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Chaprer 7 Reduction and Reversing Gear
1. Construction

4JH2-Series

Marine Gear Model
KBW20/KBW21

1. Construction

1-1 Construction

The Kanzaki-Carl Hurth KBW20 and KBW21 re-
duction reversing gears were developed jointly by
Kanzaki Precision Machine Co., Ltd., a subsidiary
of Yanmar and one of Japan's leading gear manu-
facturers, and Carl Hurth Co.

The KBW20 and KBW21 consist of a multi-disc
clutch and reduction gear housed in a single case.
They are small, light, simply constructed and
extremely reliable.

+The force required to shift between forward and
reverse can be controlled by a cable type remote

1-2 Specifications

contrel system much smaller and simpler than other
types of reduction reversing gears.

=The friction discs are durable sinter plates, and
the surface fo the steel plates are corrugated in a
sine curve shape to ensure positive engagement and
disengagement and minimum loss of transmission
farce.

+Because of the special construction of this gear,
the optimum pressure is automatically applied to
the clutch plate in direct proportion to the input
shaft torque.

Engine model

4JH2E | 4JH2-TE

Marine gear model

KBW20

Reduction system

One-stage reduction, helical gear

Reversing system

Constant mesh gear

Clutch Wet type multi-disc, mechanically operated
. . Forward 2.7 | 2.62 [ 3.28 217 [ 262 ] 3.28

Reduction ratio Reverse 3.06 3.06

Input shaft Counterclockwise as viewed from stern
Diection of rotation Forward Clockwise as viewed from stern

Output shaft Reverse Counterclockwise as viewed from stern
Lubricating oil DEXRON, ATF
Lubricating cil capacity 1.2¢

7-1

Printed in Jepan
A0AI1029-91098P



Chapter 7 Reduction and Reversing Gear
1. Construction

4JH2-Series

Engine model

4JH2-HTE 4JH2-DTE [4JH2-UTE

Marina gear model

Kew21

Reduction system

One-stage reduction, helical gear

Reversing system

Constant mesh gear

Clutch system

Wet type multi-disc, mechanically operated

Forward 2.17 2.62 2.17 2.62
Reduction ratio

Reverse 3.06 3.06

Input shaft Counterclockwise as viewed from stern
Direction of rotation Forward Clockwise as viewed from stern

Qutput shaft - -

Reverse Counterclockwise as viewed from stern
L.ubricating oil DEXRON,ATF
1.2¢

Lubricating oil capacity

lube oif cooler

Sea-water cooling

IMPORTANT:

Differences between Marine Gear Models KBW20
and KBWZ21

KBW 21 is provided with a lube 0/l cooler {of side cover
monoblock construction).

The dimensions of all KBW21 internal marine gear box com-
ponents are jdentical to those of KBW20. However, ail

1.3 Power transmission system

KBW2T gears are provided with higher strength through a
gear teeth hardening process.

Accordingly, KBW21 can be used both for models 4/HE
and 4JH-TE, however, KBW20 cannot be used for models
4JH-HTE and 4JH-DTE since KBW20 is not durable enough
for these engine models.

Reverse small gear of input shaft

Forward smafl gsar of input
Idle gear

Forward large gear

Raverse large gear

Forward large gear

shaft

Forward small gear of input shalt

Reverss smail gear

~ ol input shalt

Viewed from slern Idle gear
Forward Reverse
Number of teeth Number of teeth
Forward small gear Forward Reduction ratio Reverse small gear | (g0 coqr Reverse Reduction ratio
of input shalt large gear of input shalt large gear
24 52 52124 = 2.17
21 55 55/2t = 2.62 18 25 55 55118 = 3.06
18 59 59/18 = 3.28
Forward input shaft Reverse Input shaft

Forward small gear

Forward large gear

Friction plate

Driving plate
Reverse large gear

Qulput shafl coupling

———a Driving
====== [diing

7-2

Forward small gear

Raverse small gear

idle gear

Friction plate

Reverse large gear
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Chapter 7 Reduction and Reversing Gear

1. Construction

4JH Series
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Chapter 7 Reduction and Reversing Gear
2. Installation

4JH Series
a
2. Installation
2-1 Installation angle When the cable is attached to the hole 52mm
During operation the angular inclination of the gearbox in (2.0472in.) from the center of the rotation of the shift
the longitudina! directicn must be less than 20° relative to lever, these strokes must be 30mm (1.1811in.)
the water line. mm(ing

2-2 Remote controi unit

This marine gearbox is designed for single lever control

to permit reversing at full engine speed (to avoid danger,
etc.). Normally, Morse or Teleflex single lever control is
employed. During installation, make sure that the remote
control lever and shift lever on the marine gearbox are
coordinated. Shifting the lever toward the propeller side
produces forward movement, while moving the lever
toward the engine side causes the vessel to move in the
reverse direction.

To connect the linkage, the operating cable must be
positioned at right angles to the shift lever when the shift
lever is in the neutral position.

The shift play, measured at the pivot point of the shift lever,
must be at least 30mm {1.1811in)) on each side (reverse
and forward) of the neutral position. Greater shift play has
no adverse effect on the marine gearbox. After connecting Side view ot clutch
the linkage, confirm that the remote control and the shift

lever on the marine gearbox work properly.

Propeller side Engine side

A typica! linkage arrangement is illustrated in the figure 2.3 Clutch operation force (reference value)
below.
Qperation
Nut position ; Operation lever position
Operation at 52mm (2.0472in.) Remarks

direction
Engaging stroke Approx. 9.5kg 2094 1) |Engine speed
Disengaging stroke | Approx. 11.5kg (2635 Ip) |at 1000 rpm

Shift tever Clamp

Pin

Clevis

/%,iﬁm:

Split pin

Shift lever

7-6
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Chapter 7 Reduction and Reversing Gear
3. Operation and Maintenance

4JH Series

3. Operation and Maintenance

3-1 Lube oil

(1) Oil level
The oil level should be checked each month and must
be maintained between the groove and the end of the
dipstick. The groove indicates the maximum oil level
and the end of the dipstick is the minimum oil level.
When checking the oil level with the dipstick, do not
screw in the oil filler screw; it should rest on top of the
oil filler hole.

Qil filler screw

é
N

Maximum oil level

Minimurn oi} level
Groave

(2) Oil change
Change the oil after the first 50 hours of operation,
and every 150 hours of operation thereafter. When
adding oil between oil changes, always use the same
type of oil as is in the marine gearbox.

{3} Recommended brands of lube oil

Supplier Brand narme

SHELL SHELL DEXRON

CALTEX TEXAMATIC FLUID (DEXRON)
ESSO ESSO ATF

MOBIL MOBIL ATF220

B.P. (British Petroleumy) B.P. AUTRAN DX

3-2 Precautions

Do not stop the shift lever halfway between the neutral and
forward or reverse positions. The lever must be set to the
neutral position or shifted into forward or reverse in a
single mation.

3-3 Side cover

The internal shifting mechanism has been carefully aligned
at the factory. Improper removal of the side cover can
cause misalignment. if the side cover must be removed,
proceed as follows:

— Before removing the cover, put alignment marks on the
side cover and the case to facilitate accurate installation.
—When installing the side cover, put the shift lever in
neutral so that the cam [obe on the shift lever engages the
groove on the internal shift mechanism. When the cam

Printed in Japan
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lobe and groove are engaged properly there will be no

clearance between the body and the side cover. Use pack-
ing when installing the side cover.

—After making sure that the cam lobe and notches are
aligned properly, securely tighten all the bolts. After
tightening the bolts, move the lever back and forth. Positive
contact should be felt and a click should be clearly audible
as the gears shift; otherwise, the cam and notch are not
properly engaged, and the cover must be loosened and
readjusted until proper engagement is achieved.

P

1O

—
S

-

~,

:

EEE S

Motch

Cam

R
L

Shift fork

o — |
¥

Case body

Notch
Groaove
Cam
(-
—
Side cover



Chapter 7 Reduction and Reversing Gear
4. Inspection and Servicing

4JH Series

4. Inspection and Servicing

4.1 Clutch case

(1) Check the clutch case for cracking with a test hammer.
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.

4-2 Bearing
{1) Rusting and damage
If the bearing is rusted or the taper roller retainer is
damaged, replace the bearing.
{2) Make sure that the bearings rotate smoothly.
If rotation is not smooth, if there is any binding, orif an
abnormal sound is heard, replace the bearing.

4-3 Gear

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

() 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.

mem (in)
Standard Wear limit

Input shaft forward gear and 01 ~02 0.3

output shaft forward gear {0.0039 ~ 0.0078} (0.0118)
Input shaft reverse gear and 0.1~02 0.3

intermediate gear {0.0039 ~ 0.0078) (0.0118)
Intermediate gear and 0t~ 02 03

output shaft reverse gear (0.0039 ~ 0.0078) {0.0118)

{(4) Forwardireverse gear spline
1) Check the spline for damage and cracking.
2) Step wear of spline
Step wear depth limit:
0.1mm {0.0040in.)

Step wear of spline

(5) Forward/reverse gear needle bearing
When an abnormal sound is preduced at the needle
bearing, visually inspect the rollers; replace the bearing
if the rollers are faulty.

7-8

4.4 Steel plate

(1) Burning, scratching, cracking
Replace any steel plates that are discolored or

cracked.

(2) Warping measurement

NS

mm {in.)
Standard Wear kimit
. 1.49 ~1.70 1.4
Warping (0.0586 ~ 0.0669) (0.0551)

{3) Steel plate pawl width measurement

Paw!

Measure the width of the steel plate pawl and the
width of the pressure plate; replace the plate when the
clearance exceeds the wear limit.

Steel plate width

Wear must be under 0.2mm (0.0079 in.)

Pressure plate groove width

Wear must be
under 0,1mm (0.0039 in.)

mm (in)
Standard Wear timit
: 11.8 ~12.0 Worn
Steel plate width | 5 4645 ~ 0.4724) 0.2 (0.0078)
Pressure 120 ~ 121 Worn
plate groove (0.4724 ~ 0.4763) 0.1 {0.0039)
0~03 0.3 ~ 06
Clearance (0 ~ 0.0118)

(0.0118 ~ 0.0236)

Printed in Japan
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Chapter 7 Reduction and Reversing Gear
3. Inspection and Servicing

4JH Series

4.5 Friction plate

(1) Check the friction plate for burning, scoring, or cracking.
Repair the plate when the damage is light and replace
the plate if the damage is heavy.

(2) Friction surface wear
Measure the thickness of the friction plate, and replace
the plate when it is worn beyond the wear limit.

Steel plate

Friction plate

Steel plate
{Pressed until there is nowarping.
and then measured)

Friction plate

QOver 16.5mm {0.6496in.)

mm (in.)
Standard Wear limit
Friction plate thickness © 01653 : 8.5%69) (0_85590)

The assembled friction plate and steel plate dimensions
must be over 16.5mm (0.6496in.).

Both sides of the friction plate have a 0.35mm
{0.0138in.) copper sintered layer, Replace the friction
plate when this layer is worn more than 0.2mm
(0.007gin.} on one side (standard thickness 1.65 ~ 1,70
(0.0650 ~ 0.0670in.)). However, the sum of the wear of
the six friction plates must not exceed 1.2mm
{0.0472in.). When this value is exceeded, replace alt
friction plates. In unavoidable circumstances, it is
permissible to replace only the friction plate with the
greatest amount of wear.

(3) Friction plate and gear spline back clearance
Measure the clearance between the friction plate spline
collar and the output shaft gear spline, and replace the
plate or spline when they are worn beyond the wear

limit.
mrn {in.)
Standard Wear limit
0.20 ~ 061 09
Standard backlash (0.0078 ~ 0.0240) (0.0354)

Printed in Japan
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4-6 Pressure plate

Steel ball groave

Driving plate
o
A 8
Return spring ,
Pressure plate
Friction plate
o contact surface
Steel ball
Shifting plate

contact surface

{1) Stee! ball groove
Check the steel ball groove for stains and wear.
Replace the pressure plate if the groove is noticeably
worn,
(2) Friction plate contact surface
Check the contact face for stains and damage.
{3) Shifting plate contact surface
(4) Worn parts measurement

mm {in.)
Standard Wear limit
) , 80 ~81 79
Thickness: t (0.3149 ~ 0.3188) ©.3110)

{5) Return spring permanent strain.
Make sure the length (free length) is within the values
specified in the figure.

17 =0.5mm (0.6496 ~ 0.6890in.)



Chapter 7 Reduction and Reversing Gear
4. Operation and Maintenance

4JH Series

4-7 Driving plate

Steel ball groove
Parallel pin

Pressure plata
sliding surface

~

Steet ball/

{1y Check the key groove for scoring and cracking, and the
output shaft fitting section for burning. Repair if the
damage is light and replace the driving plate if the
damage is heavy.

{2) Outside diameter of pressure plate sliding part; others

44 o
mm {in.)
Standard Wear limit
. _ 268.366 ~ 68.440 268.3
Outside diameter: D | (55915 ~ 2 6944) (2.6889)

{3) Steel ball groove wear and stains.
{4) Determine the amount of wear and play of both the axial

and circurmferential direction pins.
{5) Permanent spring strain.

mm {in}
Standard Wear limit
. 3285 32
Spring free length (12933 (1.2508)
(6) Pin end wear.

4.8 Retainer

{1) Check for stains and damage on the friction plate con-
tact surface.

{2) Check for wear and cracking on the plate spring contact
surface.

(3) Measurement of dimensions

___:_L_,__.t
d D
9|
mm {in.)
Standard Wear limit
@67.060 ~ 67.106 267.3
(2.6401 ~ 2.6419) (2.6496)
2759 ~ 76.0 @757
(2.9881 ~ 2.9921) (2.9803)
4,95 ~ 5.05 48
{0.1948 ~ (.1988) {0.1889)
4.9 Plate spring
{1} Permanent strain
H
mm {in)
Standard Wear limit
H: when plate spring 72~76 705
is free (0.2834 ~ 0.2992) (0.2775)

4-10 Thrust collar

The gear side of the thrust washer has a 0.3mm (0.0118in.}
copper sintered layer. Replace the thrust collar when the
thickness is less than 575mm (0.2263in} (Standard
thickness: 5.9 ~ 6.0mm (0.2322 ~ 0.2362).

Printed in Japan
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Chapter 7 Reduction and Reversing Gear
4. Operation and Maintenance

4JH Series
4-11 Shift ring (1} End wear.
. ' The shift ring contact surface of the shift fork is plated
Circumterential groave with molybdenum (thickness: 0.04 ~ 0.05mm (0.0016

~ 0,0020in.)). If this plating is peeled or worn to such
an extent that the base metal of the shift fork is
exposed, replace the shift fork.

(2) Cam surface wear and stains.
Whenever uneven wear andlor scratches are found,
replace with a new part.

(3) Pinpart play.
Whenever uneven wear andfor scratches are found,
replace with a new part.

(4) Notch end wear.

Whenever uneven wear and/or scratches are found,
: replace with a new part.

4-13 Qutput shaft

Pin contact part

Pressure plate groove

(1) Circumferential groove wear.

Key groove

{1} Key groove.
Whenever uneven cracks andfor stains are found,
replace with a new part.

mm {in.)
Standard Wear limit 4-14 Damper disc
. ) 6.0~ 6.1 6.3
Shifting groove; w (0.2362 ~ 0.2401) (0.2480)

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

(3) Parallel pin contact part wear.
Whenever uneven wear and/or scratches are found,
replace with a new part.

4-12 Shift fork and shift lever

Knock pin contact face

(1) Spline part

Knock pin Whenever uneven wear and/or scratches are found,

replace with a new part.

Spring () Spring.
!

Shit ring contact surface Whenever uneven wear andfor scratches are found,

Plated with molybdenum Cam replace with a new part.

@ {3} Pinwear.
@

Whenever uneven wear and/or scralches are found,
replace with a new part.

Printed in Japan [
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Chapier 7 Reduction and Reversing Gear
4. Operation and Maintenance

4.15 Input shaft

Input shait

{1) Spline part
Whenever uneven wear andfor scratches are found,

replace with a new part.

(2) Surface of oil seal.
If the sealing surface of the oil seal is worn or

scratched, replace.

4-16 intermediate shaft

Intermediate shaft

Thrust washer

Thrust washer

Needle bearing

(1} Needle bearing dimensions, staining.
Check the surface of the rofler to see whether the
needle bearing sticks or is damaged. Replace it

necessary.

7-12

4JH Series
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Chapter 7 Reduction and Reversing Gear
5. Disassemnbly
4JH Series

5. Disassembly

5-1 Disassembling the clutch and accessories

(1} Remove the drain plug and packing, and drain the cil
from the clutch.

{2) Uncaulk the output shaft lock nut, and remove the nut

using a disassembly tool.

Socket wrench

Socket }

(177075-09020) :

Qutput shaft coupling lock
{177075-09050)

Cutput shaft coupling

{6) Remove the M10 bolt and super lock washer on the
I i mounting flange.

(7} Screw the M10 bolt into the M10 pulling bolt hole of
the mounting flange, and remove the mounting flange.
Do not remove the parallel pin.
Input shaft

Qutput shaft

Socket wrench

Cutput shat!
coupling lock

{8) Remove the output shaft, intermediate shaft, and input
shaft from the case, in that order.
{9) Remove the shift bar from the moving flange side.

Qutpet shaft coupling

input shaft assembly

(4) Remove the dipstick and packing.

(5) Remove the case cover M8 nut and M8 bolt;
remove the case cover, with the operating lever, shift
cam, etc. in position.

Printed in Japan
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Chapter 7 Reducrion and Reversing Gear
5. Disassemnbly.

Series

4/H

{10) Heat the case body to about 100°C and remove the
outer race of the input shaft and output shaft bearings.
If the outer races are difficult to remove, tap them out
with a plastic hammer from the rear of the case, or pull
them by using the pulling groove in the case at the rear
of the races.

{11) Remove the outer race of the bearing from the

mounting flange as described in step (11) above.

{12) Remeve the input shaft and output shaft adjusting

plates.

NOTE: It the follcwing parts are not replaced, the adjusting
plates may be reused without readjustment.
However, if even one part is replaced, readjustment
is necessary.

Input shaft part: 24-2, 24-31
Output shaft part: 26-6, 26-9, 26-26, 26-27, 26-28,
26-30

(13) Puli the oil seal from the case,
(14) Puli the oil seal from the mounting flange.

5-2 Disassembling the input shaft
Pull the bearing from the input shaft.
NOTE: Do not disassemble unless the input shaft parts are
damaged.

5-3 Disassembling the output shaft

(1) Remove the O-ring.

(2) Remove the output shaft by pressing the threaded end
of the output shaft with a press, or tapping it with a
hammer.

Press or hammer

S
N

Work bench

=R QI-' :

.: L=

A
L

NOTE 1: When removing the shaft, place spacers between
the shaft and the press to prevent damage.

NOTE 2: Make sure that the forward large gear parts and
reverse large gear parts are not mixed together
once they are removed.

(3) Remove the adjusting plate.

NOTE: Record the thickness of the adjusting pilate to
facilitate reassembly.
if the parts are not replaced, the adjusting plate may
be reused without readjustment. However, if even
one part is replaced, readjustment is required.

(4 Remove the key.

To facilitate removal, clamp the key with a vise.

{5) Remove the adjusting plate.

NQTE: Record the thickness of the adjusting plate 1o
facilitate reassembly.

If the parts are not replaced, the adjusting plate may
be reused without adjustment. However, if even one
part is replaced, readjustment is required.

(6) Remove the spacer and needle bearing.

(7) Cover the outer race of the
forward bearing, and pul}
out the output shaft about
10mm (0.3937in) by pres-
sing the threaded end of
the output shaft with a
press, or tapping it with a
hammer.

NOTE: Do not pull it out more
than 10mm (0.3937in.);
otherwise damage may
result.

Press or hammer

— __-Spacer

Bearing inner race
Thrust collar
Bearing

——— )
Workbench

10mm (0.3937 in.)["
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4JH Series

(@ Insert the disassembly tool between the collar of the
output shaft and the bearing; next remove the bearing
inner race, thrust collar, and bearing from the output
shaft with a press or hammer.

Press or harmmmer

1

_ Strike this area

Spacer

&

! Punch
i
|
- a1

ér Pulling support

rél_gl ol
=1
Plate tor spring retainer Ea

{3 Remove the friction plates and steel plates from the
forward large gear.
(10) Using a disassembly tool, compress the plate spring
and remove the circlip from the forward large gear.

l Press [approx. 1 metric ton (2200 fb)]

Spacer\_T._— _I}

Plate spring retainer
(177095-09070)

Circlip

£

Plate spring

Circlip

Vise
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{11) Remove the retainer and plate spring.

(12) Remove the parts from the reverse large gear as
described in steps (§)—({11} above.

(13} Remove the pressure plate return spring; remove the

pressure plate and steel ball.
Pressure plate

Return spring

{14) Remove the shift ring.
To disassemble, remove the three knock pins. When
disassembling the shift ring, cover it with a cloth to
prevent it being lost.

(15) Remove the knock pin and spring from the driving
plate.

5-4 Disassembling the intermediate shaft

{1) Place a spacer against the case side end of the in-
termediate shaft and remove the shaft from the case
by tapping the spacer with a hammer.

1 Press or hammer

—m,__e Spacer

= JC
: : Circlip

Thrust washer

~— Intermediate shaft

Bolt or spacer
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5. Disassembly

{2) Remove the O-ring, and then remove the circlip.
(3} Remove the idle gear, needle bedring, and thrust
washer.

5-5 Disassembling the operating sysitem

(1) Loosen the M8 bolt of the shift lever; remove the
shift lever.

(2) Pulithe shiftcam.

{3) Push in the knock pin and remove the circlip.

(4) Remove the knock pin and spring.

(5) Pull the oil seal fromn the case side cover.

4JH Serfes
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4JH Series

6. Reassembly

61 Reassembly precautions
(1) Before reassembling, clean all parts in washing ofl,
and replace any damaged or wom parts.
Remove non-dry packing agent from the mating
surface with a blunt knife.
{2) Pack the oil seal and O-ring parts with grease.
{3) Coat the mating surfaces of the case with wet packing.

6-2 Reassembling the output shaft
(1) Reassembling forward large gear and plate spring
1) Insert the two plate springs of the forward large
gear so that their large diameter sides are opposite
each other.
2) Insert the retainer and install the circlip.
3) Compress the plate spring, using the disassembly
tool, and snap the circlip into the groove on the
outside of the spline of the forward large gear,

l Press {approx. 1 metric ton {2200 ib)}
1

Spacer -—\i_‘ |

I Plate spring retainer
{177095.09070)

Circlip

(2) Reassemble the reverse large gear and plate spring
retainer, and the circlip as described in step {1) above.
{3y Determining the forward adjusting plate thickness

Depth gauge

Assembly spacer

NOTE: As mentioned in section 5-3. {5), it-no parts need to
be replaced, the adjusting plate can be reused
without adjustment.

FPrinted in Japan
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1) Position the assembled large gear on the assembly
tool so that the spline part is on the bottom; insert
the spacer and bearing inner race into the gear.

-—

Bearing inner race {
t

e

Assembly spacer
Spacer—"] L "['/(177075-09010)

2) Three adjustment plates of 0.5mm (0.0196in.),
04mm (0.0157in) and 03mm (0.0118in) are
available.

3) Measure the “t" dimension. Combine these plates
to obtain a dimension from (t-0.5}mm to (t-0.5)mm.

{4) Determine the thickness of the reverse adjusting plate
by foflowing the procedure described in step{3)above.

{5) First, insert a friction plate into the spline part of the
forward large gear; next insert steel plates and friction
plates alternately. Finally, insert a friction plate (six
friction plates and five steel plates).

(6) Insert the friction plates and steel plates into the
spline part of the reverse large gear in the same
manner as described in step {5} above (six friction
plates and five steel plates).

(7) Press the inner race of the bearing onto the output
shaft up to the collar, using an assembly tool.

NOTE: The inner race can be installed easily by preheating

it to approximately 100°C.

‘ Press or hammer

Inserting tool
(177675 — 09040)

s
|

Bearing.__t

—_—i
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4JH Series

(B} Insert the thrust collar, with the sintered surface
(brown surface) facing the gear side.

{9 Press the bearing inner race onto the output shaft,
using an assembly tool.

Press or hammer

Inserting toal {177075-09040) -1

Bearing inner race

Thrust collar
Bearing !

(10) Insert the needle bearing.

{11} Insert the spacer and adjusting plate.

{12) Fit the key so that the fillet side is facing the threaded
part of the output shaft.

QOutput shaft

Key Adjusting plate
Spacer

Thrust washer
Bearing

{13) Insert the forward large gear, together with the friction
plates and steel plates. At this time, align the three
pawls on the outside of the steel plates.

Output shaft

Friction plate

Pawls of steel plate
P Plate spring

Forward large gear

(14) Cover the friction plates and stee! plates with the
pressure plate so that the pawls of the steel plate fit
into the three notlches on the pressure plate.

(15} Insert the three steel balls into the three grooves in the
pressure plate.

7-18

(16) Insert the drive plate into the output shaft so that the
side with the identification groove faces the forward
large gear side.

NOTE: Make sure that the three steel balls are in the three

grooves of the driving plate.

At the same time, make sure that the pin for the
driving plate fits into the groove of the torque limit-
ter for the pressure plate.

Output shaft

Steel ball Pressure plate

Plate spring Forward large gear

Inserting tool

Driving plate

Pressure plate

Forward large.gear
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6. Reassembly

4JH Series

(17) Insert the adjusting plate and spacer.
{18) Press the bearing inner race, using an assembly tool.

Press or hammer

Inserting 100l ~_
(177075-09040}

Bearing
inner race —._L4

Spacerﬂ
L
-

=, P
| R -

L.Ju

Inserting tool

Needle bearing
inner race

Driving plate

Pressure plate

Forward large gear

{19) Insert the knock pins and springs into the three holes
around the circumference of the driving plate.

(20) Cover the driving plate with the shift ring so that the
side with the identification groove faces the forward
large gear side; install the ring so that the knock pins
are pushed in.

Cutput shaft

Driving plate

Pressure plate

Forward large gear.
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{21) insert the three steel balls into the three grooves in the
driving plate.

{22} Place the pressure plate onto the driving plate so that
the steel balls enter the three grooves of the pressure
plate.

(23) Insert the three pressure plate return springs between
the shift ring and the driving plate, and attach them to
the small holes in the side of the pressure plate.

(24) Insert the reverse large gear [see step (6)] so that the
three pawls of the steel plates enter the notches
around the circumference of the pressure plate.

(25) Insert the needle bearing.

(28) Insert the thrust washer so that the sintered side
(brown side) faces the gear side.

(27) Press the inner race of the bearing, using an assembly
tool. At this time, make sure that the direction of the
bearing is correct.

NOTE: The bearing inner race can be installed easily by

preheating it to approximately 100°C.

l Press or hammer

Inserting toocl
(177075-09G40)

Bearing
Thrust collar

¥

"1

e
W

rh

Y

Inserting toot

Forward large gear

Insert the O-ring.

(28) With the shift ring in the reverse position, check the
forward large gear to make sure it rotates smoothly.
Next, with the shift ring in the forward position, check
the reverse large gear to make sure it rotates smoothly.
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4JH Series

6-3 Reassembling the input shaft
Press the inner race of the bearing onto the input shaft.

At this time, make sure that the direction of the bearing

is correct.
NOTE: The bearing inner race can be easily installed by
preheating it to approximately 100°C.

6-4 Reassembling the intermediate shaft
NOTE: Assemble the intermediate shaft as described in
section 6-5. (5).
{1} Insert the thrust washer the needle bearing and idle
gear on the intermediate shaft. Then insert the thrust

washer.
NOTE: Pay careful attention to the assembling direction of
the thrust washer.

Thrust washer

k)
) hattd— £ 1. } E %
Intermediate shaft @ Input shaft
Viewed from stern o C

{2) Insert the circlip on the intermediate shaft, and then
insert the O-ring.

(3} Press the assembled intermediate shaft into the case
with a press or hammer.

Input shaft
Spacer

Intermediate
shaft

Press or hammer 1

Spacer —t-

Intermediate

shaft — ¢
|
|

|

{l
Circlip @ '

(4} Make sure that the idle gear rotates smoothly.

"> Thrust washer

6-5 Installing the input shaft and output shaft
(1} Determining the thickness of the input shaft adjusting
plate and output shaft adjusting plate
NOTE: As mentioned in section 5-1. (13), when none of the
parts are replaced the adjusting plate can be reus-
ed without readjustment.
1) Measure length “A" “D"” between the cases of each
shaft of the case body and mounting flange.
2) Cover each bearing with the bearing outer race, and
measure length “B"” “C"” between the bearings.

A

B

Input shaft

L. -
.1 Output shaft

3} Adjust the input shaft adjusting plate thickness so
that the clearance or tightening allowance is less
than 0.05mm (0.0020in.).

