small serew

5. Diaphragm assembly 0. Stop pin 5. Cap
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5-3 Disassembly and reassembly of fuel feed pump

5-3.1 Disassembly

{1) Remove the fue! feed pump mounting nut, and 1ake the
fuel feed pump off the fuel injection pumgp.

{2y Clean the fuel teed pump assembly with fuel oil.

{3) After checking the arientation of the arrow on the cover,
make match marks on the upper body and cover,
remove the small screw, and disassemble the cover,
upper body and lower body.

5-3.2 Reassembly

{1) Ciean all parts with fuel oil, inspect, and replace any
defective parts.

{2) Replace any packings on paris 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 inio the body, making sure
the diaphragm mounting holes are fined up {do nat
force).

{5} Align the match marks on the upper body of the pump

and cover, and tighten the small screws evenly. g
cm

Tightening torque i $15~25

5-4 Fuel feed pump inspection

{1} Place the fuel fead pump in kerosene, cover the dis-
charge port with your finger, move the priming lever
and check for air bubbles {Repair or replace any pant
which emits air bubbles}.

Measuring cvlinder

Ml it
Air pressure kg/oms

Conmainer filied
with fight oil

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

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

SUVARY.

Diaphragm

Printed in Japan
HINSIHT-H2609

{4) Valve contactmounting
Clean the valve seat and valve with air to remove any
foreign matter,

Cutlet vaive

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

NOTE ; Hoplace parls as an assembly.
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6. Fuel Injection Nozzle

When fuel ofl 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 fuel is atomized by the nozzie to mix uniformly with
the air in the combustion chamber, How well the fuel is
mixed with high temperature air directly affects combus-
tion etficiency, engine performance and fuel economy.
Accordingly, the fuel injection nozzies must be keptin top.
condition to maintain performance and operating efficiency.

(1} Hole type fuel injection nozzle

F.O. return pipe joint

Applicable engine medel - Nozzie cover mounting groove

1.D. mark

Nozzle holder

i

Nozzle spring

Nozzle spring seat
Stop plate

T

Nozzie valve

J—~ Nozzle
Nozzle body

Nozzle clamp nut

Fositioning pin

Nozzle LD Mark 155P2Z25TCO
Spray angle 150"

No. of injection hole Xdia 5X0.22mm
Nozzie opening prassure 215~225kglon?

Fuel starting prassure adjusting shim

6-1 Functioning of fuel injection nozzle

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

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

The nozzle valve is gutomatically pushed down by the
nozzle spring and closed after fuel is injected.

Oil that leaks from between the nozzle valve and nozzle
body goes from the hole on top of the nozzle spring
through the oil ieakage fitting and back into the fusl tank.
Adjustment of injection starting pressure is effected wilt
the adjusting shims

Nozzle holder

Fus! starting pressure
Adjusting shim ™

Nozzle spring

i Posilioning pin

Nozzle spring seal ~—
Stop plate
Nozzle valve
Nozzle clamp nut
Nozzle body : e
g Tl
Holg ~— HE
~— Nozzls valve
F.0Q. reservoir ]
Nozzie body
<<</ Injection hole
Spray angle
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Nozzle body identification nurmber

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

1) Hole type fuel injection nozzies

Sample
}’__I?j__L_ A —150 P 228TCO

l—-—« Desigh cade

Spray angle

Mounting angle
of nozzle on
cylinder head

Code A: at angle
No code: not at angle

Typa {(DLL: semi-long type)

YANMAR

identification number

6-2 Fuel injection nozzle disassembly

NOTE ;1. Disassembie fuel injection nozzle in a clean
area as for the fuel injeciion pump.

2. When disassembling mare than one fuel injec-
tion nozzle, keep the paris for each injection
nozzle separate for each cylinder (i.e. the
nozzie for cylinder 1 must be remounted in
cyfinder 1).

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

age pipe, otc., the injection nozzie retainer nut, and
then the {uel injection nozzle.

®

@——— Fuel injaction nozzle refdirer

Nozzle cover {rubber)

Fuel injection nozzle
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{2) Put the nozzle in avise

NQOTE : Use the special nozzle holder for the hole fype
injection nozzle so that the high pressure mount-
ing threads are nol damaged.

{3) Remo.ve the nozzle nut

@/Bex spanner

Holder

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

{4} Remove the inner parts

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

6-3 Fuel injection nozzle inspection

6.3.1 Washing

(1) Be sure to use new diesel oit to wash the fuel injection
nozzle parts

{2) Wash the nozzle in clean dieset oif with the nozzie clean.
ing kit.

Nozzie cleaning kit

1) Zexel nozzle cteaning kit:
Type NP-8486B No.57839-001

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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{4) Clean the nozzle seat with cleaning spray.
Nozzle contact surface Pin
Seal surface '
/ I
Hoie type
mm
Nozzle contact surfaoe wear limit 0.1

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

Nozzie cieaning needle (piano wire)
0.2mm 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 abnarmally worn.

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

(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/nozzle set and
tighten the nut.

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

Nozzle nut tightening torque kg 'm

Hole type nezzle 4~45

Printed in Japan
HINSHI-H&009



Chapter 3 Fuel Injection Equipment
6. Fuel Injection Nozzle

3.4JH3(BC)E

6-5 Adjusting fuel injection nozzle

6-5.1 Adjusting opening pressure

Mount the fuel injection nozzle on the nozzle tester and
use the handle to measure injection starting pressure 1f it
is not at the specified pressure. use the adjusting shims to
increase/decrease pressure (both hole and pintle types).

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, check the fuel spray condition and seat oil tightness.

{1) Check seat oil tightness

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

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

Replace the nozzie 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 for abnormal injection.

1} Hole type nozzles
Replace hole type nozzlies that do not satisfy the fol-
lowing conditions;
® Proper spray angle { 8}
® Correct injection angle (o)
& Complete atomization of fuel
¢ Prompt starting/stopping of injection

Printed in japan
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Correct

Spray from each nozzle
hole is uniform

Poor

" O

® Excessive difference
in apray angle( 8 )

® Excessive difference
in injection angle { a)

® [ncomplete atemization

® Sluggish starting/stopping
of injection
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7. 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 points given here.

7-2 Major faults and troubleshooting

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

Fault Causa Remedy
1. Engine | Fuelnot (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) Fuelfilter 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 te the fuel pump.

Repair or replace
Replace
Repair or replace

Defective connection of control fever and accel. rod of

(6) Defective valve contact of feed pump

{7} Piston spring of feed pump is broken.

(8) Inter-spindle or tappets of feed pump are stuck
Fuel (1)
delivered injection pump.

Repair or adjust

doesn't work. | {2) Nozzle seat is defective.
(3) Case nutis loose.

{5} Nozzle spring is broken.
(6) Fuel cil filter is clogged.

(4) Injection nozzle starting pressure is too low

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. Reptace

Nozzle {1} Nozzle valve doesn't open or close normally Repair or replace

Repair or replace
Inspect and tighten
Adjust.

Replace

Repair or replace

(

Plunger is excessively worn.

(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
timing is {2) Camshaft is excessively worn. Replace camshaft
defective. Roller guide incorreclly adjusted or excessively worn. Adjust or replace

Replace plunger assembly

2. Engine starts, but
immediately stops.

)
1)
2)
()
4
)

)

{1
(2

Fuel pipe is clogged.
Fuel filter is clogged.

(3) Improper air-tightness of the fuel pipe connection.

or pipe is broken and air is being sucked in.

{4) Insulfficient fuel delivery from the feed pump

Clean

Disassemble and clean,

or replace the elernent
Replace packing repair pipe

Repair or replace
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Fault Causa Remedy
3 Delective {1} Knocking sounds caused by improper {loo fast) injeclion timing. Inspect and adjust
Engine's injection {2) Engine overheats or emits farge amount of smoke due inspect and adjust
output is tming. and to improper (to slow) injection timing.
insufficient. | other tailures. | (3} Insufficient fuel delivery from feed pump. Repair or replace
Nozzie (1) Case nut loose. Inspect and retighten
movements (2) Defective injection nozzle performance, Repair or replace nozzle
is defective. {3} Nozzle spring is broken. Replace
{4) Exgessive vil leaks from nozzle. Replace nozzle assembly
injection {1} Max delivery limit 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. Adijust
(5} The 1st and 2nd levers of the governor and the controt Hepair
rack of the injection pump are improperly lined up
{8} Delivery stopper is loose. Inspect and retighten
{7} Delivery packing is defective Replace packing
(8) Delivery valve seat is defective. Repair or replace
(%) 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 fitting is defective.
3) Movement of governar is improper
4) Delivery stopper is too tight.
{2} Uneven injection volume,
{3} Injection timing is defective.
(4) Plunger is worn and fuel injection adjustrment is difficult.,
{5) Governor spring is too weak,
{8) Feed pump can’t feed oil at low speeds.
{7} Fuelsupply iz insufficient at low speeds due to ¢logging
of tuel filter.

Repair or replace
Repair

Hepair

Inspect and adjust
adiust

adjust

Replace

Replace

Repair or replace
Disassemble and clean,
or replace element

5. Engine runs at high
speeds, but culs oyt
at jow spesds.

(1) The wire or rod of the accel. is caught.
{2} Control 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. fpm. {2} Injection performance or nozzle is poor Repair or replace
7. Loud knocking. (1} Injection timing is too fast or too slow. Adjust
{2} Injection frorm nozzle is improper. Adjust
Fuel drips alter each injection
(3) Injection nozzie starting pressure is too high Adjust
{4) Uneven injection. Adjust
{5} Engine overheats, or insufficient compression. Hepair
B.Engine When exhaust | (1) Injection timing is too fast. Adjust
exhausts | smokels {2) Air volume intake is insufficient. inspect and repair
toe much | black: {3} The amount of injection is uneven. Adjust
smoke. {4) Injection from nozzle is improper. Repair or replace
When exhaust | {1) Injection timing is oo slow. Adiust
smoke is {2} Water is mixad in fuel. inspect fuel systam,
white: and clean
{3) Shortage or lube ol in the engine. Repair
(4) Engine is over-cooled. inspect
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8. Tools

Kame of fool Shape and size Application

Pump mounting scale

for Yanmar tester 158090-51010
for Bosch {tester} 158030-51020

Measuring device
{cam backlash}
18808G-51050

Plunger insert
1580980-51100

Tappet holder
158090-51200

Weight extractor
158090-51400

_ Printed in Japan
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Name of tool

Shape and size Application

Rack indicatar
158090-51500

Rack lock screw
158090-51010

Dumimy nut
168090-51520

Nozzie plate
158090-51700

Plunger gauge
121820-92540

Top clearance gauge
158090-51300

Timer exiraciion tool
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9. Fuel Filter

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

The tuel 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.

Discharge

Fuel filter bracket

3.4JH3(BXCO)E
9-1 Fuel filter specifications
Filtering method filter paper
Filtering area 840cme
Maximum flow 1.5 £ /min
Pressure loss 20mm Hg or less
Max. dia. or unfiltered particle 10u

9-2 Fuel filter inspection

The fuel strainer must be cleaned occasionally If there is
water or foreign matter in the strainer bow!, disassemble
the strainer and wash with clean fuel cil 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.

8-46 hole

#63
#7715

$85

#38

Element
8 , Sl h
5 \
N
|
E \
05037}
| 75
T
3—40

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

A tiangular 30 fiter fuel tank with a 2000mm (78.7402 in.)
rubber fuet hose to fit all medels is available as an option.
A fuel return connection is provided on top of the tank
to which a rtubber hose can he connected to retun fuel
from the fuel noziles.

Funt return connection
Tank

Level gauge

Pipe joint

Clamp

Drain cock

Fubber hosg —~——!

82

250 15 382

224

BTG TSN
e

67

)
&
N 4774
176\ 230

|

30
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11. Troubleshooting (Concerning engine and fuel injection equipment)

Malfunctions

Causes

Remedies

The engine does

not operate

1. Fuel Gil 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 accelerator linkage is not

properly connected

. The magnet valve wiring is

broken or its armature is Sticking

. The feed pump blades are

sticking, and therefere 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 warn excessively

. The nozzle or nozzle holder is

functioning incorrectly

. The pipe&(s) to the injection pump

is blocked. or the fuel filter is
clogged

. The fuel oil 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 oil
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
quantity is
insufficient

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

—

. 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 'S broken

7. The control sleeve is not sliding
smoothly

8. The governor lever is not
operating properly 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 replace

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

Idling is unstable

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

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

3. The nozzle's injection operation is
poor

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

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

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

2. The governor's idiing 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 &) IR g Y

Readjust

inspect and then repair or replace

Readjust or replace
Readjust

Repair or replace

Readjust or replace

Repair or replace

Inspect or replace

Readjust

Replace the distributor assembly
Replace

Replace

Replace

Repair or replace

Replace

Clean or replace

Inspect and then repair or replace
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1. Intake System

Air enters in the intake silencer mounted at the end ol 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

Frinted in Japan
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Cylinder head

When the inside of the intake manifold becomes dirty,
intake resistance is created reducing engine power,
Periodically check the inside of the intake manifold. In the
same way, the net portion of the intake air silencer should
be checked for dirt periodically and cieaned.

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

2-1 Construction 2-2 Mixing elbow inspection
There are two types of mixing elbhows, the L-type and the {1} Clean dirt and scale out of the air and cooling water
U-type. The mixing elbow is attached 1o the exhaust man- lines,

ifold. Refer to the exterior diagrams included here. {2) Repair crach or damage to welds, or replace,

{3) nspect the gasket packing and replace as necessary.

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

{Option)

7
U-type
Mixng elbow

L-type \‘Y\
Mixng elbaw :

Q
Exhaust manioid Q@,}

Exhaust manifold

4—2 Printed in Japan
HINSHI-H8009



Printed in Japan
HINSHI-HA009

CHAPTER 5

LUBRICATION SYSTEM

1. Lubrication system e, 5-1
2. Lube Oil Pump .......................................... 5.9
2-1 Lube oil pump construction  ssseoveesenineneeen. 5-2
2-2 Specifications of lube oil pump =««orrerereesenes 53
2-3 Lube oil pump disassembly --reeeereerrreenes 5-4
2-4 Lube oil pump inspection «--rremrereesreenes 54
2-5 Oil pressure regulating valve construction ««---- 5-5
3. Lube Ol Fiiter--»-rcsrrererrrrrniimiiiiae. 5-6
3-1 Lube oil filter construgtion ~reroreereerenreree 55
3-2 Lube oil filter replacement ------rrmrrevesieeees 57
4, Lube Oil COOlar ++oxocesemrvirvvimtvaneartinineea. 5.8
4-1 Lube oil cooler congtruction «-eesserererrensenees 5-8
4-2 Inspecting the lube il coolar-«rrorweremeecnns 58
5. Rotary Waste Gil Pump {Optional}---rceorerreeees 58-89
5.._1 Construﬁtion .......................................... 5_9
5-2 inspecting the waste oil pump ~ooeoeerervmne 5-9



Chapter 5 Lubrication System
1. Labrication System

34FH3BNCIE

1. Lubrication System

The lube oil in the oil pan s pumped up through the intake
fiter and intake piping by the lube oil pump, through the
heles 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 ail element is filtered and
sent to the oil cooler. It returns from the oil cocler to the
bracket, the pressure is requlated, and it is fed back to
main gallery in the cylinder body.

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

Qil is sent from the gear case camshalt bearings through

Lubricating ol cooler}-*—-

[4JH3E only]

Lubricating off fitter ]

! i

Qil pressure

{ Ot pressure switch |
1T

the holes in the cylinder body and cylirder head to the
valve arm shaft to lubricate the valve arm and valves,

Oil is also sent from the main gallery to the piston cooling
nozzle to cool the piston surface, and is sent through 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 galiery to the fuel injection pump.

Part of the |ube il is sent from the oil cooler discharge to
the supercharger in engines fitted with one, and is then
piped backfrom the supercharger to the vil pan.

[ Fuel injection pump

regulating vaive [T {

f

Cylinder block main gallery

}

{ }

Lubricating oil pump ldle gear shaft l Cam shaft bearingjr_:: Crank jousnal Cooling nozzle l

f |

Lubricating oi filter ] dle gear face] \;?;y‘esag?rer
!

Valve rocker arm }

]

\ LTappet and carn face l

f
| Crank pin I [ Pi;t()n i
|

Oit 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 crankshalt gear.

The lube oil flows from the intake filter mounted on the
bottom of the cylinder body through the holes in the
cylinder body and engine plate, and out from the holes in
the engine plate and cylinder body to the discharge filter.
The lube oil pump is fitted with a pressure regulating
valve which maintains the discharge pressure at 3kg/cm?.

Intake

Exhaust

Outer rotor

2 — Packing

—— Strainer

e

Bolt
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2. Lube Qil Pump 34FH3B)C)E
Ol pressure regulator valve
1 $pring
|
Cuter 1’020¥\\: a
[
Inner totoT — .
po—
. Ralor shaft
Gear 7
2
Side cover / Pump body
Ol pressure regulator valve
Cuter rotor
Innet rotor _ Rotor shaft
~
2.2 Specifications of lube il pump
Tabie of helical gear L0 pump specifications

Precision(JIS) Class 4 Standard pitch dia. ¢ 61,722 Engine speed 3800(rpm) 800(rpm})
Gear teeth shape Standard Transposition faglor —(.0868 Purmp speed 3477(rpm} 772{rpmy
Tool | Gear teeth shape |Gear teeth average | Finishing method shaving Delivery thaory £19.0(/min) #8.0{/min)

Module 20 Crowning None Delivery pressure | 4.4 (kglicm?) 20.5{kgliom?)

Angle of pressure 20° Nurnber of teeth 28 Qii temp. 60:£5(C) -
Numbar of teeth z39 Other gear | Transposition factor | —0.025 Suction head 1/28-40cm -

Straddle 4(21516) Finishing method | shaving Lube oil SAE#30 —
Gear | (Reference] Distance to center 60.6510.05
thickness Overpin di 67.956+0.04 | Backlash 0.16:10.04

verpin ia. . "
P (Fin dia.=3.968) Tough-ride surface treatment

Distortion angle 20° Remarks | Hardness: HV570~~680
Distortion diraciion RIGHT
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Chapter 5 Lubrication System

2-3 Lube oil pump disassembly '
(1) Remaove the lube oil pump assembly from the
engine plate Clearence
(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 cannot be reused after disassembly.
Replace if necessary as an assembly. Outer roter
2-4 Lube oil pump inspection mm
P P p Standard Wear limit
(1} Clearance between outer rotor and pump body Outer rotorand
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
0.09~0.16

Wear limit

Quter rotor and

pump body clearance 0.25

{2) Clearance between outer rotor and inner rotor
To measure clearance, insert a feeler bauge between the

top of the inner rotar tooth and the top of the outer rotor
tooth, and replace if it exceeds the limit.

Inner rotor

Quter rotor

Feeler gauge

(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

0.13

Pump body and inner rotor,

outer rotor clearance 0.05~0.10

(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
0.016~0.049

Wear limit

0.25

Rotor shaft and
body clearance

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

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

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

Turning torque less than 1.5 kg-cm
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Chapter 5 Lubrication System
2, Lube Oil Pump 3 4JH(BNO)E

2-5 Qil pressure regulating valve construction

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

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

Regulating pressure T 3.5 ~ 4.5 kgicm?

Frinted in Japan
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Chapter 5 Lubrication System
3. Lube Qil Filter

3. Lube Oil Filter

3-1 Lube oil filter construction

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

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

3 4JHXB)XC)E

Cylinder body main gallery

To oil pan

Filter bracket
\ To lubricating
oil cooter

Ui
e

. J
\@ﬂcating oil pump
-

To tubricating oil pump

-~

0
.

From lubricating
ail cooler

Fitter

Option
To lubricating oi! cooler oil pressure
I\ sender unit

P
J L \[ ) _By-pass vaive
/ - s
a /

Lz
I

- - ™ By-pass

' Eiement
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Chapter 5 Lubrication System

3. Lube Qil Filter

Type Full flow, paper slement
Fiiiration area 0.10m?
Discharge volume 30 £ /min

Pressure foss

0.3 ~ 0.5 kwem?®

By-pass valve
regufating pressure

0.8 ~ 1.2 kglem?

3-2 Lube oil filter replacement

(1) Period

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

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

mental sffect on the engine.

(2) Replacement

1} Remove the lube oil filter with the speciai toof

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

3) Ceat the filter rubber packing with lube ail

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

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

sure that there is no oil leakage.
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Chapter 5 Lubrication System
4. Lube 0il Cooler 34THIBXC)E

4. Lube oil Cooler

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

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

pipe.

[4JH3E only]

Cannections M20 X 1.5

| 213.0
57.5 80.0
E1E 20.0_ 20.0
E -FO: REF REF
Q| o
g [sa) o5 3 T
= w0l /
‘ﬁ lﬂ - o
=g - -
o
o 10 == 5 -
& 9 =

122.0

Sweat header ASSY info casing

NOTES
1. TUBE THICKNESS : 0.355 (MATERIAL 90/¢0 CuNi)

2. PNEUMATIC TEST
SEAWATER SIDE: 0.4 MPa {4 kgficm?)
OIL SIDE: 1.0MPa {10 kghicm?)
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 cooler

(3} Apply the following water pressures to the sea water
and lube oil lines to check for any leakage. Repalr or
replace the cooler if there are any leaks.

Test pressure

Lubricating oil circuit 1.5 kgicm?2
Sea water circuit 4 kg/cm?2

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

J4THIBYCE
5. Rotary Waste Oil Pump (Optional)
A rotary waste oil pump to pump out waste oit during oil
changing is available as an option,
This is a vane type pump. Turning the handle rotales the
vanes and pumps out lube ail.
Rotary waste oil pump Rubber hase

5-1 Construction

of one stroke

Defivery pressure

1.5 kg/cm? of below

Cover._
Vane
Spindle
Spring
Rotary waste oil pump 5-2 Inspecting the waste oil pump
Delivery capacity 013z {1) Disassamble the waste oll pump and check for spring

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

Suction head less than 1m {2} Repiace the oil seal if there is excessive oil leakage
from the handle shaft.
Part No. 43600-002311 {3) Replace the impeller ¥ there is an excessive gap
Rubber hose between the impeller and the covers on both sides
nner dia. X length 4155 1000mm of casing. This will cause a drop in discharge volume.

Part No. of rubber hose

43720-001220
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(4) The hoge coupling is coated with adhesive and screw-
ed in it therefore cannot be disassembled
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Chapter 6 Cooling Water System
1. Cooling Water System

S4JHIBXC)E

1. Cooling Water System

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

Sea water pumped in from the sea by the sea waler
pump cools the lube oit in the lube oii 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 1o the cylinder jacket to cool the
cylinders,and the cylinder head. The fresh waler pump

o Sca water Sircuit

Fresh water circuit

body also serves as a discharge passageway (line) at the
cylinder head outlel. and is fitted with a thermostat.

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

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

Heat exchanger I

B o
- et
i

Thermostal i

~salff—

Cyi. head

&

Cyi‘ Block Lube. oif

e ss

Fresh water pump

I Sea water purmnp

Kingston cock

T
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Chapter 6 Cooling Water System
1. Cooling Water System 3.4JH3(B)C)E

Fresh water line

Heat exchanger

/Filler cap (whith pressure control valve)

P
”

e

S Sub tank
\——_

Thermostat cover

-

Water temperature sender unit
Outlet for water heater

~ Water temperature swilch

Inlet for water healer  Fregh water pump V-pulley

Sea water line

Mixing elbow

Heat exchanger
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2, Sea Water Pump 34]H3(BNC)E

2. Sea water pump

<

18 o
< o
[4%]
[}
A “F12 o
— Rl } o | PR, S @w| !
} Tl Qi
el : e
2 -
gﬂ‘:f = 2 e
L hoed
— — /R
AA A By 7 10
84.4 t7.2]12
] 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 £ /h at ocutlet and then the sea water pump assembly from the
‘ pin==—0.05 bar gear case.
g":‘gggé?f’ngﬁr {2) Remove the sea water pump cover and take out the
aﬁeﬂsooﬁ duty G-ring, impeller and wear plate.
Selfpriming max 10 s at {3) Remove.the mechanical- seal side stop ring.
abifity suctionhead=0.5m {4} Insent pliers from the drive gear long hole and remove
E?igggoef pipe=0.6m the stop ring that holds the bearings.
e, n b rem {5) Lightly tap the pump shaft from the impeller side and
ighiness tes Avar remove the pump shaft, bearings, and drive gear as a
sat.
2. Durability (6) Remove the oil seal and mechanical seal if necessary.
Impeller min1800h
Flow drop max r?% after
1000 :
-3 S ater pump Inspect
Leakage from max3co/h 2-3 Seaw pump pec mn‘ -
seal {1} Inspact the rubber impeller, checking for splitting
Lipseal water 1a00h around the outside, damage or cracks, and replace if
Lipseal, il 3000h
necessary.
Endcover,
wear plate min300Ch
Other parts ming000h
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Chapter 6 Cooling Water System
2. Sea Water Pump

3 4JHIBXCOE
{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 fess 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 sufficient care not to
cause any scratches.
(2) When replacing the ail seal, coat with grease and in-
sen.
(3} Mount the pump shaft, ball bearing and gear assembly
to the pump unit and fit the bearing stop ring. Be
sure not to forget the water O-ring when doing this.
NOTE ; Coat the shaft with grease.
{4) After inserting the mechanical seal stop ring, mount
the wear plate and impeller.
{5) Mount the Q-ring side cover.
NOTE : Replace the O.ring.
2-5 Current characteristics
903
80 3 ——
70 3 ,/
T 03
E 3
:: 50 3
z 403 /
& 3
303 //
203 7
10 3
O-IY'I L m B 1 LB L T 1T 171 LI I B T 1 TF LA B B T 1 T 3%
0 500 1000 1500 2000 2500 3000 3500 4000
Speed (rpm)
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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
cyhinders and cylinder head.