4) Adjust the output shaft adjusting plate thickness so
that the tightening allowance is within 0 ~ .1mm
({0~0.0040in.).

5) Three adjustment plates of 0.5mm {0.0196in.),
O4mm (0.0157in} and 0.3mm (0.0118in) are
available.

Combine these plates to obtain the desired
adjusting pfate measurement.
{2} Insert the adjusting plate into the mounting flange,
and press the outer race of the bearing.

Also, press the outer race of the bearing into the case.

NOTE: The outer race can be instailed easily by heating the
mounting flange and case to approximately 100°C,
or by cooling the bearing outer race with liquid
nitrogen, elc.

(3) Coat the circumference of the oil seal with a liquid
packing agent, and press it onto the mounting flange
and case so that the spring part of the oil seal is

inside the case.
rrinted n Japan
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4JH Series

{4) Coat the mating surfaces of the mounting flange and
case with a liquid packing agent.
Wipe off oil and dirt on the mating surface of the case
and coat with a thin film of liquid packing agent.

Mating surlace

Liquid packing agent

(5) Insert the input shaft into the case, assemble the
intermediate shaft as described in section 8-4 and then
insert the output shaft into the case, mounted with shift
fork and shift ring.

{6) Align the mounting flange with the case, and insert the
parallel pin by tapping the mounting flange with a
plastic hammer.

(7} Insert the super lock washer and tighten the M10 bolt.

(8) install the dipstick and packing.

{9) Install the drain plug and packing.

6-6 Reassembling and installing the operating
system

Shift fork

Printed in Japan
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(1) Put the shift fork into neutral before installing.

(3) Coat the circumference of the oil seal with a liquid
packing agent and press the seal against the case
cover.

(4) Insert the spring into the shift cam.

(5) Insert the knock pin into the shift cam from the front
end, and lock with the circlip.

(6} Insert the assembled shift cam into the case cover,

{7) Fit the shift lever to the shift cam, and tighten the M8
bolt,
NOTE: The shift cam must rotate smoothly.
{8) Replace the packing if it is damaged.
(9} Attach the case side cover with operating system in
the case body.
At this time, make sure that the shift cam is fitted to
the shift fork, and that the shift lever is in neutral.
NOTE: Put the shift fork into neutral before installing.
(10) Insert the super lock washer, and tighten the M8 nut.
(11) Shift the shift lever to forward and reverse to make
sure that the lever operates normally.
If the lever does not operate normally, loosen the M8
nut, slide the case side cover forward, backward, and
to the left and right, then re-lighten with the M8 nut in
the position at which the lever operates normally.
NOTE: If the lever operates normally a click will be heard
when it is put into forward and reverse.
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4JH Series

6-7 Installing the output shaft coupling

{1} Install the output shaft coupling on the output shaft
and then insert the Q-ring in the groove between the
output shaft and the output shaft coupling.

/0 ring

=T
—rayn

{

{2) Tighten and caulk the output shaft lock nut, using the
assembly tool.
Tightening torque......... 15kg-m (108.5ft-1b}

Socket wrench

Socket (177075-09020)

Outpurt shaft coupling lock
{177075-09050)

Qutput shaft
coupling

LN
\Outpul shaft
coupling tock

Bocket Wrench

{3} Shift the shift lever to the neutral position and make
sure the clutch engages when the shift lever is
put into forward and reverse,

The inputfoutput shafts will not rotate smoothly if the
side gap of the bearing is too small in relation to the
thickness of the adjusting plate.

Printed in Japan
A0A1029-9002



Chapter 7 Reduction and Reversing Gear

7. Special Tools 4JH Series
.
7. Special Tools
Name of tool Part number {llustration Application
For rermoving and tightening the
Socket 177075-09020 output shaft nuts.

Qutput shaft
coupling lock

177075-09050

For removing and tightening the
output shaft nut.

Plate for spring retainer

177095-09070

For removing and installing the
plate spring, retainer and circlip
of the large gear {forward and
reverse).

Assembly spacer

177075-09010

For determining the thickness of
adjusting plate.

For installing the spacer and
needle bearing inner race of the

Inserting tool 177075-09040
output shaft (reverse small gear
side).
N’
N
For installing the thrust bearing
inserting tool 177075-09030 of the input shatft.
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1. Construction

4JH Series.

Marine Gear Model
KM4A

for Engine Models 4JH2-BE, 4JH2-TBE, 4JH2-HTBE
and 4JH2-DTBE

1. Construction

1-1 Construction

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

When the drive cone {which is connected to the clutch shaft

by the lead spline) is moved forward or backward, its taper

contacts with the clutch gear and transfers power to the
cutput shaft.

The construction is simple compared with other types of

clutch and serves to reduce the number of components,

making for a lighter, more compact unit which can be
operated smoothly. Although it is small, the power
transmission efficiency is high even under a heavy load. It

is also durable and reliable because high grade materials

are used for the shaft and gear, and ataper roller bearing is

incorporated. Power transmission is smooth because
connection with the engine is made through the damper
disc.

¢ The drive cone is made from special aluminum bronze
which has high wear-resistance and durability. The
drive cone is connected with the clutch shaft. The taper
angle, diameter of the drive cone, twist angle, and dia-
meter of the involute spline, are designed to give the
greatest efficiency, thus ensuring that the drive cone can
be readily engaged or disengaged.

e Helical gears are used for greater strength. The inter-
mediate shaft is supported at 2 points to reduce deflec-
tion and gear noise.

* The clutch case and mounting flange are made from an
aluminum alloy of special composition to reduce weight.
This is non-corrosive in seawater.

e The damper disc is fitted to the input shaft, so power
can be transmitted smoothly. Springs of different streng-
ths are used for the damper disc so that two stages of
torque and twist angle are applied. That is, in the first
stage, only the weak spring is used, and the strong spring
comes into action for a torque higher than a predetermin-
ed value.

This prevents gear noise due to tarsional vibration, as
well as absorbing shock when engaging.

Stage arrangement

———Absorbs shock
when engaging

T-torque

Normal condition

Twist angle @

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

sWhen the load on the propelter is removed, the engage-
ment of the drive cone and the clutch 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.
Accordingly no adjustment of the remate control cable is
required.

« The cup spring on the rear of the clutch gear absorbs
rotational fluctuations and stabilizes the engagement of
the drive cone and the clutch gear. Thus, the durability
of the cone against wear is enhanced.

7-24
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4JH2-Series

« A torque limiter is built into the input shaft gear to
prevent damage caused by excessive torgue.

e The lube oil temperature can be controlied because in
addition to the input shaft gear which functions as a
centrifugal pump, an oil cooler is also equipped.

e The oil cooler is equipped with a cooling water drain
cock to prevent cracks caused by freezing in cold weather.
It is therefore easy to drain the water.

s The propelier shaft can rotate in both counter clockwise
{C.C.W.) and clockwise {C.W.} directions.

NOTE: Since the difference in reduction gear ratio bet-
ween C.C.W. and C.W. rotations is within 0.07%,
no problem occurs in operation.

1-2 Specifications of Angle Drive Marine Gear

Model KM4A
For engine models 4JH2E ,4JH2-TE, 4JH2-HTE 4JH2-DTE, &H2-UTE
Down angle 7 degree
Clutch Constant mesh gear with servo cone clutch {wet type)
Input shaft Counter-clockwise, viewed from stern.

Direction of rotation

Output shaft Bi-rotation
Reduction ratio 330 (263 [2.14
Propeller shaft rpm at cont, rating 1062 | 1332 | 1637

Control head

Single lever control

Cable

Morse, 33-C {Cable travel 76.2mm or 3 in.}

Remote control
Clamp

YANMAR Made, standard accessory

Cabie connector

YANMAR Made, standard accessory

Quter diameter

$120mm (4.72"}

Output shaft coupling Pitch circle diameter

$100mm {3.93")

Conhnecting bolt holes

4—¢10.5mm (4—¢0.41")

Position of shift lever

Right side, viewed from stern

Lubricating oil

Same as Engine lube oil

Lubricating oil capacity

1.3¢

Lube oil cooler

Sea-water cooling
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— - —ee————  { JH2-Series

1-3 KMA4A Sectional View

Clutch case 16 Bearing
Shim 17 End nut
Bearing 18 Name plate
Thrustcollar{A) 19 Shim
Spring retamer 2) Shim
Cup spring 21 Qutput shaft cover
Clutch gear(A) 22 Bearing
Needle bearing 23 End nut
Thrust collar(B) 24 O-ring
Snapring 25 Qil seal
Drive cone 26 Qutput shaft coupling
Clutch gear B 27 Bolt
Drive gear 28 OQOutput shaft
Key 29 Bearing
Clutch shaft 30 Shim
31 Bolt
32 Washer
33 Bearing
34 Ball bearing
Snap ring
36 Cup spring
37 Spacer
38 tnput shaft gear
39 Plate(A)
40 Plate(B)
41 Lock nut
42 Q-ring
(@) 43 Ball bearing
[ p 44 Mounting flange

00 I H N S L by —

—_— s
S g

——
[+, - RS

69
70
71
72
73
74
75
76
77
7
80
81
82
83
84
85
€2
&

56768

= 45 Lube oil filter case
46 End nut
] } 47 Lube oil fitter

Pin
49 Centering bush
50 Dumper disk
51 1input shaft
52 Qil seal
53 Shim

Bearing
55 Nut
56 Washer
57 0O-ring
58 Dip stick
59 Spring
60 Cover
61 O-ring
62 Location pin
63 Spring pin
B84 Shift lever shaft
65 Q-ring
66 Washer
€7 Split space pin
68 Pivot

|

62 6364656
=3
[+]

72 Stopper bolt
73 Shifter

74 Bolt (M8 X 30)
7% Side cover

76 Qil - cooler body
77 Pipe

78 Shim

O-ring

Bolt

Washer
Cooler

Cock

84 Drain plug

B5 Washer

86 End nut
Washer

Shim

B9 Bearing

9101112 13 14
!

as\33 32
nREE

)

,\

3&
42 40 38 36 34
&%

431 4

91 Idle gear

93 Bearing
H 94 Intermediate shaft gear
: 95 Washer

94

1234567 8

98 Cable clamp
89 Cable blacket
100 Shift lever

101 Bolt{MB X 25)

FZ
—
.t

88 89
=t

|
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1-4 Power Transmission System

1-4-1 Arrangement of shafts and gear

Cluzch gear A

KM4A /

|
S

Clutch shaft
P ~
Idle gear N\
/
f{ ;
1
\ Drive gear
=
/2
() v N - 4
Sa =
Input shaft
AY
\
A -
\ !
Intermediate Y /
shaft with gear - -
Input shaft gear
] Clutch gear A
Output shaft with gear
Clutch shaft
Drive cone
Input shaft

Idle gear

Input shaft gear

Shaft arrangement viewed from the propeiler

Intermediate shaft with gear

1-4-2 Reduction ratio

Cilutch gear B

Drive gear

4JH Series.

Output shaft
with gear

Input shaft Clutch gear intermediate shaft Drive Qutput shaft Reduction
Qear A B Idle gear Shaft gear gear with gear ratio
30 61 214
39 41 45 31 34 26 65 263
22 69 3.30
7-27
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4JH Series.

2. Shifting Device

2-1 Construction of shifting mechanism

Cable clamp
Bolt 0/0 g
Washer Split pin
Shift lever !

Cable bracket

Q
O O-

Side cover

Pivot

@,@/

>

Qil seal

Shims
Bolt {M8 x 30)

Stopper balt

Bolt {M8 x 25)

The shift lever shaft is installed on the side cover with
neutral, clutch gear (A) and clutch gear (B) positions
provided on the cover. The neutral, clutchgear {A} and
clutch gear {B) location pins of the shift lever shaft are
constantly inserted into their respective grooves on the
shift lever by the tension of the shifter spring. The shifter
is set on the eccentric hole of the shift lever shaft and
moves the drive cone in the neutral position either to the
clutch gear (A) or clutch gear (B) positions, and then
back to the neutral position. (The shift lever shaft moves
slightly to the shift lever [or drive cone} side when the
shift lever is placed in the clutch gear {A) or clutch gear
(B) positions.}

NOTE:1 Clutch gear (A) position: clockwise propeller
rotation viewed from propeller side (C.C.W.)}

NOTE:2 Clutch gear (B} position: Counterclockwise
propeller rotation viewed from propeller side
fC.W.)

Lacation pin B

Spring pin

! Shift lever shaft

ring

Cone

Drive shaft center®,

_ N

po

Eccentric 7

Shifter installation’

center

7-28
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_

Shifter

~
\
; D
! i) \
o
l‘ = =
(gt
Spring ! shift lever shaft
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2-2 Clutch gear (A) and clutch gear (B) operation Shifter center
(Neutral = clutch gear (A), Meutral = clutch {Cone center)
Shift lever shaft
gear (B) ) . \ Clutch gear (A) Shift lever center
When the shift laver is moved to the clutch gear (A) po- \,\s:de / )
sition from the neutral p_osmc.)n, .the shift lever shaft starts \\\L /:'_f’—ﬁﬂ'_
to revolve, and the location pin disengages from the neutral T ,_}:7‘ By |
V-groove position of the side cover. (The shift lever moves — | ) i l 1 '
approx. 0.6mm to the drive cone side.) At this time the — S Al ’{3 o
shifter, which is set on the eccentric hole of the shift lever -w,m\\‘u— :
shaft, moves the drive cone’s V-groove to the clutch gear i
(AN \
lutch gear (B}
side
{Shift lever
shaft moves Side cover
approx. 0.5mml e tral position
When the location pin of the shift lever shaft falls into the {V-agroove)

clutch gear (A) position groove on the side cover, the
shift lever shaft moves approx. 3mm to the shift lever side,
and the shifter starts to press the drive cone V-groove to
the clutch gear {A) side by spring force.

2-3 Engagement and disengagement of clutch
(Clutch gear (A) = Neutral, Clutch gear (B) =
Neutral)

When the shift lever is moved to the clutch gear (A} po-
sition from the neutral position, the shift lever shaft starts
to revolve, and the location pin disengages from the clutch
gear (A) position groove on 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 {clutch
gear (B} side}. The drive cone, however, is engaged with
the clutch gear {A) as the torque force produced by the
revolving centrifugal force.

Further, when the shift lever shaft starts to revolve, and the
positioning pin falls into the neutral V-groove position of
the side cover {the shift lever shaft travels approx. 5mm to
the shift lever side), the shifter moves to the shift lever side
(to the spring side} while moving the V-groave of the drive
cone to the clutch gear {B) side. The movement of the
shifter to the shift lever side, however, is stopped when the
shifter end contacts the stopper bolt. The shifter only
works to press the V-groove of the drive cone to the clutch
gear {B) side. Thus, the drive cone is disengaged from the
clutch gear {A). After this disengagement, the transmis-
sion torque of the drive cone is decreased to zero and the
shift lever is returned to the neutral position by spring
force.
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Clutch gear (A}
side
Ccne center

Shifter center

Shift lever shaft

] ‘ﬁu-_;.... A

Clutch gear {B)

\ side

\L'—L

(Shift lever shaft
moves approx. 3Imm}

Clutch gear (A)
side
Cone center

ZZBJ

At clutch gear (A} engagement position

Shifter center
Shife lever shafr

s

o~

g(-e

—_1{‘
Clutch gear (B}
side

Clutch gear (A)
side

t

(Shift lever shaft

moves approx. 3mm)

Shifter center
Cone center

Shift lever shaft

/ Shift lever center

=
—

Clutch gear {B} \
side

>

{Shift iever
shatt moves
approx. 0.5 .
P MM Side cover
neutral position
{V-groove)

4JH Series.



Chapter 7 Reduction and Reversing Gear
2. Shifting Device

4JH Series.
2-4 Clutch shifting force
e . . . Remate control handle . ] . )

Sh.:ﬁ:ft;gﬂs:‘?umn Sr?nh retv;;pt::- position at 17¢mm _@@ o YR mm {in.)

ifting direction tion a m {Cable length, 4m) | ) r

Engaging farce 3 ~4kg 4 ~ 5 kg

at 1000 rpm {6.6 ~ 8.8 Ibs) {88 ~ 11.0 lbs)

Disengaging force 3.5 ~5kg 4 ~ B kg !

at 1000 rpm {7.7 ~ 11.0{bs} (8.8 ~ 13.2 1bs) !

50{1.969] |
U M

165(6.496)

|i0.138) )Y\“ T
RN : &
T TR N — .
| ] f%’,ﬂ’ >§—
[ \
g | AL :
~ 4 ) . R _ _
ol RS R ===
Ej Neutral J 1 .
‘ 4
H )
L& =T —
\/('_’ 43601.717)
c.cw. 56(2.205)

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 with
shims. When the adjustment of this clearance is inadequate,

the drive cone may not connect properly when the shift I
lever is moved to the neutral position, either from the z R
clutch gear {A) or clutch gear (B) position. - - — -} '—}_"““

Clutch gear (A] side

Clutch gear (B} side Shifter 1op clearance

7-30 ., .
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Chapter 7 Reduction and Reversing Gear
2. Shifting Device

4JH Series.

2-5-1 Measurement and adjustment of clearance

{1)Assemble the shifting mechanism (without instaliing
the stoppar bolt of the shifter} to the marine gear case.

NOTE: Ensure the correct alignment of the shifter before

Shifter center

assembly.
Top side
Shift lever ? —
shaft center l )
i
—

!

Bottom side

{2)Turn the shift lever 10 ~ 15 degrees either to the clutch
gear (A) or clutch gear (B) position from the neutral
position.

{3)Measure the L-distance between the shift lever shaft end
surface and the shifter end.

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

(5)Obtain the shim thickness “T" by the following formula.

T={H-L+1.25}%0.Tmm (0.0039in.}

NOTE: Shim set includes one each of Tmm,0.4mm, 0.3mm,
0.25mm shims.
(YANMAR Part No. 177088-06380)

{6)Insert shim (s) of proper thickness to the stopper bolt

side and tighten to the shift lever shaft.

NOTE When tightening the stopper bolt, apply either a
non-drying type fiquid packing (THREE BOND
No.1215), or a seal tape around the bolt threads.

—

Approx.

-
y—

sSmm (0.1968in.) L)

0o 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 cable.

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

and the shift fever.

Printed in Japan
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& Mar

N b} S

x
N
Lot

b

i
T \
= \\ Shim
i - - | Stopper bolt

; - . '3:;
; T 1=

Qe 25 (374 -~376

mm tin )

5011.969)

16516 40G)

= :
< A sl
[ a8l A

_sezz0s

NQTE. Shift lever must be installed in the direction of the
A-mark ensuring the specified installation angle
6).

6 = 90°



Chapter 7 Reduction and Reversing Gear

2. Shifting Device .
ifting De 4JH Series.
2-6 Adjustment of the remote control head ' ‘
Marine gearbox cantro! side = \ e fin)
| )
{11Equal distribution of the control lever stroxe, i ' >
|
Neutral :
: b
@ 50(1.969} |
Remote Control Head ; "_—‘T
v i
B =3 i
- CW. N\ — !
. ) .
{0.138) }Z\ ; IS
/' . - \,_ﬂ
T 1& s -
i [=:]] \ N
i . ! y
3 | @) ‘
FEa 7 4
The stroke between the neutral position - C.W. posi- o T TR —)gn .
tion (52}, and the neutral position - C.C.W. position 2 Neuwral I :
{S1) must be equalized. ‘ %0' : \
v -
When either stroke is too short, clitch engagement ??,‘\ {3 — g
becomes faulty. [*
-7 _43601.717] |
c.cw. 56(2.205)
{2)Equalizing the travel distance of the control ¢cable. \
After ensuring the equal distribution of the stroke
described in (1}, connect the cable to the control head. 2.7 Cautions
j i d . .
Adjust so that the cable 5h|ft.trave.l of the S1 an {1)Always stop the engine when attaching, adjusting, and
S2 control lever strokes becomes identical, inspecting
{2)When conducting inspection immediately after stopp-
Neutral ing the engine, do not touch the clutch. The oil temper-
o o ature is often raised to around 90°C (194°F).
(3)Half-clutch operation is not possible with this design
and construction. Do not use with the shift lever
halfway to the engaged position.
4)Set the idling engine speed at 0 and 850
c.cw. C.W. { )rpm g eng p at between 80
Remote Control Head
NOTE: The dual{Two) lever remote control device cannot
be used.
Note; (*} Cable shift travel
$1 = More than 36mm (1.42")
§2 = More than 36mm (1.42")
Clamp
»
To engine speed
Printed in Japan
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Chapter 7 Reduction and Reversing Gear
3. Inspection and Servicing

4JH Series.
] » a
3. Inspection and Servicing
3-1 Clutch case and cover 34 Clutch gear (A} and (B)
{1)Check thz clutch case and cover for cracking with & (1)Contact surface with drive cone.
test hammer. ) Visually inspect the tapered surface of the ciutch gears
Perform a color check when raguired. {A} and (B) where they make contact with the drive
If the case and cover are cracked, replace those together. cons to check if there is any abnorma! condition or
{2)Check for staining on the inside surfzce of the bearing sign of overheating.
section. If any defect is found,
Also, measure the inside diameter of the case and cover. replace the gear.
Replace the case and cover if these are worn beyond
the wear [imit.
3-2 Bearing
(1) Rusting and damage.
If the bearing is rusted or the taper roller retainer is
damaged, replace the bearing.
{2} Make sure that the baarings rotate smoothly.
if rotation is not smoacth, if there is any binding, orif any
abnormat scund is evident, replace the bearing.
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, 3-5 Drive cone
dents, and cracks. 1Repair the lightly damaged gears (1)Visually inspect that part of the surface that comes into
and replace heavily damaged gears. contact with the circumferential triangular slot to check
(2} Tooth surface contact. for signs of scoring, overheating or wear. If deep scoring
Check the tooth surface contact. The amount of tooth or signs of overheating are found, replace the cone.

surface contact between the tooth crest and toath flank
must be at least 70% of the tooth width.

(3)Backlash. contact surface

Measure the backlash of each gear, and replace the gear
when it is worn beyond the wear limit.

Helical invoiute spiine

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

mm {n.}
Maintenance ..
Standard Wear limit
All gears 0.08 ~0.16 0.3
S (0.0031 ~ 0.0063) {0.0118)
Printed in Japan 7-33
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Chapter 7 Reduction and Reversing Gear
3. Inspection and Servicing

{3)Measure the amount of wear on the tapered contact

surface of the drive cone, and replace the cone when the
wear exceads the specified limit.

)

\
Orve cone Qrive cone —

Ctuich gear [A) Clutch gear (B)
mmf{in.)
Standard dimensions Limited dimensions
. . 292~298 281
Dimensions €
(1.1496 ~ 1.1732) (1.1063)}

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

{4)Jf the wear of the V-groove of the drive cone is exces-
sive, replace the part,

NOTE:When replacing the drive cone, the drive cone

and clutch gears A} and (B) must be lapped prior
to assembly.

The lapping procedure is described below.

4JH Series.

Printed in Japan
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Chaptrer 7 Reduction and Reversing Gear
J. Inspection and Servicing )
4JH Series.

3-5-1 Lapping Procedure for Drive Cone

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

{1) Coat the lzpping powder onto the cave of the cluwch . . 1
wise and counter-clockwise.

gear (Lapping powder: 67 micron silicon carbids =220)

\..J

(B)After lapping them, wash them with washing oil.

(2)Set the clutch gear on the clutch shaft with a needle
The lapped parts should be cleaned completely.

bearing and then set the drive cone on the clutch shaft

{3)Lap the clutch gear’s cave and drive cone, pushing them
together by hand

Small
Z
1.0 mark 'O,

Large

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

parts.
When assembling the drive cone, be sure to check

its alignment.
The larger chamnferring face should be on the

clutch gear (A) side,

Printed in Japan 7-35
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Chapter 7 Reduction and Reversing Gear
3. Inspecrion and Servicing

3-6 Thrust coller A and B for clutch shaft

il fijier Oil filler case

(1) Visually inspect the sliding surface of thrust collar A or
B to check for signs of overheating, scoring, or cracks.
Replace the collar if any abnormal condition is found.

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

Spring retainer

4JH Series.

Cup spring
,zr\.Thrus: Coliar A !
s )/ Cuehasial
s
SR

Thrust csilar B

;/ Snapring

Cluteh shaft

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 thick-
ness of the spring retainer. If the length or the thickness
deviates from the standard size, replace the part.

limit,
Cup spring Spring retainer
b t
f — [—
e~ Sliding surface
Sliding surface—-.q/
Al
Thrust coltar A Thrust collar 8
—_— —_— ] J’
T T
— —
~
S
— mm {in.}
Standara Limit
mm {in.) . 2.8~ 3.1 26
Cup spring, T
Stepped wear Standard Limit {0.1102 ~ 0.1220) {0.1024}
0.1 0.05 . . 2.92 ~308 23
Thrust collar A, t; t (0.0039) (0.0020) Spring retainer, T (01150 ~ 01213} (01102}
1.0 0.20 . . — 0.1
t N Spring retainer, {
Thrust collar B, t, ? (0.0394) {0.0079) ring retainer {0.0039)
7-36 .
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Chaprer 7 Reduction and Reversing Gear
3. Inspection and Servicing

3-8 Input shaft

Input shaft gear with torgue limiter

Roller bearing

Input shait

(1) Splina part.

Whenever ureven wear and/or scratches are found,

replace with a new part.
(2) Surface of ¢il seal.

If the sealing surface of the oil seal is worn or scraiched,

replace.

(3)}Torque limiter parts.

|f the torque limiter has slipped due to excessive torque,
measure the size of the inner parts listed top right. If

the parts are excessively damaged replace.

O M

@ Plate (B}
v Plate (A)
~
\—
—— Spacer

) CUp spring

Input shafr gear

i Ball bearing
| ]
: Snap ring
Ptate (A) and (B) mmiin.)
Stepped wear Standard Limit Q'ty/unit
Plate {A) 0.95 ~ 1.05 0.92 15
(1 + 1, {0.0374 ~ 0.0413) {0.0362)
Plate {B) 0.35 ~ 0.45 0.32 1%
(ty+ 1y (0.0138 ~ 0.0177) (0.0128)
t,
—s t3 T
U sl
tl T
L
Plate (A} Plate {B)
Printed in Japan
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4JH Series.
mmiin.)
Standard Limit
. 2.75 ~ 3.05 28
Cup spring, T
0.1083 ~ 0.120) 0.1024)

3-9 Output shaft

\

Cup spring

(1}Visually inspect the spline, oil seal and O-ring, and
repair or replace a part when any abnormal condition
is found on its surface.



Chapter 7 Reducrion and Reversing Gear
3. Inspeciion and Servicing

4JH Series.
3-10 Intermediate shaft
D2 D1
‘ i
Roiier baaring _ ; 1
1
Intermediate gear mm {in.}
Standard Limit
01 669 ~6.70 6.50
(0.2634 ~ 0.2638) {0.2559)
02 11.966 ~ 11.984 11.95
. . . . {0.4711 ~ 0.4718) 10.4705)
{1)Visually inspect the spline and repair or replace a part o ot 135 12.018 1205
when any abnormal condition is found on its surface. Hflever shait, : . '
Shifter insertion hole {0.4724 ~ 0.4731) (0.4744)

3-11 Shifting device

3-11-1 Shifter

Spring pia

Location pln—-ﬂ l ﬂ
S

Sliding surface of shifter

Spring

Shift lever shaft

{1}Visuatly inspect the surface which contacts with the
drive cone, and replace the shifter when signs of over-
heating, damage or wear are found,

{2)Measure the shaft diameter of the shifter. Replace the
shaft if the size deviates from the standard.

3-11-2 Shift lever shaft and location pin

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

{2)Measure the diameter of the shift lever shaft and the
shifter insertion hole. Replace the part if the size
deviates from the standard value.

¢5, Location pin

i ! Ei:
— 7T Ll
_ il ®
1
_[[ 4 - - _j
mm (in.}
Standard Limit
d 27.959 ~ 27.98 27.90
! {1.1001 ~ 1.1018} (1.0984}
d 120~ 12018 12.05
: (04724 ~ 0.4730) {0.4744)
Side cover, 28.0 ~28.021 28.08
Shift insertien hote {1.1024 ~ 1.1032) {1.1055)
Printed in Japan
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Chapter 7 Reduction and Reversing Gear
3. Inspection and Servicing

4JH Series.
3-11-3 Shifter spring

(1}Check the spring for scratches or carrasion.
(2)Measure the free length of the spring.

Shifter spring Standard Limit
Frae izngth 226mm (0.890in.) 19.8 mm {0.78Qin.}
Sprirg constant 0.854 kg/mm {1.88 !bs/0.04in.) -
Lzngtnh when attached 1435 mm {0.5850Q in.} -
Load when attached 7.046 kg {15.54 |bs) 6.08 kg {13.41 1bs}
3-11-4 Stopper bolt 3-12 Damper disc

Check the stopper bolt. If it is worn or stepped, replace.