The Yesh waler pump consisis of the pump body, im-
petter, pump shalt, bearing unit and mechanical seal,
The V pulley on the end of the pump shatt is driven by a ¥V
belt from the crankshaft.

The begring unit assembled in the pump shaft uses grease

lubricated ball bearings and cannot be disassembled,

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

As the impeller and pulley flanges are press fit assembled,
they cannot be disassembled.

Tharmostat

% /
Water termmperature

Water temmperature swilth
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Chapter 6 Cooling Water System

3. Fresh Water Pump 3 4JHABXC)E
- To heat exchanger
{fresh water tank)
Iniet for water heater Thermostat
. ' - Pump plate
For turbine cooling water joint Beari .
and water femperature switch ~ =eanng unit
g — Gasket
For sender unit V-pulley
—- Impeller

From heat _—
exchanger
{fresh water tank)

3-2 Specifications of fresh water pump

Fulley ratio

(crani shaft/pump shaft) $134/9120
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
to disassemble and, once disassembled, even more dif-
ficult to reassembie. 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
cylinger intake pipe Q-ring,

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

Tightening forgue for

pump setting bolts 70~110 kg-cm

3-4 Fresh water pump inspection

{1) Bearing unit inspection
Rotate the impeller smoothly. If the rotation is not
smooth or abnormal noise is heard due to excessive
bearing play or contact with ather parts, replace the
pump as an assembly.

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

V-pulley flange

™~ Bypass port

Pump body
Mechanical seal

— To cylinder body

£ i "~ 0-ring
R
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.

{8) Measure the clearance between the impeller and the
pump bedy. and the impeller and the plate.

Measure the clearance between the Impeller and the
pump bady 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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3. Fresh Water Pump

Measuring clearance betweean impelier and pump body.

O

\j\ Thickness gaugse

Measuring clearance between impeller and pump body
bracket.

Straightedge

Thickness gauge

mim
Standard Wear fimit

Ciearance between
impeller and body

Clearance belween
impelier and plate

0.3~1.1 1.5

15 —
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4. Heat Exchanger

4-1 Heat exchanger construction

The heat exchanger cools the hot fresh water that has
cooled the inside of the engine with sea water.

The inside of the heat exchanger cooling pipe consists of
36 small dia. tubes and baffle 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

Q-ring

3
Inlel o

Seawater

Cooling pipe

There is a reservoir at the bottom of the coaling 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 <>

Cooling pipe

Overfiow tube

Filler cap

Heat exchanger

Fresh water <b_

| Freshwater <, G - / I S v el \IT
inlet T T r‘] = Sea water outlet
L .
Side cover — 4= Sea water injet
o\ o\

outlet
Exhaust gas o . ! Exhaust gas
gas & I drain plug S < outlet ’
[ Q_; E— .\9,—
Fresh water tank .
Exhaust manifold
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4-2 Specifications of heat exchanger

MODEL UNIT | 3JH3E 4JH3E
Tube dia. mm #6/45X54 $67FEX54
Tube surface area m? 0.193 0.347
Tube surtace area/output m 2.0048 0.0062
Fresh water frow £t 4200 4200
Sea water frow £ hr 3800 3800
Fresh water velocity m's .21 1.1
Sea watar velocity m/s 1.99 1.88

4-3 Disassembly and reassembly of the heat
exchanger
{1} Remove the covers on both sides and take out the cook
ing pipe and O-ringfs}.

NQOTE : Replace the O-ring{s} when you have removed the
cooling pipg.

{2} Remove the filler assembly

4-4 Heat exchanger inspection
{1} Cogling pipe inspection
1) Inspect the inside of the tubes for rust or scale buildup
from sea water, and clean with a wire brush if neces-
sary.

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

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

3} Check tubes and repiace if leaking.

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

(2} Heat exchanger body inspection

1) Check heat exchanger body and side cover for dirt and
corrosion. Replace if excessively corrnded, or cracked.

2} ingpect sea water and fresh water inlets and outlels,
retighten any joints as necessary and clean the insides
ot the pipes.

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

{3) Heat exchanger body waler Leakage test

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

Pressure gauge
Air hose

/ Filler cap
N\ /

== Qubber
r cap
— Tast tank

Test pressure 2kg/em?

2) Use of the tester

Fit the fresh and sea water iniets and outlets with rub-
ber covers and fill the fresh water tank with fresh
water, Fit a pressure cap tester in place of the pres-
sure cap, operale the pump for one minute and set the
pressure at 1.5kg/cm? (21.33Ib/in.%}. If there are any
leaks the pressure will not rise. if there are no leaks
the pressure will not fail,

Pressure tester

Pressure gauge

IB> Rubber cap

Rubber cap - ) [} [5) &

[s]

[+]

(o]

o
b
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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/cm?. This seals the fresh
water system.

When the pressure within the fresh water system exceeds
the specified value, the pressure valve opens, and steam
is discharged through lhe 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 overflow pipe.

Pressure valve spring

= 7 =

Overflow pipe
N

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 It the pressure does not rise, or drops
immediately, inspect the cap and repair or replace as

necessary.

Parts No. of cap tester l 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 0.9kg/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 level in the sub tank rises.

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

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

Sub tank T

mm

136

5-5 Specifications of sub tank

Qverall capacity 12514
Subtartk capacity | Full-scale position 0.81¢
Low-scale pasition g.ere

5-6 Mounting the sub tank

{1} The sub tank i$ mounted at approximately the same
height ag the heat exchanger (fresh water tank).
{allowable difference in height : 300mm {11.8110 in.)
ar tess)

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

Qverflow tube

Mounting plate

Sub tank

NOTE : Make sure that the overflow pipe of the sub fank s
nat 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 engine is cool and refill
with fresh water as necessary lo bring the water level
between the fow and full marks,

{2} Check the overflow pipe and replace if bent or cracked
Clean out the pipe if 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 velume of water flowing to the heat
exchanger from the cylinder head, and in turn maintain-
ing the temperature of the fresh water in the engine at a
constant level.

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

When the fresh water lemperature 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 ccoled 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 81.5C (valve lifts 4mm (0.1575in)),
sending all of the water to the heat exchanger.

Thermostat caover

Thermostat valve

t— From cylinder head

|

- Impeller

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

To heat exchanger

L~ Thermostat valve

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 peliet
type, with a solid wax pellet located in a small chamber.
When the temperature of the coaling water rises, the wax
melts and increases in volume. This expansion and con-
struction is used o 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

Aomove the thermostat cover on top of the fresh water
pump and take out the thermostat. Ciean off scale and
rust and inspect, and replace # the characleristics (pertfor-
mance) have changed, or if the spring is broken,
deformed ar corroded.

Thermostat cover
{fresh water outlef connection}
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6-5 Testing the thermostat

{1) Put the thermostat in a Leaker with fresh water, and
heat it on an electric stove. The thermostat is function-
ing normally if it starts to open between 75~780°C,
and opens 8mm or more at 90C Replace the thermo-
stat it it is not functioning normally.

{2} Normally, the thermostat should be inspected every
500 hours of operation, but, it should be inspected
before this if the cooling temperature rises abnormaily
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

Bilge pump
10 minutes

Name

Time

Rotation direction Right (viewed from the impeller side)

Weight Pump 1.4kg
Swilch ASSY  0.3kg

Negative pressure

detector Diaphragm type

Temperature —30C~ 80C

7-1.2 Exterior

1} Pump dimensions

Length 2256mm

Yoke diamete ¢ 61

Assembly hole diameter $53

Assembly pitch 50X 90mm

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

Length
Assembly hole diameter

64mm
$4.5

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

{3) Surface condition
Paint, plating, assembly, and finishing touches are
well-dore 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 teeding 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 1IMQ 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 90secs.
Direction of vibration each direction 4 hours
No difficulties after test period

7-3. Cautions

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

{2) Never run the pump dry. Be sure that the strainer is
inserted in the drain water before pushing the switch. If
no water is being drawn up after a period of 10 sec-
onds or maore, prime the pump. {Do not run the pump
far 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. Before reusing, clean the inside
of the pump or prime it to insure that it is wet, and
check to be sure that the pump is then operating cor-
rectly.

(4) When charging the diesel engine oil, wait a period of
30 minutes or longer from the time of stopping (oil
temperature 20~707C). Refrain from operation when
the oil temperature is below 15°C, or above 50°C.

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

(6) The impeller replacement kit includes one impeller and
3 washers for adjusting the side gap. If after replacing
the impeller the pump does not drain, place side gap
adjustment washers underneath the bottom plate to
adjust. Select the number of washers used in accor-
dance with the following. (When the pump is draining,
the elactric current load is about 5A. When there are
too many washers, the electric current value will be
too great and will blow a fuse.)
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{7) The pump cannot be used to drain oft rain water or
large amounts of flood water. The pump can be run
continuously for a period of 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.

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

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

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

{111 The specilic gravity for the battery fluid is 1.25 or more.

Assembly Procedure

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

1. Assembling the bilge pump

® Select a dry place above the bilge water level.

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

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

$5X12 screw, 4each

50~70cm

////s  Bige F77777

2. Assembling the switch

® Attach in a place to insure easy operation away from
rainwater.

e 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,
Controller

'ﬁ\\ 2mm?

»~ AV2wire Red (+)

7
2mm?
AV2wire White {(—)

3. Positioning the strainer

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

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

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

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

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

® Always keep the strainer clean.

$ 4X16 screw, 1 each

4. Attaching the delivery nozzle (outlet)

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

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

Fixinghole | $21 hose Y
— '-

I /E' ]

\4‘/

] b

—

Delivery nozzle =~
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5. Attaching the hose

& Aftach the hose from the strainer to the pump inlet.

& Artach the delivery nozzie hose to the pumg outlet.

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

6. Test operation

» Coliect water in the bottom of the boat, and ¢heck for
any problems with the hose or wiring. After doing this,
connect the battery.

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

s [f the inside of the pump is dry, or it the water is not
being drawn up initially after a period of 10 seconds, iift
the strainer above the water suriace and stop the pump.
Prime the pump before starting it up again.

7. Fixing the strainer

s 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 handling.

C3Do not use gascline or solvents.

1. gasoline 2. ester 3. benzol 4. battery fluid
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 belore
turning on the switch.

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

©When the pump has not been used for a long period of
time, the inside of the pump will be dry and it may not
operate properly at first. If aftert0 seconds the pump is
not working, turn off the switch and prime the pump
belore Irying again.

{Never run the pump dry for a pericd of greater thani0
seconds.)
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€2Repiace the diesel engine oil only after the engine has
been stopped for a period of 30 minutes (cil temp. 20~
70°C). Whenever possible refrain from operation when
the oil temperature is beiow 15°C or above 50°C.

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

@Koep 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.

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

©Do not usa the pump far showering.
if the pumyp outlet is deformed for showering, the
increase in water prassure will ingrease 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.
ORefer to your local dealer for impelier replacement,
The local dealer will perform the following.
The impeller replacement kit includes one impeller and
3 films for adjusting the side gap. # after replacing the
impeller the pump does not drain, place side gap adjust-
ment washers underneath the hottom plate to adjust.
Select the number of films used in accordance with the
iollowing. {When the pump is draining. the electric cur-
rent load is about 10A for 12V and 5A for 24V. The
pump operates efficiently at these electric current
loads.)
*Steps for replacement
1. Remove the impeiler plate by taking oul the M4
screws (4) and apening the top of the diaphragm
switch and the.
{Screw lock has been applied to the screw, and a
dryer should be used o heat the screw before remov-
ing it.}
. Clean the inside of the pump.
. Grease the plate, impeiler, and ftim for side gap
adjustment, and then reassemble the pump by insert-
ing first the film plate and then the impeller,

[
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Troubleshooting

Refer to the following countermeasures for difficulties that arise.

Problemn Cause Countermeasure
1. Pump does not turn Faulty wiring Check the wiring between the motor 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 purnp screws.

Low voltage in battery.

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

The distance between the pump
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 so that it is 50~
70cm above the bottom 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 diaphragrn switch terminal.
Consult your local dealer if there is continuity.
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Marine Gear Modeis
KM3A

for Engine Models 3JH3BE

1. Construction

1-1. Construction

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

When the drive cone {(which is connected to the output

shaft by the lead splinejis moved forward or backward,

fts taper contacts with the large gear and transfers power

o the output shaft.

The construction is simple when compared with other

types of cluich and i serves to reduce 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

3 heavy load. its durability is high and it is also reliable

pecause high grade materials are used for the shaft

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

Power transmission is smooth because connection with

the engine is made through the damper disc,

o The drive cone is made from special aluminum
pronze which has both higher wear-resistance and
durability. The drive cone is connected with the
oculput shaft through the thread spline. The taper
angle, diameter of the drive cone, twist angle, and
diameter of the thread spline, are designed fo give the
greatest efliciency, 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 cluich case and mounting fiange are made
fram an aluminum alloy of special composition to
reduce weight.
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It is also anticorrosive against seawater.

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

® There iz small clearance between the dipstick and the
mnside 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 farge 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 i$ maintained by
the shift laver device and accordingly ne 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 enhanced.
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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 2.33 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 #100mm
Output shaft coupling Pitch circle diameter #78mm
Connecting bolt holes i 4-¢10.5mm
Position of shift lever Right side, viewed from stern
Lubricating oil SAE 20/30
Lubricating oH capscity 045¢
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%g-m?} Material
mm

3 450

2.33 =0.15
4 425
3 470

2.64 =0.19 Bronze
4 440
3 480

321
4 460 =0.23
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1-3 Power transmission system
1-3-1 Arrangement of shafts and gears

Idie gear

Input gear

.\( _-Input shaft

intermediaie
shaft

y
Large gear of

Forward small gear
output shafl 8

with input shalt

S e

Shah arrangsment S
viewed from ihe stern ~

Reverse small gear
with input shaft

s

Intermadiate shsft

Forward large gear

Drive cong y
Idle gear

Reverse large gesr Output shaft

1-3-2 Reduction ration

Forward
No. of teeth No. of teeth . . .
Model of forward small gesr Zif of forward 18rge gear Zof Reduction retio Zof/Zit
24 56 56/24 =233
KM3A 22 58 5822 = 2.64
19 61 61/19=3.21
Heverse
Na. of teeth No. of teeth No. of teath . .
Model | ot reverse small gesr Zif | of intemediate shaft gear Zi | of reverse large gear Zdr Reduction ratio ZifZir + Zar/ZI
KMBA 23 36 70 70/23 =3.04
Printed in Japan
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1-3-3 Power transmission routine-Forward

=g

Cutput shaft
%ﬂ /

SR W 51 ( S
N / [\ Forward large
gear A ’
G\\§\ (% Drive cone % N

== 4 Reverse large gear
I |

Drive cone

1-3-4 Power transmission routine-reverse

Cutput shatt coupling
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1-5 Sectional view
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2. Shifting Device

2-1 Construction of shifting mechanism

Cableclamp ~ Logkut
Bolt /0
f} Cable bracket
Washer gpjit pin
Shift lever SPiLP Oil seal

N

Bolt (M8 x 30)
Stopper bolt

Bolt (M8 x 25)

The shift lever shaft is installed on the side cover with
neutral, forward and reverse positions provided on this
cover, The neutral, forward and reverse location pins of
the shift lever shaft are constantly inserled into their
respective grooves on the shift lever by the tension of
the shifter spring. The shifter is set on the eccentric hole
of the shift lever shaft and moves the drive cone in the
neutral position either to the forward or reverse posi-
tions,and then back to the neutral positions. (The shift
lever shaft moves slightly to the shift lever or drive cone
side when the shift lever is placed in the forward on
reverse positions.}
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2-2 Forward and reverse clutch operation
(Neutral = Forward; Neutral = Reverse)

When the shift lever is moved to 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
torward 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 cover. (The shift lever
shaft moves approx. 3mm to the drive cone side.) At
this time, the shifter which is set ¢on the eccentric hole
of the shift lever shaft is moved to the neutral side
(reverse large gear side). The drive cone, however, is
engaged with the forward large gear through the torque
force produced by the revolving centrifugal force.

Further, when the shiit lever shaft starts to revolve, and
the positioning pin falls in to the neutral V-grogve position
ol 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 o the shift lever side, howev-
er, is stopped when the shiftter end contacts the stop-
per bolt. The shiftter 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.

Forward
Side

Shifter center
{Cone center)

Shift lever shaft

Forward side
Cone center

Reverse
side

At

Forward Side
Cone center

T

—

Reverse
side

Forward
Side

|

Reverse
side

\ J
{Shift lever

shatt moves gide cover
approx. 0.5mm) ngytral position
{ V-grove)

Shifter center
Sr}ift lever shaft

{Shift lever shaft
moves approx. 3mm)

engagement position

Shifter center
Shift lever shaft
/

(Shift fever shaft

moves appiox. 3mm)

Shifter center
Cone centar

Shift lever shaft
Shift lever center

T

(Shift taver
shaft moves
approx. 0.5mni\
Side cover

neutral pecsition
(V.groove)
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2-4 Cilutch shifting force

\Shifting position

shifting direction

Shifting lever posi-
tion at 56mm

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

Engaging force
al 1000rpm

I~d kg

4~5kg

Disengaging force
al 100Crpm

3.5~5kg

4~8 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 ciearance is
not proper the drive cone may be improperly fitted When
the shift lever is moved to the neutral position from either
the for ward or the reverseposition.

Printed in fapan
HINSHI-H800%

Newtral -

Forward side

=

Reverse side

34JHIBXC)E

Shifter top clesrance




Chapter 7 Reduction and Reversing Gear
2, Shifting Device 3 4JHHBYC)E

2-5-1 Measurement and adjustment of clearance

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

case.
{mm)
NOTE : Ensure the correct alignment of the shifter
before assembly.
Top side
. t Shim
gi:]gftt :go\afﬁ{er l D_ - Stopper bolt
Shifter center - 1 B
¢ L L | T _HH_,_J
Bottom side T (36.32~38.78) (0~2.5) '(37.4~37 §)

(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 cable.
{2} Looseness of the attaching nut of the cable connector

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

T

| T=(H—Lmin +1.25 £0.1mm |

!

NOTE ! Shim set includes one each of 1mm, 0.4mm,
0.3mm, 0.256mm 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. LB

Smm.i

Do not apply
liquid packing'
or seal tape to
this area.

7—10 Frinted 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

Reverse Qi = H

Remote Controt Head

The strake between the neutral position — forward posi-
tion {823}, and the neutral position — reverse position {81}
must be equalized.

When either stroke is too short, clutch engagement
becomes fauity.

{2} Equalizing the travei distance of the control cable.
After ensuring the equal distribution of the stroke
described in {1}, connect the cable o the control head.
Adjust so that the cable shift travel of the S1 and Sz
control lever strokes becomes identical.

Newtral
S 52

Reverse Q) A Forward

Remote Controi Head

Note :{x) Cable shift travat
51= Mare than 36mm
52= More than 36mm

Clamp
d M
To engine speed Ry

Frinted in fapan
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Reverse

2-7 Cautions

(1) Always stop the engine when attaching, adjusting,
and inspecting.

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

{3) Half-clutch operation is not possible with this design
and construction. Do not use with the shift lever
halfway t0 the engaged paosition.

NOTE ! The dual {Two} lever 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 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 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{in}
Maintenance -
standard Wear limit

Input shaft forward gear
and output shaft forward 0.05~0.14 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
abnermal 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; replace the bear-
ing if the roflers are faulty.

™ Rollers

3-5 Drive cone

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

contact surface

Helical involute spline

(2) Check the helical involute spline for any abnormal
condition on the tooth surface, and repair or replace
the part should any defect be found.

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

~—
—
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mm

Standard dimensions | Limited dimensions

29.2-29.8 28.1

Dimensions E‘F(M:BA

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

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

sive, replace the part.

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

The lapping procedure s described below.

3-5-1 Lapping Procedure for Drive Cone

{1) Coat the lapping powder onto the cave of the clutch
gear {Lapping powder : 67 micren silicon carbide
#280)

(2) Set the large gear on the clutch shaft with a needle
bearing and then set the drive cone on the clutch
shaft.
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{3) Lap the large gear's cave and drive cone, pushing
them together by hand.

{4) Push and turn the clutch gear about 5 times both
clockwise and counter-clockwise.

(D) After lapping them, wash them with washing oif. The
lapped parts should be cleaned completely.

Small

Large

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

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

Thrust collar A

Cup spring

Thrust collar B

Forward large gear

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 abnarmal condition is
found.

{2} Measure the thickness of thrust collar A or B, and
replace it when the dimension exceeds the specified

fimit.
11
= .12
i~—- Sliding surface Sliding surface MJ!
Thrust collar A Thrust eollar B
- ]
| d
mm
Stepped wear Limit for use
Thrust collar A, t1 0.C5
Thrust collar B, 12 0.20

3-7 Cup spring

{1} Check for cracks and damage 1o the cup spring.
Replace 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 part.

Cup spring

/

mm

Standard Limit

Cup spring. T 2.8~3.1 2.6

Printed in Japan
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3-8 Oil seal of output shaft

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

3-9 Input shaft

i seal

(1} Spline part
Whenever unaven wear and/or scratches are found,
replace with a new pan,

(2) Surface ot oif seal.
if the sealing surface of the oil seal is worn or
scratehad, replace.

3-10 Output shaft
F Straight pin
Key siot J—‘
i
= Hellcal invoiute spling

Ket slot

{1} Visually inspect the spline and the helical involute
spline, and repair or replace a part when any abnor-
mal condition is found on its surface.
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3-11 Intermediate shaft D2 D1
Ball bearing B - ]

Intermediate shaft

Ball bearing
mm
Standard Lirnit
D1 6.69~6.70 6.50
{1} Ball bearing

Check the turning condition with gently rotate, and D2 11.966~11.984 11.95

when bearing is sticked or damaged. )
it . Shift lever shatft, —
Replace if necessary Shifter insert hole | 12:0~12.018 12,05

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.
. If the location pin must be replaced, replace it
Spring pin . .
together with the shift lever shaft.

(2) Measure the diameter of the shift lever shaft and the
Location ptn——g e . . . .
shifter insertion hole. Replace the part if the size devi-

ates from the standard vaiue.

‘\ﬁ\ Sliding surface of shifter

SP““Q # 5, Location pin
} 1
— [ | |
Shift lever shaft
= N
[ /A .
Ny S
(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 shaft diameter of the shifter. Standard Limnit
Replace the shaft if the size deviates from the stan-
dard. D1 27.959~27.98 27.90
D2 12.0~12.018 12.05
Side cover, —
Shitter insert hole | 25:0728.021 28.08

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

Shifter spring Standard Limt
Free length 22.6mm 19.8mm
Spring constant 0.854kg/mm

Length when altached 14.35mm

Load when attached 7.048kg 6.08kg)

3-12-4 Stopper bolt
Check the stopper bolt. If it is worn or stepped, replace.

Approx. : 4

5mm {3.1968in.) 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 position
grooves.
Replace if the grooves are worn.
(2) Measure the insertion hole of the shift lever s haft.
Replace if the size deviates from the standard value.
{3) Check the oil seal and the O-ring for damage.
Replace if the part is defective.

—
—TH] L\

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 and/or scratches are tound,
replace with a new part.

(3) Pin wear
Whenever uneven wear and/or scratches are {ound,
replace with a new part.

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

3-14 Shim adjustment for output and input
shafts

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

For input shaft part: input shaft, bearing.
For output shaft parts: cutput 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 inserticn hole
depth (A') of the clutch case.
{b) Measure the length (B) between the bearing cuter
race.

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

Clutch case.

Meunting 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 untif there is no clearance.

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

T2 = A+A'—B—Ta (T2: Clearance '™
T3(KM3A) = A'—50—C/2—D {Tolerance=0.05mm)

Mounting fiange

Clutch case

Qut put shaft assy

—— -

Clutch case

T1 : Clearance =0.05
1. Assemble the outer bearing race without inserting
shims into the clutch case bedy and flange, and then
assemble only the input shaft.
(Caution): The outer bearing race should be inserted alj
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.
Accardingly, precise measurement at the service
site is not possible.
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{2) Standard size of parts
mm

Drive cone neutral

A+A B C o center position

138.40~ 136.56~ 20.50~ 57.83~

138.75 138.10 2110 58.65 50

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 Torque limiter
Housing Coupling
Shim
) \——" Check N.u'l
Cup spring L
Holder

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.)

Printed in Japan
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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 piug at the
bottom of the clutch case.

NOTE . Take care as it has a left-handed thread.

{5) Remove the oit dip stick and QO-ring.
(6) Remove the fixing bolts on the side cover, and also
remove the shift lever shatt, shift lever and shifter.

Drain plug

v Printed in Japan
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{7) Remove 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 clutch
case with your hand, then remove the mounting
flange.

{9} Take out the intermediate shaft and input shaft and
intermediate shafi.

Plastic headed

Mounting flange hummer
/ u

-Cluteh housing
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{10} Remove the oil seal of the output shaft from the case
boay.

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

5 __[O:

] Special toal
P/No. 177088-09010
Case body

Outer bearlng race

112) 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.
NQOTE ! 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 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.

Pulley pullar

Cradle

Revene large gear

{(2) Loosen the calking of the forward nut and remove the
nut.
RHemove the nut by using a torgue wrench after setting
the output shaft coupling and fixing the coupling bolt in
a vice.
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{3) Place the puliey extractor against the end surface of
the forward large gear, and withdraw the forward
large gear, thrust callar 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 shifter and shim.

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

(3) Loosen the bolt of the shift lever and remave the shift
lever from the shift lever shaft.

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

{5} Remave the oil-seal and C-ring.

. FPrinted in Japan
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5. Reassembly

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

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

inserting tool

neodle bearing race

Quiput shaft

{3} Assemble the nevdle bearing and forward large gear.
NOTE ! Check that the forward large gear rotates smoothly.

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

Stepped surface
#

«s-!-zs

Jil

=

Thrust collar A

Qutput shaft

Prinred in fapan
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NOTE ! 1) Drive in with a plastic headed hammer.
Do niot hit it hard,

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

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

4)Check that the forward farge gear rolates
smogthly,

{5} Set and lighlen the forward end nut. Insert the bolt
into the coupiing, and fix it in a vice, keeping the spline
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:+1.5kg-m

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

NQOTE ! 1} Take care as itis a left-handed thread.

2} Use the reverse side nut used before disman-
fling at the forward eng. This is to provide
effective calking to the nut by changing the
calking posifion .
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5-2 Reassembly of the clutch

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

(2) Insert the input shaft into the clutch case.

{3) Drive the intermediate shaft into the clutch case.

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

Qutput shaft

Drive cone

Thrust coller A

Qutput shaft

NCTE :1) Fit thrust collar A so that the stepped surface
faces the roller bearing side.
2) Check that the reverse large gear rofates
smaoothly.

— Printed in fapan
=26 HINSHI-H8009



Chapter 7 Reduction and Reversing Gear
5. Reassembly
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{5) Fit the adjusting plate to the mounting flange, and
drive in the outer beatring race.
NOTE ! The outer bearing race can b easily driven in
by heating the mounting flange to about 100T,
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 inta 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,

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

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.

{1¢) 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 ol seal and O-ring to the side cover. ™ . ‘ \ \

LI /]

= beddd

H
N0

{4} Ingort the shiater spring and shifter o the shift lever
{2) Insert the shift lever shatt 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
battom side) .
2t The shift fever may not tum smoothly if the
cluich case is not filled with lubricating 0¥,
(8} Fit the shim and stopper bolt to the shift lever shaft.

NOTE : Apply non-drying liquid packing or seaftape fo
the thread of the stopper bolt .

Approx. . E 4

Smm. L]

Do not apply

(3) Fit the shift lever to the shift lever shaft, g‘?lg;’aﬁ’?;;;"?o
NOTE ; Check the direction of the shift lever A mark . this area.

{7} Fit the pivot to the shift iever,

Split pin

Shift lever Wagher
Side cover

Pivot

_ Frinted 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 clutch,
When the drive cone (which is connected t¢ the output
shaft by the lead spline)is moved forward or backward,
its taper contacts with the large gear and transfers power
o the output shaft.
The construetion is simple when compared with other
types of clutch and if serves to reduce the number of
components, making lor a lighter, more cormpact unit
which can be operated smoothly. Althoughitis Small,
the power transmission efficlency Is high even under
a heavy load. tts durability is high and it is also reliable
because high grade matetials are used for the shaft
and gear, and. a taper rofler bearing s incorporated.
Power transmission is smooth because connection with
the engine is made through the damper disc.
eThe 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 ot the drive cone, twist angle, and
diameter of the thread spline, are designed to give the
greatest efficiency, thus ensuring that the drive cone
can be readily engaged or disengaged.
* Helical gears are used for greater strength.
The intermeadiate shaft is supported at 2 poinis to
reduce deflection and gear noise.
* The cluteh case and mounting flange are made
from an aluminum alloy of special compaosition to
reduce weightl.

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 transmitted smoothly.

* There is small clearance betwesn 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 lever device and accordingly no adjustment of
the remote control cable is required.

#The cup spring on the rear of the larger gear absorbs
rotational fluctuations and stabilizes the engagement
of the drive cone and the larger gear. Thus, the
durabiiity of the cone against wear is enhanced.



Chapter 7 Reduction and Reversing Gear
1. Construction 3 AJHHB)C)E

1-2 Specifications

Model KM3pP
For engine models 3JH3E 4JH3E
Clutch Constant mesh gear with servo 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
Control head Single lever control
Cable Morse. 33-C (cable travel 76.2mm or
Remaote control
Clamp YANMAR made. standard accessory
Cable connector YANMAR made, standard accessory
QOuter diameter ¢ 100mm (3.93"}
Output shaft coupling Pitch circle diameter ¢ 78mm (3.07")
Connecting bolt holes i 4-410.5mm {4- $ 0.41")
Position of shift lever Right side, viewed from stern
Lubricating oil SAE 20/30
Lubricating oil capscity 0.35¢
Dry weight 12kg (26.5lbs)

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 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}
3 430 (19)

3.20 =0.23
4 460 (18)

7—30 Printed in Japan
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1-3 Power transmission system
1-3.1 Arrangement of shafts and gears

Forward small gear of input shaft

Idie gear
Reverse small gear of input shaft

Input shatt

Large gear of put shaft

Intermediate shsft output shaft

Forward smali gear

Output shaft with input shaft

Reverse small gear
with input sha#t

Shaft arrangemernt
viewed !zorg the stern  intermediate shaft

o
-

\&/ Cutput shaft

Forward large

gear
Drive cone
idle gear
Reverse large gear
1-3.2 Reduction ration
Forward
No. of teeth No. of teeth . . .
Model of forward smallgesr Zil | of forward 18rge gear Zof Reduction retio Zot/Zif
25 58 59/25 = 2.36
KM3P4 23 60 60/23 = 2.61
20 654 B84/20 = 3.20
Reverse
No. of teeth No. of teeth No. of teeth . —— ,
Madel | of reverse small gesr Zif | of intemediate shaft gear Zi | of reverse large gear Zdr Reduction ratio Zi/Zir + Zdr/Zi
KM3P4 18 26 80 80/10 = 3.18
Printed in Japan 7—31
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1-3-3 Power transmission routine-Forward

Input shaft

Contact Clearance

Forward large
gear

] { :
Forward large gear % Reverse large gest

Drive cone /

L. . Output shaft couplin
1-3-4 Power transmission routine-Reverse ping

input shaft

Clearance Contact

\'.

—— _* o
- - Cutput shalt

i
Forward large gear i Reverse large gear
i
Drive cone /
Cutput shaft coupling

s Printed in Japan
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1. Construction

1-5 Sectional view
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2. Shifting Device

2-1 Construction of shifting mechanism

Spring pin Cy® j'
Location pin‘ﬂ l Q !

o

Lock nut
{Cable clamp ]

T

Shifter

Spring

Washer
Shift lever

% /
Shims
Stopper boit f

Bolt (MBX25)

Split pin Shilt lever shaft

Shift lever shaft

Side cover
The shift lever shaft is instafled on the side cover with
neutral, forward and reverse positions provided an this
cover. The neutral, lorward and reverse location pins of
the shift lever shaft are constantly inserted into their
respective grooves on the shift lever by the ltension of

Large gear
-, - Location . T

-)__z; y ﬁ?ﬂ .
e Cone

;S _4;/ .
77— Drive shalt center

i -

the shifter spring. The shifter is set on the eccentric hole s SO

of the shift lever shaft and moves the drive cone in the E‘Il_‘l\ “‘\ 1 Eecentric
neutral position either to the forward or reverse posi- i \ S Shifter installation
tions,and then back to the neutral positions. (The shift 1 % center

fever shaft moves slightly to the shift fever or drive cone R

side when the shilt lever is placed in the forward on Spring  Shifter

reverse positions.}

Printed in Japan
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2. Shifting Device
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 stars to
revolve, and the location pin disengages from the
neutral V-groove position of the side cover. (Shift lever
moves approx. 0.5mm to the drive cone side.) At this
time the shifter, which is set on the eccentric hole of the
shift lever shaft, moves the drive cone's V-graove 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 to the shift lever side approx. 3mm), and the
shifter stars to press the drive cone V-groove to the for-
ward large gear side through the spring force.

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

When the shift lever 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 cover. (The shift lever
shaft moves approx. 3mm to the drive cone side.} At
this time, the shitter which is set on the eccentric hole
of the shift lever shaft is moved to the neutral side
(reverse large gear side). The drive cone, however, is
engaged with the torward large gear through the torque
force produced by the revolving centrifugal force.

Further, when the shift lever shaft starts to revolve, and
the positioning pin falls in to the neutral V-groove position
of the side cover (the shift lever shaft travels approx.
5mm to the shift lever side), the shifter moves io the shift
lever side(to the spring side) while moving the V-groove
of the drive cone to the reverse large gear side. The
movemen! 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.

Shift lever center

Ty

Side /

Reverse
side

{Shift lever
shalt moves approx. 0.5mm)

Side cover
neutral position (V-groove)

Shifter center
Shift lever shatft

Forward side
Cone center

|

£l

(Shift lever shaft Reverse
moves approx. 3mm) side

At forward engagement position'

Shifter center
Shift lever shaft

Cone center

Forward Side /

T

(Shift lever shaft F;?dvgrse / /
moves approx. 3mm)

Shifter center
Cone centar

_Shtfl lever shaft Forward f
Shift lever center Side / /
" L
H ) *m\

S=

Reverse
side

(Shift laver |__
Side cover shaft moves approx. 0.5mm

neutral position (V-groove)
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2-4 Clutch shifting force

\Shifting position

shifting direction

Shift lever posi-
tion at 56mm

Remote control handle
postition at 170mm
(Cabie length, 4m)

Engaging force
at 1000rpm

34 kg

4~5 kg

Disengaging force
at 1000rpm

3.5~5ky

4~8 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 belween the shilter end and the stopper bolt by
using shims. When the adjustment of this clearance is
not proper the drive cane may be properly fitted When the
shift lever is moved to the neutral position either from the
forward or reverse position,

Printed in Japan
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Shifter top clesrance

Reverse

=

Neutral

Forward

Forward Side

Reverse side
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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 AMark (KM2P) AMark (KM3P)
case.

(rm)

NOTE : Ensure the correct direction of the shifter
before assembly.

Shim
Stopper baolt | f—_-
Top Side e | —
_ Shift lever T
p shaft center :
— L T
S Shifter center (374~376)  (0~25) (36.32~38.78)
4

Bottom sida

(b} Tumn 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 formula.

T=(H—L+ 1.25) £0.1mm

NOTE ! Shim set 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 siopper bolt, apply either a
non-drying type liquid packing (TREE BOND
No.1215), or a seal tape around the bolt threads .

=
=

| Approx.

Smr.

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

—9 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 (f O Forward

- Remote Control Mead

The stroke between the neutral position — forward posi-
tion (52}, and the neutral position — reverse position {81)
must be equalized,

When either stroke is too shaort, cluich engagement
becomes faulty.

{2} Equalizing the travel distance of the conirol cable.
After ensuring the equal distribution of the stroke
described in (1}, connect the cable 1o the control head.
Adijust that the cable shift travel of the S1 and Sz con-
trol lever strokes becomes identical.

Neutral

31 52

"
Reverse (k. = -3p
A2

Forward

Remote Control Head

Note ; () Cable shift travel
S1= More than 36mm (1.42")
52= More than 36mm {1.427}

Clamgp
(%
; m
To engine speed Tima)

Printed in Japan
HINSHI-HA009

739

165

Reverse

Newtral

Forward

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 oft temperature is ofter raised to around 90°C
{194°F).

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

NQOTE ! The dual {Two} lfever remate control device ean-
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 smoothiy.
If rotation is not smooth, if there is any binding, or if
any abnormal sound is evident, replace the baring.

3-3 Gear

Check the surface, tooth face conditions and backlash of

each gear. Replace any defective part.

(1) Tooth surface wear.
Check the tooth surface for pitting, abnormal
wear,dents,and cracks. Repair the lightly damaged
gears and replace heavily damaged gears.

(2) Tooth surface contact.
Check the tooth surface contact. The amount of 1ooth
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 warn beyond the wear limit.

mm
Maintenance L
standard Wear limit

Input shaft forward gear
and output shatt 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

T

(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 comas
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 ar 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.

£ 2

e

Reverse
large gear

Drive cone Drive cone

Forward large gear

Printed in Japan
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mm

Standard dimensions | Limited dimensions

32.7~33.3

32.4

Dimensions £ | KM3P4

NOTE : When dismanifed, 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, repiace 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.

SRV

H |

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)
f)g
£ b

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

Printed in Japan
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(3) Lap the large gear's cave and drive cone, pushing
them logether by hand.

{4) Push and {urn the clutch gear about 5 times both
clockwise and counter-ciockwise.

{5) After lapping them, wash them with washing ¢il. The
fapped parts should be ¢cleaned completely.

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 fo
check its alignment. The larger chamferrng face
should be on the forward large gear side.



Chapter 7 Reduction and Reversing Gear
3. Inspection and Servicing 3.4JH3(BXC)E

3-6 Thrust collar

Thrust collar A
Spring retainer

Thrust collar 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 collar A or B, and
replace it when the dimension exceeds the specified
limit.

1

I

L Sliding surface

Sliding surface —-a

Thrust collar A Thrust collar B

u -
THT}
Stepped wear Limit for uge
Thrust coilar A, 11 0.05
Thrust collar B, 12 .20

3-7 Cup spring and spring retainer

{1) Check for cracks and damage to the cup spring and
spring retainer.

Replace the part if defective,

{2) Measure the free length of the cup spring and the
thickness of the spring retainer. it the length or the
thickness deviates from the standard size, replace the
part.

Cup spring

/

Spring retainer

~t

B
T T
mim
Standard Limit
Cup spring.T 2.8~3.1 2.6
Spring retainer,T 2.82~3.08 2.8
Spring retainer.t S 0.1

Printed in Japan
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3-8 Oil seal of output shaft

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

3-9 Input shaft

Ol seal

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

{2) Surface of il seal.
It the sealing surface of the oil seal is worn or
scratched, replace.

3-10 Output shaft

Ket slot

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

- Intermediate shaft

{1) Needle bearing dimensions, staining.
Check the surface of the roller to see whether the
needle bearing slicks or is damaged. Replace if
necessary.

3-12 Shifting device
3-12-1 Shifter

Spring pin

Location pin —G l ﬂ

5 ﬁ\'\ Sliding surface of shifter

|

Spring

Shift lever shaft

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

(2) Measure the shait diameter of the shifter.

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

Thrust washer

‘;ring
) /
.,

*@

D2 D1

~

mm
Standard Lirnit
D1 66.9~67.0 65
D2 11.966~11.984 11.95
Shift lever shaft,
Shifter insert hole 12.0~12.018 12.05

3-12-2 Shift lever shaft and location pin

{1}Check the shift lever shaft and location pin for
damage or distortion, and replace defective parts.
If the location pin must be replaced, replace it
together with the shift lever shaft,

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

¢ 5, Location pin

mm
Standard Limit
D1 27.959~27 98 27.90
D2 12.0~12.018 12.05
Side cover, —~
Shitt insert hole 28.0~28.021 28.08

Printed in Japan
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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.

Shitter 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. If it is worn or stepped, replace.

® 9
V) S
Check point % o
] Top A
5 < s’ Spline QQ @%} 9
= e
Ny
/ ~
Pin Spring

3-12-5 Side cover and cil seal
{1} Check the neutral, forward and reverse position
grooves.
Replace if the grooves are worn.
{2) Measure the insertion hole of the shift lever s haft.
Replace if the size deviates from the standard value.
{3) Check the oil seal and the O-ring for damage.
Replace if the part is defective.

-—-— Reverse

-— Neutral

=——— Forward

\_1 J_H_U———i
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(1) Spline part.
Whenever uneven wear and/or scraiches are found,
replace with a new part,

{2) Spring.
Whenever uneven wear and/or scratches are found,
replace with a new part.

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

{4) Whenever a crack or damage to the spring slot is
tound 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 atter
dismantling, the same shims can be reused. When the
clutch case and flange or any one of the following parts is
replaced the thickness of shim must be determined in the
following manner.

For input shaft part : input shaft, bearing.
For output shaft parts : output shaft, thrust collar A,
thrustcollar B, gear, bearing.
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(1) Shim thickness (T1) measurement of output shatt

{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) Cbtain the (T1) thickness by the following formula :
T1=A+A—B (T1: Clearance =0.05mm)

T1

Mounting flange

Clutch case

Mounting flange

Clutch case

==

Input shaft ass'y

(2) Shim thickness (T2, T3) measurement of cutput 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 clulch case roller bearing
to the large gear side .

T3 Clutch case.

. ¥

Maunting flange

{c) Measure the (F) and (E) length from the outer race
end ot the clutch case bearing included in the out-
put shaft assembly.

NOTE ! Before measuring the (F) and (E} length, press
the forward large gear and the reverse large gear
to the drive cone until there is no clearance
among them.

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

T2 = C+C'—D—T3 (Clearance =3 '™ )
Ta{KM3P) = C’-—-47.3—-§——F {Clearance+0.05mm)

Mounting flange

Clutch case

Drive cone neutral
position center
KM3P------ 47.3mm

!
4
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(3) Standard size of parts

mm

A+A

Cc+C’ D E

Drive cone neutral

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
NQOTE ; 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 0
0.1 3
3-15 Torgue limiter
Housing Coupling
Shim \
Cup spring \ O-ring Check Nut
]

older

C

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 control of cable.

(2) Remove the ciutch assembly from the engine mounting
flange.

{3) Drain the lubricating oil.
Drain the lubricating oil 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.

. Printed in Japan
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{7) Remave the bolts which secure the mounting flange to
the case body, give light taps to the left and right with
a plastic headed hammer while supporting the clutch
case with your hand, then remove the mounting

flange. input shaft

{9) Take out the intermediate shaft and input shaft. When
taking out the intermediate shaft, place a bolt or
spacer an the shaft hole of the case, and drive the
shaft out by tapping it lightly.

Plastic headed
hummer

Clutch housing

{8) Withdraw the output shaft assembly.

input shaft

Output shaft
assermnbly

Intermediate shaft

/
Input shaft
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{10) Remove the oil seal of the output shalt from the case
body.

Oil seal

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

Outer bearing race

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
Hlange in the same way as with the case body.
(14) Remove each adjusting plate from the input our cutput
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.

Pultey pullar

Oulput shaft
Cradle uipd

Revene large gear

(2) Loosen the calking of the forward nut and remove the
nut and spacer.
Remove the nut by using a torque wrench after setting
the output shaft coupling and fixing the coupling bolt in
a vice.
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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.

{3) Place the pulley exiractor against the end surface of
the forward large gear, and withdraw the forward
iarge gear, thrust collar A, cup spring, spring retainer
and inner bearing race.

Puliey puller —

Cradle—1

Forward large gear Pulley puller -——

Output shaft

Crive cone

1
_- -—- Qutput shaft
Q"f-

4-3 Removal of the intermediate shaft.

(1) Remove the “Q”ring.

{2} Remove the thrust washer.

{3) Bemove the intermediate gear and needle bearing.

Intermediate shaft

NOTE : Take care as the nut has left-handed thread. Intermediate gear @ Q_
" O-ring

Thrust washer
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4-4 Dismantling the shifting device {4) Remove the shilt 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.

4,
\“ 5

RN

3O

— 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 needle bearing race
using a jig.

Inserting tool -— 2}

Inner needle bearing race

(3) Assemble the needle bearing and forward large gear.

NOTE . Check that the forward large gear rotates smoothly.

(4) Fit the cup spring, spring retainer, thrust collar A and
Pin, and driven in the inner bearing race using a jig.

Stepped surface

Printed in fapan
HINSHI-H8009

Inserting tool

Roller bearing

Tici>
e

”

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 rotates
smoothly.

{5) Assemble the collar and pin so that the pin is in the
groove of the collar.

{6} Set and tighten the forward end nut. Insert the bolt
into the coupling, and fix it in a vice, keeping the spline
pan upward.

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

(s

< g =
g

Tightening torque 101 1.5kgf-m

NOTES ! 1) Take care as it is a left-handed thread.
2) Use the reverse side nut used before disman-
thng as the forward end nut. This is so as not
to match the calked portion to the same point .
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§-2 Reassembly of the cluich

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

{2) Insert the input shaft into the cluich case.

{3) Drive the intermecdliate shaft into the clutch case.

Intermediate shaft

(7} Insert the drive cone while keeping the output shaft set
for reverse.

Drive cone NOTES [ 1) if the oulput shaft is not fitted into the clutch

case before driving-in the intermediate shaft,
it cannot be assembled.

2) Note the assembly direction of the thrust
washer.

{4} Insert the output shaft info the glutch case.

{8} Apply procedures 1 through 4 to the forward end.

Stepped surface

Intermediate shaft

Input sheu‘x
N
\\'\

Spring retainer
Cup spring

T

il

\'
H ~ ['
I

3%
< e,

NOTE -1) Fit thrust collar A so that the stepped surface
faces the roller bearing stde.
2} Check that the reverse large gear rolates
smoothiy.,

— 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 100T,
or by cooling the outer race with liquid hydrogen .
(6) Apply non-drying liquid packing around the outer
surface of the oil seal, and insert the oil seal into the
mounting flange while keeping the spring part of the
oil seal facing the inside of the case.
{7} Apply non-drying liquid packing to the matching
surfaces of the mounting flange end the case body.

Printed in Japan
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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 C-ring.

(1) Tighten the end nut by using a torque wrench, then
calk it.

NOTE ! Take care as it is a left-handed thread.

Tightening torque

10%1.5kgt-m
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5-3 Reassembly of the shiating device
{1) Fit the vil seal and O-ring to the side cover.

AMark(KM3P)

{4) Insert the shigter spring and shifter to the shift lever
shaft.

(5) Fit the side cover assembly to the clutch case.

{2} Insert the shift lever shaft to the side cover.

NOTE : 1) Check the direction of the shifter (Top and
bottom side) .
2} The shift lever may not tumn smoothly if the
clutch case is not filled with lubricating ofl.
(6) Fit the shim and stopper bolt to the shift lever shaft.

NOTE : Apply non-drying liguid packing or seaftape o
the thread of the stopper boit .

gy

t ; ) il Approx.

Smm
. 3]
o not apply
. . . liquid packing
{3} Fit the shift lever to the shift lever shaft. or seal tapeto
this area.
NOTE : Check the direction of the shift lever A maik .

{7) Fit the cable connector to the shift lever.

Sphit pin

h
\.\ / Washer
Side cover Shift lever

Pivot
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1. Remote Control System

1-1 Construction of remote control system

The remole conirol permits one handed control of the
engine speed changing from forward to reverse, and stop-
ping.

Fittings which allow for easy connection of the remote
control cables with the fuel injection pump and transmis-
sion are provided with the remote control set.

The use of Morse remote conirol cables, clamps and
& ramote conirol head, are also provided for The device
to stop the engine is electric and will be explained under
the section on efectrical equipment

1-2 Remote control device components
" Morse description

Morse MT3 top mounting
Remote single lever
conirol head Morse MV side mounting
single lever
Remote Maorse 33C X 4m
control cable Morse 33C X 7m
Engina Yanmar 4m
stop cable Yanmar 7m

{1) Remote contral handle

MT-3 Type

The modsl MT-3 remote control has been designed
$o that operation of the ctutch (shift) and governor
{throttle} can be effected 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, o 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
to the neutral position, the knab automaticaily returns
to its onginal 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 cne 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 neutrai positicn so that the throttle
can be cpened all the way and warm up the engine,
When the engine is warmed up, return the handle to
the centrai position and push the bution back in. Con-
trol of the clutech and throttle is thus effected with one
handie.