Check point
Top

. /“

—
—

Pin Spring

(1) Spline part.
Whenever uneven wear andfor scratches are found,

3-11-5 Side cover and oil seal repace with a new part.
{1}Check the neutral, clutch gear {A) and clutch gear {B} {2) Spring.
position grooves. Replace if the groaves are worn. Whenever uneven wear andfor scratches are found,
{2)Measure the insertion hole of the shift lever shaft. replace with anew part.
Replace if the size deviates from the standard value. (3) Pin wear.
{3)Check the oil seal and the O-ring for damage. Whenever uneven wear and/or scratches are found,
Replace if the part is defective. replace with a new part,

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

-«+—— Clutch gear {B)

—-—— Neutral

-«+—— Clutch gear {A}

] _J_LI/—“—&J
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Chapter 7 Reduction and Reversing Gear
3. Inspection and Servicing

4JH Series.
3-13 Shim adjustment for output and input shafts {2} Intermediate Shaft
Check the thickness of the shims for the intermediate, Measure the distance C and thickness O
clutch, input and output shafts. When the component
parts are not replaced after dismantling, the same shims t, = (C- D)1“0_05

can be reused. When the clutch case, mounting flange and
clutch case cover or any one of the following parts is re-
placed, the shim thickness must be determined in the
following manner.

For input shaft parts : input shaft, bearing.
For cutput shaft parts: output shaft, bearing. ) ;
For intermediate shatt ! T ) | ;
shaft parts 1 intermediate shaft, spacer, gear L f
bearing.
For clutch shaft parts :  clutch shaft, thrust collar [A),
{B}, gear, bearing. [‘j \

{1) Input Shaft
Measure the distance A and B.
Thickness of Shim t;

+ {3) Ciutch Shaft
L, = {A- B)‘O'OS Measure the distance E, F and G.

ty, = (78 _E-F- %)10-05

NOTE: When measuring the distances F and G, the clutch
gears must be pushed in the direction of the drive
cone,

Input shaft ) ) L Then measure distances H and |.

ta = (H- ”t0.0S

L1,

7_1

Clutch shaft ’__ﬂ

7-40
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Chapter 7 Reduction and Reversing Gear
3. Inspection and Servicing
4JH Series.

14)0utput Shatt

Adjust the thicknass of Shim t; to make the backlash

Than mzasure the distances J and K.

-0
ty = (J-K}-0.1

(5)Standard size of parts

mm (in.}

Drive cone

K neutrat
center

position

140~ (114~ |23~ 1.9~ 7.4~ 578~ (203~ (398~ [377~ |36~ 24~
14.2 12.9 3.7 21 7.5 58.7 21.2 40.3 39.5 47 26 78

(0.551~|(0.449 ~ :(0.091 ~|{0.075 ~|(0.291 ~} (2.276 ~ | (0.799 ~ | (1.5671 ~{1.484 ~ | (0.142 ~| {0.094 ~| (3.077)

0.569)f 0.508}| 0.146)| 0.083)| 0.295){ 2.311}] 0.835) 1.587) 1.555}| 0.185}| 0.102)

NOTE: Compare your measurements with the above standard
size. If your measurements differ greatly from the
standard sizes, the measurements may not be correct.
Check and measure again.
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Chapter 7 Reduction and Reversing Gear

3. Inspection and Servicing

4JH Series.

Adjusting point

Part No,

Thickness. mm (in.)

No. of shims

11

177095-02150

0.1 {0.0039)
0.3{0.0118)
0.5 (0.0197)
1.0 (0.0394)

12

177090-02250

0.1 {0.0039)
0.3 (0.0118)
0.5 (0.0197)
1.0 (0.0384)

13 & t4

177075-02150

0.3 (0.0118}
0.4 (0.0157)
0.5 {0.0197)

t5 & 16

177090-02310

0.1 {0.0039}
0.3{0.0118})
0.5 {0.0197)
1.0 {0.0394}

(SO R - ) [ 1 S SRS
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Chapter 7 Reduction and Reversing Gear

4. Spceial Tools

4.Special Tools

4JH Series,

Name of tool

Shape and size

mmbin.}

Application

Inserting tool

Part Na, 17707509030

10 {5.394)

@352 {1.3861
240 {1.875)
paz.? (1.681)

For instatling input and
output shaft bearings.

Inserting taal

Part No. 177085.081580

2 0.079}

$30 {1,181}

For installing intermediate shaft
and clutch shaft bearings.

Spline socket

Part No. 177073-08020

5 {0187}

\Wauf‘msn

{1.181)

For checking limiter torque of the
1orgue limiter

Ring nut wrench

Part No, 177073-08010

For remaving and tightening the
torgue limiter

Printed in Japan
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Chapter 7 Reduction and Reversing Gear
4. Special Tool
WMW 4§ JH Series.

Special tools

Namae of tocl ] Shape and size mrm G g Application
A1 . )
e 70 ¢
N -
- 8 (0315} ! ) . .
Durpus sheft coupling loek >, For ramoving and tightening the
o -5 {B.39%) purhut shafy nut.
o %
= :
2 20 {0.787}
<, 35(1.378)
Part No. 177075-08050 12 (9.472}
20 {0.786) 16 10,620}
¢55°(2.165}
$40.5 (1 595& — For removing and tightening
Socket o gutput shatf nut.
1
a5 (0374y—"]_]

30 §1.1811

Part No. 177073-00050

For instatling the clutch
shaft bearing

Inserting tool

$28.3(1.114)
$32.2(1.268}

¢38 {1486 8 (0197}

Part No, 177073-09030

-4
7-44 Printed in Japan
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Chapter 7 Reduction and Reversing Gear
3. Disassembly

4JH Series.

5.Disassembly

5-1 Disassembling the clutch and accessories.

{1}Remove the remote-control cable and the C.W. hose
of L.O. cooler.

{Z}Dismount the clutch main body from the mounting
flange.
{3}Drain the fubricating oil

Drain the lubricating oil by loosening the plug at the
bottom of the clutch case. Also remaove the dipstick
from the clutch case at the same time.

{4)Remove the drain plug and pull out the L.O.

Drain plug

(5} Remove the dipstick.

7-45

Printed in Japan
A0AI029-9002

Cutput shaft coupling lack
———

{68) Remave the end nut and output shaft coupling
1) Loosen the calking of the endnut.

NOTE: Loosen the endnut with the special tool and a

. torque wrench,

Special tool

Socket




Chapter 7 Reduction and Reversing Gear

J. Disassembly 4JH Series

{7)Remove the fixing bolts on the side cover of clurch {9)Removing the output shaft assembly and clutch
case, and also remave the shift laver shaft assembly. shaft assembly.

Output shaft

Shift lever shaft Ass’y

{8YRemave the clutch case cover.

1} Remove the bolt of the clutch case cover

(10}Removing the mounting flange

Remove the fastening bolt of the mounting flange
and then remove the mounting flange.

2} Remove the clutch case cover from the clutch

case.

Clutch case cover

Ctutch shaftass’y  {11}Removing the input shaft assembly,
Draw out from the mounting flange side of the case.

NOTE:To remove the case cover and the case, insert
two drivers into the two depressed points at the
joint between the case cover and the case,

This makes removal easy.

7-46
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Chapter 7 Reduction and Reversing Gear
5. Disassembly .
’ 4JH Series.

{12)Removing the intermediate shaft. (11)Removing the oil-cooler.

1) Loosen the calking of locknut of the intermediate
shaft.

Qil-cooier

NOTE: Thread of the locknut is feft-handed,

3) Draw out the intermediate shaft tapping to the case
cover side with a plastic-headed hammer.

Plastic-headed
hammer

Intermediate gear

Printed in Japan 741
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Chaprer 7 Reduction and Reversing Gear
3. Disassembly

4JH Series.

1) Rermove the outer bearing races of the mounting
flange, the case cover and the case.

NOTE:Remove the outer bearing races with a special

tool.

— Special too!

Case bady

~Quter bearing race

{15)Remove the oil seals of the mounting flange and
the case cover.

7-48

Printed in Japan
AGA41029-9002



Chapter 7 Reduction and Reversing Gear
3. Disassembly )
- i - — — 4/H Seh‘ex

5-2 Disassembling the clutch shaft. {3)Remove the pin

5.2-1 Clutch gear (A} side

{1} Loosen the calking of ths end nut and ramove the
nut. Remove the nut by 3 torgue wranch, fixing the
clutch shaft in a vica,

{A}Withdraw the thrust collar {B), inner needle bearing
by pulley extractor.

inner naadle bearing
Thrust collar (B)

chl |

3

5.2-2 Clutch gear (B) side

, {1)Loosen the calking of the end nut and remove the nut.
NOTE: Remember that the nut has a left-handed thread, Remove the nut by a torque wrench, with the clutch

shaft fixed in a vice.

{2¥Take out the clutch gear {A}, Thrust collar {A}, cup

spring, spring retainer and inner bearing trace. The

clutch gear (A) must be withdrawn using a pulley
extracier, with the clutch shaft fixed in 2 vice.

MNOTE: Remember that as the nut has a lefr-banded thread.

Printed in Japan 7-49
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Chapter 7 Reduction and Reversing Gear

5. Disassembly 4JH Series.
{2)Withdraw the large gear (B}, thrust collar (A}, cup- (5)Removs the snap rings

spring, spring retainer, drive gear and inner bearing

race.

Use a pulley extracter, with the clutch shaft fixed .

in a vice. .

Snan ring plier

Snap ring

{3)Remaove the key

Drive cone

{4)Withdraw the thrust coilar (B} and inner needle bearing
race with the pulley extractor.

_Inner needle bearing
Thrust collar (B)

Drive cone

7-50
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hapter 7 Reduction and Reversing Gear

Disassembly
- 4JH Series.

5-3 Disassembling the input shaft. 5-4 Disassembling the output shaft

{1}Remove the bearing inner race from the output shaft.
Use a pulley extracter, fixing the output shaft in a
vice.

1)Draw cut the input shaft tapping to the small roller
bearing sice with a steel bar,

U
A

¢
i

Dot

3

[
o
o
©
o
[
S
_

RD
B

an;
G, \')

"‘\\\\\\um\“‘

=

Input shaft—""| . Clamp here by vice.

(2)Fix the input shaft gear in a vice, and remove the
lock nut with a special tool.

Lock nut

Plate (B}
Plate (A}

Cup spring

Input shaft gear

Printed in Japan 7-51
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Chapter 7 Reduction and Reversing Gear

3. Disassembly 4JH Seri
. eries.

5-56 Disassembling the shifting device {4)Remove the shift lever to the anti-shift lever side.

{1)Tzke out the shifter and shifter spring

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

{Z)Remove the stopper bolt of the shifter and shim.

4 .J
N

O-ring Oil seal

{3)Loosen the belt of the shift lever and remove the
shift lever and cable bracket

Printed in Japan
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Chapter 7 Reduction and Reversing Gear
6. Reassembly

6.Reassembly

6-1 Reassembly of clutch shaft

4JH Series.

{4)Fit the cup spring, spring retainer, thrust collar (A).

Thrust coltar (A}

6-1-1 Clutch gear (B) side
nl
{1)Fit the clutch gear (B) side snap ring and thrust @

collar (B} onto the sha't.

Thrust coliar {8}
Snap ring

Spring retainer

Cup spring

NOTE: 1] Drive in with a plastic headed hammer. Do not
hit hard.

{2)Drive ir the inner needle bearing race using the 2) When fitting the thrust collar {A), note the
fitting direction. Fit it keeping the stepped

inserting tool.
surface toward the drive gear side.

3] Check that the clutch gear (B) rotates smoothly.

(B)Fit the key

Inserting tool

inner bearing race

{3)Assemble the needle bearing and clutch gear (B}

Clutch gear (B)

NOTE: Check that the clutch gear (B} rotates smoothly.
Printed in Japan 7-83
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Chaprer 7 Reduction and Reversing Gear

6. Reassembly 4JH Seri
eries.

{8)Drive in the driving gear and inner bearing race using {8)Catking the end nut and clutch shaft.
the inserting tool.

Inserting tcoi

6-1-2 Clutch gear {A) side

{1)Insert the drive cone, snap ring and thrust coliar {B).

{7)Set and tighten the clutch gear {B) end nut @—Thrusr colter (8]
Fit the clutch shaft in a vice, and tighten the nut
with a torque wrench. @"Snap ring

Drive cone

Torque wrench

'f” _ QO -stamped
ey A mark

NOTE:Insert it keeping the O-stamped mark surface
toward the clutch gear (B) side.

{2}Drive in the inner needle bearing race, using an insert-
ing tool.

Inserting tool i,

85— 11.5kgm

Tightening torque (61.5 — 83.2 ftIb)

NOTE: 1) Remember it is a left-handed thread. A f}, /

2} Use the clutch gear (A) side nut which was used \
before dismantling for the clutch gear {B) end nut. \\ -
This is to provide effective calking to the nut. ; I

I\
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Chapter 7 Reduction ond Reversing Gear
6. Reassembly
. 4JH Series.

{3)Assemble the neadle bsaring and clutch gzar {A) NOTE:1) When fitting the thrust collar (A}, note the
fitting direction. Fit it keeping the stepped
surface toward the roller bearing side,

2} The pin cannot be fitted after the inner bear-

Clusch gear {A) . R .
uEn ing race has bezn driven in,

3} Check that the large gear (B) rotates smoothly.

{61Set and tighten the clutch gear {(A) end nut. Fix the
clutch shaft in a vice and tighten the mut with a
torque wrehch.

NQTE:Check that the clutch gear (A) rotates smoothly.

{4)Insert the pin.

oy
T
i . . 8.5 ~11.5kgm
A Tightening torgue (61.5 — 83.2 ft-Ib)
A1 \

A

’1— NOTE: 1) Remember it is a left-handed thread.

o

{71Calk the end nut and clutch shaft.

(5)Fit the cup spring, spring retainer and thrust collar
{A) and drive in the inner bearing race using the in-

serting tool.
NOTE: Use the clutch gear (A) side nut which was used
before dismounting for the clutch gear {B8) end nut.
This to provide effective calking to the nut.
Printed in Japan 7-85
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Chaprer 7 Reduction and Reversing Gear
6. Reassembly

+JH Series.

6-2 Reassembly of input shaft

{1}Drive in the ball bearing and fit the snap ring into the
input shaft gear.

{2)insert the cup springs, spacer, plates {A) and plates
(B} and temporarily lock the lock nut.

NOTE: Apply lube oil to each insert part.

{3}Fit the O-ring onto the input shaft.

{4} Drive the ball bearing and the inner bearing race
using an inserting tool.

{5}Insert the input shaft into the plate (A).

—RE
o ) —F-r
v SO [

{6)Take the input shaft out again.

(7)Tighten the nut firmly using the special tool, then
return the nut by 45 — 90 degrees.

Special tooi for
ring nut wrench

{8) Insert the input shaft, then measure its torque using
a torque wrench,

=04mm 18 pisces
= 1mm 15 pisces
Cup spring
¥
: —_— ey
: _—
Correct Wrong
:::‘—,_'—x:/
%‘ .
pr====1r—— Ball bearing
] | Snap ring
H _( _¥ Torqge wrench
T
1T (= ]

] Special tool

T . 55 — 80 kg-m
orque: (398 — 434 ft-Ib.)

NOTE:Match up the teeth of plate fA).

{9)Take outthe input shaft and caalking at the lock nutend
ot the thread.

{10)Insert the input shaft into the input gear assembly.
{11)Drive the inner bearing race onto the input shaft end.

FPrinted in Japan
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Chapter 7 Reduction and Reversing Gear
6. Reassembly

4JH Series.
6-3 Reassembly of the clutch case

6-3-1 Reassembly of the intermediate shaft

{1)Drive in the outer bearing race (izroe) into tha clutch

.

l ‘ ! (]nser:ir‘g taos

i

P

{8)Calk the end nut

Quter bearing race (large)

(2} Insert the inner bearing races and idle gear
and drive in the intermediate shaft

(6)lnsert the shims into the clutch case.

Intermediate shaft —
Bearing race
ey 6-3-2 Reassembly of the bearing outer races and
Idle gear _EE ! shims in the clutch case
|
-—rl

:qu {1)Drive the input shaft outer bearing race and clutch

[

shaft outer bearing race into the clutch case.
{3)Drive the outer bearing race into the clutch case.

Inserting tool

Bearing race ——

C
S

S

Block

{4)Insert the washer and tighten the end nut using a torque
wrench.

{2}Insert the clutch shaft shim, lube oil filter case and filter

into the clutch case.
Lube oil filter
—Lube c¢il filter case

8.5~ 11.5kgm

Tightening torque (61.5 ~83.2 ftlb}

NOTE: Remember it is a left-handed thread
Printed in Japan s
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Chapier 7 Reduction and Reversing Gear
6. Reassembly

6-3-3 Reassembly of the input shaft
{1}Insert the input shaft assembly into the clutch case.

Input shaft ass'y

Ciutch case

(2)Drive the centering bush into the clutch case.

6-3-4 Reassembly of the mounting flange

{})insert the oil seal and the shim into the mounting

flange.

{2)Drive the outer bearing race into the mounting flange.

Quter bearing race

7-58

4JH Series.

(3JFit the mounting flange onto the clutch case, and

tighten the bolt.

5 — 6 kg-m

Tighteni
ightening torque (36.2 — 43.4 ft1b)

NOTE: Apply non-drying fiquid packing to the matching

surface of the mounting flange and the clutch
case.
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Chapter 7 Reduction and Reversing Gear
6. Reassembly

4JH Series.

(3)Insert the clutch shaft assembly and the output shaft
into the clutch case.
NOTE: Fasten taking care not to allow the spring at the

tip of the oil cooler to drop out.

6-3-6 Reassembly of the oil cooler

Output shaft ass'y

Clutch shaft ass'y

Clutch case

s 0il cooler assembly
TIT 7
7 f

T /,/,% %Q\/
I

6-3-6 Reassembly of the clutch case cover.

{1)Drive the output shaft shim and the outer bearing
race into the clutch case.

Outer bearing race.

NOTE: Apply non-drying liquid packing to the maching

surface of the clutch case cover and the clutch
case.

{4)Fit the clutch case cover on the clutch case, and
tighten the bolt.

{2)Drive the shims and the outer bearing races into the
clutch case cover

£

Quter bearing

Shim

Tightening torque 23-28kgm
ghtening torg (16.6 — 20.3 frlb)
Printed in Japun 7-59
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Chapter 7 Reduction and Reversing Gear

6. Reassembly

4JH Series.

{5)insert the outer bearing race, shim and the output
shaft cover, and tighten the bolt.

{6)Insert the oil seal, output shaft coupling, O-ring
and the end nut into the output shaft.

{7)Tighten the end nut with the special tool and a tor-

que wrench, then calk it.

Special tool

Socket

Output shaft coupling tock

Socket wrench

Output shaft coupling

Tightening torque

54 — 56 kg-m
{391 - 405 ft-Ib}

7-60

O-ring

i

I

Qil seal

6-3-7 Reassembly of the shifting device

{1)Fit the oil seal and O-ring to the side cover

4
2\

{2)Insert the shift lever shaft to the side cover

(3} Fit the shift lever to the shift lever shaft
NOTE: Check the direction of the shift lever & mark.

& mark

i

(4)Insert the shifter spring and shifter to the shift

lever shaft

Shifter

Spring
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Chapter 7 Reduction and Reversing Gear
6. Reassembly
' 4JH Series.

6-3-8 Reassembly of the lube oil drain plug

{5)Fit the side cover assembly and the remote control
and the dipstick

bracket to the clutch case.

Drain plug

Shift lever shaft Ass’y
Oil dipstick

NOTE: 1} Check the direction of the shifter (Top and

bottom side)
2) The shift lever may not turn smoothly if the
cfutch case is not filled with lubricating oil.

(6}Fit the shim and stopper bolt to the shift lever shaft.

NOTE: Apply nondrying liquid packing or seal tape to
the thread of the stopper bolit.

Approx, N H

Smm (0.1968in.)

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

(7)Fit the pivot to the shift lever.

Split pin

Washer
Shift lever “

Pivot
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Chapter 7 Reduction and Reversing Gear
1. Construction

4JH2E

Marine Gear Models
KM3P2

for Engine Models 4JH2E

1. Construction

1-1 Construction

This clutch is a cone-type, mechanically operated clutch.
When the drive cone {(whichis connecled to the output shaft
by the lead spline) is moved forward or backward, its taper
contacts with the large gear and transfers power to the
output shaft.
The construction is simple when compared with other types
of clutch and if serves to reduce the number of components,
making for a lighter, more compact unit which can be
operated smoothly. Although it is small, the power
transmission efficiency is high even under a heavy load. lts
durability is high and it is also reliable because high grade
materiais 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.

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

= Helical gears are used for greater strength. The inter-
mediate shaft is supported at 2 points to reduce deflec:
tion and gear noise.

» The clutch case and mounting flange are made from an
aluminum alloy of special composition to reduce weight.
It is also anticorrosive against seawater.

¢ As the damper disc is fitted to the output shaft, power
can be transmitted smoothly. For the damper disc, springs
of different strengths are used so that two stages of torque
and twist angle are applied. That is, in the first stage, only
the weak spring is used, and the strong spring comes into
action for a torque higher than a predetermined value,

7-62

This prevents gear noise due to torsional vibration as
well as absorbing shock when engaging.

Stage arrangement

+———Absorps shock
when engaging

T-torque

Narmal condition

Twist angle ©

e There is a small clearance between the dipstick and the
inside of the dipstick tube. A small hole in the dipstick
works as a breather.

«When the load on the propeller is removed, the engage-
ment of the drive cone and the large gear is maintained by
the shifter and V-.groove of the drive cone Even when the
drive cone's tapered area and V-groove are worn, this
engagement is maintained by the shift lever device and
accordingly no adjustment of the remote control cable is
required.

+The cup spring on the rear of the larger gear absorbs
rotational fluctuations and stabilizes the engagement of
the drive cone and the larger gear. Thus, the durability
of the cone against wear is enhanced.
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Chapter 7 Reduction and Reversing Gear

I. Construction

1-2 Specifications

4JH2E

Model KM3P2
For engine models 4JH2E
Clutch Constant mesh gear with servo cone clutch {wet type)
) . Forward 236 2.61
Reduction ratio
Reverse 3.16 3.16
Propeller shaft rpm (Forward) 1441 1303
Input shaf Counter-clockwise, viewed from stern

Direction of rotation
Qutput shaf

Forward

Clockwise, viewed from stern

Reverse

Counter-clockwise, viewed from stern

Control head Single lever control
Cable Morse, 33-C (cable travel 76.2mm or
Rernote control
Clamp YANMAR made, standard accessory
Cable connector YANMAR made, standard accessory
Quter diameter 2100mm (3.937)
Output shaft coupling Pitch circle diameter 278mm (3.07)

Connecling bolt holes

4—@105mm (4—20.417)

Position of shilt lever

Left side, viewed from stern

Lubricating ol

SAE 20/30

Lubricating oil capacity

0.35¢

Dry weight

11.5 kg {25.4 tbs}
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Chapter 7 Reduction and Reversing Gear
1. Construction

4JH2E

1-3 Power transmission system
1-3.1 Arrangement of shafts and gears

Forward small gear ol input shaft

Idle gear

Reverse amall gear of input shaft

lnput shaft

—
Large gear ol output shalt
Intermediate shaft

Forward smalt gear with input shaft

Outpul shaft

Aeverse small gear
with input shaft

Shaft arrangement

viewed from the stem Intermediale shaft

~
.

\&/Ouiput shaft

Forward large gear
Drive cone

Idle gear

Reverse large gear
1-3.2 Reduction ratio

Forward
No. of teeth No. of teeth . : .
Model of forward small gear Zif of forward large gear Zof Reduction ratic Zot/Zit
25 58 58f25 = 236
KM3P2
23 ) 60 60/23 = 261
Reverse
No. of teeth No. of teeth No. of teeth . S —
Model of reverse small gear Zir of intermediate shafl gear Zi of reverse large gear Zdr Reduction ratio Zi/Zir-ZdriZ1
KM3P2 19 2% 60 68019 = 3.16
7-64 .
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Chapter 7 Reduction and Reversing Gear

1. Construction

4JH2E

1-3.3 Power transmission routine — Forward

6

Forward large gear

ng

Oultput shaft coupl

1-3.4 Power transmission routine — Reverse

Clearance

ng
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Chapter 7 Reduction and Reversing Gear

1. Construction

4JH2Z2E

1-4 Drawing
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Chaprer 7 Reduction and Reversing Gear

I. Construction

4JH2E

1-5 Sectional view
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Maounting flange
Bolt MB x 25
Bearing

Clutch case
Input shaft
Bearing

Qil seal

Shim

Dumper disk
Shim

Bolt M2 x 14
Lock nut

Coltar

Bearing

Thrust coliar A
Spring retainer
Cup spring
Forward gear
Thrust collar B
Drive cone
QOutput shaft
Thrust collar B
Inner rase
Reverse gear
Cup spring
Spring retainer
Thrust collar A
Bearing

Oil seal

O-ring

Lack nut
Coupling

Idle gear shaft
Bearing

Idle gear

Thrust washer
O-ring

Shift lever
Lock nut
Washer

Haolder
Cannector

Side cover

Bolt Mg x 25
Qil seal

Shift lever shatt
Locatton pin
Stopper holr
Spring pin

Bolt MB x 25
Spring

Shifrer

Washer
Dipstick
Parallel pin
Lack nut
Washer



Chapter 7 Reduction and Reversing Gear
2. Shifting Device

2. Shifting Device

2-1 Construction of shifting mechanism

Stay

Cable clamp

Lock aut (MG}

Gil seal
Ball joint

Shify lever

S
& Balt (M8 x 25)

Shim

Bolt [M8 x 25]

Stopper bolt

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 constantiy inserted into their respective
grooves on the shift lever by the tension of the shifter
spring. The shifter is set on the eccentric hole of the shift
lever shaft and moves the drive cone in the neutral position
either 10 the forward or reverse positions, and then back
to the neutral position. {The shift lever shaft moves siightly
to the shift lever or drive cone side when the shift lever is
placed in the forward or reverse positions.)

@I\D Side cover

Spring pin

Location pin __ﬂ l
4

Shifter

Spring

ill Large gear

Cone

Drive shaft center

" Eccentric

Shifter instaliation

\‘-‘ centier

Shifter

Spring
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Chapter 7 Reduction and Reversing Gear
2. Shifting Device

2-2 Forward and reverse clutch cperation
{Neutra! = Forward; Neutral = Reverse}

When the shift lever is moved to the forward position from
the neutral position, the shift lever shaft starts to revolve,
and the location pin disengages from the neutral V-groove
positien of the side cover. (Shift lever moves approx.
0.5mm to the drive cone side.} At this time the shifter,
which is set on the eccentric hole of the shift lever shaft,
moves the drive cone’s V-groove to the forward large gear.

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

2-3 Engagement and disengagement of ¢lutch
{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 forward position
gr« ¢ of the side cover, (The shift lever shaft moves
apy.. +x. 3mm to the drive cone side,) At this time, the
shifter which is set on the eccentric hole of the shift lever
shaft is moved to the neutral side [reverse large gear side).
The drive cone, however, is engaged with the forward large
gear through the torque force produced by the revolving
centrifugal force.

Further, when the shift lever shaft starts to revolve, and the
positioning pin talls in to the neutral V-groove position of
the side cover {the shift lever shaft travels approx. bmm to
the shift lever side), the shifter moves to the shift lever side
(to the spring side) while moving the V-groove of the drive
cone to the reverse large gear side. The movement of the
shifter to the shift lever side, however, is stopped when the
shifter end contacts the stopper 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 transmis-
sion torque of the drive cone is decreased to zero and the
shift lever is returned to the neutral position by the spring
force,
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A0A1029-3002

Shifter cent
Cone center

er

Forward side

[Shift lever

Side cover shaft move

Shift lever shaft
Shift lever center
( s—rDL :
O3>

=

Reverse side /

s apprax. 0.5mm)
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[Shift lever shaft
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At forward engagement position

Shifter center
Shift lever shaft

Farward side

Cone center

L
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=
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Forward side

Cone center

{Shift lever shaft

rmaoves apprax. 3mm)

Shifter center
Cone center

Shift lever shaft
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{Shitt lever
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Chapter 7 Reduction and Reversing Gear

2. Shifting Device

4JH2E

2-4 Clutch shifting force

Shifting position
Shifting direction

Shift tever posi-

tion at 56mm

Remote control handle
position at 170mm
(Cable length, 4m)

Engaging force 3 ~4kg 4 ~5kg
at 1000 rpm {6.6 ~ 8.8 1bs) (88 ~ 11.0 lbs)
Disengaging force 356 ~5kg 4 ~ 6 kg
at 1000 rpm {7.7 ~ 11.0 |bs) (8.8 ~ 13.2 Ibs)

2.5 Adjustment of shifting device

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

reverse position.

|
o

Reverse

&
5. 13
Tl e
3de Neutral
\: -

\\ N Forward

Foarward side

Reverse side

Shifter top clearance
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Chapter 7 Reduction and Reversing Gear
2. Shifting Device

4JH2E
2-5.1 Measurement and adjustment of clearance

{a}Assemble the shifting mechanism {without installing hark {KMZPY & mack (KMIPY
the stopper bolt of the shifter) to the marine gear case.