{2} Remote control cable

330

Use only Super Responsive Marse 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 operalion with an
absclute minimum of backlash,

{3) Engine stop cable
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2. Remote Control Installation

2-1 Speed control

Cable bracket °I
i ,
G
© 5S>
) ol
=
Remote control Cable § ! i

Cable joint %% 5

Control lever

Idle stopper
2-2  Clutch control

Remote control lever

Clevis

8-—2 Printed in Japan
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2-3 Engine stop

~,
\.\L,:P‘

N
S

i Engine stop remote control cable

Set bolt
4
/ Lock nut
. ey

NG Cable connector
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3. Remote Control Inspection

(1) When the control lever movement does not coincide
with operation of the engine, check the cable end stop
nut to see whether or not it is loose, and readjust/
retighten when necessary.

Neutral
Reverse v Forward
SN

|

(L~ S
Th;o/t_ﬂﬁe_. / ““\/\ H | // \ Throtlle

\_&\. \s‘.\ ll

Free throttle

(2) Too many bends (turns} in the cable or bends at too
extreme an angle will make it difficult to turn the han-
dle. Reroute the cable to reduce the number of bends
or enlarge the bending radius as much as possible (to
200mm or more).

{3} Check for loose cable bracket/clamp bolts or nuts and
retighten as necessary.

{4) Check cable connection screwheads, cable sleeves
and other metal parts for rust or corrosion. Clean off
minor rust and wax or grease the parts. Replace if the
parts are heavily rusted or corroded.

34JH3(BXCOE
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4. Remote Control Adjustment

{1) Shift lever adjustment
Move the lever several imes—the movement of the
clutch lever on the engine from forward, neutral and
reverse must coincide with the forward, neutrat 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 swilch
when it is returned If it is property adjusted, the knob
can be easily pulled out when the lever is in the neu-
tral position, and will automatically return when the
control lever is brought back to the neutral position If
the control lever presses {oo 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 lever is not in
the neutral {(central) position.

- 5
Control cable = /’// e e ) Ve
> 17 & a2 Se
Nl B

Control lever — &3 X

4“
S

Cable joint

SN
S
Idle stopper @ : ’L
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1. Electrical System

1-1 System diagram of electric parts (B-type)

Extension -

; -—Lube oil pressure switch
wireharness

(EL—A Joint

\ Starter relay

(only 6m extension,
Tachometer sensor A@

wireharness use)

Alternator

Battery switch

Water temperature switch
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C-type

(® Exiension wireharness % Lube oil pressure switch
l‘z Joint

~— Air heater (option)

\{ Starter relay

(onty 6m extension
(\ wireharmess use)

Starting motor

Battery switch

Water temperature

g& 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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2. Battery

2-1 Construction

Terminal

The battery utilizes chemical action to convert chemical
energy tc electrical energy. This engine uses a read acid
battery which stores a fixed amount of power that can be
used when required. After use, the battery can be
recharged and used again.

As shown in the figure, a nonconductive container is filled
with dilute sulfuric acid electrolyte. Lead dioxide positive
plates and lead dioxide negative plates separated by
glass mats are stacked alternately in the electrolyte. The
positive and negative plates are connected to their
respective terminals.

Power is removed from the battery by connecting the load
across these two terminais.

When the battery is discharging. an electric current flows
from the positive plates to the negative plates. When the
battery is being charged, electric current is passed
through the battery in the opposite direction by an external
power source.

2-2 Battery capacity and battery cables

2-2.1 Battery capacity

Since the battery has a minimum capacity of 12V, 70AH. it
can be used for 100~ 150AH.

minimum 12V-100AH
Battery capacity standard 12V-120AH

coold weather 12V-150AH
Full charged specific gravity 1.26

2-2.2 Battery cable

Wiring must be performed with the specified electric wire.
Thick, short wiring should be used to connect the battery
1o the starter, (soft automotive low-voltage wire [AV wire])
Using wire other than that specified may cause the fal,
lowing troubles:
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1~ Glass mat

Negative plate

Separate plate

Pasitive plate

i Wire thinner than specified J I_ Single conduc!orwire—)

L Wire longer than specified ]

E Hign wiring resistance 1

r
[ Low current ]

Open circuit caused
by vibrations

[ Faulty starting ] [ Faully charging j

Battery switch

l -, e
Key switch :I{S

é) 8

Starter
Battery C[ ,moéor
o /@
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.

Vol Allowable Conductor asb+c
oltage wiring Cross-
system voltage seclion allowable
drop area length
20mm? Up to 2.5m
12V 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, follow the wiring diagram carefully.

2-3 Inspection

The quality of the battery governs the starting perfor-
mance of the engine. Therefore the battery must be rou-
tinely inspected to ensure that it functions perfectly at all
times.

2-3.1 Visual inspection

(1) Inspect the case for cracks, damage and electrolyte
leakage.

(2) Inspect the battery holder for tightness, corrosion, and
damage.

(3} Inspect the terminals for rusting and corrosion, and
check the cables for damage.

(4) Inspect the caps tor cracking, electrolyte leakage and
clogged vent holes.
Carrect 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

Good Low High

- 0 A

Check the electrolyte level every 7 to 10 days. The
electrolyte must atways be 10 ~ 20 mm (3937~
0.7874in) over the top of the plates.

NOTES: 1. The “LEVEL” hne on a transparent piastic 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
sulluric acid with the same specific gravily as
the electrolyte.

(2) Measuring the specific gravity of the electrolyte
1) Draw some of the electrolyte up into a hydremeter.

\

2) Take the specific gravity reading at the top of the
scale of the hydrometer.

Rubber bulb

Giass tube Read top of scalz

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

{5096}). If the specific gravity is below 1200, recharge
the battery.

4) If the difference in the specific gravily 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 specitic 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 vaoltage 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 {1} lead of the tester to the {+) battery
terminal. and the {—) tester lead to the (—) battery ter-
minal.

(3) Push the TEST button, wait 5 seconds, and then read
the meter.

¢ Repeat the test twice to make sure that the meter
indication remains the same,

2-3.4 Washing the battery

{1) Wash the outside of the battery with a brush while
running cold or warm water over the battery. (Make
sure that no water gets into the battery.)

(2) When the terminals or other metal parts are corroded
due to exposure to electrolyte leakage, wash off all the
acid.

{3) Check the vent holes of the caps and clean if clogged.

{4) After washing the battery, dry it with compressed air,
connect the battery cable, and coat the terminals with
grease Since the grease acts as an insulator, do not
coat the terminals before connecting the cabies.
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2-4 Charging

2-4.1 Charging methods

There are two methods of charging a battery: normal and
rapid.

Rapid charging should only be used in emergencies.

& Normal charging---Should be conducted at a current of
1/10 or less of the indicated battery
capacity (10A or less for a 100AH
battery)

Rapid charging is done over a short
period of time at a current ot /5 ~
1/2 the indicated battery capacity
{20A~~50A for a 100AH battery).
However, since rapid charging
causes the electrolyte temperature
to rise too high, special care must
be exercised..

# Rapid charging--

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 ¢lip 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 45°C
during charging.

{4) Since an alternator is used on this engine, when
charging with a charger, always disconnect the battery
{+) cable to prevent destruction of the diodes.

{Before disconnecting the {+) battery cable, discon-
nect the (—) battery cable [ground side).)
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2-5 Battery storage precautions

The life of a battery depends considerably on how it is

handled. Generally speaking, however, after about two

years ils 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 manth when it is being stored.

6
N

T

A \\ 50°C
Self-discharge/ ! e
a i e
day (%) | W |
2 | 1 K } T _J'

T 2 3 4 577%

Number of days after charging

(2) It charging by the engine alternator is insufficient
because of frequent starts and stops, the battery will
rapidly lose power.

Charge the battery as scon as possible after it is
used under these conditions.

(3) An easy-to-use battery charger that permits home
charging is available from Yanmar. Take proper care
of the battery by using the charger as a set with
a hydrometer.

When the specific gravity has dropped to about 1.16
and the engine will not start. charge the battery up to a
specific gravity of 1.26 (24 hours).

(4} Before putting the battery in storage for long periods,
charge it for about 8 hours to prevent rapid aging.

o

Simple charger
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3. Starter Motor

3-1 Specifications

YANMAR Part No.

129698-77010

HITACHI Model No. $114-815
Yoke diameter {mm} €8
Noeminal power (kW) 1.2
Nomina! voliage (V) 12
Rating {sec) 30
Direction of Rotation Clockwise
{Looking frem the Pinion side)
Number of Piniocn teeth 11
Weight (kg) 3.0
Terminal voltage (V) 11
No load | Electric current (A) 80 (MAX)
Revolutions (r/min) 2750 (MIN)
Terminal voltage (V) 8.4
Load Electric current {A) 250
Torque (N - m) 7.2 (MIN)
Revolutions {r/min} 1.200 (MIN)
3
} ]
e ——
—
4 1 2
t. Armature
2. Yoko
3. Brush
4. Rear Cover
5. Pinion Shaft
6. Center Bracket (A}
7.

3-2. The planetary gear starter system

3-2.1 The planetary gear starter

While these only had specialized applications in the past,
they currently are being widely adopted because of their
compact, lightweight design,

Although smaller than the direct-drive type starter with its
armatuer and pinion driven at the same speed, the plane-
tary gear starter actually reduces the motor speed to
approximately 17% prior to driving the pinion.

It does this without reducing output, hence the derivation
of its name.

Furthermore, use of heat-resistant insulating materials
and advanced production technology makes the compact,
light weight design possible and improves its starting
capabilities in cold regions.

13

12

11

Center Bracket (P)

o

8. Internal Gear
9. Planet Gear
10. Pinion

11. Eear Case

12. Shift Lever

13. Torsion Spring
14. Hagnetic Switch

Fig.1 Planetary Gear Starter Construction

9—8
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3-2.2 The Engagement Mechanism

This type utilizes electromagnetic force. The pinion is
engaged with the ring gear by means of the torsion spring
and shift lever. The plunger is shifted by the attracting
force, and depresses the pinion. When the pinion does net
strike the ring gear, smooth engagement occurs, and
then the contacts close to start the motor.

Also, when the pinion strikes the ring gear teeth, it com-
presses the torsion spring and ¢loses the contacts. When
the current flows through the motor and the armature

Pinion

a0 9]
&

starts rotating, the pinion is depressed strongly on the ring
gear and rotated by means of the tarsion spring pressure
and the helical spline's force. Then, the pinion teeth arg
arranged in engagement with the ring gear testh. When
the key start switeh is turned OFF, the magnetic switch is
demagnetized, and the pinion is returned by the torsion
spring force. Simultaneously, the contacts open to stop
miotor operation. In Fig. 2, engagement between the pin-
ion and ring gear is illustrated.

Fig. 2. Engagement of Pinion and Ring Gear

Ring Gear

it

-
Fr

2
. Pinion
. Armature
. Magnet
. Torsion Spring
. Shift lever
. Stationary Contactor
. Movable Contactor

~E O I L R e

/o

7%"g
‘ 1/
m

8. Shunt Coit {Holding Goil}
9. Series Coil {Attracting Coii}
10. Plunger
1. Key Start Switch
12. Baitery
13. Riug Gear

Fig. 3. Schemaltic Layout of Planetary Gear Starter's Electrical Circuit

3-3 Removal

(1) Disconnect the battery's negative or S side cabte at

the battery.
{2} Disconnect the battery's positive or & cable and the

main hatness’ feed wire from the magretic switch of

the starter.
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(3) Disconnect <) cable at the starter.
{4) Remove the starter retaining bolts and lockwashers.
Then, withdraw the starter.
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3-5 Disassembly

A 1) The Magnetic switch's 8 mm nut A 13} Shift Lever

2} The & mm Bolts {2) 14} Dust Cover
A 3} Magnetic switch 15} Internal Gear

4) The'4 mm Screws (2} A 18) Planet Gear {3}

5) The S mm Through Bolts (2) A 17} The Pinion Stopper clip
M. 6) The Rear Covee 18) Pinion Stopper

7} Thrust Washer A 18} Pinion
A 8) The Brush Holder A 20} E Ring

9) Yake 21) washer (2)

10) Armature 22) Center Bracket {p}
A 11} Cenier Bracke! {A} A 23} Pinion Shatt

12} Gear Case
. : Disassembly reference exhibit is provided

Dust cover (Adjusting washer) Magnetic Switch
Adjust clearance *£* {o washer Resistance value (at 20T} “M.B” Terminal Nut
thickness {ie 0.5, 0.8 mm) Series Coil ; 0.340Q 1) 7.35-9.81 N°m

Shunt Coil: 0.720Q

Bolls 6 mm
§)5.9-8.3 N*m

Through Bolts 5 mm
1:4,9-6.3Nm 5

a———eefl)
-3
/
/4
/ Screws 4 mm
E1.7-23Nm
Armature ©1.7-2.3
Commutator dia. : 29/28 mm
Depth of insulating mold Brush Holder
{05-0.8/02mm) Brush Length : 18/12 mm
Shaft bend : Less than 0.1 mm Brush spring tension ;. 14.6-17.8N
Clearance “ " between Pinion's front O : N-m
edge and pinion stopper : 0.3-1.5 mm Unit: mm (Standard “New™/ Limit “Used™)

Fig. 4. Exhibit of dissembied parts
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1) The Magnetic switch's 8 mm nut

Remove the magnetic switch’s 8 mm nut
and disconnect the connecting wire.

2) The 6 mm Bolts (2)
3) Magnetic Switch

The Magnetic Switch can be disassembled once the
6 mm Bolts are reamoved.

4) The 4 mm Screws (2)
5) The 5 mm Through Bolts (2)
6) The Rear Cover

The Rear Cover is disassembled by removing the 4 mm
screws and the 5 mm through bolts.

7) Thrust Washer
The Thrust Washer is removed with a standard screwdriver.

— Printed in Japan
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8) The Brush Holder

Pull the Brush Spring up with a Brush Spring lifter tool so
that the Brush is separated from the surface of the
Commutator,

9} Yoke
10Y 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
disassembied from the Gear Case.

15) Internal Gear
16} Planet Gear {3}

The Internal Gear and the Planet Gear disassemble,
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17) The Pinion Stopper Clip

The Pinion Stopper Clip is removed with a standard
screwdriver while the Pinion Stopper is pushed toward the
Pinion,

18) Pinion Stopper
19) Pinion

The Pinion Stopper and the Pinion can be disassembled
once the Pinion Stopper Clip has been removed.

20) E Ring

The E Ring is removed by hammer with special fixture.

21) Washer (2)
22) Center Bracket (p)
23) Pinion 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} Check the diameter of the Commusator.

If the outside diameter of the commutator is bejow the

minimum mit then replace it
mm

Standard (New) Limit {Used)
28 28

{2y Cantinuity Test for the Armature Coil.

Use a tester to check for continuity between parallel
points on the commutator. if there is continuily, the
armature is still good.

No continuity ©  {Disconnected coil)
Replace the armature.

{3) insulation Test for the Armature Coil.

Use a tester to check for continuity between a point on
the commutator and the shalt or the core.
If there is no continuity the armature is stili good.
Continuity Exists : (Short circuited cail)

Heplace the armalure.

{4) Check for Surface Distoriion on the Armature
and the Commutator.

Use a dial gauge 1o measure the distortion of the cutside
surfaces ot the armature core and the commutator, if it is
above the limit, then repair or replace it.

mm
Standard (New) Limit {Used)
Armature 0.05 {MAX) o4
Commutator G.05 (MAX) o1
Printed in Japan
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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.

0.5~0.8 mm
Insulator
Commutator
segments
Correct
Incorrect
Fig. 22
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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 swilch body with a tester. If there is continuity,
then it is still good.

No continuity : (Disconnected coil)
Replace the magnetic switch.

{2) Coritinuity 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 lime, 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}
+0.027
12570 0.1

(2) Inspection of the Rear Cover
If the diameter of the rear cover is above the limit
then replace it.

mm

Standard (New) Limit (Used)

12

+g.027 0.1

3.4JH3(BYC)E

12.5%8%7
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(3} Inspection of the Center Bracket (F)

i the diameter of the center bracket (P) is above the
Emit then replace i,

mm
Standard {New) Lirit {Used)
+0.037
18 40012 0.1

{4) Inspection of the Pinion Shaft

if the diameter of the Pinion Shaft is above the fimit
then replace it.

mm
Standard {New) Limit (Used)
+0.070 4
6.7 1op2s 0.3
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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 reterece
materials for the tightening
torques of particular screws.

2. The Places to Apply Grease :
(1----The moving parts of shilt lever.
(Zr--The sliding surface of magnetic switch plunger.
i-—The sliding surface of pinion.
(3----The tooth of Internal Gear and Planet Gear.

{1) Measurement of the Pinion’s Moticn

After connecting the positive & side of the battery to
the "S" terminal and the negative = side to the "M”
terminal and turning the switch on, measure the
amount of movement " £" in the direction of the pin-
ion’s thrust.

Standard length " ¢ "
0.3~1.5mm

Note : When taking the measurement, please do so by
pushing the pinicn softly in the direction of the large
arrow in the exhibit.

{2) When the measurement " £ " is outside of the standard
range, please adjust the dust cover by inserting it fur-
ther or loosening it in order lo achieve an acceptable
measurement.

Part @D @ &

Shell Alvania | NPC FG-6A Multemp SRL

Grease | neaseNo.2 | GREASE GREASE

Switch

Battery

[—4- 4[-—1‘

£=03~15mm

Fig. 35

Magnetic switch

/' Dust cover

¢

1

Pinion

Fig. 36
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3-8. Operation Specifications Check

Please follow the directions in Performing a no-load test,
since 10 a certain extent, it provides an easy way 1o
confirm the specifications.

Note : The rating is 30 seconds, so please perform the
test expeditiously.

{1} The No-load Test

Set the starter securely on a test bench and lay the
lines as shown in fig.37.

When the swilch is turned off, the electric current flows
into the starter in noload operating conditions. With
the electric current flowing, please measure the volt-
age and the r/min, and determine if they satisfy the
specifications.

Voi tmeter D
: 0|

Digital Tachometer

Fig. 37
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4. Alternator Standard, 12V/55A

The alternator serves to keep the battery constantly
charged. It is installed on the cylinder block by a bracket,
and is driven from the V-pulley at the end of the crankshaft
by a V belt.

The type of alternator used in this engine is ideal 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 comtains a regulator using an IC, and has

the following features.

{1) The IC regulator is self-contained, and has no moving
parts (mechanical contact points) It therefore has supe-
rior features such as freedom from vibration, no fluctu-
ation of voltage during use, and no need for readjusment.
Also, it is of the over-heating compensation type and
can automatically adjust the voltage to the most suit-
able level depending on the operating temperature.

(2} The regulator is integrated within the alternatnr to
simpiity external wiring.

(3) It is an alternalor designed for compactness, light-
ness of weight and high output

{4) A newly developed U-shaped diode is used to provide
increased reliability and easier checking and mainte-
nance.

(5) As the alternator is to be installed on board, the follow-
ing measures are taken to provide salt-proofing.

1) The front and rear covers are salt-proofed.

2) Salt-proof paint is applied to the diode.

3) The terminal, where the inboard harness is connected
1o the alternator, is nickel plated.

4-3 Characteristcs

4-2 Specifications

Model of alterngtor

LR155-20 (HITACH})

Model of IC reguiator

TRIZ-63 (HITACH})

Battery voltage

12v

Nominal output

12v/55A

Earth polarity

Negative earth (O}

Direction of rotation

(viewed from pulley 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

aver 53A/5000 rpm

Regulated voltage

14.51+0.3V(Standard temperature
voltage gradient,—0.01/C)

15
100 L T I
Regulated voliage
T
12+ 80
= ] .
. = |
g of - 60 :
2 L g | |
B | § L] Qutput current for 13,5V i
k! 5 /
2 6 3 40
o | O /
A
3r 20 //
¢
2 4 6 8 10 12

Speed of alternator  (rpm}

9—22

14X10?
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Chapter 9 Electrical System
4. Alternator

3,.4TH3(BXC)E

4-4 Construction

This is a standard rotating field type three-phase alterna-
tor,

It consists of six major parts: the pulley, fan, front cover,
rotor, stator and rear cover. The IC regulator is an integral
part of the alternator.

Brush
regulator assy

Stator
Bearing retainer

Flont cover

Capacitor assembly

| /Brush reguiator assembly

Rear cover assembly

Stator assembly
Fronit cover assembly Rotor assembly

Brush assembly
IC regulator assembly

: 13
Ball bearing Ch Brush set Through bolt

\ ( i

Pulley nut assembly

Bearing retainer

) Ball bearing

Spacer

Rear cover

Spacer

Insulatmg bushing
Pulley assembly

Screw (M5X0.8X14)
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4. Alternator 3.4JH3(BXC)E

4-5 Alternator functioning
{1} IC regulator

4-6 Handling precautions
{1) Be careful of the battery's polarity (-+,—terminals). and

The IC regulator is the transistor {Tr1) which is series-
connected with the rotor. The IC regulator controls the
oulput voltage of the generator by breaking or conduc-
ting the rotor coil {exciting) current.

When the output voltage of the generator is within the

da not connect the wrong terminals to the wrong
cables, or the battery will be short-circuited by the gen-
erator diade.

In this case too much current will flow, the IC regulator
and diodes burn out. and the wire harness will burn.

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 stars to
run and output voltage is generated in the stator coi,
the current stops flowing to this circuit. turning of} the
charge lamp.

(3) Circuit diagram

(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.)

| aar

. charge lamp
Di—Da

Oor—9

lgnition

h switch

]
Stator P s
: A Battery switch
3
Rotor coif
T
p il Battery

Regulater
ot E
AC generator i
g .
BAT:  Generator ouiput terminal D+-Ds : Output commutation diode
D1o: IC protecting diode R1-H4 : Resistor
L: Charge lamp terminal D:-Do: Charging lamp switching diode
ZD: Zener diode F: To supply current to rotor coil
E: Earth Rn: Therrmistor
Tr1, Trz : Transistor (Temperature gradient resistance}
9—94 Printed in Japan
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4. Alternator

34JH3(BXC)E

4-7 Disassembling the alternator
{1) Remove the through-bolt, and separate the front as-
sembly from the rear assembly.

{4} Hemove the nut, the brush-holder and dicde 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).

{2} Remove the pulley nut, and pull out the rotor from the
front cover.

{3} Remove the ¢3mm {$0.1868 in.) screw from the front
cover, and then remove the ball bearing.

{6} Disconnect the soldered joint of the stator lead wire,
and remove the diocde and brush reguiator assemblies
from the stator at the same time,

{6) Separating the regulator
1} To separate the regulator, remove the ¢ 3mm (¢ 00,1181
in) rivet which keeps the dicde assembly and the
brushless regulator in place, and the soldered joint of
the L-terminai.

Printed in Japan
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4. Alternator

3 4THHB)NC)E

2} To reptace the IC regulator, disconnect the soldered
joint the IC regulator and pull out the two bolts. Do not
remove these two boits 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.: terminal from the stator coil

Current flows only in one direction in the dicde 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
delective, replace the diode assembly. Since there is no
terminal on the auxiliary diode, check the continuity
between both ends of the diode.

CAUTION : Do not use high tensile insulation resistance
such as meggers, elfc. for testing. The dipde
may burn out.

(2) Rotor
Inspect the slip ring surface, rotor coil continuity and
insulation,

1) Inspecting the slip ring surface
Check if the surface of the slip ring is sufficiently
smooth. If the surface is rough, grind the surface with
No. 500-60C sand paper. If it is contaminated with
oil, etc., wipe the surface clean with alcohol.

Standard
#$31.6mm

Wear limit
¢ 30.6mm

Slip ring outer dia.

2) Rotor coil continuity test
Check the continuity in the slip ring with the tester. If
there is no continuity, there is a wire break. Repiace
the rotor coil.

Resistance value i Approx. 3.340Q at 20°C

Printed in Japan
HINSHI-H2009



Chapter 9 Electrical System

4, Alternator 3.4JH3(BYC)E
3} Rotor coll insulation fest 2) Stator coil insulation test
Check the continuity between the slip ring and the Check the continuity between the terminais and the
rotor core, or the shaft. If there is continuity, insulation stator core. |f there is continuity, insulation of the sta-
inside the rotor is defective, causing a shor with the tor coil is defective. This will cause a short-circult with
earth circuit, Replace the rator coil, the earth care. Replace the stator coil.

4) Chack the rear side ball bearing. i the rotation of the

bearing is heavy, or produces abnormal sounds,

replace the ball bearing. (4} Brush
The Brush is hard and wears slowly, but when it is
worn beyond the aliowable 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.

i L 00 A
{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 [ 255—345g

{5} Brush wear
Check the brush length.
The brush wears very little, but replace the brush if
worn over the wear limit ine printed on the brush,

Woear limit line (brush)
Approx. 0.0770 51 20C mm

1-phase resistance Maintenance standard Wear limit
Brush length 16 9

Resistance value

FPrinted in fapan
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4. Alternator

3.4JH3BXC)E

(6) IC regulator
Connect the variable resistance, two 12V batteries,
resistor, and voltmeter as shown in the diagram.

1} Use the following measuring devices.

Resistor (R1) 100Q, 2W, 1pc.

Variable resistor (Rv) 0—3000Q, 12W, 1pc.

Battery {BAT1, BAT?2) 12V, 2pcs

DC voltmeter 0—30V, 0.5 class 1pc.

{measure at 3 points)
2) Check the regulator in the following sequence, accor-
ding to the diagram.

a) Check Vs, (BATi1+BAT2 voltage). If the voltage is
20-28V, bath BAT1, and BATz, are normal.

b} While measuring V2 (F-E terminal voltage), move
Rv gradually from the O-position. Check if there
is a point where the V2, voltage rises shamply from
below 2.0V to over 2.0V. If there is no such point,
the regulator is defective. Replace the regulator. If
there is a sharp voltabe rise when testing, return the
Rv to the 0O-position, and connect the voltmeter to
the Vs, 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 V1, rises
sharply by 2-8V. Measure the voltabe of Vi, just
before this sharp vollage rise. This is the regulating
voltage 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 regulator is defective.
Replace the regulator.

4 L ¢ O-position

4-9 Reassembling the alternator

Reassembly is done in the reverse crder of disassembly.

For reassembly, be careful of the following points (Refer

to 4-7 disassembling alternator.)

{1) Assembling the brush regulator

1} Solder the brush.

Position the brush as shown in the drawing and solder
it. Be careful not to let the solder drip inta the pig tait
(lead wire).

Wind the wire 1.5 1imes
around the termina! groove.

11£0.5mm

1mm

Mount the insulation tube
on the terminal surface.
NOTES : 1. Use non-acid type paste.
2. The soldering iron temperature is 300~350T.

2) Mount the IC regulator on the brush holder as illustrated,
and press in the M5 boit. Do not forget 1o 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 balt

NOTES : 1. Insertion pressure is 100kg
2. Insert vertically.

(2) Connecting the brush regulator assembly and diode
1} Check the rivets
Place the rivets as shown in the figure, and then calk
them using the calking tool.

Calking torque 500kg

2) Connect the brush to the diode.
Insert the brush side terminai into the diode terminal,
calk it, and then solder into place.

3.0mm dia rivet,

ﬂv\
<

Rivetting pressure 500kg

Printed in Japan
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S4THIBUC)E

(3) Assembling the rear caver
nsert pins from the outsice of the rear cover. Install
the brush on the brush holder, then attach the rear
cover.
After asgembly, pull out the pins.

Brush hcider

Pin

Rear covar

{4) Tightening torques
" Tightening torque
Positions kg-cm
Brush holder fixing 32—40
Diode fixing 32—40
Bearing retainer fixing 32—40
Pulley nut tightening 4006600
Through-bolt tightening 32—40

4-10 Performance test

Conduc! a performance test on the reassembled AC gen-
erator as foliows. The following is the circuit for the perfor-
mance test.

Yariable resistor

!-w-‘t}—j

Battery

| A

()

0.25{2 Resistor
Cannect when
the batterries

are discharged

Printed in Japan
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(1) Measuring devices

BC voltmater J—15V or 0—30V, 0.5 Class, 1pc.
DC ammeter 0—100A, 1.0 Clsss 1pc.
Variable resistor | 0—0.25Q. 1kW, 1pe.

Lamp 12V, 3W

160 Q resistor 3W

0.25Q resistor 25W

(2} Measuring the reguiating voltage

1) When measuring devices are connected in the per-
formance tes! 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 generator are
gradually raised, the charge lamp goes off.

3} Raise the revolutions of the AC generator, and read the
voitmeter gauge when the revolutions reach about
5,000 rpms.

NOTES : 1. Make sure that the armmeter indication ai this
time is less than 5A If the indication is over
BA, connect the 0.25Q resistor. The voit-
meter indication at this time must be with-
in the prescribed regulating voltage value.

2. Raise the AC generator revolutions high to
make sure the regulating voltage does not
fluctuate along with changes in the revolu-
tion speed.

{3) Precautions for measuring the regulating voltage
1) When measuring the voltage, measure the voltage
between the AC generator BAT terminal, or Battery
=+ terminal, and AC generator E-terminal,
2) Usg a fully charged battery.
3) Measure the voltage quickly.
4} Keep SW, open for measurement.
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34JH3(BXC)E

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 1C, and has

the following features.

(1) The IC regulator is self contained, and has no mov-

ing parts {mechanical contact points) It therefore
has superior features such as freedom from vibration,
no fluctuation of voltage during use, and no need for
read-justment.
Also, it is of the over-heating compensation type
and can automatically adjust the voltage to the
mast 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 cutput.

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 trent 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 Characteristics
15

5-2 Specifications

Model of alternator

LR180-03 (HITACHI)

Model of IC regulator

TRIZ-63 (HITACHI}

Battery voltage

12V

Nominal cutput

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

14.520.3V(Standard temperature
voltage gradient,—0.01/C)

100 R N I
B [ Regulated voltage
¥
12 80
/ Qutput current for 13.5V

— - 7]
= L o<t /
D —
E 9r E 60
s I3
2 I3z /
= BF S 40
[ o /
g L
: |

3F 20

0 0

0 2 4 6 8 10 12

Speed of alternator (rpm)

930

14X103
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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, Iront. cover,
rotor, stator and rear cover. The {C regulator is an integral
part of the alternator.

Brush
requlator assy

Bearing retainer

Rear cover

Flont cover

Condenser

Capacitor assembly

Brush regulator assembly

Brush heldar

Rear cover assembly Diode assembty

Statar assembly
Front cover assembly Rotor assembly
Brush assembiy

Beari .
earing retainer IC regulator assembly

Ball bearing Through bolt

Brush set

Pulley nut assemb!
Y Y Ball bearing

Rear cover

Insutatmg bushing
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3AJH3(BXC)E

5-5 Alternator functioning
(1) 1C regulator

5-6 Handling precautions
{1) Be careful of the battery's polarity {+,—terminals). and

The IC regulator is the transistor (Tr1) which is series-
cornected with the rotor. The IC 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

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.

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

{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.)

1 BAT

[
: charge lamp
D1—Da g L
€ o—+
Igniticn
_ switch
Rt
R
W 5
: ’ Battery switch
Die Rn ‘
Rotor coil 5 R4 Re |
A Da—Ds _ L_
| A i in 1 sater

el

T Regulator

E
AC generator _J

BAT :  Generator output terminat Dh-De:  Qutput commutation diode
D1o: IC protecting diode Ri-R4: Resistor

L: Charge lamp terminal D1-D9: Charging lamp switching diode
ZD: Zener dicde F: To supply current to rotor coil
E: Earth Rn: Thermistor

Tri, Tr2 : Transistor (Temperature gradient resistance)

Printed in Japan
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3 4JHHBYC)E

5-7 Disassembling the alternator
{1) Remove the through-bolt, and separate the front as-
sembly from the rear assembly.

{2) Remove the pulley nut, and pull out the rotor fram 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).

YJC
e @€

i5} Disconnect the soldered joint of the stator lead wire,
ang remove the diode and brush regulator assemblies
from the stator at the same time.

(6) Separating the regulator
1) To separate the regulator, remove the ¢ 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 reguiator, disconnect the soldered After repeating the above test, if any diode is found to be
joint the IC regulator and pull out the two bolts. Do not defective, replace the diode assembly. Since there is no
remave these two bolts except when replacing the IC terminal on the auxiliary diode, check the continuity

regulator. between both ends of the diode.

5-8 Inspection and adjustment

{1) Diode
Between terminals BAT { +side diode)
Tester wire + side — side CAUTION : Do not use high tensile insulation resistance
+ side No continuity such as meggers, elc. for testing. The diode
Uv.w, - — may burn out.
— side Continuity
. — (2) Rotor
Between terminals E { ~side diode) Inspect the slip ring surface, rotor coil continuity and
Tester wire + side — side insulation.
+ side continuity 1) Inspecting the slip ring surface
UV.W. — side No Continuity ' ) 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. If it is contaminated with
oil. etc., wipe the surface clean with alcohal.
; 4 y Standard Wear limi
=] -
A — - . tandar ear limit
- )l Auxiliary diode Slip ring outer dia. #31.6mm # 30.6mm
+ side diode ~L ¥ - 1,5 _;j o BAT 2) Rotor coil continuity test
— side diode — —5 7 Check the continuity in the slip ring with the tester. If
- — — 7 there is no continuity, there is a wire break. Replace
/ T E the rotor coil.

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
narmal condition. When there is no continuity, the diode is
detective.

When the tester is connected in the reverse of above,
there should be no continuity. [f there is, the diode is
defective.

Resistance value | Approx. 2.58Q at 20C

_ Printed in Japan
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3.4JH3(BXC)E

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 shart with the
earth circuit. Replace the rotor coil.

4) Check the rear side ball bearing. If the rotation of the
bearing is heavy, or produces abnormal sounds,

replace the ball bearing.
! "‘
g\\\\\

{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 cail insulation test
Check the continuity between the terminals and the
stator core. If there is continuity, insulaticn 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, alsc 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 fittle, but replace the brush i
worn over the wear limit line printed on the brush.

Wear limit line {brush)

mm

Maintenance standard Wear limit

Brush length 16 9
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{6} IC regulator
Connect the variable resistance, two 12V batteries, 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) 10042, 2W, 1pc.
Variable resistor (Rv) 0—300Q, 12W, 1pc. —7 f—my
Battery (BAT1, BAT2) 12V. 2pcs ]
DC voltmeter 0—30v, 0.5class 1pec.
{measure at 3 points) Brush
2) Check thé regulator in the following sequence, accor- D 1mm
ding to the diagram. . Mount the insulation tube
a) Check Vi, (BAT:+BATz voltage). If the voltage is on the terminal sudace.
20-26V, both BAT1, and BATz, are normal. NOTES : 1. Use non-acid type paste.
b) While measuring V2 (F-E terminal voltage), move 2. The soldering iron temperature is 300~3507T.

Rv gradually from the O-position. Check if there
is a point where the V2, voltage rises sharply from
below 2.0V to over 2.0V. If there is no such point,
the regulator is defective. Replace the regulator If
there is a sharp voltabe rise when testing, return the
Rv to the Q-position, and connect the voltmeter 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
sharply by 2-6V. Measure the voltabe of Vi, just
before this sharp voltage rise. This is the regulating
voltage of the regulator. If this voltage of Vi, 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
Mlace the rivets as shown in the figure, and then calk

N them using the calking tool.

Calking torque 500kg

2) Connect the brush to the dicde.
Insert the brush side terminal into the diode terminal,
calk it, and then solder into place.

I
1 . O-position

3.0mm dia rivet.

5-9 Reassembling the alternator

Reassembly is done in the reverse order of disassembly. L,

For reassembly, be careful of the following points (Refer *

to 4-7 disassembling alternator.)

{1) Assembling the brush regulator

1} Solder the brush,

Position the brush as shown in the drawing and solder
it. Be careful not to let the solder drip into the pig tail
{lead wire).

Rivetting pressure |

_ Printed in Japan
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(3} Assembling the rear cover (1) Measuring devices
Insert pins from the outsice of the rear cover. Install — —
the brush an the brush holder, then attach the rear DC voltmeter 0—15V or 0—30V, 0.5 Class, 1pc.
cover. DC ammeter 0—100A, 1.0 Clsss 1pc.
After assembly, pull out the pins. Variable resistor | 0—0.25Q. 1kW, 1pc.

Brush hcider

Pin

Rear cover

{4) Tightening torques

Positions Tightening torque
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.

& Variable resistor

A

Charge lamp

S
@Batlery _KS\_"% .
(N
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Lamp 12V, 3W
100Q resistor 3w
0.25Q resistor 25W

(2) Measuring the regulating voltage

1) When measuring devices are cennected in the per-
formance test circuit as shown above, the charge
lamp lights.

2) Close SW2 while keeping SW1 open and run the AC
generator. When the revolutions of the generator are
gradually raised, the charge lamp goes off.

3) Raise the revalutions of the AC generator, and read the
voltmeter gauge when the revolutions reach about
5,000 rpms.

NOTES : 1. Make sure tha! the ammeter indication at this
time is less than 5A. If the indication is over
5A, connect the 0.250Q resistor. The volt-
meter indication at this fime must be with-
in the prescribed regulfating voltage value.

2. Raise the AC generator revolutions high to
make sure the regulating voltage does not
fluctuate along with changes in the revolu-
tion speed.

(3) Precautions for measuring the regulating voltage
1) When measuring the voltage, measure the voltage
between the AC generator BAT terminal, or Battery
=+ terminal, and AC generator E-terminal.
2) Use a fully charged battery.
3) Measure the voltage quickly.
4) Keep SW, open for measurement.

0.25Q Resistor
Connect when
the batterries

are discharged
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5. Alternator (OPTIONAL)

34TH3(BXCO)E

5-11 Troubleshooting
(1) Charging failure

Doesn't
Does the charge lamp go off '\ 9° off
when the key switch |s turned
(after engine starting}?

Goes off

Defective

_b

< Check fan belt

® Replace fan belt.
& Adjust fan belt.

OK

After stopping the engine, tum on the key switch. )

¥

C

Remove the B-L generator coupler.

~
J

BAT, R-L terminal
Voltage: 9-12V

Measure the voltage between the
BAT termirnal, and the R-L
coupler terminal.

: Defective

® 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 tq the generator.,

l

Turn on the key switch for engine starting

)
)

Defective
*Measure the voltage between
the generator BAT, and the L

*Measuring condition
Generator rpms: 5,000

el o

*|n case of delective continuity of
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 terminal voltage of
generator; 0.3—2V is normal.

_-.

Check the electrical wiring for the
night famp.

Printed in Japan
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5. Alternator (OPTIONAL) 34JH3(BYC)E

{2) Qvercharging

Defective
Tum on the key switch. *Measure the BAT voltage of Reblace the IC realator o denerator
{Start the engine.} the generator. P glator of ge or.

(3} Charge lamp failure

Defective
Check the wiring.

Replace the charge lamp.

Check if the charge lamp lighls
after turning on the key switch.

OK
Y
Detactive
After turning on the key switch
(afer engine starting), check if The Charge lamp is OK it it goes off, :igﬁgﬁgfﬁ;ﬁ” oelt
the charge lamp goes off. '
Check the fan belt. oK
Defective
Measure the BAT voitage of . Replace the charge lamp,
generator.

Printed in Japan
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6. Instrument Pancl

3.4TH3(BXC)E

6. Instrument Panei

6-1 B2-type instrument panel with wiring
g’% mmiir.)
c_c“i Water temperature warning lamp A
0 Tachometer Light switch I Qil precs'sgg ;vﬁ;lngnu lamp \\Ej\bber sealed lamp (sail drive)
5 - f f a éﬂl e Water temperalure warnl'ng Igmp
LY A S B Oil pressure warning imp
EQ [D D @ Charge limp
a3 ;
wls L 7\
2.0 i = "\ i Tachometer
i ””HH””H T Key swiich
= = N,
K
. &\ vemam ? @ & K
g L=l N .
. Vt% 7 9 1 Y AR ey switch
“ 1281603831/ ¢ 1285 (5.0393) ] -{Q@Oe _ '
10 (0.3937} /276 11086611 \ N, g 6 Light switch

AY
For engine stop cable  Alarm buzzer  *Engine stop switch {0.3937)

6-2 C-type instrument panel

176 (6.9291)

mmr.
. Tachometer Cooling water thermometer

= Lube oil pressure gauge

a0\ 336 {13.2283)/ .

2 | 121{0.4724) 312(12.2834) [ 7 12 0.4724)

= uﬂ rl’
& N _ & e
=
[ie]
S @
Cal Warning lamp
ke C.W. temperature lamp
b . Engine L.O. pressure lamp
-~ . Charge lamp
s oI o4
Vs |
iy |
2
| 7 W 5]
/ / /
Integral hour meter  Fuse box \/ Stanter switcr.
Buzzer switch \ Engine stop switch
Light switch
9—40

Engine stop switch ™ JJ
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6. Instrument Panel

6-3 Extension codes

mm
Part code No. L
Extension cord 4M 129574-77710 3750 —~ 3850
Extension cord 6M 128574-77720 5750 ~ 5850
Printed in Japan
HINSHI-F[8009
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7. Waming Devices

3 4TH3(BXC)E

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 Ibiin 2}, with the main switch in the ON position, the

contacts of the oil pressure swi

tch 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 lubricating

oil pressure and the lamp remains off.

Pilot lamp @

Fuse Main switch

!

Oil pressure

Qil pressure switch

Spring

6 9 Alarm buzzer

Oit pressure switch

—-E— Battery

T

{Qil pressure aiarm circuit)

Contacts

Inspection

=) Oil pressure
r ~ilf—

Lube oil
pressure —
switch

Cylinder body main gallery

Rated voltage 12V
Operation pressure 0.1~0.3kg/en
Lamp capacity 5W

Problem

Inspection Item

Inspection method

Corrective action

Lamp not illuminated when
main switch set to ON

. Oil pressure lamp

blown out

{1) Visual inspection

(2) Lamp not illuminated even
when main switch set to ON
position and terminals of oil
pressure switch grounded

Replace lamp

. Operation of oil pressure

Lamp illuminated when checked

Replace cil pressure switch

Lamp not extinguished

switch as described in (2) above
1. Cil level low Stop engine and check oil Add oil
level with dipstick
2. Qil pressure low Measure oil pressure Repair bearing wear and

adjust regulator valve

while engine running 3

. Oil pressure faulty

Switch faulty if abnormal at (1)
and (2) above

Replace oil pressure switch

. 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. Warning Devices

34TH3(B)C)E
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 SFF 57°C or il
to monitor the temperature of the engine cooling water. Eiot _ 9
A high thermal expansion material is set on the end of the ectric Cap.aCIty I_DC 12V, 1A
water temperature unit. When the cooling water tem- Response time with in 60 sec.
perature reaches a specified high temperature, the con- Indication color Green
tacts are closed, and an alarm lamp and buzzer are Tightening torque 2.40~3.20kg-m

activated at the instrument panel.

Cooling water temperaiure switch

Thermestat housing

Fresh water pump

7-3 Sender unit for lube oil pressure gauge

The sender unit for the lube oil pressure gauge has a
mounting seat for mounting on the lube oil filter bracket.
Gil pressure is measured when the oil enters into the main
Main switch gallery after being fed from the lube qil cooler and passing
°*l through the oil pressure cantrol valve Be sure to mount a

vibration damper when mounting the oil pressure sender
s _l_ unit.
(£ ¥] water temperatureunt  —— Batlery

57.7mm

T

Green

Lube oi! pressure sender unit

PT 314 Lube oil filter

Printed in Japan
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Chapter 9 Electrical System

7. Warning Devices 3,4JH3(BXC)E
Lube oil pressure sender unit
824
mm
16.7 | 37 107, 8 10
M5 X PC.8 o
e
[o23
o A ol B
3| - i {1
o
PT 1/8
Damper
Type Resistance switch
PT 1/8 Rated voltage DC 12/DC 24
- Max. operating pressure Bkg/cm?
Fl:
3
-
[>e]
PT 1/8
#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 [eaving the cylinder head.
A .
Cooling water Cocling water
temperature temperature
switch sender unit
mnm
§7.2
Outlet for water heater
227 14 20.5 Inlet for
17 M5 X P0.8 water heater
f‘(f]§ © o v
e : :
1 -
Black
PT 3/8
Type Thermistor switch
Rated voltage | 12V/24V
— Printed in Japan
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8. Air Heater (Optional)

34JHIBXCIE

8. Air Heater (Optional)

An air heater is available for warming intake air when
starting in cald areas in winter. The air heater is mounted
between the intake manifold and intake manifold coupling.
The device is operated by the glow switch on the instru-

ment panel.

X M§ terminal

Gasket

Air heater

intake manifold

78
50 ,
}
7 i
g?lf P
sEa e
._J_t7 Hf
@iiuuuu.‘u_li,/{\
449

Rated output 400W

Rated current 33.3A

Rated voltage oC12v

Rated ting & Engine operation : 60 sec.
ated operating time Engirie stop - 30 sec.

Ranige operating
ternperature

+50°C ~30°C{122°F~—22°F)

Printed in Japan
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Chapter 9 Ejectrical System
9. Electric Type Engine Stopping Device (Optional) 34TH3BXC)E

9. Electric type Engine Stopping Device (Optional)

To employ the eletric engine stop device, the stop lever of
the fuel injection pump is connected to the solenoid with a

connection metal. Soiencid bracket
The device is operated by the stop switch on the instru-

ment panel. %

Engine stop scienoid.

Engine stop wireharness

Relay

9-1 Solenoid

Solencid model 1504-12AU1B
Rated voltage 12v
Taking current 41A
Taking force 5.0kg
Holding force 9.0kg
Helding current 0.75A

mm
with current

33 64
M6 screw 9,55_]

depth 20.8

i

@ /
(Y]
@ Tl i
i i < ‘
71
B-32 strew Tie-la ¢
terminel '€-1ap Constant volume boot

_ Printed in Japan
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9. Electric Type Engine Stopping Device (Optional) 3 4THHBYC)E

9-2 Relay

Rated voitage 12v
Cantact current Lamp: 20A, extra-lamp : 25A
Range of operation —30C~+490TC

9-3 Wire harmmess of engine stop

W & Bu

. Engine stop solenpid

; & BK

Starting motor

terminal B R

Instrument panel

Printed in japan
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10, Tachometer 34JH3BXC)E

(2) Sensitivity limit of sender unit

10. Tachometer

Ring gear speed
. {m/sec)
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 /
8
(MPU sender). Good zone
The function of the sender is to convert the rotary motion
into an electrical signal by counting the number of teeth of 6
the ring gear connecting with the flywheel housing. /
4 pd
/ NG zone
/ I
Tachometer sensor 0 I
0.5 1.0 1.5 2.0 25
Sender unit and gear clearance C (mm}
c
H[ng gear }
Sender unit

(3) Dimensions of sender unit

25%C5 345 mm
15 5 4.5
' 3 155
] T 3
g g =1 [
. o
r=]
\ ; JJ hel
Red/black T F
' . Orange
I | = M18X P15
Rotati Bilue/red
d&?cttﬁg sender Black
Tachometer (4) Dimensions and shape of tachometer
723
10-2 Specifications and dimensions of tachometer
(1) Specifications :l
Rated voltage DC12v
Range of operating voltage 10~15V =3
o
illumination 3.4W / 12V 4
Ring gear No. of teeth 1186
Module 2.54
Part No. of sender unit 128170-91160 \dentification mark
10N marl
9—48 Printed in Japan
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10, Tachometer

3.4/HIB)XC)E

10-3 Measurement of sender unit characteristics
{1) Measurement of output voltage

Output voltage I

1.0V or higher

Synchroscape

Rotation detecting sender

@@Zm

Ring gear
No. of Teath

116
Q =] L
I , —AAA 1
IV or higher 1.3mm 20kQ
\/ AC 100V
*Check the output wave patlern and number of pulses
when carrying out the output voltage measurement.
Measuring conditions

Number of testh of {2} Measurement of internal resistance
ring gear 116
Gap between the ring 1 3mm Measuring conditions
gear and sender Measuring temperature 20C
Resistance 20kQ Measuring instrurment Digital tester
Speed of ring gear 500 rpm
Measuring temperature 20C Digitai tester
Measuring instrurment Synchrascope

Retation detecting sender o kQ

i = a—

AC 100V
Fault Diagnosis Remedy

Does not function well.
1) Pointer 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 good the connection.

Disconnect at the instrument terminals, and measure the
voltage between the cable terminals. {To be 10~16V)

| Satisfactory

No 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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10. Tachometer

3 4JH3(BXC)E
Check if the sender is loosely fitted. Yes Fix the sender securely.
I No
Measure the internal resistance of the sender. No  Replace the sender.
{Tobe 1.6X£0.1kQ at 20T}
!
Measure the cutput voltage of the sender. Ne Replace the sender,

(To be or higher at 20°C)

Printed in Japan
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Chapter 10 Disassembly and Reassembly
1. Disassembly and Reassembly Precautions 34JH3BYC)E

1. Disassembly and Reassembly
Precautions

(1) Disassembly

* Take sufficient time to accurately pin-point the cause
of the trouble, and disassemble only those parts
which are necessary,

® Be careful to keep all disassembled parts in order.

* Prepare disassembly tools.

® Prepare a cleaner and cleaning can.

# Clear an adequate area for parts and prepare a
container(s}

¢ Drain cooling water (sea water, fresh water) and
lube oil.

* Close the Kingston cock

{2) Reassembly

o Sufficiently clean and inspect all parls to be assem-
bled.

& Coat sliding and rotating parts with new engine oil
when assembling.

® Replace all gaskets and O-rings.