{mm}

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

Shm
Top side

{ Stopper bolv

shiit lever :___I:__,ﬁ . Eﬁ s
‘ﬂ shaft center g____ F] :@_) i
b 1 T |
- Shifter center E

H T 1
* (37 4~ 376} 10~ 28 13632 ~ 34 18)
Bottom side
{t wn the shift lever 10 ~ 15 degrees either to the
1orward or reverse position from the neutral 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+125)%0.1mm (0.004in.}

NOTE:Shim set includes one piece each of 1mm, 0.4mm,
0.3mm, 0.25mm shims.

[YANMAR Part No.177088-06380)

{f)lnsert shim (s} of proper thickness to the stopper boit
side and tighten it to the shift lever shaft.

NOTE:When tightening the stopper bolt, apply either a
non-drying type liquid packing {(TREE BOND
No.1215), or a seal tape around the bolt threads.

‘ : Approx.

5mm (0.1968in.}
||

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 cable.

{2)Looseness of the attaching nut of the cable connector
and the shift lever.

Printed in Japan
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Chapter 7 Reduction and Reversing Gear
2. Shifting Device

4TH2E
2-6 Adjustment of the remote control head
Marine gearbox control side
{1)Equal distribution of the control lever stroke.
Neutral
s1 82
~
ok
Reverse 4D Forward —
Reverse
Remote Control Head
Forward
, 2-7 Cautions
ition > f - . . L
The stroke between the neutral P(,)S't'on orward pom {1)Always stop the engine when attaching, adjusting, and
tion {S2), and the neutral position — reverse positon inspecting

{S1) must be equalized.
When either stroke is too short, clutch engagement
becomes faulty.

(2)Equalizing the travel distance of the control cable.

After ensuring the equal distribution of the stroke
described in {1}, connect the cable to the control head.
Adjust so that the cable shift travel of the S; and S,
control lever strokes becomes identical.

Neutral

51 $2

Reverse Forward

Remote Controt Head

Note; {s) Cabtle shift travel

Clamp

7

To engine speed

S1 = Mare than 36mm {1.42")
§2 = More than 36mm {1.42"}

(2)When conducting inspection immediately after stopp-
ing the engine, do not touch the clutch. The oil temper-
ature is often raised to around 90°C {194°F).

{3)Half-clutch operation is not passible with this design
and construction. Do not use with the shift lever
hatfway 1o the engaged position,

{4)Set the idling engine speed at between 750 and 8GO
rpm,

NOTE: The dual{Two) lever remote contral device cannot
be used,
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3. Inspection and Servicing

4JH2E

3. Inspection and Servicing

3-1 Cluilch 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 surtface of the bearing

section.

Aiso, 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 roiler refainer is
wmaged, replace the bearing.
(2, .nake sure that the baarings rotate smoothily.
If rotation is not smooth, if there is any binding, orif any
abnormal sound is evident, replace the bearing.

3-3 Gear

Check the surface, tooth face conditiens and backlash of
each gear. Replace any defective part.

{1} Tooth surface wear.

Check the tooth surface for pitting, abnormal wear,

dents, and cracks.

and replace heavily damaged gears.

{2) Tooth surface contact.

Repair the lightly damaged gears

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)Backtash.

Measure the backlash of each gear, and replace the gear
when it is worn beyond the wear limit,

mum {in.)
Maintenance P
standard Wear limit

w.put shaft forward gear 006 ~ 0.12 02
and output shalt fo d y y "
Sear uiput shatt forwar (00024 ~ 0.0047) {0.0079)
Input shaft reverse gear 006 ~ 012 02
and intermediate gear (0.0024 ~ 0.0047) {0.0079)
Intermediate gear and 006 ~0.12 0.2
output shaft reverse gear (0.5024 ~ 0.0047) (0.0079)

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.
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Tapered surface

(2) Forwardireverse gear needle bearing.
When an abnormal sound is produced at the needle
bearing, visually inspect the rollers; replace the bearing
if the rollers are faulty.

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. |f deep scoring
or signs of overheating are found, replace the cone.

conlact surlace

(2)Check the hetical involute spline for any abnormal con-
dition 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.

Drive cone Drive cone

Forward large gear
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4JH2E

mm (in.)

Standard dimensions Limited dimensions
PBimensians | KM3P2 32.7 ~33.3(1.2874 ~ 1.3110} 32.4 [1.2756)

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

(4)1f the wear of the V-groove of the drive cone is exces- /\_/\

sive, replace the part.

3-6 Thrust collar

Thrust collar A

Spring retainer

Thrust collar B

Forward large gear

Thrust collar A

Cup spring

Spring retainer

7-74 i 3
Printed in Japan

A0AT029-9002



Chapter 7 Reduction and Reversing Gear
3. Inspection and Servicing

4JH2E
(1) Visually inspect the sliding surface of thrust collar A or 3-8 Oil seal of output shaft
B to check for signs of overhealing, scoring, or cracks. Visually inspect the oil seal of the output shaft to check if
Replace the collar if any abnormal condition is found. there is any damage or oil leakage; replace the seal when
(2) Measure the thickness of thrust collar A or B, and any abnormal condition is found.
replace it when the dimension exceeds the specified
lirmit. 3-9 Input shaft
1
Lo 1
~——— Sliding surface Sliding surface L
Theust colar A Thrust cotlar B
[ B
L -
mm (in.}
Stepped wear Limit for use
Thrust collar A, t, 0.05 (0.0020)
Thrust collar B, t, 0.20 (0.0079)

3-7 Cup spring and spring retainer

{1)Check for c¢racks 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 thick-
ness of the spring retainer. If the length or the thickness

(1} Spline part.

deviates from the standard size, replace the part. Whenever uneven wear andfor scratches are found,
replace with a new part.

(2) Surface of oil seat.
If the sealing surface of the oil seat is worn ar scratched,

replace.
Cup spring Spring retainer
t
b
/ _] 3-10 Output shaft
- Key slot Swaight pin

Helical involute spline

T T
Key slot
mm (in.)
Standard Limit
c ina T 28 ~ 3.1 2.6
u rnng,
P spring (0.1102 ~ 0.1220} (0.1024)
Sering retainer. T 292 ~3.08 28 (1) Visually inspect the spline and the helical invalute
: (0.1150 ~ 0.1213} (0.1102) spline, and repair or replace a part when any abnormal
- 01 condition is found on its surface.
Spring retainer, t
0.0040)
7-75
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3. Inspection and Servicing
- 4JH2E
3-11 Intermediate shaft
D2 b1
 —
Y
Thrust washer
mm {in.}
O-ring Standard Limit
D1 66.9 ~ 67.0 65
{2.6338 ~ 2.6378} 12.5591)
02 11.966 ~ 11.984 11.95
{0.4711 ~ 0.4718} 10.4705}
Shift lever shafr, 120~12018 12.05
{1) Needle bearing dimensions, staining. Shifter insert hole (04724 ~ 0.4731} (0.4744]

Check the surface of the roller to see whether the
needle bearing sticks or is damaged. Replace if
necessary.

3-12 Shifting device
3-12.1 Shifter

Spring pin

Location mn—ﬂ l ﬂ

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 overheating,
damage or wear are found.

(2)Measure the shaft diameter of the shifter, Replace the

shaft if the size deviates from the standard.
7-76

3-12.2 Shift lever shaft and location pin
(1)Check the shift lever shaft and location pin for damage
or distortion, and replace defective parts. If the location
pin must be replaced, replace it together with the shift

lever shaft.

{2)Measure the diameter of the shift lever shaft and the
shifter insertion hole. Replace the part if the size
deviates from the standard value.

@5, Location pin

mm {in.)

Standard Limnit

27.959 ~ 27.98 27.90
o1 {1.1001 ~ 1.1016} {1.0984})

02 12.0 ~ 12.018 12.05
{0.4724 ~ 0.4731) {0.4744)

Side cover, 28.0 ~ 28.021 28.08
Shift insert hole (1.1024 ~ 1.1032) {1.1055}
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3-12.3 Shifter spring
{1)Check the spring for scratches or corrosion.
(Z}Measure the free length of the spring.

4IH2E

Shifter spring Standard

Limit

Free length 226 mm {0.890in.)

19.8 mm (0,780in.)

Spring constant 0.854 kg/mm {1.88 Ibs/0.04in.)

Length when attached 1435 mm (0.5650 in.}

Load when attached 7.046 kg (1554 Ibs)

65.08 kg

(13.41 lbs)

3-12.4 Stopper bolt
CF--~k the stopper bolt. If it is worn or stepped, replace.

Check point
Top

7

)
-

3-12.5 Side cover and oil seal
(1)Check the neutral, forward and reverse position grooves.
Reptace if the grooves are worn.
{2)Measure the insertion hole of the shift lever shaft,
‘place if the size deviates from the standard value.
(3, —aeck the oil seal and the Q-ring for damage.
Replace if the part is defective.

1 1T
«+———Reverse
-— MNeutral
-+—— Forward
X
] e
|
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3-13 Damper disc

Spring

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

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

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

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

3-14 Shim adjustment for output and input shafts

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

For input shaft parts: input shaft, bearing.
For output shaft parts: output shaft, thrust collar A,
thrust collar B, gear, bearing.
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{1)Shim thickness {T1)} measurement of input shaft
(a)Measure the bearing insertion hole depth (A} of the
mounting flange, and the bearing insertion hole depth
{A") of the clutch case.
{b)Measure the length (B} between the bearing outer
races of the input shaft assembly.
{c)Obtain the {T1) thickness by the following formula:

Ti=A+A —B {T+: Clearance * 0.05mm])

Mounting flange

Clutch case

Mounting flange

Clutch case

[Py

13

2

{2)Shim thickness (T2, T3} measurement of output shaft

input shaft ass'y

(alMeasure 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 clutch case roller bearing to
the large gear side.

7-78

4JH2E

Clutch case

Mounting flange

(c)Measure lengths {F) and (E) from the outer race end of

the clutch case bearing included in the output shaft
assembly.

NOTE: Before measuring length (F) and (E), 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=C+C'— D — T3 (T2: Clearance +31™m)

Ta (KM3P) = C' — 473 —— —F (Tolerance +0.05mm)
Mounting flange

Clutch case

Drive cone neutral

position center
KM3P---- 47.3 mm

Cutput shaft ass'y

- A -
N \
Lt
E F
D -
r
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4JH2E
(3)Standard size of parts
mm {in.)
Drive cone neutral
A+ A B c+C* 8] E F o
center posttion
KM3P2 13240~ 132.75 131.20~ 13210 141.20 ~ 14155 139.66 ~ 141.00 2350~ 2410 5783 ~ 5865 47.3
52126 ~ 5.2264) (5.1654 ~ 5.2008] [5.5591 ~ 55728) (5.4945 ~ 55512) [0.9252 ~ 0.9488) {2.2768 ~ 2.3091} {1.B8622}

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

{4} Adjusting shim set

Part No. Thickness.mm(in.} [No. of shims
0.5 {0.0197) 1
input shafy 17708802350 0.4 {0.0157) 1
0.3 (0.0118} 2
1.0 (0.0394) 1
05 (0.0197] 1
Outputshaft {177088-02300
0.3 {0.0118) 2
0.1 {0.0039} 3
13-13. Torque limiter
Housing Caoupling
Shim
Cup spring
Holder o
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4. Disassembly
- 4JH2E

4. Disassembly

4-1 Dismantling the clutch )
9 {4) Remove the end nut and output shaft coupling.

{1) Remove the remote control cable.
{2) Remove the clutch assembly from the engine mount-
ing flange.

(3) Drain the lubricating oil.
Drain the lubricating oil by loosening the plug at the
bottom of the clutch case.

Toarque wrench

-----

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

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

7-80 ,
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Chaprer 7 Reduction and Reversing Gear
4. Disassembly

4JH2E
(7} Remove the belts which secure the mounting flange to
the case body, give light taps to the left and rigl']l with a
plastic headed hammer white supporting the clutch
case with your hand, then remove the mounting flange. tnput shaft \U latermediate shat

Qulput shall

{9) Take out the intermediate shafl and input shaft. When
taking out the intermediate shaft, place a holt or
spacer on the shaft hole of the case, and drive the
shaft out by 1apping it lightly.

Plastic headed
hammer

Ciutch housing

(8) Withdraw the output shaft assembly.

Output shatt

Input shaft b1
assembly

Qulput shalt

Intermediate shaft NN "3~ Intermediate shaft

Inpul shaft

Printed in Japan -8
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4. Disassembly

4JH2E

(10) Remove the oil seal of the outpul shaft from the case (12) Remove the oil seal of the input shaft from the
body. mounting 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 or oulput
shaft.
NOQOTE: The same adjusting plates can be reused when the
foltowing parts are not replaced. When any part is
replaced however, re-adjustment 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.

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

Pulley puller

Cradle

QOuter bearing race Reverse large gear

(2) Loosen the calking of the forward nut and remove the
nut and spacer,
Remove the nut by using a torque wrench alter setling
the output shaft coupling and fixing the coupling balt in

avice.
Calking chisel
O @
— Special tool
P/No, 177088-09010
Case body
| ]

Quter bearing race
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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 extractor against the end surface of the

vard large gear, and withdraw the forward large gear,

tnrust eollar A, cup spring, spring retainer and inner
bearing race.

Puiley puller

"____ Drive cone
N

/
//—k 4-3 Removal of the intermediate shaft

(1) Remove the “O" ring.
(2} Remove the thrust washer.
(3) Remnove the intermediate gear and needle bearing.

Qutput shalt

Intermediate shafl

Intermediate gear O\
Q-ring

Thrust washer

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

FPrinted in Japan
A0AI029-9002



Chapter 7 Reduction and Reversing Gear
4. Disassembly
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4-4 Dismantling the shifting device

{1)Take out the shifter and shifter spring. {4)Remove the shift lever to the anti-shift lever side,

{2)Remove the stopper bolt of the shifter and shim. {5)Remove the oil-seal and O-ring.

{3} L.oosen the bolt of the shift lever and remove the shift
lever from the shift lever shaft.
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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
ajig.

inserting tool

Roller bearing

Inserting 100}

needle bearing race

NOTE:1)Drive in with ap]asrfc headed hammer. Do not

hit it hard.
2)When fitting ‘the thrust collar A, note the fitting
/ direction. Fit it keeping the stepped surface
// toward the roller bearing side.
{3) Assemble the needle bearing and forward large gear. 3)Note that the pin cannot be fitted after the inner
NOTE: Check that the torward large gear rotates smoothly. bearing race has been driven in.
{4)Fit the cup spring, spring retainer, thrust collar A and 4)Check that the forward large gear rotates
pin, and drive in the inner bearing race using a jig. smoothly.
(5) Assemble the collar and pin so that the pin is in the
Stepped surface

groove of the collar.

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

Insert the shatft into the spline of the coupling, fit the

spacer, and tighten the nut with a torque wrench.
Thrust catlar A

Qutput shait

Tightening torque (611(% ;:j.ga!;gl{nlb)

{The same torque applies to both models KM2P and KM3F )

NOTES: 1) Take care as it is a left-handed thread.

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

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

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

Calking chisel > {3)Drive the intermediate shaft into the clutch case.

Intermediale shaht

Qutput shaft

(7) Insert the drive cone while keeping the output shaft set

for reverse,
NQTES: 1) If the output shalt is not fitted into the clutch
Output shaft case belore driving-in the intermediate shaft, it
cannot be assembled.
2) Note the assembly direction of the thrus!
Drive cane washer,

(4) Insert the output shaftinto the clutch case.

Input shalt

Culpul shaft

NOTE: 1) Fir thrust collar A so that the stepped surface
faces the roller bearing side.
2) Check that the reverse large gear rotates
smoothly.
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5. Reassembly
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(5) Fit the adjusting plate to the mounting flange, and {8) Insert the input shaft and output shaft into the shaft
drive in the outer bearing race. holes of the mounting flange, assemble the mounling
NOTE: The outer bearing race can be easily driven in by flange on the case body, and tighten the boll.

heating the mounting flange to about 100°C, or by
cooling the outer race with liquid hydrogen.

(€) 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 and the case body.

npul shaft

Cutpul shalt

—Intermediate shalt

NOTE: Apply non-drying liquid packing to either the
mounting flange or the case body.

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

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

Non-drying liquid packing

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

. 10 15 kg-m
Tightening torque E15 i 832gft-rb)

{The same torque applies to both models KM2P and KM3P ).
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5-3 Reassembly of the shifting device
{1)Fit the oil seal and O-ring to the side cover,

{2}insert the shift tever shaft to the side cover.

{3)Fit the shift tever to the shift lever shaft,
NOTE: Check the direction of the shift fever L mark.

7-88

4JH2E

13

A mark
(KM3P2),

G

———

T

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

{51Fit the side caver assembly to the clutch case.

NOTE: 1} Check the direction of the shifter {Tep and
bottom side).
2} The shift lever may not turn smoothly if the
clutch case is not filled with fubricating oil.

{BiFit the shim and stopper boll to the shift lever shaft.

NOTE: Apply non-drying liquid packing or sgal-tape to
the thread of the stopper bolit.

Smm {0.1968in}

; Approx.

S Do not appiy
fiquid packing
or seal tape to
this area.
{71Fit the cable connector to the shift lever,
Printed in Japan
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I. Remote Comtrol System

4JH Series

1. Remote Control System

1-1 Construction of remote control system

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

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

The use of Morse remote control cables, clamps and a
remote control head, are also provided for. The device 1o
stop the engine is electric and will be explained under the
section on electrical equipment.

1-2 Remote control device components

Yanmar

Morse description Part No.

Morse MT2 top mounting 41730-000680

Remote single lever
control head Morse MV side mounting i
single lever 128170-86500
Remgte Morse 33C x 4m (13.12ft.) 41710-000360
control cabie Morse 33C x 7m (23.00ft.) 129470-86500
Engine Yanmar 4m (13.12f1) 129470-67550
stop cable Yanmar 7m {22.9611) 129470-67560

(1) Remote control handle

MT-2 Type

The model MT-2 remote control has been designed so
that operation of the clutch {shift) and governor (throt-
tle) 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, to freely control the
governor separately from the clutch put the lever in-
neutral, the central position, and pull the knob in the
center of the control lever. When the lever is returned
to the neutral position, the knob automatically returns
to its original position, and the clutch is free. The gover-
nor can then be freely operated.
Printed in Japan
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The MV type controller has been designed so that
operation of the clutch and throttle can be effected
with one lever. When the button next to the control
lever is pulled out with the lever in the central position,
it holds the clutch in the neutral position so that the
throttle can be opened all the way and warm up the
engine.

When the engine is warmed up, return the handle to
the central position and push the button back in. Con-
trol of the clutch and throttle is thus effected with one
handle.

{2) Remote control cable

33C

Use only Super-Responsive Morse Control Cables.
These are designed specifically for use with Morse con-
trol heads. This engineered system of Morse cables,
control head and engine connection kils ensures
dependable, smooth operation with an absolute
minimum of backlash.

{3) Engine stop cable
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2. Remote Control Installation

2-1 Speed control

Remote control cable

Cable joint

Control lever

Idie stopper

< N
! Y 1 r:. Idle stopper
VA : '1:::°ffg‘g,q
4 (' -
1
= @ i
Asomm (23622in.) 4 | ~ ik
Controt lever / E; _1_?_ ,—-A[
B __E pa—
j— . r——
T iy s— r i
i Idle :
L -
= H
b/
8-2

4JH Series
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2. Eemote Control Installation 4JH2 Series

2-2 Clutch control

Spring washer

Spring washer Spacer /Scraw
Nut Cabie bracket
Clamp
Tightaning torau
22.6-28.4 N-m
(2.3~2.8 kgt-m) Hemote control cable

Clavis

Cotter pin

Washer

Shift lever

(KBW20/21)

Neutral

Reverse
564

S
Conit

\
N
SQ e

Forward

Shift lever
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4JH Series
2-3 Engine stop
Engine stop remote control cabie
Set bolt
Lack nut
\ﬁ-——Cable connector
LW
mem {in)
8-4 i i
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3. Remote Control Inspection

{1} When the control lever movernent 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.

Neulral
Reverse Forward

%hm in - SHIN
'\r./" ,
| \.n/
Throttle [ // Theottle

Free throttle

(2) Too many bends (turns) in the cable or bends at too
extreme an angle will make it difficult to turn the handle.
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 connaction screwheads, cable sleeves and
other metal parts for rust or corrosicn. Clean off minor
rust and wax or grease the parts. Replace if the parts
are heavily rusted or corroded.
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4. Remote Control Adjustment
: 4JH Series

4. Remote Control Adjustment

(1) Shift lever adjustment
Mave the lever several times—the movement of the
clutch lever on the engine from forward, neutral and
reverse must coincide with the forward, neutral and
reverse on the control lever. If they do not coincice,
adjust the fittings as necessary {first engine side, then
controller sida).
{2) Throttle lever adjustment

Move the control lever all the way to full throttle several
times, and then return. The throttle lever on the engine
must lightly push against the idle switch when it is
returned. If it is properly adjusted, the knob can be easi-
ly pulled out when the lever is in the neutral position,
and will automatically return when the control lever is
brought back to the neutral position. If the control lever
presses too hard against the knob, it may not return
automaticaliy, in which case the cable end must be ad-
justed as explained for the clutch. The knob cannot be
pulled out when the lever is not in the neutral (central)
position.

Controt cable

Control laver

Cable joint

8-6 .
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Chapter 9 Electrical System
1. Electrical System

1. Electrical System

4JH Series
System diagram of electric parts {B2-type)

BZ-type instrument panel

Extension
wireharness

Toid

Lube oil pressure switch
@‘_ Joint

A
,@/‘J—— Air heater (option}
lf‘

Starter relay
{only 6m extension

Starting motor
wireharness tse)

Tachometer sensor —@

Alternator

o
] - '.‘
|./l

Battery

Battery switch

Water temperature switch
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Chapter 9 Electrical System
1. Electrical System

4JH Series
C-type, D-type and E-type
[
.[f;"'_ _II c@iia g
élF 5288 gd [[—;ﬁ-l—l
[ g ‘I -
/=
&8 O Ve
it J

E-type

O3l pressure sender unit

<O

é— Lube oil pressure switch

5 ?— Joint

Ater relay

{only 8m extension
wireharness use}

Starting motor

Battery switch

Water temperature
sender unit

Water temperature switch
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Chapter 9 Electrical System

1. Electrical Systern

4JH Series

1-2 Wiring diagram

1.2.1 For B-type instrument panel
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4JH Series

Chapter 9 Electrical System
1. Electrical System
1-2.2 For C-type instrument panel
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Chapter 9 Electrical System

1. Electrical System

4JH Series

1-2.4 For E-type instrument panel

usalg ;
sbuesp :
MORA T
enjg ¢
yoeiq :
SUYM :
pay :

10

ng
19

oy

‘asn ffeuondo) J03eULB)E VYO8

‘euoyyippe Joi ssauseyaiim @ () :atoN

‘SAMO[|0} SE ST UO(128UU0D

Ae|a) J9LIBLS AU “SSAUIBYRIIM

uoisualxa wg ay) Buisn uayp, |

8L SAOH
k.4
-
3
z..n.m. yS e
.................. %
: - 1 oM ..uw mW
| ProuMos i STalnHz
' 1 —_
@ m =
1 LN =
] T | o -
1 LD - T (5
i i i 8 _ P |
! 210 ! L =L K=k
heemmmmsmrmeadomaas Eqm 0
> o eyl i
i H
z[izl {2
¢ ————— Al
wllg -
__ m; ] 2 >
£ C T A EV >
LT L e
o H ©B¢ -
=== s
| 77 o ||| m— .mm
=
i _L ik
3 e
Tt M
%_ 2 | Bk
[N Mk
] i ¥
™
Ponnioy sy ny ™ o O = O
LI AL SO E

Printed in Japan
A0A41029-9002

9-6



Battery case

Chapter 9 Electrical System
2. Battery

4JH Series

2. Battery

2-1 Construction

Terminal

N / Filler cap

Caver

Negative plate

Separate piate

Glass mat

Positive plate

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

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

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

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

2-2 Battery capacity and battery cables

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

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

cold weather 12V — 150AH
Full charged specitic gravity 1.26

2-2.2 Battery cable

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

Printed in Japan
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[Wire thinner than specified I [ Single conductor wire j

| wire longer than specified ]

X
[ High wiring resistance |

Open circuit caused

v by vibrations

Low current ]

L

;
—I L Faulty charging

o Fa
Ke itch !
y switc S
B____|
({ Starter

| Faulty starting

Battery switch

% |
Battery
© /®

The overall lengths of the wire between the battery (H
termina! and the starter (B) terminal, and between the bat-
tery {-) terminal and the starter {E) terminal, should be
determined according to the following table.

malot
<13

Aliowable Conductor
Voltage wiring Cross- ;}I;ﬁ;{]ﬁe
system voltage section length
drop area 9
20mm? Up to 2.5m
0.0311in.? .43 in.
12v |02V orlessi00a n.) (9843 in)
40mm? Upto5m
{0.062in.%) {196.87 in.)

Note: Excessive resistance in the key switch circuit
{between the battery and start [S] lerminals) can
cause improper pinion engagerment. To prevent this,
follow the wiring diagram carefully.

2-3 Inspection

The quality of the battery governs the starting performance
of the engine. Therefore the battery must be routinely in-
spected to ensure that it functions perfectly at all times.

2-3.1 Visual inspeclion

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

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

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

{4) Inspect the caps for cracking, electrolyte leakage and
clogged vent holes.
Correct any abnormal conditions found. Clean off rusted
terminals with a wire brush before reconnecting the bat-
tery cable.



Chapter 9 Electrical System
2. Battery

4JH Series

2-3.2 Checking the electrolyte
(1) Eiectrolyte level

High

=B

0r A0

Check the electrolyte level every 7 to 10 days. The
electrolyte must always be 10 ~ 20mm (0.3937 ~
0.7874in.) over the top of the plates.

\(

NOTES: 1. The “"LEVEL" line on a transparent plastic bat-
tery case indicates the height of the elec-
trolyte.

2. Always use distilled water to bring up the elec-
trolyte level.

3. When the electrolyte has leaked out, add dilute
sulfuric acid with the same specific gravity as
the electroiyte.

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

£ D
te v

N

+

7
4
7
|

Hydrometer

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

Rubber bulb

Glass tube Aead top of scale

3) The battery is fully charged if the specific gravity
is 1.260 at an electrolyte temperature of 20°C. The
battery is discharged if the specific gravity is 1.200

(50%). If the specific gravity is below 1.200,
recharge the battery.

4} If the difference in the specific gravity among the
cells of the baltery is £0.01, the battery is OK.

5) Measure the temperature of the electrolyte.
Since the specific gravity changes with the
temperature, 20°C is used as the reference
temperature.
Reading the specific gravity at 20°C
S = St+0.0007 {t - 20)
S.: Specific gravity at the standard temperature of
20°C
St: Specific gravity of the electrolyte at t°C
0.0007: Specitic gravity change per 1°C
t: Temperature of electrolyte

2-3.3 Voltage test

Using a battery tester, the amount of discharge can be
determined by measuring the voltage drop which occurs
while the battery is being discharged with a large current,

Battery tester

(1) Connect the tester to the battery.
12V battery tester
Adjust the current (A).

{2) Connect the (+) lead of the tester to the (+) battery
terminal, and the {-) tester lead to the (-} battery
terminal.

(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 alf the
acid.

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

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

9-8
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Chapter 9 Electrical System

2 Bateery 4JH Series
2-4 Charging ~ [ ] B
2-4.1 Charging methaods 29 \\I‘\l\‘\l\ N N !
There are two methods of charging a battery: normal and 1.28 T \ : ‘ T
Epigd harging should only be used i i 127 \\'\x\\ L
apid charging should only be used in amergencies. L | i LN S~
» Normal '?‘,harging...Should be conducted at a current of Spegcrla’\l:?w 1.26 > \\J D SN N \ l
1/10 or less of the indicated battery ~'3*4\.\;\\‘\?‘\\ : \ L
capacity (10A or less for a 100AH 125 R
battery). 1.24 y o~
¢« Rapid charging...Rapid charging is done over a short ;1\‘:\;\ \
period of time at a current of 1/5 ~ 1.23 lﬁ < [
1/2 the indicated battery capacity -0 0 10 20 30 2 5

(20A ~ 50A for a” 100AH battery).
However, since rapid charging
causes the electrolyte temperature
to rise too high, special care must
be exercised.