¢ Use a liquid packing agent as necessary to prevent
oil/water leaks.

¢ Check the oil and thrust clearances. etc. of parts when
assembling

® Make sure you use the correct bolt/nutwasher.
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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Chapter 10 Disassembly and Reassembly

2. Disassembly and Reassembly Tools 3 4THBNCE
The following tcols 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 : 12X14
)
Wrench Size : 17X19
\/-
Wrench Size : 22X24
Screwdriver
Steel hammer Local supply

10—2
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Chapter 10 Disassembly and Reassembly
2. Disassembly and Reassembly Tools 3 4JHH(BXCE

Name of tool illystration Remarks

T

} Local supply

Copper hammer

Maliet Local supply
Nippers Local supply
Pliers Local supply
Offset wrench Local supply 1 set

Box spanner Local supply  set

Scraper w Local supply

Printed in Japan
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2. Disassembly and Reassembly Tools

3.4JH3(B)C)E

Name of tool

lllustration

Remarks

Lead rod

Local supply

File

Loca! suppiy 1 set

Hod spanner for ;t.)cali sgpply
hexagon socket J ize : : mm
head screws € 2 mrm
10 mm
5—0
Stariing Fliers
Hule type Local supply
Shaft type At
) S =
S = Hole type
H = Shaft type
10—4 Printed in Japan
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2. Disassembly and Reassembly Tools 3 4JH3B)C)E
2-2 Special Handtools
Name of tool Shape and size Application
mm
Piston pin extractor
20 a0

Piston pin insertion/

12

extraction tool _jO:@

R
25

20 80

Cannecting rod small ‘

end bushing insertion/
extraction ool

)
L\

254~~257

28.4~28.7

_ 20 75

i

Intake and exhaust ‘ ‘
vaive insertion/
extraction tool

75

Lubricating oil No.2
filter case remover

Printed in Japan
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2. Disassembly and Reassembly Tools 34TH3(BXC)E
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 Disassembly and Reassembly Tools 3 4JH3(BYXOE
2-3 Measuring Instruments
Name of tool Shape and size Application

Vernier calipers j;LF_.__g ‘
N Y

0.05mm
0~150mm

Micrometer

0.01mm
O~25mm
25~50mm
50~75mm

75 ~100mm
100 ~125mm
125~150mm

Cylinder gauge

0.01mm
18~35mm
35~60mm
50~100mm

Thickiness gauge

0.05~2mm

=\
Torque wrench -

0~13kg-m

Nozzle tester

0~500kg/cm?

Printed in Japan
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2. Disassembly and Reassembly Tools

34JH3(BXC)E

2-4 Other material

ltems Usual Contents Features and application
Thriﬁ?ond 2009 Non-drying liquid gasket; solventless type, easy to remove, superior in seawa-
811 01 {1kg also aviable) | ter resistance, applicable to various mating surfaces.
Three Bond 200g Non-drying liquid gasket; easy 1o apply, superior in water resistance and oil
No.2 . resistance, especially
TB1102 (1kg also aviable) superior in gasoline resistance.
= Thrle\ligond 150g Drying film, low viscosity and forming of thin film, appropriate for mating sur-
g TB1103 face of precision parts.
=4
> Three Bond 2009 Semi-drying viscoelastic material, applicable to non-flat surface having many
- No.4 . indentations and protrusions, superior in heat resistance, water
(1kg also aviable) ; ! .
TB1104 resistance, and oil resistance.
Three Bond o . .
Solventless type silicone-base sealant, applicable to high temperature areas.
No.10 100g {(—50°C to 250)
TB1211
Three Bond Silicone-base, non-fluid type, thick application possible.
100g
TB1212
Three Bond 200 Prevention of loose bolts, gas leakage, and corrosion. Torque required to
b TB14M 9 loosen bolt: 10 to 20% larger than tightening torque.
3
L
£ Lack tight
SUPER 50g Excellent adhesive strength locks bolt semipermanently.
TB1324
Sealing material for threaded parts of various pipes.
5m round t
Seal Tape undtape Ambient temperature range: —150°C to 200°C
¢ 1.92-m dia.:1
O-ri . $ 2.42-m d!a‘f1 O-ring of any size can be prepared, whenever required.
-ring kit # 3-12-m dia. "1 (Including adhesive, release agent, cutter, and ji
¢ 3.52-m dia.:1 g adhesive, gent, cutter, and jig)
¢ 5.72-m dia.:1
< | Brand name 50g
;f {(LOWCOL PASTE) For assembly of engine cylinders, pistons, metals, shafts, etc.
2 | Brand name 330 Spray type facilitates application work.
E | (PASTE SPRAY) g
e 2
88
£ £.|Brand name 50 Prevention of seizure of threaded pants at high temperature.
D—:_’ 2 | (MOLYPASTE) 9 Applicable to intake and exhaust valves. (stem, guide, face}
o =

FPrinted in Japan
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2. Disassembly and Reassembly Tools

JAJHIBNCE

items

Usual Contents

Features and application

Scale salvent

{caustic soda)

1 1 bhox
Scale sclvent {4kg X dremavers)
‘ 1 box
Neufralizer (2kg X4

neutralizers)

pH test paper

# The scale solvent rernoves scale in a short time. {1 to 10 hours)
® Prepare waler (seawater is possible) in an amount that is about 10 times the
weight of the solvent. Mix the solvent with water.

» Just dipping disassembled part into remover mixture removes scale.
To shorten removal time, stir remover mixture,

o |f cleaning performance drops, replace remover mixture with new remover
mixture,

* Neutralize used mixture, and then dispose of it.
To judge cleaning performance of mixiure, put pH test paper inte mixture.
if test paper turns red, remover mixiure is stifl effective.

Adld antirust to fresh water system. Then operate engine for approximately 5

Antirust 24 minutes, Antirust will be effective for & manths.
Anti freeze 28 Add antitust to fresh water system at the cold area to engine operate.
# The cleaning agent removes even carbon adhering to disassembled parts,
Cleaning agent 1kgX20 ¢t a cleaning machine is used, prepare 4 to 8% mixture of 60° to 80T to

ensure more effective cleaning.

Printed in Japan
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Chapter 10 Disassembly and Reassembly

2. Disassembly and Reassembly Tools

3. 4JH3(BXC)E

items

Usual Contents

Features and application

Cleaning agent
for turbocharger

42X4

18 £X1

15sets & 1,
500cc X6

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.

Qil pan mating surface

@
© @
@ =
@2
@
3
[ a—
@] = T
&
a
k=)
©
@
B
@
’ E

I

Buildup of TB1212

10—10
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Chapter 10 Disassembly and Reassembly
2. Disassembly and Reassembly Tools

. 34JH3(BXC)E
2-5 Measuring instruments
No. Name of tool Use Hlustration

1 | Dial gauge Measures shaft bending, distortions of levelness,

and gaps.

d i@v.-h

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 | Micrometer Measures the puter diameter of the crank shaft,

piston, piston pin, etc.

REEENC)

5 | Cylinder gauge Measure the inner diameter of the cylinder liner and

rod metai.
& | Vernier calipers Measures various cuter diameters, thicknesses, and

widths.
7+ Depth micrometer Measures sinking of valves.
8 | Square Measures distortion in position of springs and

perpendicularity of parts. ’
9 | V Biock Measures shaft distortion.

m
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 lllustration
10 | Torque wrench Used to tighten bolts and nuts to standard torque.
Q‘W)
ER————ms
11 | Thickness gauge Measures the distance between the ring and ring
groove, and between the shaft and shaft joint at
time of assembling.
12 | Cap tester Checks for leakage in the fresh water system.
13 | Battery current tester Checks density of antifreeze and charging condition
of battery fluid. %Dm
14 | Nozzle tester Checks the shape and pressure of spray emitted
from the fuel injection valve at the time of injection.
15 | Digital thermostat Measures temperature of various parts.
Detector ‘I i)
16 Contact type Measures rotation speed by placing at the indenta
-tion hole of the revalving shaft. q{[ EJ
Photoelectric type Measures rotation speed by using a reflector seal | Revolving part
which is placed on the exterior of the revolving !
shaft, . .
o 3
2
[14]
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 {
o

10—12
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2 Disassembly and Reassembly Tools 3.4JH3(BXC)E
No. Name of tool Use lllustration
17 | Circuit tester Measures the resistance , voliage, and continuity
of the electric ¢circuit.
18 | Compression gauge Measures the pressure of the compression.

‘ Model

Yanmar code ng.

[ All models

TOL—87150080C

Frinted in Japan
HINSHI-HB009
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Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

34JH3(BXC)E

3. Disassembly and Reassembly

3-1 Disassembly
For engines mounted in an engine room, remove the pip-
ing and wiring connecting them to the ship.

{1) Remove the remote control cable {from engine and
marine gearbox).

{2) Uunplug the extension cord for the instrument panel
from the engine.

{3) Remove the wiring between the starting motor and the
battery.

{4) Remove the exhaust rubber hose from the mixing
elbow.

{5) Remove the fresh water sub-tank rubber hose from the
filler cap.

(6) Remove the cooling water (sea water) pump sea
water intake hose (after making sure the Kingsion
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 coup!-
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

l' For fresh water
B (3JH3E series only}

Alternator

Tachometer sensor

10—14

Fresh water tank

Aiternator

3-1.2 Drain lube oil

(1) Remove the pipe coupling bolt which holds the lube oil
dip stick guide, and drain the lube oil from the engine.

(2) Remove the drain plug on the lower part of the crank
case contron side, and drain the Iube il from the marine
gearbox.

NOTE: If alube oil supply/discharge pump is used for the
engine, the intake hose is placed in the dip stick
guide, and for the cluich side (gearbox) it is placed
in the oil hole on top of the case.

3-1.3 Removing (electrical) wiring
Remove the wiring from the engine.

Damper

Qil pressure
sender unit ; f%

Lube oil
é'/ pressure switch

Joint

@—Air heater

For starting motor

y\ Waler temperature

Allernator sender unit

Cooling water temperature switch

Printed in fapan
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Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

34THIBXC)E

3-1.4 Removing the fuel oil filter & fuel oil pipe

{1) Remove the fuel oil pipe {fuel ail 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 oil filter

Fuel oil pipe
{pump —filter)

Fuel injection pump

3-1.5 Removing the intake silencer

(1) Remove the breather hose attached to the intake
silencer-valve rocker arm chamber cover

(2} Remove the intake silencer trom exhaust manifold
outlet.

ouplin
Intake silencer ping

Intake manifold

Printed in Japan
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3-1.6 Remaoving the mixing elbow

{1) Remove cooling water (sea water) pipe rubber
(heat exchanger-mixing etbow).

(2) Remove the mixing elbow trom the intake manifold
intake coupling.

# Sea water pipe
{mixing elbow—heat exchanger)

Heat exchanger

Mixing elbow



Chapter 10 Disassembly and Reassembly
1. Disassembly and Reassembly Precautions

3.4TH3(BXC)E

3-1.7 Removing the starting motor
Remove the starting motor from the flywheel housing.

Mixing elbow

™ Lubricating oil cooler

Starting motor Sea water strainer

Flywheel housing

3-1.8 Removing the alternator

(1) Loosen the alternator adjuster boit and remove the
v-belt.

(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)

Remove the heat exchanger and gasket packing.

Altemator
\ Heat exchanger

Adjuster

Fresh water pump

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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Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

S 4JHI(BXC)E

3-1.11 Removing the cooling water {(sea water} pipe
(sea waler pump-Lube oil cooler).

Cooling 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 oil pipe {lube oil cooler-filter bracket
fitter 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.

}.ube oil cooler Cylinder black

\Gasket packing
Lube oil pipe X Lube ol fite

Dipstick —| —

Lube oil dipstick guide
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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 cil return pipe (fuel injection nozzle-
fuel injection pump)

Fuel injection nozzle

Fuel injection pimp

3-1.15 Remaving the intake manifold
(1) Remove the governor speed remote control bracket.
(2} Remove the inlake manifold and gasket packing.

Cylinder head

Intake manifold Gasket packing
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Chapter 10 Disassembly and Reassembly

3. Disassemb]y and Reassembfy 3 4JH3BXC)E
3-1.16 Removing the fresh water pump 3-1.18 Removing the valve elbow shaft assembly
Remove the fresh witer pump, gasket packira and O-ring. {1) Remove the valve etbow chamber cover.

{2) Remove the valve elbow shaft support mounting
bolts(s), and remove the entire valve elbow shaft
assembly.

(3) Pull out the push rods.

S
a Rocker arm chamber cover
Tl

_ Valver rocker arm ashaft assembf

Fresh water

pump Push red

3-1.17 Removing the fuel injection nozzles

Remove the fuel injection nozzle retainer nut, and pull out
the fuet injection nozzie retainer and fuel injection nozzle.

Fuelinfection nozzle retainer
3-1.19 Removing the cylinder head

{1) Remove the cylinder head bolts with a torque wrench,
and remove the cylinder head.
{2) Remove the cylinder gasket parking.

Fuel injectian nozzle

Cylinder head

Cylinder head Gaitet packing

Cylinder block

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.

_ Printed in fapan
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Chapter 10 Disassembly and Reassembly

3. Disassembly and Reassembly 2 4THUBYCIE
3-1.20 Removing the crankshaft V-puliey 3-1.22 Removing the lube il cooler
Remove the hex bolls holding the crankshaft V pulley. and Remove the lube oil cooler from the upper part of the {ly-
remove the crankshalt V-pulley with an extraction tool whee! housing,

- Lube oil coaler

Crankshaft V-Pulfey
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 Remove the fiywhool mounting balts and then the flywheel.

rempve the gearbox assembly Eiywhee!

NOTE : Be careful not io scraich the ring gear.

Printed in Japan _
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Chapter 10 Disassembly and KReassembly
3. Disassembly and Reassembly

34JH3(B)YC)E
3-1.24 Turning the engine over 3-1.27 Removing the gear case
(1) Place a wood 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 holding the oil pan and clutch
housing

{2) Remove the oil pan and gasket packing.

3-1.28 Removing the lube oil pump

Remove the [ube cil 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

. Printed in Japan
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3. Disassembly and Reassembly

JATHIBXCIE

3-1.29 Remove the fuel injection pump

(1) Remove the blind plug mounted to the hub of the
autamatic advancing timer

{2) Remove the box nut, and pull out the fuel gif pump
drive gearfautomatic advancing timer assembly with
an extraction tool.

(3} Remove the fuel injection pump and O-ring from the
gear case flange.

3-1.30 Removing the iding gear
Hemove the two hex bolis hoiding the idling the idling
pult out the idling gear and idling shaft.

Idling gear

Printed in Japan
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3-1.31 Rernoving 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.

= - Piston

Connacting rod

2 { Pl 1 .
Large end cap M%
Connecting rod bott

NOTE : Place a lool against the pision cooling nozzie Io
make sure the nozzle position does nof change
and it does not get scratches.



Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

34JHIBXNC)E

3-1.32 Tuming 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.

(2) Remove the main bearing cap and lower main bearing
metal.

NOTE . The thrust metal (fower) is mounted to the standard
main bearing cap. Be sure to differentiate between
mounting surfaces.

Main bearing

(base) é

@g@@
g g ?@-Mam bearing

Main bearing bolt

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
crankshatft.

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 camshatft gear, and remaove.

{2) Pull out the camshaft gear and camshaft assembly
from the cylinder block.

NOTE : The camshaft gear and camshaft are shrunk fit
They must be heated to 180-200°C to disassemble.

3-1.37 Removing the tappets

Remove the tappets from the tappet holes in the eylinder
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

[y
.
i td 1

e

Pumrgmen

Printed in Japan
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Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

34JHIB)CIE

[Precautions when disassembiy]
1) Be careful 1o keep all disassembled parts in order.

2} Clear an adequate area for paris and preparea con-
tainer (8).

3} Prepare a cleaner and cleaning can before disassem-
bling stast.

Printed in Japan
HINSHI-H8009

3-2 Reassembly
3-2.1 Clean all parts

Clean all parts using by the cloth and diesel {or cleaning
agent) before reassembly.

NOTE : 1. If the dust remain with the parts, engine may
cause the seizing or damage.
2. The cleaning agent removes even carbon
adhering to disassembled parts.

3-2.2 Mounting the gear case flange

Mount the gear case flange, gasket packing and lube oil
line O-ring onto the cylinder block.

NOTE : 1. When mounting the gear case flange, match
up the two cylinder black pipe knock pins.
2. Be sure to coat the cylinder block lube oil line
C-ring with grease when assembling, sc that it
does not get out of place.

Cylinder body

3-2.3 Inserting the tappets

Coat the inside of the cylinder block tappet holes and the
outside circumference of the tappets with engine oil, and
insert the tappets in the ¢ylinder black.

NOTE : Separate the tappets o make sure that they are
reassembied in the same cylinder, imtake/
exhaust manifold as they came from.
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Chapter 10 Disassembly and Reassembly
1. Disassembly and Reassembly Precautions

34JHIBXC)E

3-2.4 Mounting the camshaft

(1) If the camshaft and camshaft gear have been disas-
sembled, shrink fit the camshaft and camshaft
gear [heat the camshaft gear to 180—200°C in the
hot oil and press fit].

NOTE . When mounting the camshaft and camshaft gear,
be sure not to forget assembly of the thrust rest.
Also make sure they are assembled with the cor-
rect orientation.
(2) Coat the cylinder block camshaft bearings and camshaft
with engine cil, insert the camshaft in the cylinder
block, and mount the thrust rest with the bolt,

{3) Measure the camshaft side gap. mm

Camshaft side gap 0.05~0.20

(4) Make sure that the camshaft rotates smoothly,

3-2.5 Mounting the crankshaft

(1) The crankshaft and crankshaft gear are shrink fitted. If
the crankshafl 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
oil groove.

2. When mounting the thrust metal, fit it so that
the surface with the olf groove slit faces
outwards, (crankshaft side).

(3) Coat the crank pin and crank journai with engine oil
and place them on top of the main bearing metal.

NOTE : 1. Align the crankshaft gear and camshaft gear
with the "A" match mark.
2. Position so fhaf the crankshaft gear is on the
gear case side.
3. Be careful not to let the thrust metal drop.

10—24

0, :
ME; gebearing \:@O @
o Fg@“&é@
g g ?&Mam bearing

Main bearing bolt

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 oif 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

NOTE : 1. The main bearing cap should be fitted with the
arrow near the embossed letters "FW" on the
cap pointing towards the flywheel.

2. Make sure you have the correct cylinder align-
ment no

(2) Measure the crankshaft side clearance. mm

Crankshaft side clearance 0.140~0.220

(3) Make sure that the crankshaft rotates smoothly and
easily.

Printed in Japan
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Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

3, 4JH3(BXCE

3-2.7 Mounting the flywheel housing

(1) Press fit the oil seal in the flywheel housing, and coat
the lip of the oil sea! with engine oil

{2} mount the flywhee! housing and gasket packing. mat-
ching them up with the cylinder block positioning pins.

NCTE : Trim the gasket packing if it protrudes onto the oil
pan mounting surface.

Flywhee! housing

3-2.8 Stand up the cylinder block

On wood blocks, with the fiywieel housing facing down.
Take care that the gearbox mounting surface does not get
scratched.

Printed n Jaran
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3-2.9 Mounting the piston and connecting rod
{1) Reassemble the piston and cannecting rod.

NOTE : When reassembiing the piston and connecting rod,
make sure that the parts are assembled with the
correct orientation.

(2) Each ring opening {piston/oil rings) should be staggered

at gaps of 120°.

1st comprassion fing

@ o —
5 e 2,

&

& L

Q. - Direction of
5 : pislon pin
B —

k= © Qilin

pit ‘ |

2

ks

r

=

2l compression ring

{3 Coat the pulside of the piston and the inside of the
connecting red crank pin metal with engine oil and
insert the piston with the piston insertion tool.

5 Piston

Connecting rod

Large and cap

b

Connecting rod boll
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3. Disassembly and Reassembly

3 4JH3(BXC)E

NOTE : 1. Insert the piston so that the match mark on the
large end of the connecting rod faces the fuel
feed pump, and the manufactuers mark on the
stem points toward the flywheel

2. After inserting the piston, make sure the com-
bustion chamber hollow is facing the fuel feed
pump, looking from the top of the piston.

(4) Align the large end match mark, mount the cap, and
tighten the connecting rod bolts. kgem

Connecting rod bolt tighlening torque 5.0~55

NOTE : if a torque wrench is not available, malch 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 shait
with two oil holes faces up.

{2) Align the "A" and "C" camshaft gear and crankshaft
gear match marks, match up with idling shaft retain-
ing plate, and tighten the bolts.

{3) Measure the idling gear, camshaft gear and crankshaft
gear backlash.

lding shaft

Fuel pump gear

Camshalt gear

"
e

Lube cil pump gear

Crankshaft 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 parts in bot
assemblies with grease.

(2) Align the "B" match marks on the fuel pump drive gea
and idling gear.

(3) Tighten all box nuts holding the fuel feed pump to the

specified torque.
kg m

Box nut tightening torque l 6~ 7

{4) Grease paris around the box nuts (lithium grease) ar
tighten the blind plug.
{5) Measure the backlash of the fuel feed pump drive gear.

3-2.13 Mounting the lube oil pump

{1) Mount the lube oil pump on the gear case flange.
(2) Measure the backlash of the lube oit pump drive gear.

Gear case fla

Gasket packing

Lube oil pump
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3. Disassembly and Reassembly

3, 4JH3(BXC)E

3-2.14 Mounting the gear case

{1} Coat the inside and outside of the oil seais with engine
oil and press fit them into the gear case.

{2} Position the two pipe knock pins and tighten the bolis

halding the gear case and gasket packing.

NOTE : Trim the gasket packing if it protrudes onto the oil
pan mounting surface.

Gear case flange

Gear case

3-2.15 Mounting the lube oil intake pipe

Mount the lube ol intake pipe on the bottom of the cylin-
der block, using new packing.

- Gasket packi
Lube oil intake pipe % packing

L]

kgrm

lube oil intake pipe lightening torque 2.6
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3-2.16 Mounting the oil pan

{1} Coat with three bond {3B-1114} the surfaces of the gear
case, gear case flange and fltywheel that contact with
the cylinder block

{2) Tighten the gasket packing/cil pan bolts,

{3} Mount the bracket that connects the flywhee! with the
oil pan.

Flywhea!
housing

3-2.17 Mounting the engine rmounting feet and
turning the engine upright.

Place suitable wood blocks below the oil pan and turn the
engine upright.

3-2.18 Mounting the flywheel

(1) Coat the flywheel mounting bolt threads with engine oil.
{2) Align the positioning pins, and tighten the flywheel bolts
to the specified torque.

Flywhest

Kgum

Fiywhee! mounting bolt

tightening torque 85~3.0
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3. Disassembly and Reassembly

3 4THXBXC)E

3-2.19 Mounting the marire gearbox

{1) Mount the fan and damper disk to the flywheel.
(2) Align the damper disk with the input shaft spline and
insert Tighten the flywheel housing and tlange.

Damper disk

Marine gearbox

3-2.20 Mounting lhe crank V-pulley

(1) Coat the ail seal and the section of the shaft with which
it comes in contact with oil.

(2) Tighten to the speclied 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 block, align-
ing it with the cylinder block posthoning pins.

NOTE : The side on which the engine model is inscribed
should face up (cylinder head side).
{2) Lift the cylinder head hoizomtally and mount aligning
with the cylinder head gaskel
(3) Coat the mounting bolt washers and threads with engine
oil, and lightly tighten the bolts in the specified order
Then tighten completely, in the same order.

B—Cylinder head bolt

Cylinder head

Gasket packing

Cylinder biock

(3 Cylinder)
Camshaft side
S @ ® 2
s |9 @ /NG ®) 2
2 —*{- } - { }*— %
I @ ®\__/ @ @ g
& \ ® @ ® ) &
FO pump side
{4 Cylinder )
Camshaft side
<] @
3 @ ® @ 3
z \_e\_Ja@ @\ g
* @ @) <
FO pump side
kg-m
Partial Complete
Cylinder bolt
tightening torque 4.0~5.0 9.0~96
(4) Measure the top clearance
mm

top clearance 0.74

Printed in Japan
HINSHI-H8009



Chapter 10 Disassembly and Keassembly
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3 4JHXBXC)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

sugeart tightening torque 24~2.8

(3) Adjust valve clesrance.

Rocker arm chamber cover

Valve rocker arm

shaft assembly
Push rod

Lock-nut

mm

Intake/discharge valve clearance r 02

{4) Coat the valve rocker arm and valve spring with engine
oil and mount |he valve rocker arm chamber cover.

Printed in Japan
HINSHI-H8009

Adjusting screw

3-2.23 Mounting the fuel injetion nozzle
(1) Mount the injection nozzle tip heat protectar, and then

the fuel injection nozzle. ®
@
Fuel injection nozzle retainer T,

Fuel injection nozzie

Cylinder head

(2) Tighten the fuel injection nozzle retainer nut to the

specified torque. kg+m

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 for the connecting pipe which is in-
serted in the cylinder block, and tighten the fresh
water pump to lhe specified torque.

Cylinder head

Gasket packing

f@/\

o, 4 Fresh water pump

kg-m

Fresh water pump
tightening torque 0.7~11
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3. 4THIB)YC)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 stap.

NOTE : Lightly tighten the box nuls 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

Fuet injection pump

10—30

3-2.27 Mounting the lube oil cooler

Mount the [ube oil cooler to the top of the flywhee! 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
black.

{2) Mount the filter element with the filter remover moun-
ting tool,

Lube oil cooier

Cylinder block

Lube oil pipe
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3. Disassembly and Reassembly

3.4JTH3BXC)E

3-2.29 Mounting the lube oil pipe
{1) Mount the lube Oil pipe (filter-lube oil caoler, lube oil

cooler-filter).
{2) Mount the lube ¢il pipe (cylinder block-fuel injection

pump).
3-2.30 Mounting the dipstick guide
Mount the dipstick and dipstick guide.

G

]

Lube oil dip stick

3-2.31 Mounting the sea water pump

{1) Mount the sea water pump assembly to the gear case
flange.

{2) Lightly tap the gear case side bearing rest with a wood
hammer, and tighten the mounting bolts.

Sea water pump

Gasket packing

Gear case flange

Gear case

3-2.32 Mounting the cooling sea water pipe

Mount the cooling water pipe with the hose clamp (sea
water pump-lube oil coaler).
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i \ 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
{resh water tank—fresh water pump, fresh water pump
heat excharger).

(2) Mount the cooling sea water pipe with tbe hose clamp
{tube cil cooler—heat exchanger).

{3) Mount the cooling sea water pipe with the hose clamp
{lube oil cooler—marine gearbox).

Cooling water (sea water) pipe
( Ypip Heat exchanger




3 4JH3(BNC)E

3-2.37 Mounting the mixing elbow
{1} Mount the mixing elbow on the exhaust manifold outlet,

{2) Mount the cooling sea water pipe rubber hose with the
hose grip (heat exchanger-mixing elbow).

Sea water pipe
{mixing elbow—heat exchanger)

Heat exchanger

Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

3-2.35 Mounting the altemalcr
{1) Mount the adjuster on the fresh water pump, the
distance piece on the gearcase, and then the

alternator.
(2) Adjust V-belt tension with the adjuster, and tighten the
Adjuster

mounting bofts.
Alternator

Fresh water pump
Mixing elbow

x
=
&
X
X
H
5

2

3-2.38 Mounting the intake silencer

(1) Mount the intake silencer on the intake manitold inlet
coupling for model 4JHE and on the turbocharger

>
2 N
2 X
ia) ! k)
blower side for model 4JH-TE.
{2) Mount the breather hose with the hoe clamp (intake
silencer—valve rocker arm chamber cover).

Distance piece

\c

G2
=0
g o
(Gear case
- s aalher hose
) i/ \‘-‘/ g Racker arm chamber cover

\‘ﬁ

o

10 kg
Coupiing

Adjustment bolt
Intake silencer
fntake manifold

M+ About 10mm
3-2.39 Mounting the fuel filter and fuel oil pipe

(1) Mount the fuel filter.
(2) Mount the fuel oil pipe (fuel feed pump-fuel filter, fuel

Cooling water
pump pulley
{fresh water)

Alternator

pulley

fitter-tuel injection pump).
Crank puller
Intake manifold
%
L
AN

3-2.36 Mounting the starting motor

Fit the starting motor in the flywheel housing.
Fuel ail filter

Fuel oil pipe
{filter—pump)

Fuei oil pipe
Fuef injection pump

{pump—filter—)
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Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

3 4JH3(BXC)E

3-2.40 Electrical Wiring

Connect the wiring to the praper terminals, observing the
color coding 1o make sure the connections are correct.

Hydraulic sender unit for Vibration prevention demper
lube oil pressure gayge - =
%
f 2 . .
4 o Lobu ail pressure switch

v o2 Joint

For instrument panel

For starting motor

Water temperature
sender unit

for Cooling water
% temperature gauge

7

TFachometer 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 alt engine assembly

has been completed. Connect the cooling water, fuel

oil and other piping on the ship and the exhaust hoses.

Connect the battery, Instrument panel, remote control and

other wiring.

3-2.42 Filling with lube oil

Fill the engine with lube cil from the supply port on top of
the gear case and the marine gearbox supply port on top
of the clutch case.

Printed in fapan
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3-2.43 Filling with cooling water

{1} Open the frssh waler tank cap and fill with water.
(e}

Fresh water tank capacity [ 8.0

(2} Fill with water untif the level in the sub-tank is between

the full and low marks. (2)

Full
0.45

Sub-tank capacity

Pressure cap

Fresh water
supply part

3-2.44 Check fuel iniection timing

{1) Open the fuel tank cock and shift the fuel feed pump
priming lever for air bleeding.

F.QO. feed pump

F.O. feed pump
priming

{2) Check injection timing by tuming the flywheel and
looking through the inspection hole in the flywheel

housing.
@ Flymheel housing

Inlection
timing marks



Chapter 10 Disassembly and Reassembly
1. Disassembly and Reassembly Precautions 3.4]H3(BYC)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° 41"

/ ; Slow
Rev. directon
Fast

. Printed in japan
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Chapter 10 Disassembly and Reassembly
4, Table of Standard Measurements for Maintenance 3 4THIBYCIE

4. Table of Standard Measurements for Maintenance

4-1 Cylinder head

Model
3JH3(BYC)E 4JH3({BJ(C)E
ftern Standard Limit
Distartion of combustion surface 0.05 or less than 0.18
? Intake 1207 E—
Vealve seat angle
Exhaust 90" —
Intake 1.07~1.24 1.74
Width of valve seat -+
Exhaust 1.24~1.45 184
Quiter dia. of stem 7.860-~7.975 78
Intake vaive Guide innet dia. 8.010~8.025 8.1
Oil clearance 0.035~0.065 0.2
Outer dia. of stem 7.955~7.970 7.9
Exhaust valve Guide inner dia, 8.015~8.030 8.1
Ol clearance 0.045~-0.075 0.2
Amount of valve guide spray 15 w—
Amount of intake/ intake valve 0.306~0.506
exhaust valve sinking Exhaust valve 0.3~05 1.0
Thickness of valve Intake valve 1.244~1.444
umbrella Exhaust valve 1.35~1.55 >
imake valve timing Open | BTDC 6~20° 10°~20°
Close ; aT.DC 48°~50° 48°~58°
Exhaustvalve timing | Open | b.B.GO.C 517 ~80" 51" ~861" o
Close | aT.D.C 13°~23" 137 ~23°
Free length 44.4 —_
Valve spring Distortion —— 1A
Tensile strength(kg) (1mm under pressure} 2.71(Axanometric pitch) / 3.61 —
Intake/Exhaust valve clearance 0.15~0.25 —
Printed in fapan 10—35
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Chapter 10 Disassembly and Reassembly
4. Table of Standard Measurements for Maintenance

34JH3(BNC)E
4-2 Cylinder block (mm)
Model
3JH3I(BYC)E 4JH3(B)}C)E

tem 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 0.00~0.01 0.03
Cylinder cylindrical degree 0.00~0.01

4-3 Valve equipment (mm)
Model
3JH3(B)(C)E 4JH3(B)}C)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

Qi clearance 0.016~0.054 0.14
Distortion of push rod 0.03 or lower —

Tappet outer dia. 11.975~11.990 11.63
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 34JHHBYCE
Model
3JH3(B)(C)E 4JH3(B)C)E
ltem Standard Limit
Piston outer dia. 83.945~83.875
L mark 83.965~B3.97%
ML mark 83.960~83.965 83.90
Piston outer dia.
MS mark 83.955~83,960
S mark 83.945~83.955
Minimum gap between pistons and cylinders 0.640~0.070 —
Top clearance 0.660~0.780 s
Piston pin outer dia. 25.887~26.000 2590
Piston and Piston pin | Piston pin hole inner dia. 26.000~26.009 26.02
Qi clearance 0.000~-0.022 612
4-5 Piston ring (m}
Model
3JH3(B)(C)E 4JH3(B)(C)E
Item T Standard Limit
Ring groove width 2.065~2.080 .
B measuremeants 1.970~1.880 e
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 —
B measurements 1.970~1.8%0 ——
Second ring
Minimum gap between groove and ring 0.045~0.080 T
Clearance 0.200~-0.400 1.5
Ring groove width 4015~4,030 ——
. B measurements 3.870~3.880 I
Oil ring
Minimum gap between groeve and ring 0.025~0.060 B
Clearance 0.200~0.450 1.5

Printed in Japan
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Chapter 10 Disassembly and Reassembly

4, Table of Standard Measurements for Maintenance 34JH3(BXC)E
4-6 Connecting rod {mm)
Model
3JH3(B){C)E 4JH3(BKCIE
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
QOil 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(BY{C)E 44H3(B}CIE
ltem \ Standard Limit
Cam shaft outer dia. 44.925~44,950 44.85
Gear side
Qil clearance 0.040~0.130 —
Cam shaft outer dia. 44.910~44.935 44 .85
Middle
Qil clearance 0.065~0.115 —_—
Cam shaft outer dia. 44.925~44.950 44.85
Flywheel side
Qil clearance 0.050~0.100 —
4-8 Crank shaft {mm)
Model
3JH3(B{C)E 4JH3(B)(C)E
ltem Standard Limit
Crank shaft 49.952~49.962 49.91
Journal Thickness of metal 1.995~2.010 —
Oil 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 3ATHIBYC)E
4-9 Side clearance and backlash ()
Model
3JH3(BHCIE 4JH3({B}{C)E
item 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
(mm}
Model
JJHB(B)CE 4JH3(B)(C)E
ltem Standard
Crank gear, Cam gear, ldie gear,
S . 0.07~0.15
Backlash Fuel injection pump drive gear
Lube oil pump gear 0.11~0.19
4-10 Misceillaneous
Maods!
3JH3I(BHCIE 4JH3(B}(C)E
ltem Standard
Delivery of lube High speed 2 fmvin 18.0 (at 3000rpm)
oil pump Low speed 8.0 {(at 800mpm)
Open valve pressure far oil pressure adjustment valve kgfiom? 3.5~45
Operation pressure for ¢il pressure swilch kgffem? 0.1~0.3
Sea water pump £/min 6Q {at 3800rpm)
Delivery of fresh water pump £ /min 74 (at 3800rpm)
Thermostat valve Valve open temp C 75~78
open temp. Fully open iist mm B.0 or more {at 80°C)
Thermostat switch ON . 97~103
operation temperaturs | oo 87 or more
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5. Tightening torque 34JHIBXC)E
5. Tightening torque
5-1 Main Bolt and Nut
(kgf-m)
Model
No. Name 3JH3(BXC)E - 4JH3(BKC)E
Torque

1 | Head boit Coat with lube oil (Screw dia. X pitch) 9.0~9.8 (M10X1.25)
2 | Rod bolt Coat with lube oil (Screw dia. X pitch) 5.0~5.5 (M9X1.0}
3 | Flywheel retainer bolt Coat with lube oil (Screw dia. X pitch) 8.5~9.0 (M10X1.25)
4 | Metal cap retainer bolt Coalt with lube oil (Screw dia. X pitch) 98~10.2 (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)

{kgt-m)
Name Screw dia. X pitch | Tightening torque Remarks
Mé X 1 1.0~1.2 1} When bolting the aluminum parts, tighten the
. 5 . . o
Hexagon bolt t M8 X 1.25 2329 Polts with 8024 of the tightening torque specified
in the Table.
{77) and nut M10 X 15 4.5~8.5 2) 4T bolt and lock nut should be fightened with 60%
M12 X 1.75 8.0~10.0 of the torque shown in the table.
1/8 1.0
1/4 2.0
PT plug
3/8 3.0
1/2 6.0
M8 1.3~1.7
M12 2.5~35
Pipe joint bolt
M14 4.0~5.0
M16 5.0~5.5
10—40 Printed in Japan
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6. Test Running

3ATHYBNCE

6. Test running

6-1 Preliminary Precautions
Before making a test run, make sure of the fallowing

points.
{1} Warm the engine up.

(2) Remove any precipitation from the F.O. filter. water

separator, and F.O tank.

walter.

copling water.

(3} Use only lube oil recommended by Yanmar.

5-2 Check Points and Precautions During Running

{(4) Be sure to add Yanmar anti-rust agent to fresh cooling
(5} During cold weather, add Yanmar anti-freeze to the

{6} Provide good ventilation in the engine room.

Step item instructions Precautions
1 Checks hetore 1) Make sure that the Kingston Cock is open.
operation 2} Make sure there is encugh lube oil and {fresh) cooling
water
3) Operate the remote control handle and check if the 3) Lamp shauld go off when engine is
devices connected to the engine side work property rnning.
2 No load operation ; 1) When the Jube oil temperature is raised to allow the

warm up operation

engine to start, the pilot lamp goes off.

2) When the engine is started, check the following:

# there is no water and no off leakage.

& gas does not teak when the engine is started.

e there ara no abnormal indications on the instrument
panel

& there is no abnormality in cooling water discharge,
engine vibrations. or engine seunds.

3} To warm up the engine, operate at low revoiutions for
about 5 minutes, then raise the revolutions to the rated
rpms and then {o max. rpms.

2)
= Fit leaks if any.
e Check the intake/exhaust valves,

FO. injection valve. and cylinder
head.

3} Do not raise the engine revolutions
abruptly,

3 Cruising {load)
operation

1) Do not aperate the engine at full load yet, but raise the
rpms gradually for about 10 minutes until they reach
rated rpms.

2} Make sure that exhaust color and temperature are normal,

3) Check the instrurmnent panel and see if the water
ternperature and ail pressure are normal.

4 Stopping the engine

1) Before stopping the engine, operate it at 650-700 rpms
for about 5 minutes.

2) Raise engine rpms to 1,800 just before stopping the
engine and idle the engine for about 3-4 seconds.

1} Stopping the engine suddenty during
high speed operation increases the
temperature of engine parts.

2) This procedure prevents carbon from
being deposited on the valve seats,
efc.

5 Checks after siop-
ping the engine

1} Check again for water and ol leaks.
2) Make sure that no nuts and holts are foose.

3} Close the Kingston and fuel cocks.

4) When the temperature is expacted to fall below freezing,
drain the cooling water {sea water).

5) Turn off the battery switch.

1} Check the oil seal area.
2) Especially the engine instaliation
holts.

4) Drain from the sea water pump.
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Chapter 11 Troubleshooting
1. Troubleshooting 3.4JH3(BXC)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 possibie.
When problems arise, it is important to carefully observe
and analyze the indications 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 difficully is not readily apparent, make a
thorough examination of the system from the very begin-
ning, proceeding until the point of trouble can be deler-
mined.While experience is an important factor in
pinpointing engine problems, careful study and under-
standing of the engine mechanism combined with good
common sense will help you to rapidly become more
expert at troubleshooting.

l Chart 1 :

TROUBLE AND TROUBLESHOOTING ] THE ENGINE SUDDENLY STOPS,
g { 1 -1} Add tust oif and prime. { -1} Repiage.
2 ([ !-2) Bleed air. [1-2) Clean carefuily to insure good working order.
2 | {1 -3) Remove water fram drain and fuel oil system and prime. (-2 y ¢ 9
& | {1 -4} Check and make necessary repairs.
S | {1-5} Clean.
S | (1-6} Replace.
[ { I} Fuet oil supply cut off ] L { I} Governor trouble }
{13 Insytticient qil in fual oif tank \ (3) Water in fual oil tank \ (1) Damage 1o governor spring
(21 it o ‘ % {4] Fual ol cock losed
+ i fuel od sysigm and fyel § i
i nd e Mmechon pume _‘?,\' {9} Clogginy of fuel off filter § 12} Slicking of governar sleeve
g (8} Damage in {uel vil system
ﬁ £7) Problam with lugt feading pump
-g THE ENGINE
= . ) SUDDENLY 8TOPS.
s 1) Loose lube cil prassure adjustment valve {3) Leakage from kube off salaty valve {1} Sewzure of moving pans
1723
2 / {4} Trauble with e oil pump /
@ \
S {2} Clogging of luba ail fiar / - - {23 Owahrating tue (o ieotlicnnt cooling
7. 15) Relay vparation triggerad by tow lubs Gli pressure
watsr QOM!G!R‘!E&S{HB
ulﬁ} Emergency stoppage device in aperation ] [ {IV} Misceltaneous f
g §::§12 % gifghtan adjusiment vaive. {1-7 Return o original conditien. {{IV-1} Remove and repair or replace.
@ - aan. ; : :
a .
§ [(11-3) Tighten satety vaive. {IV-2} Disassembile and clean ¢ooling water pump and check cooling
5 l(11-8) Remove and repair or replace. waler system.
S {115} Return 1o original condifion.
& {(11-6) Return to original condition.
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1. Troubleshooting

34JH3(BNC)E

Chart 2 Chart 3
TROUBLE AND THOUBLESHOOTING] | CYLINDER QUTPUTLS UNEVEN COUNTERMEASURE Trouble and Troubleshaooting | l POQR EXHAUST COLOR
2 1{1-1)Bleed air { | -7) Disassemble and clean g ,
5 ) : . 3 |{ I -1) Check, repair or replace,  [(}-1) Clean.
§ { : -g) glsalssemme and clean. and repair or replace. 8 |(1-2) Replace. {}1-2) Check, Repair or replace.
= g | ‘4; ngjircgr replace § { 1 -3) Check, repair or replace.  [{1-3) Adjust.
£ {1-5) Rep|ace ' Z [(1-4) AdJ_USL (§1-4) Check, Repair or replace.
S eplace. a3 (| -5) Adjust. (11-5) Clean.
& | (| -6) Tighten firmly. (&)
({1} Uneven quantity of fuei ol injected | [ (L} Faulty fuel injection pump | [{1) Faulty fuel injection valve |
{1} Air in 1he luel injection pump
o Fautty omeration of olunger \ {5) Damaged exhaust unian packing (1) Fauhy plunger eperation {1) Injection opening is clogged
I
(2) Faulty apel plung 12) Worn plunger A (2) Sticking ol valve needle
(3} Damaged plunger spring (6) Loose pinion screw {3} Fauly g;acmn vilve \ {3) Low injection pressure /
5 . {7} Faully luel injoction pumg 5 {d) Uneven quantity of fuel m|ected\ (4} Fauy spray condition /
2 (4) Faulty luel oif ejection vatve Tappe! Q2 {5) trregular tuel injection liming 15} Carbon deposit /
EL_J E:I PCOR
CYLINDER OUTPUT
2| = & UNEVEN 2 EXHAUST
o {1) Ol lgakage in injection © COLOR
8 System % {1} Clogged titer (1) Overloading
g {2) Damaged valve / {4} Irregular injection timing (-_—‘; {2} Too graal a quanlity of Y, luba ol
O spring o (3) Carben deposit in suction \valves
{3) Insutticient injection / (5} Sticking of injection valvesCause (4) Dirty air cooter \
pressure in injection (5} Poor quakly fuel il
i /
_vaives {6} Clogging in exhaust systemCausa
{1} Faulty luel injection valve (I} Clogged intake air fitter W) Miscellaneous
® ) @ (Iv-1) Reduce ioad.
2 E :} 12; gzegcénd repair. 2 |(11-1) Clean. (IV-2) Adjust quanity of oil.
s p . @ (Iv-3) Clean.
E j(11-3) Adjust. £
2 [{11-4) Adjust 3 (v-4) Clean. .
2 l(11-5) Clean. S (V-4) Replace with new oil.
3 . 8 (Iv-4) Ciean.
Chart 4
TROUBLE AND TROUBLESHOOTING TROUBLE WITH MARINE GEAR
@ [t1-1) Disassemble and clean. (1-7) Replace. (-1} Review( 1 -1 1 -11) {Ill-1) Replace.
2 |t!-2 Repair or replace. (1-8) Replace. (-2} Reduce load. {I1-2) Replace
< {{!-3) Repair or replace. ( 1-9) Adjusi to correct position, - p_ .
( 0-3) Replaca. X .
g {1-4) Replace. (1-10} Reassemble. {11 -4) Check oil fevel and adjust { 11-3} Eliminate dangerous rotation.
@ [{1-3) Repair. (1-11) Check for oil leakage 11-5) Check ter ) d] d'.
£ {1-8) Adjust. and rapfenish. (1-5) eck water lavel and a just.
=3 (O -6) Change oil.
[&) ( 0 -7) Review manual.
L { 1) Low clutch oil pressure {clutch slips) { [} Overhealing (I} Abnormal ngise
11) Clogging of fiter on suctionsida | (1) Worn slichng pants of lorwardirevarse (1) Ciuten ﬁﬁng;‘:‘;‘:r”e
\ Lotvarsion vake
{2) Worn oil pump (2) Clutch slippage due {5} Problem with oil coeler {1) Bxcesswe backlash of gear
(3 Sricking ol of prassre {8) Damaged G-ring, V-ring in oil pressure pipe o gvarlaading ~
— adjustment valve ‘r \ (81 Pgor quality or nappropnate ail
o ’ 3) Low spaed valve handia sl
2 "’D’ma”efa:l'si'fai:m’:ﬁmg |2 {22 pe0d vae bandn ses (3) Damaged bearing {2) Damagext bearing
L
{10} Poor assembly of low spaed valva handle
E (5) Camaged saal ring \ 4) Too much of (7} Poor operation of low speed valve (3) Abnarmat vibrabon
© (6} Incorrect posiioming of {11} Insutficiant oil e |
3 forward/revarse conversion valva,
% ) TROUBLE WITH
MARINE GEAR
& {1} Seizure of friction plate {1} Seizure ol Incton plate {41 Lube ol pressure (1) Ol leakage
/ 13} Foreign matenai n poe syslem 15 too high (2} Clogged lube o ggjr::r?f:?edn?rvgl‘s;i%?l:;
(2) Damaged holding spring ol pipe. /™~ 12} Net gnaugh wamp in seel plale oil filter
) £, 4 Oilearage wrare tnere s remota control /., {8 viscosty of lube ol s 103 hgh {4} Slicking o luba oil adjustment
{5) Phase slippage [ {3) Daraged heiding spring of pipa  / valveCountermeasure
i
[ {¥) Difficuity changing info forward, neutral, and reverse—f {V) Dragging {(\.{) Abnormal lube oil pressure]
%n {IV-1) Replace. {V-1) Replace. {V1-1) Check and repair.
a {V-2) Replace. {V-2) Replace. (W1-2) Disassemble and clean.
@ [(IV-3) Clean. (V-3) Replace. (V1-3) Replace.
B (:x 'g) SGP'BP'TT‘ E“ a"‘: check. feplace beflotrom. (V-4) Adjust lube oil adjustment valve. (V1-4) Repair or reptace.
§ (I¥-5) Repair link system. {V-5) Change oit.
Q

11-2
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Chapter 11 Troubleshooting
1. Troubleshooting

3 4JH3(BXC)E

[ orans |

TROUSLE AND TROUBLESHOOQTING r ROTATION IS NOT SMOOTH

@ | {1-1)Lap. (I -1)Clean, ([ -7) Bleed air and prime.
2 | (1-2) Replace. (-2} Replace. (1-8) Adjust.
i {I-3) Replace. ([-9) Adjust.
g (1 -4) Correctiy install pump.
‘g (1I-5) Clean.
8 {I1-&} Replace.