2-4.2 Charging procedure

{1) Check the specific gravity and adjust the electrolyte
level.

{2) Disconnect the battery cables.

{3} Connect the red clip of the charger to the (+) battery

terminal and connect the black clip to the (—) terminal.

Charger

Set the current to 1/10 ~ 1/5 of the capacity indicated
on the outside of 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.

4

2-4.3 Charging precautions

{1) Remove the battery caps to vent the gas during
charging.

While charging, ventilate the room and prohibit
smoking, welding, etc.

The electrolyte temperature should not exceed 45°C
during charging.

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, disconnect
the (—) battery cable [ground side])

(2)
(3)
(4

Frinted 1 Japan
A0A1029-9002

9-9

Electrolyte temperature {(*C)

Electrolyte temperature and specific gravity

2.5 Battery storage precautions
The life of a battery depends considerably on how it is
handled. Generally speaking, however, after about two
years its performance will deteriorate, starting will become
difficult, and the battery will not fully recover its original
charge even after recharging. Then it must be replaced.
{1) Since the battery will self-discharge about 0.5%/day
even when not in use, it must be charged 1 or 2 times a
month when it is being stored.

&
5 \\
4 50°C
Sell-discharges “J \\
day (%) 2 \40°c‘ =~
2 L
—
. h 30°C
~.__[2°C__|
Q

1 2 3 4 5 ]
Number of days after charging

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

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

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

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

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

aging.




Chapter 9 Electrical System
3. Starter Motor

3. Starter Motor

1. The Reduction Starier System
1-1 The Beduction Starters

While these only hzd spacialized applications in the past, they curreantly are
being widely adopted because of their compact, lightweight cesign.
Although smaller than the direct-drive type starter with its arsature and pinion
driven at the saze speed, the gear reduction starter actually reduces the motor
speed to approximately 27X prior to driving the pinion.
It does this without raducing cuiput, hence its naze.
Furthermore, use of heat-resistant insulating waterials and advanced productien
technology makes the compact, light weight design possible and isproves its
starting capabilities in cold regions.

4TH2 Series

7

S

Foln
.

=

~._=-_..,—'A_ 6

1. Armature 6. Pinion Clutch
2. Field Coil 7. Gear Case

3. Brush 8. Shift Lever

4, Rear Cover 9. Tersion Spring
5. Pinion Shaft 10. Magnetic Switch

Fig.l Reduction Starter Construction
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Chapter 9 Electrical System

3. Starter Motor
4JH2 Series

1-2 The Fagagement Machanisa
This type utilizes the elecirermagnstic forcs. Thz pinion 1s enzzged with the ring gear
by means of the torsicn spring 2nd shift lever. The plunger is shifted by the attracting
force and depresses the pinica. When the pinion does not striks the ring gear, smooth
engagsmenl occurs, then the contacis close to siart the motor.
Also, whaa the pinion sirikes the ring gear testh, it compressss the torsion spriag and
loses the contazcts. ®hen the curreat flows through the motor zrd the armature starts
rotating, the pinicn is depressed sirongly on the ring gear and rotated by zmeans of
torsion spring pressvre and the helical spline's force. Then, the pinion teeth are
arranged in engagement with the ring gear teeth. When the key start switch is turned
OFF, the magnatic switch is demagnetized, and the pinion is returned by the torsion
spring force. Simultaneously, the confacts open to stop motor operation, In Fig, 2.
engagement between the pinion and ring gear is illustrated.

Pinion
Y 0
—=>T > {} .
l
—>
@) @ @ @
Ring Gear
Fig. 2. Engagement of Pinion and Ring Gear
12
N\
o
= b ]
\ B 3
E{ f;
1. Pinion 8. Shunt coil (Holding Coil)
2. Armature 9, Series Coil (Attracting Coil)
3. Field Coil 10. Plunger
4. Torsion Spring 11. Key Start Switch
9. Shift lever 12. Battery
6. Stationary contact 13. Ring Gear
7. Movable Contactor
Fig. 3. Schematic Layout of Reduction Starter’s Electrical Circuit
2. Removal

1) Disconnect the battery’s negative or © side cable at the battery.

2) Disconnect the battery's posistive or € cable and the main harness' feed wire from
the magnetic switch of the reduction starter,

3) Disconnect the battery’s negative or © cable at the reduction starter.

4) Removglthe reduction starter retaining bolts and lockwashers, Then withdraw the motor
assembly,
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Chapter 9 Electrical System

3. Starter Motor
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Chapter 9 Electrical System
3. Starter Motor

4JH2 Series
4. Disassanbly

A 1)} The Magnetic Switch's 8 ca Nut All) Shift Lever

2 The 5 em Through Bolts (2) 12) The & &a Bolis (3)
A 3} The Rear Cover 13) Gear Case
A 4) The Brush Holder Al14) Center Fousing

S) Yoke Assesbly Al15) The Pinien Stepper Clip
A B) Arzature 16) Pinion Stopper

T The 6 ma Bolts (2) 1T Retaining Spricz

8) Pagznetic Switch 12) Pinion Shaft
A 9) Torsion Spring Al19) Clutch Assembly

10) Dust Cover

A: Disassembly Reference Exhibit Is Provided
t cover (Adjusting washer) Nagnetic Switch
Uuzdjust cléar;nce 'i" to washer Resistance value (at20 ¢) "M,B” Terminal Nut
thickness ( ie. 0.5,0.8 mm ) Series Coil : 0.32 Q 7.35-9.81 N-m

Shuat coil : 0.6 2

—

Bolts 6 mm

5.9-8.3 Nem 14

Through Bolts 5 mm
4.9-6.3 N -m

Brush Holder
Brush Length : 15/11 mm
Brush spring tension : 1.8-2.2 kg

Armature
Clearance " 2" belween Pinion's front Commutator dia. : 30/23 mm
edge and pinion stopper : 0.3-1.5 mm Depth of insulating mould

( 0.5-0.8/0.2 om )
Shaft bend : Less then 0.1 mm

: Nem
Unit : mm (Standard "New"/Limit "Used)

Fig. 4. Exhibit of Disassembled Parts

Printed in Japan 9-13
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Chapter 9 Electrical System

. ter Mot
3. Starter or 4JH2 Series

1) The Hagnetic Switch’s 8 mm Nut

Remove the maznetic switch's 8 ma nut and
disconnact the connecting wire.

2) The 5 mm Through Bolts (2)
3) The Rear Cover

The rear cover is disassembled by removing the 5 mm
through bolts.

Fig. 6

4) The Brush Holder

Pull the brush spring up with a brush spring lifter
tool so that the © side brush is separated from
the surface of the commutator (otherwise, the brush
holder keeps the brush in contact with the commu-
tator}. Remove the € side brush from the brush
holder,

5) Yoke Assembly
6) Armature

The armature and the yoke assembly can be disas-
sembled once the brush holder is removed.

Printed in Japan
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Chapter 9 Electrical System

3. Starter Motor
; 4JH2 Series

T) The 6 =a Bolts (2)
8) Hagnetic Switch
9) Torsien Sprinz

The magnetic switch can be disassezbled cnce the
6 mm Bolts are removed. Next,the torsicm spring is
c¢isasseshled from the maznetic switch,

10) Dust Cover
11} Shift lever

The shift lever can be removed once the dust cover
is disassembled from the gear case.

12) The & mm Bolts (3)
13) Gear Case and Pinion Clutch ASSY.

14) Center Housing
20) Gasket

The gear case and the Center Housing can disasembled
after the 6 mm Bolts have been removed.

15) The Pinion Stopper Clip

The pinion stopper clip is removed with a standard
screwdriver while the pinion stopper is pushed toward
the pinion.

Printed in Japan
A0AI029-3002



Chapter 9 Electrical System
3. Starter Motor H? Series

13) Gear Case

16) Piniecn Stopper
17) Retaining Spring
18) Pinion Shaft

19) Clutch Assembly

The pinion stopper, retaining spring, pinion shaft
aznd the clutch assembly can be disassembled cnce
the pinion stogper clip has besn resoved.

-End of Disassembly-

Fiz. 13
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Chapter 9 Electrical System

3, Start to
er Motor 4JH2 Series

5. Inspection and Regair

5-1 Armature
(1) Check the dizmeter of the Commutater

If the outsids diazeter of the commutator is bzlow
the minimum linit then replace it.
(zm)

Standard (Naw) | Limit (Used)
36 29

{2) Continuity Test for the Armature Coil

Use a tester to check for continuity between
parallel points on the commutator. If there is
continuity, the armature is still good.

No continuity : (Disconnected coil)
Replace the armature,

Fig. 15

Tester
(3) Insulation Test for the Armature Coil

Use a tester to check for continuity between a point
on the commutator and the shaft or the core.

If there is no continuity the armature is still
good.

Continuity Exists : (Short circuited coil)
Replace the armature,

{4) Check for Surface Distortion on the Armature
and the Commutator

Use a dial gauge to measure the distortion of the
outside surfaces of 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 (NAX) 0.
Commutator 0.05 (NAX) 0.
917
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\\tE;;::::>’__ (3) Check the Surface of the Comamutator
\ If the commutator surface is rough, then please

,/’// use No. 500-600 sandpaper to meke it smooth.

Sandpaper
Fig. 18
(6) Check the Depth of Insulating Material from the
0.5-0.8mm Commutator Surface
lasulator
S;;r;;?tcr If the depth of the insulating material from the
commu tator segments is less then the limit, than
please repair it by filing 1t down.
Correct (mm)
,/fﬂixg—"]][“ Standard (New) | Linit (Used)
Incorrect 05 i 08 02
Fig. 19

5-2 The Field Coil
{I} Continuity Test for the Field Coil

Tester

Check for continuity between the field coils’
terminals with a tester. If there is continuity,
then 1t is still good.

No continuity : (Disconnected coil)
Replace the field coil.

Fig. 20

Tester {2) Insulation Test for the Field Coil

Check for continuily between the yoke and one
terminals of each coil with a tester.

If there is no continuity the field coils are
still good.

Continuity Exists : (Short circuited coil)
Replace the field coils.

Fig. 21
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Fig. 25

5-3 Brushes

8-

{3

8-

{1

Feasure the length of the brushes and i they are
under the limit, replace thes.

(==}
Standard {h=w) | Lizit {(Used)
15 11

4 Brushk Holder

{asulation Test for the Brush Helder

Check for continuity between the brush holder's
positive side and its base (negative side) with a
tester. If there is no contimuity the brush holder
isg still good.

Continuity Exists : (Unsatisfactory insulation)
Replace the brush holder,

Inspection of the Brush Springs

Check the weight of the brush springs.

Standard Weight (¥g)
1.8 ~ 2.2

5 HMagnelic Switch

Continuily Test for the Shuat Coit

Check for continuity between the "5" terminals

and "H" (the switch body)with a tester. If there is

continuity, then it is stili good.

Ho continuity : {Bisconnecied coil)
Replace the magnetic switch,
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4JH2 Series

{2) Continuity Test for the Series Coil

Chack for continuity between the "§" and "I
terninzls with a tester. If there is continuity,
thaa it is still good.

Ko continuity : (Disconnectad coil)
Bzplace the magnetic switch.

{3) Continuity Test for Contact-Points

Put the plunger on the under side and then push
the magretic switch down. At this time, check for
continuity between the "B" and "H" terminals

with a tester, If there is continuity, then it is
still good.

No continuity : (Insufficient Continuity)
Replace the magnetic switch.

5-6 Pinion Clutch
(1) Inspection of the Pinion

Rotate the pinion manually. While rotating it in
the direction of normal operation, smoothly reverse
the direction of rotation to confirm that it locks.
In the event of any irregularity, replace it.

{2} Pinion Sliding Test

Check to see if the pinion slides up smoothly

when the end is pushed. If there are scratches,
rust or if the required force seems too strong.
please repair it. I too much grease is applied to
the pinion shaft, Then it will seem hard to slide.

8-20
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(2) Inspection of the Ball Bearings

Rotate the ball bearings outer ring surface with
your finger tips and check to see if it rocks
perpendicularly to the direction of rotation.

Fig. 30

-21
Printed in Japan s

A0A1029-9002



Chapter 9 Electrical System
3. Starter Motor

4JH2 Series
Reassembly
Reassembly is in the reverse order of disasseably. Hewever,nots the follewing
points.
1. Tightening Tergues : Refer to page 5 of the rafersnce materials for tightening
torques of particular screws,
2. The Plzces to Apply Greass :
(------- The moving parts of shift lever.
«---:--- The sliding surface of magnetic switch plunger.
*--- The surface of pinion.
-------- The toothed wheel inside the gear case,
Part @ @ (€)
Grease Shell Alvania flero Shell Epnoc
Item Grease No. 2 Grease No. 7 frease No. 2

Worked Penetration

60 Times at 25°C 280 2772 282
Dropping Point 182 260 200
at 37.8 14595
Viscosity
at 93.7 32 13. 9
Starting at-30 2880/800
Torque /Running
Torque |at-40
{Ball Bearing 520140
Dia. 47 mm)
g-cm
2
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3. Reassexbly of tha Magaetic Switch
Torsion Springs

(1) Introduce the torsion springs into the magnetic
switch azd connect ths shifting lever.

Shifting Lever

(2) To -connect and stabilize the magnetic switch to
the gear case, pull out the pinion and connect the
shift lever {connected to the magnetic switch) to
the gear case with a 6 mm bolt.

Do not forget to reconnect the dust cover,

Magnetic Switch

Fig. 33

{4) Measurement of the Pinion's Motion

After connecting the positive © side of the
battery to the "S"terminal and the pegative ©
side to the "M” terminal and turning the switch
on, measure the amount of movement ™ £ ™ in the
direction of the pinion's thrust,

Standard length " £ "

0.3 ~ 1.5 mm
2=0.3~150mm Note : Khen taking the measurement,do so by push-
ing the pinion softly in the direction of the

Fig. 34 large arrow,

Magnetic Switch @
“~Dust Cover [ {5 When the measurement ™ £ " is outside the standard

range, adjust the dust cover by inserting it
further or loosening it.

®
Al

Pinion

Pavsl

Fig. 35
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7. Oparziion Specifications Check

Perform the no-load test as instructed because this provides an easy way to confirm the

specifications.
Note: The rating is 30 seconds, so perform the test quickly.

{1} The Ko-load Test

Set the starter securely on a test bench and lay the lines as shown in fig. 36. When the
switch is turned off, the electric current flows into the starter in no-load operating
conditions. With the electric current flowing, measure the voltage and the rp.m. and see
whether they satisfy the specifications.

Switch

(5

N

Ammeter e

I

®i Voltmeter
LT

Battery
O C

Q @

Fig. 36 The No-load Test

9-24
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{1} Szecifications
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Eitachi Model No. S114-453
YAYMAR Part No. 171008-77010
Yoke Diameter (mm) 80
Nominal power (kw) 1.4
Nominal voltage (V) 12
Rating {sec) 30
Direction of Rotation Clockwise
(Looking from the pinion side)
Number of Pinion Teeth 15
Weigt (kg) 5.0
Terminal voltage (V) 12
No Pcad Electric Current (A) 100 (MaX)
Revolutions {rpm) 4300 (MIN)
Terminal voltage (V) 9.8
Load Electric Current (A) 200
Torque (N - m} 4.5 (I
Revolutions (rpm) 1960 (MIN)
925

4JH2 Series
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. 4JH Series

4. Alternator Standard, 12V/55A

The alternator serves to keep the battery constantly charg- 4-2 Specifications

ed. It is installed on the cylinder block by a brackst, 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 con-
tains diodes that convert AC to DC, and an IC regulator
that keeps the generated voltage constant even when the

Maodel of alternator

LR155-20 (HITACHI)

Model of IC regulator

TRIZ-83 (HITACHI)

Battery voltage

12v

Nominal cutput

12VI55A

Earth polarity

Negative earth (@)

Direction of rotation

engine speed changes. (viewed from pulley end) Clockwise

41 Features Weight 4.3kg (95Ib)
Rated speed 5000

The alternator contains a regulator using an IC, and has the a ?p rem

following features. - Operating speed 1000 ~ 9000

(1) The IC regulator is self-contained, and has no moving Speed for 135V 1000 or less

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.

Alsg, it is of the over-heating compensation type and
can automatically adjust the voltage to the most
suitable level depending on the operating temperature.

(2) The regulator is integriated within the alternator to
simplify external wiring.

(3) 1t is an alternator designed for compactness, lightness
of weight, and high output.

{4} A newly developed U-shaped diode is used to provide
increased reliability and easier checking and
maintenance.

(5) As the alternator is to be installed on board, the follow-
ing measures are taken to provide salt-proofing.

1) The front and rear covers are salt-proofed.

2) Salt-proof paint is applied to the diode.

3) The terminal, where the inboard harness is connected
to the aiternator, is nickel plated.

4.3 Characteristics

Cutput current at 20°C

over S3A/5000 rpm

Regulated voltage

14.5 +0.3V (Standard temperature

voltage gradient, —0.01/°C)

13 100 I T
- Regulated voltage
| ¥
121 80
S o
A
S - £ s
- 3 ] Qutput current for 13.5V
] B /
o
3 6F 5 40
g | o /
« .
0 i /
0 2 4 6 8 10 i2 14 x 10"
Speed of alternator (rpm}
9-26
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4-4 Construction

This is a standard rotating field typs thres-chase alternator.
It consists of six major parts: the pulley, fan, front cover
rotor, stator and rzar cover. The IC regulator is an integr
part of the alternator.

'
al

Brush
rEgUIZ10r assy

Stator

Bearing retainer
\

Front cover

Capacitor assembly

Brush regulator assembly

Brush holder

Bolt M5

\_/\) Spacer

Rear cover assembly 25 & oi .
7)) Diode assembly
e

Stator assembly
Rotor assembly

Front cover assembly
Brush assembly

Bearing retainer iC regulator assembly

Through bolt

Ball bearing Brush set
Pulley nut assembly :
\ Al . Ball bearin
% ! / ¢
L, LI

Spacer
Rear cover

Spacer

Insulating bushing
Pulley assembly

Screw (M5 x 0.8 x 14)
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4. Alternator
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4.5 Alternator tunctioning

{1} IC regulator

The IC regulator is the transistor (Tr,) which is series-
connected with the rotor. The IC regulator controls the
output voltage of the generator by breaking or conduc-
ting the rotor coil {exciting) current.

When the output voltage of the generator is within the
standard value, the transistor (Tr,) turns on. When the
voltage exceeds the standard value, the Zener dicde
goes on and the transistor (Tr,) turns off.

With the repeated turning on and off of the transistor,
the output voliage is kept at the standard value. (Refer
to the circuit diagram below.}

{2) Charge lamp

When the transistor (Tr,) is on, the charge lamp key
switch is turned to ON, and current flows to R, R, and
to Tr, to light the lamp. When the engine starts to run
and output voltage is generated in the stator coil, the
current stops flowing to this circuit, turning off the
charge lamp.

{(3) Circuit diagram

4-6 Handling precautions

{1) Be carefut of the battery's polarity (+, — terminals), and

c¢o not connect the wrong terminals to the wrong
cables, or the battery will be short-circuited by the
generator diode.

In this case too much cumrent will flow, the IC regulator
and diodes burn out, and the wire harness will burn.

(2} Make sure of the corract 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 shert-circuit the terminals,
(5) Do not conduct any tests using high tension insulation

resistance. {The diodes and IC regulator will bum out.}

BAT
ral
h
Charge lamp
D.—D, L
ra I O——-~¢
i p Ignition
4 % Xo,-0, switch
Ty (S
L R, R
Stator A W, S - > . '\M O
Mo_rh - Battery switch
7 3 ' 3
D A A Rn
Rotor coil 0.—D * '
f.\ 4 L3 g1
' T
Batter
A F,>_ | i b4
W D T
§ R.
: Tr,
el
T Regutator
E
ey
AC generator _|
BAT: Genarator output terminal D,—D.:* Quiput commutation diode
D IC protecting diode R,—R.: Resistor
L: Charge lamp terminal D,—D,: Charging lamp switching diode
ZD: Zener diode F: To supply current to rotor coil
E: Earth Rn: Thermistor
Tr., Tri:  Transistor (Temperalure gradient resistance)
9-28
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4.7 Disassembling the alternator
{4) Remove the nut, the brush-holder, and diode fixing nut

{1} Remove the through-bolt, and separate the front as-
sembly from the rear assembly. at the BAT, and the terminal screws of the rear cover.
Separate the rear cover from the stator {(with the diode

and brush holder).

(5) Disconnect the soldered joint of the stator lead wire,
and remove the diode and brush regulator assemblies

(2) Remove the pulley nut, and pull out the rotor from the from the stator at the same time.

front cover.

(6) Separating the regulator
1} To separate the regulator, remove the @3mm

(3) Remove the @5mm (20.1969in.) screw from the front {®0.1181in.) rivet which keeps the diode assembly and
cover, and then remove the balt bearing. the brushless regulator in place, and the soldered joint
of the L-terminal.

9-29
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2) To replace the IC regulator, disconnect the soidered
jeint of the iC ragulator and pult out the two bolts. Do
not remove these two bolts except when replacing the
1C regulator.

4-8 Inspection and adjustment
(1) Diode

Between terminals

BAT ( + side diode)

Tester wire + side - side
+ side No continuity
Uv.w, - —
- side Continuity

Between terminals E (- side diode)

Tester wire + side — side
+ side Continuity
UV.W. - —
-~ side No continuity
U v W
2 L]

— T L _l
, f ¥ ¥ - Auxiliary diode
+ side diode -={" 1 i ‘.‘:’%{_J

R A . < BAT

- side diode ﬁi Y TN
/ = =l

Current direction

U.V.W.: terminal from the stator coil

Current flows only in one direction in the diode as
shown in Fig. 181. Accordingly, when there is continui-
ty between each terminal {e.g. BAT and U), the diode is
in normal condition (photo). When there is no continul-
ty, the diode is defective.

When the tester is connected in the reverse of above,
there should be no continuity. If there is, the diode is
defective.

After repeating the above test, if any diode is found to
be defective, reclace the diode assembly. Since there is
no termiral oh the auxiliary dicde, check the continuity
betwesn both ends of the dicde.

CAUTION: Do not use high tensile insulation resistance
such as meggers, etc. for testing. The diode
may burm out.

(2) Rotor
Inspect the slip ring surface, rotor coil continuity and
insulation.
1) Inspecting the slip ring surface

Check if the surface of the slip ring is sufficiently
smooth. If the surface is rough, grind the surface with
No. 500—600 sand paper. If it is contaminated with
oil, ete., wipe the surface clean with alcohol.

Standard Wear limit
Slip ring outer dia. @31.6mm 230.6mm
(1.2441in) {1.2049in.)

2) Rotor coil continuity test
Check the continuity in the slip ring with the tester. If
there is no continuity, there is a wire break. Replace
the rotor coil.

Resistance value I Approx. 3.34% at 20°C

Printed in Japan
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3) Rotor coil insulation test
Check the continuity between the slip ring and the
rotor core, or the shaft. If there is continuity, insulation
inside the rotor is dafective, causing a short 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.

{3) Stator

1) Stator coil continuity test
Check the continuity between each terminal of the
stator coil, if there is no continuity, there is.a wire
break in the stator ceil. Replace the stator coil.

Approx. 00770 at 20°C

Resistance value "
1-phase resistance

Printed in Japan
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2} Stator coil insulation test
Check the continuity between the terminals and the
stator core, f there is continuity, insulation of the
stator coil is defective. This will cause a short-circuit
with tha earth core. Replace the stator coil.

{4) Brush
The brush is hard and wears slowly, but when it is worn
beyond the allowable limit, replace it. When replacing
the brush, also check the strength of the brush spring.
To check, push the spring down to 2mm (0.0787in.)
from the end surface of the brush hoider, and read the
gauge.

Il S
| I

4

fo————

2mm (0.0787 in.}

Brush spring strength I 255—345g (0.56 ~ 0.761b.)

(5) Brush wear
Check the brush length.

The brush wears very little, but replace the brush if worn
over the wear limit line printed on the brush.

Wear limit line (brush)

mm{in.}
Maintenance standard Wear limit
Brush length 16 {0.6299) g (0.3543)

921
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{6) IC regulator Wind éh;wire 15 tiimes
. . . aroun e terminal groove.
Connect tha variable resistance, two 12V batleries, 11=0.5mm s
resistor, and voltmeter as shown in the diagram. {0.413~0.4528in.)

/

1} Use the following measuring devices.

Resistor (R.) 1002, 2W, 1pc. 7
Variable resistor (Rv} 0—300Q, 12W, ipc. 4 N
Battery (BAT,, BAT)) 12V, 2pcs.
DC voitmeter 0—30V, 0.5 class 1pc. Brush ]

l 1ram (0.039in.)

{(measure at 3 points})

2) Check the regulator in the following sequence, accor-

ding to the diagram. ) .

a) Check V, (BAT, + BAT, voltage). If the voltage is NOTES: ; frj;: n:;::;g typ,.foi asf:& erat s 300 ~
20— 26V, both BAT, and BAT; are normal, ’ 35090 g peralure IS

b)While measuring V, (F-E terminal voltage), move Rv )
gradually from the 0-position. Check if there is a
point where the V. 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 voltage rise when testing, return the Ry to
the O-position, and connect the voltmeter to the V,
position.

c) While measuring V, (voitage between L-E terminals),
move Rv gradually from the 0-position. There should
be a point where the voltage of V, rises sharply by
2—6V. Measure the voltage of V, just before this
sharp voltage rise. This is the regulating voltage of
the regulator. I this voltage of V, is within the stan-
dard limit, the regulator is normal. If the voltage
deviates from the limit, the regulator is defective.
Replace the regulator.

LE F L A R J NOTES: 1. Insertion pressure is 100kg (220.5 Ibs.)
\ 2. Insert vertically.

{2} Connecting the brush regulator assembly and dicde
—B8
- B

Maunt the insufation tube
on the terminal surface,

2) Mount the IC regulator on the brush holder as il-
lustrated, and press in the M5 bolt. Do not forget to
assemble the bushing and the connecting plate at the
same time.

(f the bushing is left out, the output terminal will be
earthed and the battery short-circuited).

Bushing M5 bolt

1) Check the rivets
Place the rivets as shown in the figure, and then calk
AT, them using the calking tool.

D Calking torque 500kg (1102 Ibs.)

]

(=)

I
v, AT, Rv
2) Connect the brush to the diode.
! { - Insert the brush side terminal into the diode terminal,
! L 0-position calk it, and then solder into place.

3.0 mm (0.1181 in)) dia. rivet.
4-9 Reassembling the alternator

Reassembly is done in the reverse order of disassembly.

For reassembly, be careful of the following points. {(Refer e\
to 4—7 disassembling alternator).
{1) Assembling the brush regulator
1} Soider the brush.
Pasition the brush as shown in the drawing and solder C
it. Be careful not to let the solder drip into the pig tail
{lead wire).
Rivetting pressure 5Q0kg (1102 Ibs))
9-32
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{3) Assembling the rear cover
Insert pins from thz outsice of the rear cover. Instali the
brush on the brush hoider, then attach the rear cover.
After assembly, pul! out the pins.

Brush helcer

RFin

Rear cover

(4) Tightening torques

(1} Measuring devices

OC voltmeter | 0-—=15V or 0—30V, 0.5 Class, 1pc.

DC ammeter | 0—1004, 1.0 Class, 1pc.
Variabie resistor 0—025Q, 1kW, ipc.
Lamp 12V, 3W

1002 resistor Eoaw

0259 rasistor 25W

(2) Measuring the regulating voltage

1) When measuring devices are connected in the
performance test circuit as shown above, the charge
lamp lights.

2} Close SW, while keeping SW, open and run the AC
generator. When the revolutions of the generator are
gradually raised, the charge lamp goes off.

3) Raise the revolutions of the AC generator, and read the
voltmeter gauge when the revolutions reach about
5,000 rpms.

NOTES: 1. Make sure that the ammeter indication at this
time is less than 5A. If the indication is over
5A, connect the 0.25% resistor. The voltmeter
indication at this time must be within 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 revolution
speed.

(3) Precautions for measuring the regulating voltage
1) When measuring the voltage, measure the voltage
between the AC generator BAT terminal, or Battery +
terrninal, and AC generator E-terminal.
2) Use a fully charged battery.
3) Measure the voltage quickly.
4) Keep SW, open for measurement.

Positions

Tightening torque
kg-cm?ft-lb)

Brush holder fixing
Diade fixing

Bearing retainer fixing
Pulley nut tightening
Through-holt tightening

32—40{2.31 ~ 2.89)
32—40(2.31 ~ 2.89)
32—40(2.31 ~ 2.89)
400—600 (28.93 ~ 43.40)
32—40(2.31 ~ 2.89)

410 Performance test

Conduct a performance test on the reassembled AC
generator as follows. The following is the circuit for the

performance test.

Variable resistor

Batlery

-—¢|---|}—I

-

0.252 Resistor

Printed in Japan
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4-11 Troubleshoating
{1) Charging failure

ﬁnes the charge lamp go off
"W,

when the key switch is turned
@er engine starting)?

Goes off

Doesn't
go off

Defective

Check fan belt

OK

/

C

After stopping the engine, turn on the key switch.

\_/

4

C

Remove R-L generator coupler.

oReplace fan belt.
oAdjust fan belt.

¥

Defective

Measure the voltage between BAT
terminal, and R-L coupler terminal.

L

OK

¢ Check electrical wiring for defective
continuity of the BAT, and R
terminals.

© Check the key switch and charge
lamp for defective continuity of the
L-terminal.

BAT, R-L terminal
Voltage: 9—12v
4

Insert R-L coupier to generator.

Y

Turn on the key switch for engine starting.

NN

y

/ Defective
* Measure the voltage between

* Measuring condition
Generator rpms: 5,000
Refer 1o page 99.

\ generator BAT, and L terminal.

oK

olIn case of defective continuity of
BAT terminal, replace IC regulator.

oln case of defective continuity of
L-terminal, check or replace diode,
startor, and rotor.

Y

Defective
Light the night lamp. Measure
the BAT terminal vollage of
generator; 0.3—2V is normal.

B

Check electrical wiring for night
lamp.
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{2) Overcharging

Defective
Tum on the key switch. * Measure BAT voltage of Replace IC regulator or generator.
(Start the engins.) generator.
(3} Charge lamp faiture
Defactive
Check if the charge lamp lights Check the wiring.
after turning on the key switch. Replace charge lamp.
OK
h Defective
After turning on the key switc o
{after engine starting), check it Charge lamp is OK if it goes off. o Egﬁizﬁaf:rg;?"'
the charge lamp goes off. '
OK
Check the fan belt.
y
Defective
Measure BAT voltage of Replace the charge lamp.
generator.
9-35
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5. Instrument Panel

5-1 B2-type instrument panel with wiring
% mm {in,)
g Water temperature warning lamp
o Tachometer - . Qil pressure warning lamp
gl Light switch / Cr}arge lamp
1 [ &
. ] W
ol
D
-l
u =
c1jo,
S
w7 Tachometer
[ad Ha |
- Key switch
@
uw
g 6.
(Te] il '
=i ] 3\ T " &l
{178 [5.0393)/ My 123\(5.03931 [ L =0g,
10 10,3937 J2TE (1086611 o

For engine “°p cable Alarm buzzer * Engme stop switch (0.3937}

5-2 C-typeinstrument panel

Tachaometer
Lube ol pressure gauge

336 {13.2283) /

mm {in}

Coaling water thermomaeter

14{0.551%)

P

121(0.4724) 312 (12.2834} ] 7/ 12 (0,4724)
N\ / ‘6‘_0*-:"’
& \ / e

Warning lamp

C.W, temperature flamp

176 (6.9291}
148 (5.8287)

£4 (0.5511)
Q

-4

— - Charge tamp

/

Fuse box
Buzzer swilch

Integral hour meter

Light swilen

Slarter switch

Engnne stop switch

9-36

Engine L.O. pressure lamp

Lighl swiich

Engine stop switch

4JH Series.

Key switch
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5. Instrument Panel

4JH Series

5-3 D-type instrument panel

§ Cooling water temperature thermaometer mm {in.}
2 Lube oil pressure gauge
pd Blinder cover Tachometer
- Integral hour meter
o Ahdlaalic 9 +
E
_= ~
o~
gl 8
-y
P
=l - ; g
5= L1
Lat)
2 B
L]
s £
2 4 ]
e
@7
135 8.27 (0.2755)
13(05118) (5 3149 {5.3543) (5.3541) 13{0.5118)

Cloek / 432 {17.0078}

* Warning lamps
C.W. temperature lamp.
[Engine L.O, pressure lamp.
Charge lamp.

5-4 E-type instrument panel

Lube cil pressure  Bargraph Turbocharger

meter tachometer boost meter

Light switch| Starter switch
Buzzer switch

Fuse box

"Engine stop switch

mm {in.)

Marine Charge lamp
quartz clock
4-¢7 (0.2756)

tachometer meter

Alarm lamp /

i 1 I

L ! L 1
@ / /Digi('al / C.W. temperature /
i
b 1 ?
T

! [

] g"@rﬂ;[,o

camont Boanty |

180 {7.08668) ——

- 160 6.2992) ——
- 1 i
_é |

= s
ILLuk guZlEm TOTAL BOUR
oM 170"

Tt Operation=
Fuse box hourmeter

1]

L/ 7 3
— 7 310(12.20471/

7 7 f 330 (12.9921)
Numination Buzzer Alarm lamps

Engine stop Key switch

jamp switch ;:{-?ﬂ & L_ube oil pressure push-button [4-position type)

1Ic
drop switch

® Fuel water trap
tull

e C.W.remperature
rise

Printed in Japan
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Chapter 9 Electrical System

5. Instrument Panel

4JH Series
5-5 Extension codes
Extension cord for B2-type instrument panel
mm {in.}
Part code No. L
. 3750 ~ 3850
Extension cord 4M 129772-77500 (147.63 ~ 151.57)
. 1750 ~ 1850
Extension cord 2M 129470-77510 {68.89 ~ 72.83)
i 5750 ~ 5850
Extension cord 6M 12947077530 | (536 38, 230.31)
Extension cord for C-type and D-type, E-type instrument panel
mm {in)
Part code No. L
Extension cordaM | 12947077930 | o 3739 ~ 3800,
Extension cord 2M 129470-77520 (gggg ',: }258%)
5750 ~ 5850

Extension cord 6M

129470-77540

{226.38 A, 230.31)

9-38
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6. Warning Devices

4JH Series

6. Warning Devices

6-1 Oil pressure alarm

If the engine oil pressure is below 0.1 ~ 0.3 kg/cm? (1.42 ~
4.26 Ib/in?), with the main switch in the ON position, the
contacts of the oil pressure switch are closed by a
spring, and the lamp is iHuminated through the lamp — oil
pressure switch — ground circuit system. If the ¢il pressure
is normal, the switch contacts are opened by the
lubricating oil pressure and the lamp remains off.

Fuse  Main switch

Pilot lamp @

E SAiarm buzzer

Battery

I

t (Qil pressure alarm circuit)

Qil pressure

Qil pressure switch

Contacts

Spring

Lube cil
pressure
switch
Part No. 124060-39451
Rated voltage 12V

Operation pressure

0.1 ~ 0.3kg/cm?
(1.422 ~ 4,2661b/in.?)

s Gil pressume -
Lamp capacity SW
% p
Inspection
Problem Inspection item {nspection method Corrective action
1. Gif pressure lamp (1) Visual inspection Replace lamp

blown out

Lamp not illuminated when
main switch set to ON

(2) Lamp naot illuminated even
when main switch set to ON
position and teminals of oil
pressure switch grounded

2. Qperation of oil pressure
switch

Lamp illuminated when checked
as described in (2) above

Replace oil pressure switch

1. Qil level low

Stop engine and check oil
level with dipstick

Add oil

2. Oil pressure low

Measure oil pressure

Repair bearing wear and
adjust regulator valve

Lamp not extinguished

while engine running 3. Oil pressure faulty

Switch faulty if abnormal at (1}
and (2} above

Replace oil pressure switch

4. Wiring between lamp and oil
pressure switch faulty

Cut the wiring between the
lamp and switch and wire with
separate wire

Repair wiring harness

Printed in Japan
A0AI029-9002
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6. Warning Devices

4JH Series

6-2 Cooling water temperature alarm

A water temperature lamp and water temperature gauge, ON
backed up by an atanm in the instrument panel, are used o
monitor the temperature of the engine cooling water. A
high thermal expansion material is set on the end of the
water temperature unit. When the cooling water tem-
perature reaches a specified high temperature, the con-
tacts are closed, and an alarm lamp and buzzer are ac-

tivated at the instrument panel.

Cocling water temperature switch

Fresh water pump

Fuse Main switch

93 ~ 97°C (199 ~ 206°F)
QFF | 88°C (180°F) or high

Qperating temperature

Electric capacity DC 12V, 1A
Response time with in 60 sec.
Indication coior Green

127610-91350

2.40 ~ 3.20kg-m
{17.35 ~ 23.141t-1b)

Part code No.

Tightening torgue

Thermaostat housing

6-3 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.
Qil pressure is measured when the oil enters into the main
gallery after being fed from the lube oil cooler and passing
through the oil pressure control valve. Be sure to mounta
vibration damper when mounting the cil pressure sender

Alarm buzzer unit.
Water temperature unit —— Battery
{Water temperature alarm circuit)
57.7mm (2.2716in.)
| _ Green
-"'_/
Damper
Lube oil pressure sender unit
PT 318 Lube ail filter
9-40

FPrinted in Japan
A0A41029-9002



Chapter 9 Electrical System

6. Wam.mg Devices 4JH Series

Lube oil pressure sender unit
82.4 (3.2440)

187 37 (1.4586) | 10.7 18 10.374® mm (i)

M5 x PO.8 (5.5574) (o,{tzm 10 {0.3937)

\
N

-
R

39.2 (1.5423)

—y r'ﬁﬁ\

9 (0.3543) 9 (0.3543}

Damper
PT 1/8 \ﬁ & Type Resistance switch
2 § Rated voltage DG 12/DC 24
:: = Max. operating pressure 8kglcm? {113.76 Iblin?)
- Part code No. 144626-31560
8
]
h:S
&
I
@l &
o
PT 1/8 aad
@1(0.0393)

6-4 Sender unit for the cooling water temperature
gauge

The water temperature sender unit has a mounting seat
for mounting on the fresh water pump unit. Water tem-

. . ) ~
perature is measured when the cooling water flows into Coollng water Cooling water
R . . temperature
the thermostat housing after leaving the cylinder head. . ?ﬂ&?’mture sendor unit
mm (in.}
57.2 (2.2519) @ Outtet far water heater
227 (0.8937) |, 14 (0.5511) 205 {0.8070) Inlet for
17 (0.6692} M5 x PO.8 water heater
. %h
= oy
T\ 7 3 g
STE :
2]
e 7]
Black
PT 318
Type Thermistor switch
Rated voltage 12V124V
Part code No, 144626-91570

Printed in Japan 8-41
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7. Air Heater (Optional)

4JH Series
7. Ai er jonal
. Air Heater (Opt )
An air heater is available for warming intake air when
starting in cold areas in winter. The air heater is mounted
between the intake manifold and intake manifold coupling.
The device is operated by the glow switch on the instrument
panel.
Gasket
Air heater
Intake manifold
112 (4.4094)
om (in.}
78{3.0708)
60(2.3622) 21(0.8267)
\ l
o s
N Er DR
| S 8
o I 0| 3
o e
/G FOT |
L] L= M~
2 x M6 terminal )
I I YRURUATAY J” m ‘
'\ [
4-29 {0.3543)
Rated output 400W
Rated current 33.3A
Rated voltage DC 12V
. . Engine operation: 60 sec.
Rated operaling time Engine s?op: 30 sec.
Range of operating o ~990
temperature +50°C ~ 30°C (122°F ~ ~22°F)
Part code No. 129400-77500
942 Printed in Japan
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8. Electric Type Engine Stop Device (Optional)
- > u P i 4JH Series

8. Electric type Engine Stopping Device (Optional)

To employ the electric engine stop device, the stop lever
of the fuel injecticn pump is connected to the sclensid Soiencid bracket
with a connecticn metal. §

The device is operated by the stop swiich on the in-
strurnent panel.

Engine stop soienoid,

Link

Engine stop wireharness

Fuel injection pump

Relay

8-1 Solenoid
Solenoid model 1502-12A7U1B
Rated voltage 12v
Loaded current 30A
Loaded force 9kg (19.841b)
No-load current 0.7A
No-load force 4kg (8.821b)
mm (in.)
with current
L 120 (4.7244) y
L33 | L B425108) |
{1.2992) | M6 screw 953
35{0.1377) depth 20.8 0.3751)
{0.8188)
£
/e
=
o)
©38 (1.4960} 2
a
832 screw el S o7t 02795
terminal 1€18P"  canstant volume boot

9-43
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8. Electric Type Engine Stop Device (Optional)

4JH Series
8-2 Relay
_ﬂEL mm (in}
—
S 1
{ ‘l
i i
iy It 27 ¢+ oe21
Ikl | . =
d |
17 (0.6692) @ 23.6(0.9291)
{‘——‘]_ 0.8 (00314 — =
’ r =3 {0.1181)
7 (0.2755) i
i
| ! -
13 (1.2598) ! | @
—+ ‘ S
! ~
i o
32 (1.2598) - _
E fi=
N 4
-
| e
r P
10.5 (0.4133) |
| | |
30 {1.1811) L
Rated voltage 12v
Contact current Lamp: 20A, extra-lamp: 25A
27 {1.0629) Range of operation | ~30°C ~ +90°C (—22°F r~ 194°F)
Part cede No. 124617-91850
@ Bu
8-3 Wire haress of engine stop Engine stop soenoid
9 BK
Relay
Starting motor
terminal B
Instrument panel
8-44 Printed in Japan
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9. Tach
achometer 4IH Series

{2) Sensitivity limit of sender unit

9. Tachometer

Ring gear speed
{m/sec)

9-1 Construction of tachometer ! |
The tachometer indicates the number of revolutions per 10 ; |
minute by means of an electrical input signal which is
generated as a pulse signal from the magnetic pickup sen- /
der (MPU sender). 8 i !
The function of the sender is to convert the rotary motion G zone |
into an electrical signal by counting the number of teeth 5 i
of the ring gear connecting with the flywheel housing. /
4 /
/ NG zone
2 //
@Txhometer Sensor -/
/ 0 0.5 1.0 15 2.0 25
Sender unit and ring gear clearance C {[mm)

C

A

",

L/
Sender unit

{3) Dimensions of sender unit

Ring gear

25 x0.5
(0.9646 ~ 1.0039) 34.5 (1.3583) mm (in.)
5(0.1969) 4.5 (0.1772)
1.5 {0.0591) 3(0.1181) 55 5
{0.6102) 3
- A s 12
=1 & 8 I
gl s R
el = _I °
sl 8 £
s T —) z
— b4
Red/black
Qrange M18 x P1.5
%
Rotation Blueired Di i dsh ftach t
n r
detecting sender Black = {4) Dimensions and shape of tachomete
72.3 (2.8465)
- . , 10 (0.3987)
9.2 Specifications and dimensions of tachometer ¢ ’
FT | P
(1) Specifications ] 8
Rated voltage DC 12V & :’ b
Range of operaling voltage 10 ~ 15V b ge:
lilumination 34WNH2V 2 b |8
Fing coar No. of teeth 127 g =
99 Module 254 } c;?
o
Part No. of tachometer (:ggégggﬁgg) 4 M L
Part No. of sender unit 128170-91160 Identilication mark

B, 9-45
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9, Tachomet
aerome 4JH Series

9-3 Measurement of sensor unit characteristics
Synchroscope

(1) Measurement of output voltage
Rotation detecting sender JaWAl
No. of teeth @:ﬁﬁ
127
/-\ IV or higher
\/ 1.3mm 20kQ
AC 100V

* Check the output wave pattern and number of pulses
when carrying out the output voltage measurement.

Output voltage { 1.0V or higher

Ring gear)

Measuring conditions

(2} Measurement of internal resistance

Number of teeth of

ring gear 127
Gap between the ring 1.3mm (0.0511in.) Measuring conditions

gear and sender ’ ) ) - o -
Resistance S0k Measur!ng .!emperature 29 ‘C {68°F)
Speed of ring gear 500 rpm (approx. 800H2) Measuring instrument Digital tester
Measuring temperature 20°C (68°F) Digital tester
Measuring instrument Synchroscope

Rotation detecting sender 9 kn
ri — ¥
AC 100V
9-4

Fault Diagnosis Remedy

Does not function well. Check if there is an open-circuit cable connection at the Yes Make good the connection.
1) Pointer does not move. rear of the meter, a loose or disconnected terminal, or bad

2} Functions intermittently. continuity due to corrasion.

Disconnect at the instrument terminals, and measure the N If the input voltage is
voltage between the cable terminals. (To be 10 ~ 16V) o abnormal, check the cause.
{e.9. short-circuit, disconnec-
1 Satisfactory tion, or blown fuse, efc.}
9-46
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9. Tachqmeter

4JH Series
Check if the sender is loosely fitted. Yes Fix the sender securely.
+ No
Measure the internal resistance of the sender. No Replace the sender.
{Jo be 1.6 =0.1k2 at 20°C)
:
Measure the output voltage of the sender. No Replace the sender.

{To be 1V or higher at 20°C)

Printed in Japan
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10. Alrernaror {OPTIONAL}

10. Alternator 12v/80A (OPTIONAL)

The alternator serves to keep the battery constantly charg-
ec. 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 con-
tains dioces that convert AC to DC, and an IC regulator
that keeps the generated voltage constant even when the

10-2 Specifications

Mode! of alternator

LA180-03 {HITACH}

Model ¢f IC reguiator

TRIZ-63 (HITACH!)

Battery voitage

12v

Nominal output

12V/80A

Earth polarity

Negative earth (8)

Direction of rotation

engine speed changes. (viewed from pultey end) Clockwise
10-1 Features Weight 5.8kg {12.8Ib.}
. . Rated speed 5000 rpm
The alternator contains a regulator using an IC, and has the .p P
following features. Operating speed 1000 ~ 8000
{1) The IC regulator is self-contained, and has no moving Speed for 135V 1000 or less

parts {mechanical contact points). It therefore has
superior features such as freedom from vibration, no
fluctuation of voltage during use, and no need for read-
justment.

Also, it is of the over-heating compensation type and
can automatically adjust the voltage to the most
suitable level depending on the operating temperature.

{2) The requlator is integrated within the alternator to
simplify external wiring.

(3) It is an alternator designed for compactness, lightness
of weight, and high output.

(4} A newly developed U-shaped diocde is used to provide
increased reliability and easier checking and
maintenance.

(5) As the alternator is to be installed on board, the follow-
ing measures are taken to provide salt-proofing.

1) The front and rear covers are salt-proofed.

2) Salt-proof paint is applied to the diode.

3) The terminal, where the inboard harness is connected
to the alternator, is nickel plated.

10-3 Characteristics

Output current at 20°C

over 78A/5000 rpm

Regulated voltage

14.5 0.3V (Standard temperature

voltage gradient, ~0.01/°C)

4IH Series

15
100 1 | I
- I Regulated voltage
| [}
12k
&0 / Quiput current tor 13,5V
i Va
= -
R /
g (5 /
2 [ 5
© | © /
b Y
m (=%
3 6 | g 40
A [
3k 20
-
o 0
0 2 4 6 8 10 12 14 x 107
Speed of alternator {rpm}

9-43 o
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10, Alternator {OPTIONAL) 4JH Serie
: ries

1G0-4 Construction

This is a standard rotating field type three-phasa aiternator,
It consists of six maior parts: the pulley, fan, front cover,
rotor, stator and rear cover. The IC reguiator is an integral
part of the alternator.

Brush
ragulaicr assy

Stator

Rear cover

Capacitor assembly

Brush regulator assembly

Brush holder

Rear cover assembly ) ‘.",‘ Diode assembly
) y«.—ﬁ,

Stator assembly
Rotor assembly

Front cover assembly
Brush assembly

Bearing retainer IC regutator assembly

Through bolt

Ball bearing Brush set
Pulley nut assembly Ball bearing
\\Jh
|
—/
/ Rear cover

Insulating bushing

Screw (M5 x 0.8 = 14}

Printed in Japan 9-49
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10. Alternator (OPTIONAL)

4JH Series

10-5 Alternator functioning

(1} IC regulator
The IC regulator is the transistor (Tr,) which is series-
connected with the rotor. The IC regulator controis the
output voltage of the generator by breaking or conduc-
ting the rotor coil (exciting) current.
When the output voltage of the generator is within the
standard value, the transistor {Tr.) turns on. When the
voltage exceeds the standard value, the Zener diode
goes on and the transistor {Tr,} turns off.
With the repeated turning on and off of the transistor,
the output voltage is kept at the standard vatue. (Refer
to the circuit diagram below.)

(2) Charge lamp
When the transistor {Tr,) is on, the charge lamp key
switch is turned to ON, and current flows to R,, R, and
to Tr, 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

10-6 Handling precautions

(1) Be careful of the battery's polarity (+, — terminals), and

do not connect the wreng terminals to the wrong
cables, or the batiery will be short-circuited by the
generator diode.

In this case too much current will flow, the IC regulator
and diodes burn out, and the wire harness will burn.

(2) Make sure of the correct connection of each terminal.
(3) When quick-charging, etc., disconnect either the bat-

tery terminal on the AC generatcr or the terminal on the
battery.

(4) Do not short-circuit the terminals.
{5) Do not conduct any tests using high tensicn insulation

resistance. (The diodes and 1C regulator will burn out))

lBAT

T Charge lamp
D.—D, P L
\ 0—.—‘.
1 1 | Igniticn
4 & &p-—0, switch
L A4 I A
L !
Statar T ' l\N\, O &
M i \7 Battery switch
A 4 3 0
. * R. R, Rn
Rotor coil D.—D
g Snhiiiings 1.
I -
F | Battery
g\ & -
T D T
g H’
: T
)
‘[’ Regulator
E
?
AC generator _I
BAT: Generator output terminal 0, —D.:+ Output commutation diode
0., IC protecting dioce R,—HA.: Resistor
L Charge lamp terminal D,—D,: Charging lamp switching diode
Z0: Zener diode F: To supply current to rotar coil
E: Earth Rn: Thermistor
Tr,, Tr,.  Transistor {Temperature gradient resistance}
9-50
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10. Alternator {OPTIONAL)

10-7 Disassembling the alternator

(1) Remove the through-bolt, and separate the {ront as-

sembly from the rear assembly.

{2} Remove the pulley nut, and pull out the rotor from the

front cover.

(3) Remove the @5mm (20.1969in.) screw from the front

cover, and then remove the ball bearing.

4JH Series

(4} Remove the nut, the brush-holder, and diade fixing nut
at the BAT, and the terminal screws of the rear cover.

Separate the rear cover from the stator (with the diode
and brush holder).

o6
e @0

(5) Disconnect the soldered joint of the stator lead wire,

and remove the diode and brush regulator assemblies
from the stator at the same time.

{6) Separating the regulator
1} To separate the

regulator, remove the @3mm
(20.1181in.) rivet which keeps the dicde assembly and

the brushless regulator in place, and the soldered joint
of the L-terminal.

Printed in Japan
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10, Alternator {OPTIONAL)

4JH Series

2} To replace the IC regulator, disconnect the soldered
joint of the IC regulator and pull out the two bolts. Do
not remove these two boits except when replacing the
IC regulator.

10-8 Inspection and adjustment
(1) Diode
Between terminals BAT { + side diode)
Tester wire + side — side
+ side No continuity
UVW. - —
- side Continuity
Between terminals E (- side diode)
Tester wire + side ~ side
+ side Continuit
UVW. h
- side No continuity
u v w
° -

.’_Fi i"_-% T Aul;iliary diode

+ side diode -={_ N
IR

' 2 -
- side diode ‘-ql __ % _ % ]
/ = e S

Current direction

o BAT

L.V W.: terminal from tha stator coil

Current flows only in one direction in the diode as
shown in Fig. 181. Accordingly, when there is continui-
ty between each terminal {e.9. BAT and U), the diode is
in normal condition. When there is no ¢ontinuity, the
diode is defective.

When the tester is connected in the reverse of above,
there should be no continuity. If there is, the diode is
defective.

After repeating the above test, if any diode is found to
be defective, replace the diode assembly. Since there is
no terminal on the auxiliary dicde, check the continuity
between both ends of the dicde.

CAUTION: Do not use high tensile insulation resistance
such as meggers, etc. for testing. The diode
may burn out,

(2) Rotor
Inspect the slip ring surface, rotor coil continuity and
insulation.
1) Inspecting the slip ring surface

Check if the surface of the slip ring is sufficiently
smooth. If the surface is rough, grind the surface with
No. 500—600 sand paper. If it is contaminated with
oil, etc., wipe the surface clean with alcohol.

Standard Wear limit
Slip ring outer dia. 231.6mm @30.6mm
{1.2441in) {1.2049in)

2) Rotor coil continuity test
Check the continuity in the slip ring with the tester. If
there is no continuity, there is a wire break. Replace
the rotor coil.

Resistance value | Approx, 2.5802 at 20°C

Printed in Japan
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10. Altemator {OPTIONAL}

4JH Series

3) RAotor coil insulation test
Check the continuity batween the slip ring and the
rator core, or the shaft. If there is continuity, insulation
inside the rotor is defective, causing a short with the
szrth 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.

{3) Stator

1) Stator coil continuity test
Check the continuity between each terminal of the
stator coil. If there is no continuity, there is a wire
break in the stator coil. Replace the stator coll.

Approx. 0.04152 at 20°C
u, v-phase resistance

Approx. 0.03652 at 20°C
w-phase resistance

Resistance value

Printed in Japan
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2) Stator ceil insulation test
Check the continuity between the terminals and the
stator core. If therg is continuity, insulation of the
stator 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. Whan 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.

]

L TTTTT T Y17

2mm (0.0787 in.}

Q

Brush spring strength | 255—345g (0.56 ~ 0.761b.)

(5) Brush wear
Check the brush length.
The brush wears very little, but replace the brush if worn
over the wear limit line printed on the brush.

Wear limit line (brush}

mm{in.)
Maintenance standard Wear limit
Brush length 16 {0.6209) 9 {0.3543)
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10. Alrernator (OPTIONAL)

4JH Series

(&) IC regulator

Connect the variable resistance, two 12V batteries,
resistor, and voltmeter as shown in the diagram.

1} Use the following measuring devices.

Resistor (R,) 1009, 2W, 1pc.
Variable resistor (Ry) 0—300Q, 12W, 1pc.
Battery (BAT,, BAT,) 12V, 2pcs.

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 V, (BAT, + BAT, voltage}. If the voltage is
20—26V, both BAT, and BAT, are normal.

b)While measuring V, (F-E terminal voltage), move Rv
gradually from the O-position. Check if there is a
point where the V, voltage rises sharply from below
20V to over 2.0V. If there is no such point, the
regulator is defective. Replace the regulator. If there
is a sharp voltage rise when testing, return the Rv to
the O-position, and connect the volimeter to the V,
position.

¢} While measuring V, (voltage between L-E terminals),
move Ry gradually from the 0-position. There should
be a point where the voltage of V, rises sharply by
2—6V. Measure the voltage of V, just before this
sharp voltage rise. This is the regulating voltage of
the regulator. If this voltage of V, is within the stan-
dard limit, the regulator is normal. If the voltage
deviates from the limit, the regulator is defective.
Replace the regulator.

DC voltmeter

G-position

10-9 Reassembling the alternator

Reassembly is done in the reverse order of disassembly.

For reassembly, be careful of the following points. (Refer

to 4—7 disassembling alternator).

(1) Assembling the brush regulator

1} Solder the brush.

Position the brush as shown in the drawing and solder
it. Be careful nct to let the solder drip into the pig tait
(lead wire).

Wind the wire 1.5 times
arsund the terminal groove.

11=0.5mm
(0.413~ 0.4528Bin.)

tmm (0.039in.)

Mount the insulation tube
on the terminal surface,

NOTES: 1. Use non-acid type paste,
2. The soldering iron temperature is 300 ~
350°C.

2) Mount the IC regulator on the brush holder as il-
lustrated, and press in the M5 bolt. Do not forget to
assembie the bushing and the connecting plate at the
same time.

(If the bushing is left cut, the output terminal will be
earthed and the battery short-circuited).

MS bolt

NOTES: 1. Insertion pressure is 100kg (220.5 16s.}
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 (1102 Ibs)

2} Connect the brush to the diode.
Insert the brush side terminal into the diode terminal,
calk it, and then solder into place.

3.0 mm (0.1181 in.} dia. rivet,

f(V\

Q

Rivetting pressure [ 500kg {1102 Ibs)

9-54
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Chapter 9 Electrical System
10. Alrernaror {OPTIONAL)

4JH Series

(3) Assembling the rear cover
Insert pins from the cutside of the rear cover. Install the
brush on the brush holder, then attach the rear cover.
After assembly, pull out the pins.