{ T} Faulty operation of injection valve [ {0} Uneven supply of fuel ail injected

{1} Faulty oparalion ol tuai pump plunger
{5} Clogging of fusl filter
{1} tmpedimant to valve neadle movaman 2) Damaged lusl pump plungar
{6) Damaged fuel cam
3] f2) Damaged valve Spring {3} Damaged plunger spring \r LAY Toel riechon Srstem
.,,a_’ 18) Faulty operation ol adjusimanl rack
Tl {4} Inaccurate assembly ol tual ijechan pump T
ny] \ {9) Uneven amount of tuel Lo cylinders
kel
2 v e
© AQTATION 1S NOT
T SMOOTH
“50 {1} Damaged governor bearing {1} Ovarioading
] SN ———
(&) (3) Slicking o! governor slsava
—- 4 {2) Seizyre ol mawing parts
{2} Fauity cparation ol governor link S -
(4) Faulty operation of fual oil adjustmanl // {3} Clutch slippage
Jf—— T
L{M) Fauity operation of govemor (V) Miscelianeous

@ [{Ih-1) Replace. (iv-1} Reduce load.
=]
@ 1-2) Adjust. {Iv-2) Disassemble, check and repair.
@
E |{I1-3) Clean. (IV-3) Check and adjust.
©
‘g‘ (1t-4) Disassemble, wash and repair.
Q
(&)

, Chart &

TROUBLE AND TROUBLESHOOTING | KNOCKING

@ | {1-1) Increase injection pressure. ( 1-1) Delay injection timing.
= | (1 -2) Replace. ) X o
@ (I -2} Adjust standard injection pressure.
& | (1 -3) Disassemble and lap.
(1 -4) Disassemble and repair.
2
[&3

L { 1) Faulty tuel injection valve {1} Faulty fueid injection

{1} Low injection pressura \ (1} Early fual imection
{3) Sucking o valve naadle \
(2] Damagag fuel valva spring 5 (2] Fuel pressurs 15 tog migh
g {4) Faulty injection spray
L KNOCKING
©
&
@ {1) Excessive quantily ol tusl is ejectad {1) Insuthcient cooling water
g from fuel pump {4} Poor qualty tuel oil
({3 {2) Excoss piston clearance
15) Water mixed in tuel oif
(3) Excess bearing clearance
(6} Incgrract pressure
{ {IT) Excessive quantity of fuel injected each time (V] Miscellaneous

@ (-1} Adjust pump adjustment rack. (Iv-1) Check cooling water pump and lap valves.
@ (Iv-2) Reptace.
g {IV-3) Replace.
o {IV-4} Replace with good fuel oil.
S { V-5) Replace with good fuel cil.
S8 {IV-6) Check and repair.
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Chapter 11 Troubleshooting

1. Troubleshooting 3.4JH3(BXC)E
| chant 7
TROUBLE AND TROUBLESHOOTING TROUBLE WITH STARTING
@ (1 -1) Tightan. (1-1) Tighten. (1f-1) Prima well. (iV-1) Lap.
; { | -2) Repair using sandpaper of replace. s }; ‘gg 222?3';:5'"9 sandpaper. E:::g; 2‘:3’1"-'5‘- “ e clooo {V-2) Lap.
@ [¢ 1 -3) Replace. ) Pty . B ean out matter causing clogging.
S |{ 1 -4) Repair using sandpaper and Egg; HReg;llra using sandpapsr(Type 500~600). (:::-g) gad tusl tﬁ tuel tank, (IV-3) Replace.
3 (18 m,” Jrease. { 0 -6) Undercut and rapair or replace. 51“"6; CEZ’:‘COC - (IV-4) Clean ot replace.
= - just. 11-7) Raplace. - y - j
§ { ) -6) Adjust. f n -a; neag:c‘fa with thicker or shorter wire. | { II1-7) Disassemble and repair or replace. {V-5) Adjust.
< {|-7) Replacea. ( 1-9) Charga. ( Hi -8} Drain water frem fual system and prime.

e
[ (11 Pinion gears do not mesh | [ {1} Ring gears do not mesh |

{1} Lossa banery engage
magnel lerminal

(1) Loose batlery
{5} Eoges of gaar laeth starter tarminal

misshapan

{2} Faily conngction m
starfing swach

{2) Faully cannection in
angage magnat switch

(B} Faully positioning of

{5) Cut starter coil

{6} Warn commutator

{7} Slippage of starier clutch

{I) Fue! oil not injected

{1} Impergct priming of tual il systam

\ (2) Injaction cut olf due to faully governor
T {3} Clogging of fuei inlat filter

(4) Insufticient fual il in tank

[ [V} Faulty fuel injection vaive
{1} Faulty valve seat
e

\

{2} Sticking of valva naedle
{3) Worn valve needle
(4) Clogged cutlat

ot A TR

13) Cut batiery engage pinign and ring gears

magnel coil

{7) Saizure ol stanar melal

(8) Excessive rasistance
batwean battery and startar ‘r

{5) Fuel ¢il tank cack closed
i {6) Clogging in tuel oil pipe
{7) Damaged tuel il supply pump

(5) Low injecticn pressure

{3) Worn brushes S

{4) Aough cap movement
—_— )

and dirly {9) Insytiicient baltary charQe (8) Water in tual cil tank
1

STARTING TROUBLE

{1} Waorn plunger
(3) Plungaer sticks

/ (1) Air laakage fram suction/axhaust valves

,/(! } tncormuct thickness of gaskal
(3} Faulty gaskel paciing ! packing

(2) No lappal clearance

{2} Damaged plunger

Cause and Effect

{4} Qil lsakage Irem exhaust valve

{1} Fual injection pump fiming irregular /
/—(2) Loasa high prassure luetf pipa

spring

_—_—

{3) Damaged high prassura

(4) Air In high pressure fual pipa

/ {4} Upper part of cylindet linar worn ; {2) Faully installation of govarnor
fus pipe (5} Wom piston ring !/ nng and levar
{6) Piston ring sticks /. (3} Govamnar handia is in stop positian
(7) Insutficiant lightoning al head balts [y Fauny angina starier

(5) Air insida pump
(6) Damaged exnaust valve spring

!
/ (8} Damaged valve spring / {5} Clogging ol suction/exhausi p/pes

L

[ (V) Faulty fuel imjection pump |

[ (¥} Faulty fuel injection systom |
gy

[ (VD) Leakage of pressurized air l
-’

Countermeasura
M) Miscellanecus i —

@ [(V-1) Replace plunger and barrel as a unit. {V1-1) Adjust. (Vi-1) Lap valves. {W-1) Replace.

5 : ) (V1-2) Adjust. .

2 (V-2) Rgplace. . {V1-2) Tighten firmly. |y 3)(vn-4)(V1-5)Replace. | (8-2) Adjust.

g (Vv -3) Disassemble and repair or replace. {V1-3) Replace. (V1-6) Disajssemblel and |{Vi-3) Move governor handle to accelderation position.

. Fr Qr - .

5 [(V-4) Lap valves. {V1-4) Bleed air. (w1-7) Tighten _ﬁg’rﬁ;ﬁﬁg {V-4) Check and repair.

S |(v-5) Bleed air. auts uniformty. (Vi-5) Clean.

8 (V-6) Replace. (vHi-B) Replace.

| Chart 8
TROUBLE AND TROUBLESHOOTING I INSUFFICIENT POWER QUTPUT

@ [(1-1) Replace. ) (11-1) Clean nozzle hole or replace. ll-1) Replace.

2 [ -2} Disassemble and repair of replace. (I -2) Lap or replace. lIi-2) Repair.

© (¢ t-3) Lap valves.

@ ) - ( Il -3) Lap or replace.

= |{ | -4} Tighten firmly. N h

= ( II -4) Tighten firml

@ [(1-5) (| -8) Adjust. [=] Y.

S [{+-7)( 1 -8) Clean. (I -5) Replace.

&3 |t 1 -9) Replace. { | -10} Repair. (I -6) Clean.

[ (1) Amount of oit supply rom fuel injection pump inadequate | { 1T} Amourt of luel injection inadequate | [ (W} Faulty gavarnar ]
(1] Worn plungar {6) Inaccurate positioning of adjustment rack \ {1) Clogging of nazzle hol. \
(2) Sticking of plungar _X\ 17) Clogging of fusl o fiter (2) Faulty valve seat (1) Damagad govarnor bearing
{3) Oil leakage Irom exhaust valve _S . (3) Sticking of valve needle
\ (8) Clogging of fuel il pipe -

-— (4) Oil lsakage trom joint of high *\ ] \ {4} Leose high pressure pipe {2) Inaccurate length o! governor fink
8 DIASSUIE pipe \___{91 Damagad valva spring {5} Worn valva neadle

r.ﬁ {5) Faully adjusiment of fuel pump \ {10) Faulty supply pump (6) Clogging of hiter

T ’ INSUFFICIENT
g {1) Leakage of gas from POWER QUTPUT
g suction/axhaust vaves 7 {3} Worn upper part of eylinder liner {1} Early injsclion {1} Clogging ol ar tiltar {1} Poor quatity luei of
8 (2) Inadequate tappet (4} Worn pigton ring {2) Latg injaction (2) Cllnggung of a:.:hauslhﬂ

clearance {5) Sticking of pislon ring (3) Seizure o moving pals
/ {4} Insutticient cooling water
(5) Insuificient lube cil supplied
[{V) Leakage of pressurized gas from inside cylinder] [ (V] Irreguiar fuel Injection timing ] [0 Clogged intake airfiter| | (VI Miscellaneous |

@ |{IV-1) Lap valves. {V-1) Adjust timing to |(V1-1} Clean. (V1-1) Replace with goed fuel oil.

§ {IV-2) Adjust. detay injection. (V1-2) Clean.

& {(V-3) Replace. {V-2) Adjust timing to (V1-3) Disassemble, check and repair.

& [{(V-4) Replace. _ speed injection. (Vi-4) Lap cocling water pumnp suction/exhaust valves.
§ {IV-5) Disassemble and repair or replace. (V1-5) Disassemble and clean lube oil pump and fitter.
(]
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Chapter 11 Troubleshooting
1. Troubleshooting

3 4TH3(BXCOE
| chan 10
TROUBLE AND TROUBLESHOOTING | MISCELLANEQUS TROUBLE

@ (| -1} Tighten nuts. { I -1) Tighten adjustment valve. (M1-1} Clean.
> . . . [ -2) Check and repair { Il -2} Add cooling water.
@ |(1-2) Tighten nuts and ’nSB.n pins. (0- ec pair. {1 -3} Disassemble and repair or replace.
g { | -3) Remave adjustment liner and adjust aperture, |( I -3} Clean. (lit-4) Tighten adjustmant valve.
5 or replace. { 11 -4} Repair. (lit-5) Tighten safety _valve.
€ |(1-4) Chack teeth, shatt, and pushrod of gear for “::g; i;’s?fg ;.:;.le oll.
3 wear.Replace whewe necessary. {I1-8) Replace
{ ') Abnormal noise {I) Low fuel oil presswe {T} Low lube oil pressure
11} Clogged luba ot llter \
{1) Looss fiywheel instaliment boll {1} Loosa pressure adjustment {5) Qnl leakage trem pump salely valve
{2} Lubé oil tamperature 15 loo high \
(2) Loose crank pin bearing balt {2) Darmaged supply pump (6) Inadequaile viscesity of lube oil
{3} Troubla with (ube ol pump
{3) Worn crank pin malal —im-! {7} Insuthicien! amount of lubg ol
g 3 Clugqed fiter (4} Loose prassure adjustment valve
-— \ {8} Faully pressura gauge
]:lj {4) Faulty gear meshing (41 Leaky pipa
o
% MISCELLANECUS
g (1] Cooling water temperaturg / {1} Insullicient amount of gooling waler (1] Clogging in coaling water system TROUBLE
‘:1“ has rnsen [5} Air in cooling waler {5)Engine oullet nat constricted.
O {2} Trouble with cooling watar pump
{2) Ovaripadng (2) Troublo with cooling watar pump
6) Overloading /(6] Waler leakage Irom cochng water joints
{3) Amount of waler reluming is 100 great
{3) Cooling water it is loo greal /
{3} Faully lube oil lamperature {4} Clogging in cooling waler system / ./_.(?J Faulty suction and exhausl valves
adjustmanl valve 7 e 9 5¥ 14} Arin cooling water Countarmeasure
l {}] Lube oil temperature is tao high } I {V} Cooling water temperature is too high I [ {VI} Cocling water pressure is too Io\.ﬂ
@ {1V -1} Adjust the amount of returning water or check |{V -1} Open closed parts. {V1-1) Clean.
:Fé the coaling water pump and lap valves. {V-2) Check pump and repair. (V1-2) Check pump and repair.
@ |{IV-2) Reduce load. {V-3) Adjust amount of returning water. {VI-3) Lessen lift or replace pump.
E (IV-3) Check and adiust {V1-4) Chack suction opening.
I Just. {V-4) Clean. (1-5) Eliminate causes far high cooling water temperature
S {V-5) Check suction opening. - ?:r:_? COknstng )
- ac .
3 {V-6) Reduce load. V-8 and repair

Printed in Japan 11—
HINSHI-H8009 5



YANMAR DIESEL AMERICA CORP.

901 CORPORATE GROVE DRIVE, BUFFALO GROVE, IL 60089-4508, UU.S.A.
TEL  : 847-541-1800
FAX  : B47-541-2161

YANMAR EUROPE B.V.

BRUGPLEIN 11, 1332 BS ALMERE-DE VAART, £.0.BOX 30112, 1303 AC Almere, The Netherlands
TEL . 036-5324924
FAX . 036-5324916
TELEX : 70732 YMR A NL

YANMAR ASIA (SINGAPORE) CORPORATION PTE LTD.

4 TUAS LANE, SHINGAPORE 2263
TEL 1 861-5077
FAX  : 861-5189
TELEX : RS 35854 YANMAR

YANMAR DIESEL ENGINE CD..LTD.

OVERSEAS OPERATIONS DIVISION
1-1, 2-chome, Yaesu, Chuo-ku, Tokyo 104, Japan
Telex: 0222-4733 Telephone 03-3275-4941
Facsimile: 03-3275-4969 Cable: YANMAR TOKYO

Printed in Japan
HINSHI-H3009



	COVER
	FOREWORD
	INDEX
	Chapter 1 GENERAL
	 1. Exterior Views
	1-1  3JH3E
	1-2  4JH3E

	 2. Specifications
	2-1  3JHE,3JH3BE,3JH3CE
	2-2  4JH3E,4JH3BE,4JH3CE 
	2-3  Sales condition,Marine gear

	 3. Engine Outline
	3-1  3JH3E(with KM3P Marine gear)
	3-2  3JH3BE(with KM3A Marine gear)
	3-3  4JH3E(with KM3A Marine gear)
	3-4  4JH3BE(with KM3A Marine gear)

	 4. Piping Diagrams
	4-1  3,4JH3(B)(C)E


	Chapter 2 INSPECTION AND SERVICING OF BASIC ENGINE PARTS
	 1. Cylinder Block
	1-1  Inspection of parts
	1-2  Cleaning of oil holes
	1-3  Color check procedure
	1-4  Replacement of cup plugs
	1-5  Cylinder bore measuremant

	 2. Cylinder Head
	2-1  Inspecting the cylinder head
	2-2  Valve seat correction procedure
	2-3  Intake/exhaust valves, valve guides
	2-4  Valve springs
	2-5  Assembling the cylinder head
	2-6  Measuring top clearance
	2-7  Intake and exhaust valve head clearance
	2-8  Adjustment of valve head clearance

	 3. Piston and Piston Pins
	3-1  Piston
	3-2  Piston Pin
	3-3  Piston rings

	 4. Connecting Rod
	4-1  Inspecting the connection rod
	4-2  Crank pin bushing
	4-3  Piston pin bushing
	4-4  Assembling piston and connecting rod

	 5. Crankshaft and Main Bearing
	5-1  Crankshaft
	5-2  Main bearing

	 6. Camshaft and Tappets
	6-1  Camshaft
	6-2  Tappets

	 7. Timing Gear
	7-1  Inspecting the gears
	7-2  Gear timing marks

	 8. Flywheel and Housing
	8-1  Specifications of flywheel
	8-2  Dimensions of flywheel and mounting flange
	8-3  Ring gear
	8-4  Position of top dead center and fuel injection timing
	8-5  Damper disk and cooling fan


	Chapter 3 FUEL INJECTION EQUIPMENT
	 1. Fuel Injection Pump Service Data
	1-1  3JH3(B)(C)E
	1-2  4JH3(B)(C)E

	 2. Governor
	2-1  Cold start knob(For 4JH3(B)(C)E only)
	2-2  Disassembly Reassembly and Inspection of Governor
	2-3  Assembling governor

	 3. Disassembly, Reassembly and Inspection of Fuel Injection pump
	3-1  Disassembly of fuel injection pump
	3-2  Inspection of fuel injection pump
	3-3  Reassembly of fuel injection pump

	 4. Adjustment of Fuel Injection Pump and Govemor
	4-1  Preparations
	4-2  Adjustment of top clearance
	4-3  Adjusting of injection timing
	4-4  Plunger pressure test
	4-5  Delivery valve pressure test
	4-6  Adjusting injection volume(uniformity of each cylinder)
	4-7  Adjustment of govenar

	 5. Fuel Feed Pump
	5-1  Construction of fuel feed pump
	5-2  Fuel feed pump specifications
	5-3  Disassembly and reassembly of fuel feed pump
	5-4  Plunger pressure test

	 6. Fuel Injection Nozzle
	6-1  Function of fuel injection nozzle
	6-2  Fuel injection nozzle disasembly
	6-3  Fuel injection nozzle inspection
	6-4  Fuel injection nozzle reassembly
	6-5  Adjusting fuel injection nozzle

	 7. Trouble shooting of fuel injection pump
	7-1  Troubleshooting of fuel injection pump
	7-2  Major faults and troubleshooting

	 8. Tools
	 9. Fuel Filter
	9-1  Fuel filter specifications
	9-2  Fuel filter inspection

	10. Fuel Tank
	11.Troubleshooting

	Chapter 4 INTAKE AND EXHAUST SYSTEM
	 1. Intake System
	 2. Exhaust System
	2-1  Construction
	2-2  Mixing elbow inspection


	Chapter 5 LUBRICATION SYSTEM
	 1. Lubrication System
	 2. Lube Oil Pump
	2-1  Lube oil pump construction
	2-2  Specifications of lube oil pump
	2-3  Lube oil pump disassembly
	2-4  Lube oil pump inspection
	2-5  Oil pressure regulating valve construction

	 3. Lube Oil Filter
	3-1  Lube oil filter construction
	3-2  Lube oil filter replacement

	 4. Lube Oil Cooler
	4-1  Lube oil cooler construction
	4-2  Inspecting the lube oil cooler

	 5. Rotary Waste Oil Pump (Optional)
	5-1  Construction
	5-2  Inspecting the waste oil pump


	Chapter 6 COOLING WATER SYSTEM
	 1. Cooling Water System
	 2. Sea Water Pump
	2-1  Specifications of sea water pump
	2-2  Sea water pump disassembly
	2-3  sea water pump Inspection
	2-4  Sea water pump reassenbly
	2-5  Current characeristics

	 3. Fresh Water Pump
	3-1  Fresh water pump construction
	3-2  Specifications of fresh water pump
	3-3  Fresh water pump disassembly
	3-4  Fresh water pump inspection

	 4. Heat Exchaniger
	4-1  Heat exchanger construction
	4-2  Specifications of heat exchanger
	4-3  Disasembly and reassenbly of the heat exchanger
	4-4  Heat exchanger inspection

	 5. Pressure Cap and Sub Tank
	5-1  Pressure cap construction
	5-2  Pressure cap pressure control
	5-3  Pressure cap inspection 
	5-4  Funktion of the sub tank
	5-5  Specifications of sub tank
	5-6  Mounting the sub tank
	5-7  Precautions on usage of the sub tank

	 6. Thermostat
	6-1  Funktion of thermostat
	6-2  Thermostat construction
	6-3  Characteristics of thermostat
	6-4  Thermostat inspection
	6-5  Testing the thermostat

	 7. Bilge Pump and Bilge Strainer (Optional)
	7-1  Introductin
	7-2  Description
	7-3  Cautions


	Chapter 7 REDUCTION AND REVERSING GEAR
	Marine Gear Models [KM3A]
	 1. Construction
	1-1  Construction
	1-2  Specifications
	1-3  Power transmission system
	1-4  Drawing
	1-5  Sectional view

	 2. Shifting Device
	2-1  Construction of shifting mechanism
	2-2  Forward and reverse clutch operation
	2-3  Engagement and disengagement of clutch
	2-4  Clutch shifting force
	2-5  Adjustment of shifting device
	2-6  Adjustment of the remoto control head
	2-7  Cautions

	 3. Inspection and Servicing
	3-1  Clutch case
	3-2  Bearing
	3-3  Gear
	3-4  Forward and reverse large gears
	3-5  Drive cone
	3-6  Trust collar
	3-7  Cup spring
	3-8  Oil seal of out put shaft
	3-9  Input shaft
	3-10 Out put shaft
	3-11 Intermediate shaft
	3-12 Shifting device
	3-13 Damper disk
	3-14 Shim adjustment for output and input shafts
	3-15 Torque limiter

	 4. Disassembly
	4-1  Dismanting the clutch
	4-2  Removal of the output shaft
	4-3  Removal of the ointermediate shaft
	4-4  Dismanting the shifting device

	 5. Reassembly
	5-1  Reassembly of output shaft
	5-2  Reassembly of the clutch
	5-3  Reassembly of the shiating device

	Marine Gear Models [KM3P4]
	 1. Construction
	1-1  Construction
	1-2  Specifications
	1-3  Power transmission system
	1-4  Drawing
	1-5  Spectional view

	 2. Shifting Device
	2-1  Construction of shifting mechanism
	2-2  Forward and reverse clutch operation
	2-3  Engagement and disengagement of clutch
	2-4  Clutch shifting force
	2-5  Adjustment of the remoto control head
	2-6  Adjustment of the remoto control head
	2-7  Cautions

	 3. Inspection and Servicing
	3-1  Clutch case
	3-2  Bearing
	3-3  Gear
	3-4  Forward and reverse large gears
	3-5  Drive cone
	3-6  Thrust collar
	3-7  Cup spring and spring retainer
	3-8  Oil seal of output shaft
	3-9  Input shaft
	3-10 Output shaft
	3-11 Intermediate shaft
	3-12 Shifting device
	3-13 Damper disk
	3-14 Shim adjustment for output and input shafts 
	3-15 Torque limiter

	 4. Disassembly
	4-1  Dismantling the clutch
	4-2  Removal of the output shaft
	4-3  Removal of the intermediate shaft
	4-4  Dismanting the shifting device

	 5. Reassembly
	5-1  Reassembly of output shaft
	5-2  Reassembly of the clutch
	5-3  Reassembly of the shiating device


	Chapter 8 REMOTE CONTROL (OPTIONAL)
	 1. Remote Control System
	1-1  Construction of remoto control system
	1-2  Remoto control device components

	 2. Remote Control Installation
	2-1  Speed control
	2-2  Clutch control
	2-3  Engine stop

	 3. Remote Control Inspection
	 4. Remote Control Adjustment

	Chapter 9 ELECTRICAL SYSTEM
	 1. Electrical System
	1-1  System diagram of electric parts(B-type)
	1-2  Wiring diagram

	 2. Battery
	2-1  Construction
	2-2  Battery capacity and battery cables
	2-3  Inspection
	2-4  Charging
	2-5  Battery storage precautions

	 3. Starter Motor
	3-1  Specifications
	3-2  The planatary gear starter system
	3-3  Removal
	3-4  Trouble mooting the starter system
	3-5  Disassembly
	3-6  Inspection and Repair
	3-7  Reasembly
	3-8  Operation Specifications Check

	 4. Alternator Standard, 12V/55A
	4-1  Features
	4-2  Specifications
	4-3  Characteristics
	4-4  Construction
	4-5  Aiternator functioning
	4-6  Handling precautions
	4-7  Disassemblling the alternator
	4-8  Inspection and adjustment
	4-9  Reassembling the alternator
	4-10 Performance test

	 5. Alternator 12V/80A (OPTIONAL)
	5-1  Features
	5-2  Specifications
	5-3  Characteristics
	5-4  Construction
	5-5  Alternator functioning
	5-6  Handling precautions
	5-7  Disassembling the alternator
	5-8  Inspection and adjustment
	5-9  Reassembling the alternator
	5-10 Performance test
	5-11 Troubleshooting

	 6. Instrument Panel
	6-1  B2-type instrument panel with wiring
	6-2  C-type instrument panel
	6-3  Extension codes

	 7. Waming Devices
	7-1  Oil pressure alarm
	7-2  Cooling water temperature alarm
	7-3  Sender unit for lube oil pressure gauge
	7-4  Sender unit Oor the cooling water temperature gauge

	 8. Air Heater (Optional)
	 9. Electric type Engine Stopping Device (Optional)
	9-1  Solenoid
	9-2  Relay
	9-3  Wire harness of engine stop

	10. Tachometer
	10-1 Construction of tachometer
	10-2 Specifications and dimensions of tachometer
	10-3 Measurement of sensor unit characteristics


	Chapter 10 DISASSEMBLY AND REASSEMBLY
	 1. Disassembly and Reassembly Precautions
	 2. Disassembly and Reassembly Tools
	2-1  General handtools
	2-2  Special Handtools
	2-3  Measuring Instruments
	2-4  Other material
	2-5  Measuring Instruments

	 3. Disassembly and Reassembly 
	3-1  Disassembly
	3-2  Reassembly

	 4. Table of Standard Measurements for Maintenance
	4-1  Cylinder head
	4-2  Cylinder block
	4-3  Valve equipment
	4-4  Piston
	4-5  Piston ring
	4-6  Connecting rod
	4-7  Cam shaft
	4-8  Crank shaft
	4-9  Side clearance and backlash
	4-10 Miscellaneous

	 5. Tightening torque
	5-1  Main Bolt and Nut
	5-2  Standard Bolts and Nuts(without lubricant)

	 6. Test running
	6-1  Preliminary Precautions
	6-2  Check Points and Precautions During Running


	Chapter 11 TROUBLESHOOTING
	 1. Troubleshooting


	BACK COVER