Brush holder

Pin

Rear cover

{4) Tightening torques

(1) Measuring devices

Tightening torque

Positions kg-cm (f-Ib)

32-401{2.31~2.89)

Brush holder fixing
Diode fixing

Bearing retainer fixing
Puliey nut tightening
Through-bolt tightening

60—70 {4.33~5.05)
32-40(2.31~2.89)
400-600 (28.93~43.40)
32-401(2.31~2.89)

10-10 Performance test

Conduct a performance test on the reassembled AC
generator as follows. The following is the circuit for the

performance test.

sW,

Charge lamp

Battery

D
)

FPrinted in Japan
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@

250

sw, /\

DC voltmeter 0—15V or 0—30V, 0.5 Class, 1pc.
DC ammeter 0—100A, 1.0 Class, ipc.

Variable resistor 0—025Q, 1KW, 1pc.

tamp 12V, 3W

100Q resistor aw

025% resistor 25W

(2) Measuring the regulating voitage

1) When measuring devices are connected in the
performance test circuit as shown above, the charge
lamp lights.

2) Close SW, while keeping SW, open and run the AC
generator. When the revolutions of the generator are
gradually raised, the charge lamp goes off.

3) Raise the revolutions of the AC generator, and read the
voltmeter gauge when the revolutions reach about
5,000 rpms.

NOTES: 1. Make sure that the ammeter indication at this
time is less than 5A. If the indication is over
5A, connect the 0.25Q resistor. The voltreter
indication at this time must be within 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 revolution
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.

0.259Q Resistor
Connect when
the batteries

are discharged
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4JH Series
10-11 Troubleshooting
{1} Charging failure
Defective
Does the charge lamp go off P fan belt
when the key switch is turned Check fan belt g Agjpulésl?efa:rk‘)elt. :
{after engine starting)?
Goes off oK
| After stopping the engine, turn on the key switch. >
A

| Remove the R-L generator coupler. )
Y

Defective oChegk qlectrica! wiring for defective
Measure the voltage between the f:r'r"g'l';“:;tsy of the BAT, and R
BAT terminal, and the R-L o Check the key switch and charge

coupler terminal. lamp for defective continuity of the
L-terminal.

OK

BAT, R-L terminal
Voltage: 9—12V
Y

Insert the R-L coupler to the generator. )

Y

C Turn on the key switch for engine starting. )
Y oIn case of defective continuity of

Detective BAT terminal, replace the IC regu
/"Measure the voltage between lato te al, repla 9
he generator BAT,and the L | 1ator. . -
* Measuring condition \ the g ’ oIn case of defective continuity of

Generator rpms: 5,000 terminal. the L-terminal, check or replace
oK the diode, startor, and rotor.

Y

. ] Defective
{_I:gehégetgrlr%?;;?ryjiahg:ffure Check the electrical wiring for the
generator; 0.3—2V is normal. night lamp.

8-56 Printed in Japan
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(2) Overcharging

Tum on the key switch. *Measure the BAT voltage of
(Start the engine) the generator,

(3} Charge lamp failure

Defective

Check if the charge lamp lights
after turning on the key switch.

OK

After turning on the key switch
{after engine starting), check if
the charge lamp goes off.

Check the fan telt.

Printed in Japan
A0A1029-9002

Defective

Check the wiring.
Replace the charge lamp.

Defective
The change lamp is OK if it
goes off,

OK

Y

Defective

Measure the BAT voltage of
generator.

Replace the IC regulator or
generator.

o Replace the fan belt,
o Adjust the fan belt.

Replace the charge lamp.

4JH Series
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Chapter 10 Disassembly and Reassembly
i tions
1. Disassembly and Reassemnbly Precau 4JH Series

1. Disassembly and Reassembly
Precautions

(1) Disassembly

» Take sufficient time to accurately pin-point the cause
of the trouble, and disassemble only those parts
which are necessary.

» Be careful to keep all disassembled parts in order.

* Prepare disassembly tools.

* Prepare a cleaner and cleaning can.

*Clear an adequate area for parts and prepare a
container(s).

* Drain cooling water (sea water, fresh water) and lube
oil.

» Close the Kingston cock.

(2) Reassembly

= Sufficiently clean and inspect all parts to be assembl-
ed.

* Coat sliding and rotating parts with new engine oil
when assembiing.

* Replace all gaskets and O-rings.

s Use a liquid packing agent as necessary to prevent
oit/water leaks.

= Check the oil and thrust clearances, etc. of parts when
assembling.

*Make sure you use the correct bolt/nut/washer.
Tighten main bolts/nuts to the specified torque. Be
especially careful not to overtighten the aluminum
alloy part mounting bolts.

= Align match marks (if any) when assembling. Make
sure that the correct sets of parts are used for bearings,
pistons, and other parts where required.

Printed in Japan
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Chapter 10 Disassembly and Reassembly
2. Disassembly and Reassembly Tools

4JH Series
a
2. Disassembly and Reassembly Tools
The following tools are required when disassembling and
reassembling the engine.
Please use them as instructed.
2-1. General Handtools
Name of tool lltustration Remarks
%,
Wrench Size: 10 213
%
Wrench Size: 12 x 14
&
Wrench Size: 17 x 19
»‘.
(
Wrench Size: 22 x 24
t/"
Screwdriver /
o
Steel hammer 4—/3 Local supply
10-2 Printed in Japan
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Chaprer 10 Disassembly and Reassembly

2. Disassembly and Reassembly Tools
. 4JH Series

Name of tool {llustration Remarks

Copper hammer ; ‘» ) Local suppty

Mallet ——— — =) Local supply

Nippers Local supply

Pliers Local supply

Offset wrench Local supply 1 set

Box spanner Local supply 1 set

Scraper Local supply

Printed in Japan 10-3
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Chapter 10 Disassembly and Rea.ssembiy

2. Disassembly and Reassembly Tools

4JH Series
Name of tool Ithustration Remarks
Lead rod Local supply
File ) Local supply 1 set
Local supply
Rod spanner for Size: 6mm (0.2362in.)
hexagon socket 8mm (0.3150in.)
head screws = 10mm (0.3937in.}
Starling Pliers
Hole type Local supply
Shaft type
H4 ~ HB
S = Hole type
H = Shaft type
10-4
Printed in Japan
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Chapter 10 Disassembly and Reassembly
2. Disassembly and Reassembly Tools

4JH Series
2.2 Speclal Handtools
Name of tool Shape and size Anplication
mm {in.}
Piston pin extractor
20 (0.7874) | 80 (3.1496) |
Piston pin insertion/ ‘
extraction tool 3 k<
N L M~
= @
< ~
1= =1
o} ) =
- (=]
Part No. 128670-92260 '\
' Insertion of piston pin
mm (in.)
2010.7874) 80 (3.1496)
Connecting rod small ? ]
end bushing insertion/ = o
extraction tool S \ ~
ae R
2 § j )/ 2>
- 2
g2 / g2
25 (0.9843) mm {in.)
]
Intake and exhaust 8
valve insertion/ a
extraction tool [
s z
s -
f:.i.——t n
ktd e
2

#13.5 (0.5315}

Lubricating oil No.2
filter case remover

Printed in Japan
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Chapter 10 Disassembly and Reassembly

2. Disassembly and Reassembly Tools

4JH Series

Name of tool

Shape and size

Application

Piston ring
compressor

.

Piston insertion guide

Valve lapping handle

Valve lapping powder

Lapping tool

Feeler gauge

Pulley puller

Local supply

Removing the coupling

10-6
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Chapter 10 Disassembly and Reassembly
2. Disassembly and Reassembly Tools

4JH Series

2-3 Measuring Instruments

Name of tool I Shape and size

Apolication

Vernier calipers ; sl

0.05mm (0.0020in.),
0 ~ 150mm {0 ~ 5.9055in.)

Micrometer

0.01mm {0.0004in.)

0~ 25mm (0 ~ 0.9843in.),

25 ~ 50mm (0.9843 ~ 1.9685in.},
50 ~ 75mm (1.9685 ~ 2.8528in.),
75 ~ 100mm {2.9528 ~ 3.8370in.},
100 ~ 125mm {3.9730 ~ 4.9213in.).
125 ~ 150mm (4.9213 ~ 5.9055in.).

linder TR
Cylinder gauge ﬂ; ; -.{.%'LJ_

0.01mm {0.0004in.),

18 ~ 35mm (0.7087 ~ 1.3780in.),
35 ~ 60mm (1.3780 ~ 2.3622in.),
80 ~ 100mm (1.9685 ~ 3.9370in.).

Thickiness gauge

0.05 ~ 2mm
(0.0020 ~ 0.0787in.)

Torque wrench

0 ~ 13kg-m,
{0 ~ 94ft-1b}

Nozzle tester

0 ~ 500kg/cm?
(0 ~ 7111.71bfin.?}
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2. Disassembly and Reassembly Tools

4JH Series

2-4 Other

Supplementary packing agent Type

Use

“Three Bond 3B8-005"

White. Since “Three Bond 388-005" is a nonorganic
solvent, it does not penetrate asbestos sheets made
principally or completely of asbestos. Always use it with
grey asbestos sheet packing for complete oil tightness.
When “Three Bond 3B8-005" is difficult to obtain, use
silicon nonsotvent type “Three Bond No. 50.”

“Three Bond No. 50”

Grey. Silicon nonsolvent type liquid packing. Semidry
type packing agent coated on mating faces to prevent oil
and gas leakage. Does not penetrate asbestos sheet and
assures complete gil tightness.

“Three Bond No. 1"

Reddish brown. Paste type wet viscous liquid packing.
!deal for mating faces which are removed but reinstalled.
Particularly used to prevent water leakage and to prevent
seizing of bolts and nuts.

The surface to be coated must be thoroughly cleaned
with thinner or benzene and completely dry. Morecver,
coating must be thin and uniform.

Products of Three Bond Co., Ltd.

Paint

Color spray

Only Metaliic Ecole Silver is
used on this engine.

Wipe the surface to be painted with thinner or ben-
zene, shake the spray can well, push the button at the top
of the can and spray the paint onto the surface from a
distance of 30 ~ 40 ¢m,

Paint

Type
White paint
{Mixed oil paint)

Usage point

Cylinder liner
insertion hole

Use

Paint parts that contact with the cylinder body
when inserting the cylinder liner to prevent
rusting and water leakage,

Yanmar cleaner (Ref.) i

7

Cooling passage cleaner is mixed by adding one part
“Unicon 148" to about 16 parts water (specific gravity
ratio). To use, drain the water from the cocling system,
fill the systemn with cleaner, allowing it to stand overnight
(10 ~ 15 hours). Then drain out the cleaner, refill the
system with water, and operate the engine for at least
one hour.

10-8

NEJI LOCK SUPER 203M: alocking agent for screws (Ref.)

N
f un--"&

#u0
o3

)

For coating on screws and bolts to prevent [oosening,
rusting, and leaking. To use, wipe off all oil and water on the
threads of studs, coat the threads with screw lock, tighten
the stud bolt, and allow them to stand until the screw lock
hardens. Use screw lock on the oil intake pipe threads, oil
pressure switch threads, fuel injection timing shim faces,
and front axle bracket mounting bolts.

Printed in Jupan
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Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

4JHZS eries

3. Disassembly and Reassembly

3-1 Disassembly

For engines mounted in an engine room, remaove the piping
and wiring connecting them to the ship.

(1) Remove the remote contrel cable {from engine and
marine gearhox).

{2) Unplug the extension cord for the instrument panel
from the engine.

(3) Hemove the wiring between the starting moteor 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 cocling water (sea water) pump sea water
intake hose (after making sure the Kingston cock is
closed).

(7} Remove the fuel oil intake rubber hose from the fuel
feed pump.

{8) Remove the body fit (reamer) bolts and disassemble
the propeller shaft coupling and thrust shaft coupling.

() If a driven coupling Is mounted to the front drive coupl-
ing, disassemble.

{10} Remove the flexible mount nut, lift the engine, and
remove it from the engine base.
{Leave the flexible mount attached to the engine base.)

3-1.1 Drain cooling water

(1) Open the sea water drain cock between the sea water
pump and lube oil cooler to drain the sea water.

(2) Open the cylinder body drain cock to drain the fresh
water from the cylinder head and cylinder body.

(3) Open the fresh water drain cock on the lower part of the
fresh water tank to drain the fresh water.

Sea water drain cock
(Cooling water sea water pipe)

Fresh water drain cock
{lower part of fresh water tank)

VHIERIR
T

Seawaler pump
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A0A41029-9002

Fresh water drain cock (cylinder block)

3-1.2 Drain lube oil

{1} Remaove the pipe coupling bolt which holds the lube oil
dip stick guide, and drain the Jube oil from the engine.

(2} Remove the drain plug on the lower part of the crank
case control side, and drain the lube oil from the marine
gearbox.

NOTE: If a lube oil supplyldischarge pump is used for the
engine, the intake hose is placed in the dip stick
guide, and for the clutch side {gearbox) it is placed
in the oil hole on top of the case.

3-1.3 Removing {electrical) wiring
Remove the wiring from the engine.

Qil pressure
sender unit é)g

Lube oit
pressure switch

Joint

Air heater

f‘ Water temperature
sender unit

Tachometer sensor Alternator

Cooling water temperature switch



Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

4JH2Series

3-1.4 Removing the fuel oil filter & fuel oii pipe

(1) Remove the fuel oil pipe {tuel oil filter—fuel feed pump,
fuel oil filter — fuel injection pump).

(2) Remove the fuel oil filter (with bracket) from the intake
manifold.

Intake manifoid

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
N/A: from exhaust manifold outlet
T, T & A: from turbocharger outlet

N/A

Breather hose

Vatve rocker arm chamber cover

Intake silencer Coupling

Intake manifold

Turbocharger

Breather hose

s

3-1.6 Removing the mixing elbow

(1} Remove cooling water (sea water} pipe rubber
(heat exchanger—mixing eibow).

{2) Remove the mixing elbow
N/A: from the intake manifold intake coupling
T, T & A: from the blower side of the turbocharger

Sea water pipe
{mixing elbow —heat exchanger)

N/A

Heat exchanger

Sea water pipe
{heat exchanger--
mixing elbow}

Heat exchanger

Turbocharger

[Model 4JH-TE]
3-1.7 Removing the turbine

(1) Remove the intake rubber hose (turbine—intake
manifold).

(2) Remove the oil pan side rubber hose for the turbine
lube oil return pipe from the cil pan, and the vibration
stop from the flywheel housing.

(3) Remove the turbine lube oil pipe (lube oil cooler—
turbine).

(4} Remove the turbine from the exhaust manifold.

Turbine

Intake hose

Frinted in Japan
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Chapter 18 Disassembly and Reassembly
3. Disassembly and Reassembly
> 4JH2-Series

Turbine hibe . 0 Removing the mixing elbow and the turbocharger.
oil pipe X . i {1) Remove the fresh water hoses.
(Turbocharger — heat exchanger)
(2) Remove the lube oil pipes.
(Lube oil cooler—Turbocharger—Lube oil pump)
(3) Remove the sea water hose.
(Mixing elbow — heat exchanger)}
(4) Remove the mixing elbow from turbocharger.
(5) Remove the air duct rubber hose.
{Air duct — Turbocharger)
(6) Remove the turbocharger from exhaust mani-
fold.

Turbine lube oil
retum pipe

[Model: 4JH2-HTE, 4JH2-DTE & 4JH2-UTE]

Removing the air cooler
{1} Remove the intake rubber hoses.
{(Air duct-intake manifold, and turbocharger)
{2) Remove the sea-water rubber hoses.
{Sea water pump — Air cooler — Lube oil cooler)
{3) Remove the air cooler from the heat exchanger,
and cylinder block.

Heat exchanger

MODEL: 4JH2-HTE & 4JH2-DTE

Mixing elbow

P
Overbaard Heat excharger

Lubricating oil cooler

e
Turbine tube
oil pipe

Turbine

Lube oil

cooler Turbine lube oil
\/(_ return pipe
1 )

O\

1
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3. Disassembly and Reassembly

4JH2-Series

3-1.8 Removing the starting motor
Remove the starting motor from the flywheel housing.

Starting motor

Flywheei housing

3-1.9 Removing the alternator

{1) Loosen the alternator adjuster bolt and remove the
V-belt.

{2} Remove the adjuster from the fresh water pump, and
remove the alternator from the gear case {with distance
piece).

Adjuster

Fresh water pump

3-1.10 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}

[Model: 4JH2E 4JH2-TE ]
Cooling water (sea water) pipe

Heat exchanger

GCooling waler
A (fresh water) pipe

[Model: 4JH2-HTE, 4JH2-DTE, 4JH2-UTE]

Cooling water {sea water) pipe
Heat exchanger

Cooling water
{fresh water) plpe

Lubricating oil coow
)b\
» Yo @

4

To marine gearbox

3-1.11 Removing the heat exchanger
{exhaust manifold, fresh water tank unit)

Remove the heat exchanger and gasket packing.
Heat exchanger

10-12 Printed in Japan

A0A41029-9109SP



Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

4JH2Series

3-1.12 Removing the cooling water {sea water) pipe
{sea water pump—lube oil cooler).

4/? X \h Cooling water (sea water) pipe
)

~

N

Lube oil cocler

3-1.13 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
Gasket packing

Gear case flange

3-1.14 Remoying the lube oil filter

{1) Remove the Iube oil pipe {(lube ofl cooler—filter
bracket, filter bracket —lube cil 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 fube oil dipstick and guide.

Lube oil cocler Cylinder block

N
Lube oil pipe g tube oil filter
Dipstick —

N

Lube oil dipstick guide ~—
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3-1.15 Rernoving the high pressure fuel pipe

{1} Remove the high pressure fuel pipe vibration stop from
the intake manifold.

(2) Loosen the box nuts on both ends of the high pressure
fuel pipe and remove the high pressure fuel pipe.

{3} Remove the fuel oil return pipe (fuel injection nozzle—
fuel Injection pump).

Fuel injection nozzle

3-1.16 Removing the intake manifold

(1) Remove the governor speed remote control bracket.
{2) Remove the intake manifold and gasket packing.

Cylinder head

Intake manifold

Gasket packing

10-13

Fuet oil return pipe
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3. Disassembly and Reassembly 4JH3Series

3.1.19 Removing the valve elbow shalt assembly

{1) Remove the valve elbow chamber cover.

{2) Remove the valve elbow shaft support mounting
bolts{s), and remove the entire valve elbow shaft
assembly.

(3) Puil out the push rods.

3-1.17 Removing the fresh water pump
Remave the fresh water pump, gasket packing and O-ring.

1
s

Rocker arm chamber cover

Fresh water
pump

3-1.18 Removing the fuel injection nozzles

Rernove the fuel injection nozzle retainer nut, and pult out
the fuel injection nozzle retainer and fuel injection nozzie.

@

Fuel injection nozzle retainer \_@

3-1.20 Remvoing the cylinder head
Heat protector
(1) Remove the cylinder head bolts with a torque wrench,

and remove the ¢ylinder head.
(2) Remove the cylinder gasket packing.

ﬁ— Cylinder head bolt
e

Cylinder head

Cylinder head

NOTE: If the heat protector stays in the cylinder head, Gasket packing
make a note of the cylinder no. and be sure to
remove it when you disassemble the cylinder head. ARET &5 Cylinder block

10-14
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3. Disassembly and Reassembly

4JH2Series

3-1.21 Removing the crankshaft V-pulley

Rermove the hex bolts holding the crankshaft V-pulley, and
remove the crankshaft V-pulley with an extraction tool.

Washer

Crankshaft V-pulley
Heat boit

3-1.22 Removing the marine gearbox

{1) Remove the hex bolts from the clutch case flange, and
remove the gearbox assembly.

(2) Remove the damper disk from the flywheel.

{3) Remove the fan from the flywheel.

Fan

Damper disk

Printed in Jupan
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3-1.23 Removing the lube oil cooler

Remove the lube oil cocler from the upper part of the
flywheel housinz.

MODEL: 4JHZE

lube cil cogler

4JH2-HTE
4JH2-DTE
Lube oil cocler

3-1.24 Removing the flywhesl
Remove the flywheel mounting bolts and then the
flywheel.

NOTE: Be caretuf not to scratch the ring gear.



Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

4JHZ Series

3-1.25 Turning the engine over

{1) Place a wood block of appropriate size on the floor, and
stand up the engine on the flywheel housing.

(2) Remove the engine mounting feet.

3-1.26 Removing the oil pan

(1) Remove the bracket hotding the oil pan and clutch
housing.

{2) Remove the oil pan and gasket packing.

-_-o

&)

)J‘ e \;-\Q:;?_ s }
\ QQ* @6\:@ 7 P
i A
o jf?\b &7 1

3-1.27 Removing the lube oil intake pipe
Remove the lube oil intake pipe and gasket packing.

Lube oit intake pipe s
SUiE
Ny
¢

3-1.28 Remaving the gear case

Remove the gear case mounting bolts, and remove the
gear case from the cylinder block.

Gasket packing/

Gear case

3-1.29 Removing the lube oil pump

Remove the lube oil pump and gasket packing from the
gear case flange.

Gasket packing

Lube oil pump
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3. Disassembly and Reassembly

4JH2 Series

3-1.30 Remove the tuel injection pump

(1} Remove the blind plug mountad to the hub of the
automatic advancing timer.

{2) Remove the box nut, and pull out the fuel oil pump
drive gearfautomatic advancing timer assembly with an
extraction tool,

(3) Remove the fuel injection pump and Q-ring from the
gear case flange.

Fuel injection pump

3-1.31 Removing the idling gear

Remove the two hex bolts holding the idling shaft, and
pull out the idling gear and idling shaft.

Idling gear

Printed in Japan
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3-1.32 Removing the pistons and connecting rods

(1) Remove the connecting rod bolt and the large end cap.
(2) Push the connecting rod from the bottom and pull out
the piston connecting rod assembily.

! I.‘
%Connecting rod
I

Large end mp”—@
&

Connecting rod bolt———é

NQOTE: Place a tool against the piston cooling nozzle to
make sure the nozzle position does not change
and it does not get scratches.
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3. Disassembly and Reassembly

4JHZSeries

3-1.34 Turning the engine over

Place a wood block of suitable size on the floor and turn
the engine over, with the cylinder head mounting surface
facing down.

NOTE: Make sure that the cylinder head positioning pins
on the cylinder block do not come in contact with

the wood block.

3-1.35 Removing the flywheel housing
Remove the flywhee! housing from the cylinder block.

Flywheel housing

Gasket packing

Cylinder body

3-1.36 Removing the main bearing

(1) Remove the main bearing bolts.
(2) Remove the main bearing cap and [ower main bearing
metal.

NOTE: The thrust metal (lower) is mounted to the standard
main bearing cap. Be sure to differentiate between
mounting surfaces.

()
e ¥0 00
ety
; ; £ R—
g¥ Main bearing bolt
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3-1.37 Removing the crankshatt
(1) Remove the crankshaft

NOTE: 1. The thrust metal {upper) is mounted to the stan-
dard main bearing. However, in some cases the
thrust metal (upper) may be mounted to the
crankshaft.

2 Remove the main bearing metal (upper)} from the
cylinder block.

3-1.38 Removing the camshaft

(1) Loosen the thrust rest mounting bolts out of the holes
in the camshaft gear, and remove.

2) Pull out the camshaft gear and camshaft assembly
from the cylinder block.

NOTE: The camshaft gear and camshaft are shrunk fit.
They must be heated to 180—200°C to disassem-
ble.

Cylinder body

Gear case flange

3-1.39 Removing the tappets

Remove the tappets from the tappet holes in the cylinder
block.

3.1.40 Removing the gear case flange

{1) Remove the gear case flange from the cylinder block.
(2) Remove the two O-rings from the lube oil passage.

Cylinder body

Gasket packing

Printed in Jopan
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4JH 2 S eries

3-1.41 Removing the piston cooling nozzle

Hemove the piston cooling nozzle mounting nut and then
the piston cooling nozzle from the cylinder block.

Printed in Japan
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3-2 Reassembly
3-2.1 Mounting the piston cooling nozzle

Turn the cylinder block upside down and place it on ap-
propriate wood blocks. Mount the piston cooling nozzles.

|
Piston cooling nozzle——é/)
&

3-2.2 Mounting the gear case flange

Mount the gear case flange, gasket packing and lube oil
line O-ring onto the cylinder block.

NOTE: 1. When mounting the gear case flange, match up
the two cylinder block pipe knock pins.
2. Be sure to coat the cylinder block lube oil line O-
ring with grease when assembling, s¢ 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 circumfarence of the tappets with engine oil, and
insert the tappets in the cylinder block.

NOTE: Separate the tappets to make sure that they are
reassembled in the same cylinder, intakelexhaust
manifold as they came from.

10-18
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3-2.4 Mounting the camshait

(W1f the camshaft and camshaft gear have been
disassembled, shrink fit the camshaft and camshaft
gear |haat the camshaft gear to 180—200°C {356—
392°F) in the hot oil and press fit).

NOTE: When mounting the camshaft and camshalt gear,
be sure not to forget assembly of the thrust rest.
Also make sure they are assembled with the cor-
rect orientation.
{2) Coat the cylinder block camshaft bearings and
camshaft with engine oil, insert the camshaft in the
cylinder block, and mount the thrust rest with the bolt,

Cylinder body

Gear case flange

Camshaft gear

(3) Measure the camshaft side gap. )
mm (in.}

Camshaft side gap

0.05 ~ 0.25
{0.0020 ~ 0.0088in.)

(4} Make sure that the camshaft rotates smoothly.

3-2.5 Mounting the crankshaft

{1) The crankshaft and crankshaft gear are shrink fitted. If
the crankshaft and crankshaft gear have been
disassembled, they have to be shrink fitted [heat the
crank shaft gear to 1B0°—200°C (356 —392°F) in the
hot ail and press fit).

(2) Coat the cylinder block crank journal holes and upper
part of the main bearing metal with oil and fit the upper
main bearing metal onto the cylinder block.

NOTE: 1. Be sure not to confuse the upper and lower main
bearing metals. The upper metal has an oil
groove.

2. When mounting the thrust metal, fit it so that the
surface with the oil groove slit faces outwards,
(crankshaft side).

{3) Coat the crank pin and crank journal with engine oil
and place them on top of the main bearing metal.

NOTE: 1. Align the crankshalt gear and camshaft gear with
the “A" match mark.
2 Position so that the crankshaft gear is on the
gear case side.
3. Be careful not to let the thrust metal drop.

Main bearing

=71 5%
1 Y-
-

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
oif groove.
2. The standard bearing thrust metal is fitted with
the oil groove sliit facing outwards.

{2) 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 bolts

to the specified torque. kg-m (L16)

9.5 ~ 105
(68.7 ~ 75.9)

Main bearing bolt tightening torgue

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.

{3) Measure the crankshaft side clearance. )
mm {in
0.090 ~ 0.271
{0.0035 ~ 0.0107)

Crankshaft side clearance

{4) Make sure that the crankshaft rotates smoothly anc
easily.
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4JH2 Series

3-2.7 Mounting the flywheel housing

(1) Press fit the oil seal in the flywheel housing, and coat
the [ip of the oil seal with engine oil.

(2) Mount the flywheel housing and gasket packing, mat-
ching them up with the cylinder block posltioning pins.

NOTE: Trim the gasket packing if it protrudes onto the oil
pan mounting surface,

/Flywheel housing

Gasket packing

Cylinder body

3-2.8 Stand up the cylinder block

On wood blocks, with the flywheel housing facing down.
Take care that the gearbox mounting surface does not get
scratched.
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3-2.10 Mounting the piston and connecting rod
{1) Reassemble the piston and connecting rod.

NOTE: When reassembling the piston and connecting rad,
make sure that the parts are assembled with the
correct orientation.

{2) Each ring opening (piston/oil rings) should be stag-
gered at gaps of 120°.

1st compression ring

Direction of
piston pin

Qil ring

Direction of side pressure

2nd compression ring

(3} Coat the outside of the piston and the inside of the
connecting rod crank pin metal with engine oil and in-
sert the piston with the piston insertion tool.

>
= — Piston

Connecting rod

=
Large end cap —Fﬁ’:‘l’/
B g

Connecting rod bolt "
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NOTE: 1. Insert the piston so that the match mark on the
large end of the connecting rod faces the fuel
feed pump, and the manufactuer's 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 boits.
kg-m {{t-1b)

45 ~ 50
(32.5 ~ 36.2)

Connecting rod bolt tightening torque

NOTE: If a torque wrench is not available, match up with
the mark made before disassembly.

3-2.11 Mounting the idling gear

{1} Fit the idling gear so that the side of the idling shaft
with two oil holes faces up.

(2} Align the “A" and "C" camshaft gear and crankshaft
gear match marks, match up with idling shaft retaining
plate, and tighten the bolts.

(3) Measure the idling gear, camshaft gear and crankshaft
gear backlash.

Bushinrg

Idling gear

Idling shaf

Fuel pump gear

Camshaft gear

Sea water pump gear

.
™ Crankshaft gear

Lube oil pump gear

Looking from gear case side

10-22

4JHZ Series

3.2.12 Moaunting 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.

3-2.13 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 ge:
and idling gear.

(3) Tighten all box nuts holding the fuel feed pump to th

specified torque. kg-m (ft.l

g7

Box nut tightening torque (43.4 ~ 50.6)

{4) Grease parts around the box nuts {lithium grease) ar
tighten the blind plug.
(5) Measure the backlash of the fuel feed pump drive gea

3-2.14 Mounting the lube oil pump

{1) Mount the tube oil pump on the gear case flange.
{2} Measure th backiash of the lube oil pump drive gear.

Lube oil pump

Printed in Japan
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4JH Series

3-2.15 Mounting the gear case

{1} Coat the inside and outside of the oil seals with engine
oil, and press fit them into the gear case.

{2) Position the two pipe knock pins, and tighten the bolts
holding the gear case and gasket packing.

NOTE: Trim the gasket packing if it protrudes onto the oil
pan mounting surface.

Gear case flange

Gasket

3-2.16 Mounting the lube oil intake pipe

Mount the lube oil intake pipe on the bottom of the
cylinder block, using new packing.

G| ES9——Gasket packing
Lube oil intake pipe Gy

e

)

kg-m {ft-1b)

lube oil intake pipe tightening torque 26 (188
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3-2.17 Mounting the oil pan

(1) Coat with three bond (3B-1114) the surfaces of the gear
case, gear case flange and flywheel that contact with
the cylinder block.

{2) Tighten the gasket packing/oil pan bolts.

{3) Mount the bracket that connects the flywheel with the
oil pan.

3.2.18 Mounting the engine mounting feet and turning the
engine upright.

Place suitable wood blocks below the oil pan and turn the
engine upright.

3.2.19 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 torgue.

kg-m (fi-1b}

70 ~ 80
{506 ~ 57.9)

Flywheel mounting bolt
tightening torque




Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

4JH Series
3-2.20 Mounting the marine gearbox 3-2.22 Mounting the cylinder head
{1) Mount the fan and damper disk to the flywheel. {1) Fit the gasket packing against the cylinder biock, align-
(2) Align the damper disk with-the input shaft spline and ing it with the cylinder block positioning pins.

insert. Tighten the flywheel housing and flange.
NOTE: The side on which the engine model is inseribed
should face up (cylinder head side).

{2} Lift the cylinder head horizontally and mount, aligning
with the cylinder head gasket.
Marine gearbox (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.

3.2.21 Mounting the crank V-pulley

{1) Coat the oil seal and the section of the shaft with
which it comes in contact with oil.
(2) Tighten to the specfied torque.

Tightening order

Exhaust manifold side

3 3
5 &
T a
: 8
2 3
w 161
Crankshaft V-pulley
Hex bolt Intake manifold side
kg-m (ft-1b} kg-m {ft-1
V-pulley tightening torque | 115 ~ 125 (83.2 ~ 90.4) Partial Complete
Cylinder boit 35~ 45 75~ 85
tightening torque (25.3 ~ 32.5) (54.2 ~ 61.5)
(4) Measure the top clearance. '
o it
Topclearance | 0.71 ~ 0.89 (0.0279 ~ 0.0350)
10-24
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3.2.23 Mounting the valve rocker arm shaft assembly 3-2.24 Mounting the fuel injection nozzie
pushrod {1) Mount the injection nozzle tip heat protector, and then

{1) Fit the pushrod to the tappet. the fuel injection nozzle. ®

(2) Mount the valve rocker arm shaft assembly. kg-m (b @
Fuel injection nczzle retajner\_@

Valve rocker arm shaft
support tightening torgue 24~ 280174 ~ 204) %

(3) Adjust valve clearance. Fuel injection nozzle

Valve rocker arm Cylinder head

shaf assembly

(2) Tighten the fue! injection nozzle retainer nut to the

specified torque. Kg-m (ftb)
Fuel injection nozzle
retainer tightening torque 20~ 30{145 ~21.7)

3-2.25 Mounting the fresh water pump

(1) Thoroughly coat both sides of the packing with
adhesive.

(2) Replace the O-ring for the connecting pipe which is in-
serted in the cylinder block, and tighten the fresh water
pump to the specified torque.

\ = Cylinder head
- Gasket packing
. - ; 3

Adjusting screw

Lock:nut

kg-m (ft-Ib}

mm (in} Fresh water pump
l 02 (0.0079) tightening torque 07 ~1160~80)

Intake/discharge valve clearance

{4) Coat the valve rocker arm and valve spring with engine
oil, and mount the valve rocker arm chamber cover.

Printed in Japan 10-28
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4JH Series
3.2.26 Mounting the intake manifold 3-2.28 Mounting the [ube oil cooier
{1} Thoroughly clean the inside of the intake manifold, and Mount the lube oil cooler to the top of the fiywheel hous-
mount the gasket packing and intake manifold. ing with the bracket.
{2) Mount the governor remote control bracket. MODEL: 4JHE
4JH-TE
Lube cil cocier

Flywheet housing

Cylinder head

intake manifold

Gasket packing

3.2.27 Mounting the high pressure fue! pipe and fuel oil
return pipe

{1) Mount the high pressure fuel pipe and then the high paré

pressure fuel pipe vibration stop. -DTE

Lube oil cooler

NOTE: Lightly tighten the box nuts on both ends of the
high pressure fuel pipe. Completely tighten after
adjusting the injection timing.

{2) Mount the fuel oil return pipe with the hose clamp {fuel
injection nozzle—fue! injection pump)

Fuel injection nozzle

3-2.29 Mounting the lube oil filter
{1} Mount the filter bracket and packing on the cylinder

block.
{2) Mount the filter element with the filter remover moun-
ting tool.
Fuel return pipe Lube oil cooler Cylinder black

Gasket packing
Lube oil pipe

10-26 g Lube ail filter
Printed in Japan
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4JH Series

3-2.30 Mounting the lube cil pipe

{1) Mount the tube il pipe {filtar—lube oil cooter, lube oil
cooler—{filter).
{2) Mount the lube oil pipe (cylinder block—fuel injecticon

pump).
3-2.31 Mounting the dipstic guide
Mount the dipstick and dipstick guide.

¥

Lube il dip stick

Lube oil dip stick guide —

o

3-2.32 Mounling 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

3-2.33 Mounting the cooling sea water pipe

Mount the cocling water pipe with the hose clamp (sea
water pump — lube oil cooler).

Printed in Japan
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\ Cooling water {sea water} pipe

Lube oil cooier
Sea water pump

3-2.34 Mounting the heat exchanger :
{exhaust manifold, fresh water tank unit).

Mount the gasket packing and exhaust manifold.

Heat exchanger

Cylinder head

3.2.35 Mounting the cooling water pipe

{1) Mount the cooling fresh water pipe with the hose
clamp (fresh water tank — fresh water pump, fresh
water pump— heat exchanger).

{2) Mount the cooling sea water pipe with the hose clamp
(lube oil cooler —heat exchanger).

{3} Mount the cooling sea water pipe with the hose clamp
(lube oil cooler —marine gearbox).

Cooling water (sea waler) pipe
Heat exchanger

Cooling water
(fresh water) pipe

Fresh water pump
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MODEL: 4JH-HTE
4JH-DTE

Cooiing water {sea water) pipe
Hea: exchanger

‘ * To marine gearbax

3-2.36 Mounting the aiternator

{1) Mount the adjuster on the fresh water pump, the
distance piece on the gear case, and then the alter-
nator,

(2) Adjust V-belt tension with the adjuster, and tighten the
mounting bolts. _

Adjuster

Fresh water pump Alternator

About 10mm
(0.3937 in.)
Cooling water
pump pulley
{fresh water)

Alternator
pulley

Crank puiley

Cooling water
{fresh water) pipe

3-2.37 Mounting the starting motor
Fit the starting motor in the flywheel housing.

Starting motor

Fiywheel housing
[Model 4JH-TE]

3-2.38 Mounting the turbine
{1} Mount the turbine on the exhaust manifold.

NOTE: First make sure to tighten the turbine lube oil
return pipe,

(2) Mount the lube oil pipe (lube oil cooler—turbine).

{3} Insert the rubber hose at the end of the lube oil return
pipe (turbine—oil pan) into the elbow on the oil pan,
and mount with the hose grip.

{4} Mount the intake rubber hose (turbine—intake
manifold). Turbine
Intake hose

Turbine lube il
return pipe

&
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3.2.3% Mountling the mixing elbow

{1) Mount the mixing elbow on the exhaust manifold outlet
for model 4JHE, and on the turbocharger outlet for
model 4JE-TE.

{2) Mount the cooling sea water pipe rubber hose with the
hose grip (heat exchanger—mixing elbow).

Sea water pipe
N {mixing elbow-—heat exchanger)
¢ a S A

&

Mixing elbow

Sea water pipe
{heat exchanger—
mixing elbow)

Heat exchanger

Turbecharger

Mounting the air cooler

{1) Mount the air cooler on the heat excharger, and
cylinder block.

(2) Mount the sea-water rubber hoses.

{Lube oil cocler — Air cooler —Sea water pump)

Mount the intake rubber hoses

(Intake manifold, and turbocharger — Air duct)

{3)

Air duct

g

S
PN Sea water /7
\A> & > 3 pump f ..
Intake manifolmﬂ\’} . '
)P
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Mounting the mixing elbow and the turbocharger

{1) Mount the turbocharger on the exhaust mainfold.
{2) Mount the air duct rubber hose.

{Turbocharger — Air duct)

Mount the mixing elbow on the turbocharger.
Mount the sea water hose.

{Heat exchanger —Mixing elbow)

Mourtt the lube oil pipes,

{Lube oil pump — Turbocharger — Lube oil cooler)
Mount the fresh water hoses.

{Heat exchanger — Turbocharger)

(3)
{4)

(5)

{6)

Turbocharger

Mixing elbow ¥ (8
L%
s
Overbeoard &

Turbine iube
oil pipe

Turhine

Turbine lube oil
Lube gii rewurn pipe

cooler.
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3-2.40 Mounting the intake silencer

{1) Mount the intake silencer on the intake manifold inlet
coupling for model 4JHE, and on the turbocharger
blower side for model 4JH-TE.

(2) Mount the breather hose with the hoe clamp (intake
silencer—valve rocker arm chamber cover).

Breather hose

Racker arm chamber cover

Intake silencer

Coupling

Intake manifold

urbocharger
)

Breather hose

Intake silencer

=

3-2.41 Mounting the fuel filter and fue! oil pipe

(1) Mount the fuel filter.

{2) Mount the fuel oil pipe {fuel feed pump —fuel filter, fuel
filter—fuel injection pump).

Intake manifold

Fuel oil pipe

{filter—pump) Fuel oit filter

Fuel oil pipe
{pump—filter)

Fuel injection pump

10-30

3-2.42 Electrical Wiring

Cornnect the wiring to the proper terminals, observing the
color coding to make sure the connections are correct.

Hydraulic sender unit for Vibration prevention damper

lube oil pressure gau::o@

é,Lube oil pressure switch
fa—Joint
@7.&# heater

For starting motor

For instrument panel

Water temperature
sender unit
for cooling water

Tachometer sensor
achomeler sens temperatlure gauge

Alternator

Cooling water temperature switch

3-2.43 Installation in the ship and completion of the piping
and wiring

Mount the engine in the ship after all engine assembly has

been completed. Connect the cooling water, fuel oil and

other piping on the ship and the exhaust hoses. Connect

the battery, instrument panel, remote control and other

wiring.

3.2.44 Filling with lube oil

Fill the engine with lube oil from the supply port on top of
the gear case and the marine gearbox supply port on top
of the clutch case.

¢{in
6.5 (396.83)
1.2{73.22)

Engine

Lube oil capacity Goarbox
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4JH2 Series

3-2.45 Flling with cooling water

(1)} Open the frash water tank cap and fill with water.
£{in2}

8.7 (408.83)

Fresh water tank capacity l

{2} Fill with water until the level in the sub-tank is between

the fizli and low marks.
2 (in.8)

Low
0.2 {(12.20}

Full
0.8 (48.82)

Sub-tank capacity

3-2.46 Check fuel iniection timing

{1) Open the fuel tank cock and shift the fuei feed pump
priming lever {or air bleeding.

F.O. feed pump F.O. faed pump

priming marks

(2} Check injection timing by tuming the fiywhee] and
tooking through the inspection hole in the flywheel
housing.

Inigction
timing marks\

T.D.C.~
1
{or 2,3}

Fiywheal
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(3) K injection timing is off, change the mounting position
using the long hole in the injection pump mounting
flange. Tuming the fuel feed pump towards the
cylinder block slows timing down, while movernent in
the: other direction makes it faster.

£(in.9)
4JH2E b.TDC 10°
N 4JH2-TE b.TDC 12°
uel injection 4JH2-HTE b.TDC 14°
timing (FID)
4JH2-DTE b.TDGC 10°
4JH2-UTE b.TDC 12°
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4. Bolt/nut tightening torque

3JJH2 Series

4. Bolt/nut tightening torque

Engine Turbacharger (RHB52)
L Thread dia. Tightening Wrench o Thread dia. Tightening Wrench
Description X pitch torque , Description x pitch torque .
mm kg-m (ft-Io) mm (in) mm kg-m (ft-1b) mm {in)
Cylinder 7.5~85 14 Turbine 10.0 ~11.0 10
head botts MIOX1.25 | 5024 _51.47) | (0.5512) chamber bolts M6 (72,33 - 79.56) | (0.3937)
Connecting M9 x10 50~55 13 Blower M5 35-45 8
rod bolts : (36.16 ~ 39.78) | (0.5118) chamber bolts (25.31 ~ 32.54) | (0.3150)
7.0~80 17 Thrust 0.7-09 o
‘Flywheelbolts | M10X1.25 | 15663 . 57.86) | (0.6693) metal bolts M3 {5.06 ~ 6.50)
115 ~ 12.5% Seal M3 07~08 _
Crankshaft Mi4x 15 | (8317 ~9041) 19 plate screws {5.06 ~ 5.78)
V-pulley bolts : B.5 - 9.5%% (0.7480) Blower M5 18-~22 8
(61.47 - 68.70) blade nuts (13.01 ~ 1591} | {0.3150)
Main 105 ~ 11.5 17
bearingbotts | M12X1.5 | 7594 . 83.17) | (0.66%0)
Fuel pump gear 60~70 17
nut M12X1.78 | (4339 _50.63) | (0.6693)

#* For P.T.0O. V-pulisy (optional) (material: steel)
## For standard V-pulley (material: casting iron)

Tightening torque of the standard bolts & nuts for genera! use.

—[NOTICE]

@ Apply the following tightening torque to bolts having "7" on the head.
(JIS strength classification : 7T)

O Tighten bolts with no "7" mark to 60% tightening torgue.

QO If the parts to be tightened are made from aluminum alloy, tighten the bolts to
80% tightening torque.

Eoot

P
Ve ?

Bolt dia. X pitch mm | M6x1.0 | M8X1.25 | M10X1.5 IM12x1.75] M14x1.5 | M16Xx1.5
N " N'm | 10.8+1.0 | 25.5£2.9 | 49.01-4.9 | 88.3+9.8 | 137+9.8 | 226:-9.8
Tightening torque ¢ ¢ my | (1.1+0.1) | (2.60.3) | (5.0£0.5) | (9.0%1.0} | (14.01.0)[(23.0%1.0)
Name Thread diameter Tigm?ig(ggftf:r:;ue

18 9.80 (1.0)
114 19.61 (2.0)
PT plug
a8 29.42 (3.0)
112 58.83 (6.0)
M8 14.70 (1.5)
M12 29.42 (3.0)
Bali joint bolt
M14 44.12 (4.5)
M16 53.93 (5.5)
10-32 Printed in Japan
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4JH Series
L ]
5. Test running
5-1. Preliminary Precautions
Before making a tsst run, maks sure of the following
points,
{1) Warm the engina up.
(2) Remove any pracipitaticn from tha F.O. filter, water
separator, anc F.O. tank.
(3) Use only lube 2il recommended by Yanmar.
(4) Be sure to add Yanmar anti-rust agent to fresh cooling
water.
(5) During cold weather, add Yanmar anti-freeze to the
cooling water.
{6) Provide good ventilation in the engine room
5.2 Check Points and Precautions During Running
Step Item Instructions Precautions
1 Checks before 1} Make sure that the Kingston Cock is open.
operation 2) Make sure there is encugh Iube oil and {fresh) cooling
water.
3) Operate the remote control handle and check if the 3} Lamp should go off when engine is
devices connected to the engine side work properly, running.
2 No load operation; 1) Glow plug is provided to aid engine starts. 1) Even if one glow plug should break,
warm up operation When the lube oil temperature is raised to allow the the rernaining plug works.
engine to start, the pilot lamp goes off.
2) When the engine is started, check the following: 2)
= there is no water and no oil leakage. *» Fix leaks if any.
= gas does not leak when the engine is started. * Check the intakefexhaust valves,
« there are no abnormal indications on the instrument F.O. injection valve, and cylinder
panei. head.
* there is no abnormality in cooling water cischarge,
engine vibrations, or engine sounds.
3} To warm up the engine, operate at low revolutions for 3) Do not raise the engine revolutions
about 5 minutes, then raise the revolutions to the rated abruptly.
rpms and then {0 max. rpms.
3 Cruising (load) 1) Do not operate the engine at full load yet, but raise the
operation rpms gradually for about 10 minutes until they reach
rated rpms.
2) Make sure that exhaust color and temperature are normal.
3) Check the instrument panel and see if the water
temperature and oil pressure are normal.
4 Stopping the engine | 1) Before stopping the engine, operate it at 650—700 rpms 1) Stopping the engine suddenly during
for about 5 minutes. high speed operation increases the
temperature of engine parts.
2) Raise engine rpms to 1,800 just before stopping the 2) This procedure prevents carbon from
engine and idle the enhgine for about 34 seconds. being deposited on the valve seats,
etc.
5 C_hecks after stop- 1) Check again for water and oil leaks. 1) Check the oil seal area.
ping the engine 2) Make sure that no nuts and bolts are loose. 2) Especially the engine installation
bolts.
3) Close the Kingston and fuel cocks.
4} When the temperature is expected to tall below freezing, 4} Drain from the sea water pump,
drain the cooling water {sea water).
5} Turn off the battery switch.
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4JHE/MJIHZE PARTS DIFFERING IN SHAPE i
! . . - -
‘ Spacification
Ha Part 4JHZE Seri Romson for T " g ymark
Current 4JH-OTE [— -~ - Se o5, Differsnce Fmarke
: o 4JH2E 41H2-TE 4JH2-HTE 4JHZ2-DTE 4JHZ-UTE .
“Output | S5 70HP/3500rpm 4673400 57/3400 6973400  80/3400 |
1, Max. Clutch output Clutch output Cluteh gutput Clutch output Cluteh gutput Clutch output indication in !
" 7IHP/3E00rpm 48/ 3600 60/3600 F2/3800 8543600 95/3600 Fan?feplahte Ils .
: . pinhN or Fywhos
i Flywheel output| Flywhes| output| Flywhes! output| Flywheal autput | Flywheel output : DUth{‘I |
| 50/ 3600 62/3600 7573600 84/ 3600 10073600 ;
Cysindor 129472-01000 12857301000 Bore anlargarnan| DE39N change m
z bfock CMP for cyl. wisleeve —_— —_— — . for sleevalt?ss oyl o w sleevale!s;s corner of marn
Cyl. block: structurs bearingt 2=2.5]
- .. e 120402-01010 .
2 Cylinder siesve | (120472-01100) - . . Nona by eedeent
.. [rp—— - gt”‘x:ture
4 | Cyl. head gaskst. @ 78mm bore, for ¢yl (129572-01340 Bore enlgr gement
w/sleave ! Srommets (a1 both 1.3t ay pitedicks
No grommats -0135 sirJcTurs
{8t bath ends} 4IH2 rame -{011';{%1)3
&JH tlamp —> — {1.51)] -
standard
PB2Zmm for
sleavelass eyl
& Enging name 129473070140 J129570.07010] [129671-070107 [129572-07010] ] (1285673-07010) [129574-07010]
. plate 47020 . .
P Modal: 4JM-DTBE | Model: 41M2E Maodal: 4JH2-TE | Maodal: Maodal: Medal:
4JH-DTE . 4q|—_1?_-!—|TE 4JHZ-DTE 4JHZ-UTE
6 | Metal cap 10205 kym N£8.5 kg-m P mas, J:—IEdmazs-
tightening ! ntrease pA:fuurc?Jl-l the
torque I : : 3 ¢ torqua will be
changad to
- Hkgm.
7' RAocker arem (129150-11260] [128165-11260) Rotker arm
o suppart -1127%0 11270 suppart of )
: Mada of FCD —_— —— - — Made of ACD ——— currant 4JH is
[ to ba changed
| ] ] ) I atso to of ADC.
8 Supercharger | (120474180011 None (129571-18000] {125474-18001] ($29473-130600) Carbustios RHE5Z
, ! anpo [ VHP1ZNF 5200 I HP1ZNW  Sama as curregnt| 5200 HP1GNW performante {Water eooling]
BRLI51T1E BRL3511E i 4JH-DTE ?SI&E;EHE ¢ MY&s
- . . . . « ype o -
MYeo MYe? LA 4JH-DTE) MY3 I
Abbraviation: |
LMY 3T . , \
| . _ ¥ — _,.—_|
9 Crankshaft [126474-21010) [128572-21010) P mag, .
: | 5L Md40 SCM440 InGrease |
Discrimination -— R —_— Rasintored - .
‘ | Starmnp: C Discrimination
! {an No.4__a_r__m__,‘r___ {$ama as laft) (on No.4 arm) |
10: Flywhesl GMP (120472-21590) (129573-21690) To make it |
U R ‘gns'gdua - — apal:cat]la
"lﬂ'"' ’mr e thSA: B polinn) twBab ta! |
Piston {120474.2201D) (12957022010 29572220101 (126673220100 Bors enlarairy. | 4JHZHT '
" dia 78mm Troidal ; dis S2mm YEEC (Pata . Blmm YPBG Baiel} din F2mm YPRC (Paral Combusicn | 4) HZ-DTE
Stamp A _— umoc £ -~ performance | differ in
combustion
) ) } ! charmber only.
12| Piston ring ' [126850-22100] [129673-22100) Bore en-argamen:; Difiar in
{Top} : Chrame-piating on ——— — e m Chrome-plating - ' matarial
- 1 taces an 3 faces
Piston ring(2nd). [128765-22120] — = —_ — (129351221007 | Bera aniargament
sl ring [128745-22200) {128673-230140) Boraenlargament| Differ in
. ¢ . —_— — —_— -— materinl
o o . o .
" Cor :[129150-23010] _{128573-23010) ip
13 Conn, rod . Smn:% gng; Stralght R gMI“ mg: Tapsr in?es:s‘e
L1 end: - 2 » + Small end:
H'u:‘::lil.- 2rmaiy Ho!_a dl'l.‘_ 3lmm "
+ Tightening tarque: + Tightoning tarque- |
45~E.0kgm 5.0~ 5.5 kg\m ] !
- p . [120150-223000 (129573-32300) P max.
14| Pigton pin dia. 26> £ 68ram » > > dia.28X {EOmm | % Vs erease
Pistan pin (129100-23100) - = » {128573-23100) . iP max.
15 makal dia. 66mm Straight dia. 238mm Tapsr increags
" Piston pin 1121100-22400) 122252000280’
16, . Coil{Round) —_— e ] —_— Cirelip(Flat) - ———e
| Sneerning For dia. 26mm hole ] i ~ For dia. imm holg .
17 Seawater pump | 120470-425007 fady (T29E73-42500] gt | Increaza in That For 4JH2
h B Discharga capacity: !
Digcharge capacity: 17508 hr heat 1e changed in
32508 /hr > - Stamn ’ - - exchasgea dasign and
Cam lift: 4.5 cRw [Com ift salaris eppliod to
Lol am It 2.9mm . incraasad)bmm currant 4)H.
18| Frash water ([:1 29;1?0-440!0& C[1295?3-44010] |nzresse in
cooler ooler inset dia, ooler inset dia. heat \
{Bodyl 768.5mm - - » . BAmm ; d exchenged
Langth: 451mm | Length: 481mm

Canorig |
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at site reassembly )

o
4JHE/AJHZE PARTS DIFFERING IN SHAPE
i T $pecification
R . - FHaason for
Mo Part " Current 4JH.DTE | _ 4JHZE Saries . Ditherance Remarks
1JH2E AJH2TE | 4JHZ.HTE 4UHZ-DTE | 4JHZ-UTE
19| Frashweter (12947344111 ‘ (129573-44111) Increase in
cooler Core dia. 76.5 mm -~ -~ Core dia. B3 mm - heel e
(Covler core) A=) 32§ of ' A=0.416 i Bugharges
. . o ! | .caloruas
20| Freshwater [129‘?0—44450} | [1295?3-21223% i
cooler 4440 - -— h . -—
(Side cowary  Cooler inset die. Coolar insat dia,
76.5 mm B3 rmm .
21| Fuel injection | Rstraction wolume Reatraction volume Same as right, Botraction vol. me . Combusgtian
pump governor | ¥ mm?*/st 238 rmen® st - differs in W mmiisr performance
Cut amt,; .06 mm Cut grnt,2 injection ar‘mum gt| Cutamt.:0.13 mm Standization
W0/ Boost 2ompenssator W/Baost compensatar B paint on © W/Bpost sompensator Bt accelers-
[729473-51300] [723570-51300] (728578-51300; 5?2 513JOJ (72957351300 non
(B354) (B471) [B445] [B434]
22| Fuel injection | :729895-51300] . ‘ [729595-51300] Gombust.on B
80254 % 10 §-0.23¢ » 159 5,26 ¢ » 145° §-0.26 ¢ X 1407 -0, = paricrmance
| nozzle | a0 25520 165P 235,20 > a2z 140P 26620 570,254 X 180
23 Push rod [120150-14206) : (11917114400 Stress
dim. f mm dia. 8.5 m reliavirg
Material=5T K H12¢ R —_— —_— Msterial=5TK M16C -
; . ) _ yullow pain .
24' Cyl. head Asbestos used Non-asbastos Non-asbestos |
_ packing e - - ‘Material; $F7000] “ LSpg:?:dt?Dbe !
I l eurrant 4JH |
It . .
25 Qil pan E: Deap type it Hote added lor To make it 0il pan for
BE: Shallow typs [ front P.T.0 aoplicable curfnn[ 4JH iz
I I lracket to bwir i
i?1 Seraw hal h changed in
—_— —_— — T 1%, for -— inatallat or design
Sh | dipstick . {Applied glso
allow | 1pstic i t SIHE
Type | . Added alsu iy turrent
©1 non-control sids Series)
26| Cover (123470-43540; [128573-48540; Following |
{ Thermestat) sipngatior
g————— - —_— a————— of fresh
WELSr [ogler
Mo, '8, M ‘
27| Marine gear
Model: K M4A |
Input shaft Input shaft ' - Maas.re for il
C | Oil saal: Miteil Oil s8al: Acryl " emr.
| Shaft, case: il - | Measuefor |
supply amt wear out 0 :
—_— —_— —_— PRty : - £riction peate
increaged S Kot
f To maka it
i applicakls to
i Langth: 7 mim * the clutch ‘ess
ingregsad engines
| = .. .-
:fCooilng Nene None None I Nana Added - Qil temp.
an reduced
28| Intereonler [128473-18101) None C None ;[,E?:?f?ﬁ;gf f}fsgg?:f;§1fm]
) - or
Corrugated type used also for $JH-DTIBI(E) - ,
ol L AJH-HT{E; ] .
29 Air intake duect | Ben: ribber hose Nane  Aluminum pips Alurminusm pips Pravantion of $1bpeipe if.a{lj“
and rubber joint. e and rubber joint. - hose slipping| oo cur?gﬁtle .
. L oft 4JH-HTE/DTE
30| Starter Coriventional typa Raduction type Unification :
J124250.0010 e —— — 1295737701 Uﬁ’ - of parts :
31 Wirshernass Witheut relay 2 & 4 rn: Without Following | Optional
) —_—- —_— —_— al -—— h
_; Extensioncord | fforall2 4 6m) | T | T N Erms with/relay o :?agrete_r
32| Marmegear | kgwz (5] KBWZ (§) e — KBW21 (S] - (51 Flywheai
Madel: KBW 4 ; : . changsd for’
[SG‘ ; (6] (&l appligalipn
Inoutshalt |angth ) Input:hl‘tllm;tﬂ:l' mun InplT#hair lenglh 7 mmuo | to Bobtai |
| Added ' I
| Mang & N !
iC:no ing Same @5 K MoA ane Nong | ggmg as
. ! 177073-62190 | |
— T :
337 Head balt T=B*0.5 kg-m Tt=9h*—“0.5 kg-mm | P. max, Applied also
tightening —_— — IR 81 ENOE agsamily : incragse to current
{T=8£0.5 kg-m - 4JHE Saries
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