In servicing the engine proper, use the following tools and measuring instruments.

Special Tool Name
Valve Lifter

Nﬂzzie Tube Remover

Nozzle Tube Stamp
' Nozzle Tube Installer Flange
_Nﬂzzle Tube Instailer Bolt

Rocker Bushmg F’uller

Use

MHOG61668 ' Removal and installation of inlet
MHO61679 'and exhaust valve cotters
MH061232 |Hemwal of nozzle tube
MHO61229 | " 5
MHO61416 Installation of nozzle tube
MHO61231 B ]
IMHO61236 | Removal and installation of rocker

bushing

Vale Guide Puiler

ICaquing Tool, Exhaust-
Eaulkmg Tool, Inlet

30091-08100

MHO61651

Ftemnval and InStE"Etlﬂﬂ of valve

guide

Caulking of valve seat insert

Valve Stem Seal Installer

R

ear Pul

Iston ng T{}DI

%

ts’tﬂﬂ (Guide

131191-03200

.;MHC'S ]_550
MEO67431 Instaliation Df vaive stem seal
MHOG61061 Removal pf gear anc:l puiiey

31191-02800 'Removal and installation of piston

L rINg
Insertmn of piston

onnecting Rod Bushing Puller

[

MHO61238

Hemwal and installation of
connecting rod bushing

'ldler G‘Eﬂ:" _Bﬁ_s“l;ing F'ull_er

Cyilnder Ltner Extrac:tﬂr

MHO61490 Removal of cvlinder liner

Cvlinder Liner Installer

MHOBTZEB_ o Removal and installation ﬂf- IC"EI'-

gear bushing

31191-03101  |Installation of cylinder liner

Front Slinger Installer

MHO61247

Installation of front sllnger

Oil Seal Sli_n_ger l_nstaller

General tools and measuring instruments

Snap ring pliers
Varnier calipers
Portable jack

Torque wrench

Micrometer

Spring tester

Caliper gauge Valve seat cutter
Thickness gauge Dial gauge |
Connecting rod aligner Square '

MHO61652 Installation of rear oil seal slinger

Straight edge

Cy_fi___i_n_d_er gauge Valve lapper !




7-1 DISASSEMBLY

This paragraph contains the procedures for disassembly of the engine proper with the engine
auxiliaries removed. For removal and installation of the auxiliaries, refer to “Group 6 Removal

and Installation of Auxiliaries.”

For disassembly of the individual parts, the operational procedures aimed at their overhaul
are shown, but the procedures are simply fundamental examples.

They may be changed as the occasion may demand.

As for the cylinder head and valve mechanism, the procedures for only one cylinder are

shown. For the other cylinders, follow the same procedures.
When proceeding with disassembly operations, observe the following precautions.

=(1) Use proper tools suitable for disassembly operations to prevent damage.

O

O
UX2) For parts which might cause confusion at reassembly, make alignment marks on functionally

safe points before disassembly.

3) The disassembled parts should be kept in order to prevent confusion. The parts independently

assembled for each cylinder should be kept in a separate place to eliminate the possibility
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of their reinstallation in different positions.



7-1-1 Cylinder Head and Valve Mechanism

cracks, scale 1
deposition, damage

-
| O
L O
L2
| S Carbon deposition,
C bum, cracks,
| O damage, ridge wear
=
©
O
O
al
1 Rocker cover 13 Valve cap
2 Rocker bracket mounting bolt 14 Valve cotter
3 Cylinder head bolt 15 Upper retainer
4 Thrust plate 16 Quter valve spring
5 Rocker 17 Inner valve spring
6 Set screw 18 Valve stem seal
/ Rocker shaft 19 Lower retainer
8 Rocker shaft bracket 20 Valve
9 Push rod 21 Nozzle tube
10 Cylinder head 22 Water director
| 11 Crankcase side cover 23 Sealing cap

12 Tappet




(1) Remove the following parts.
1 Rocker cover
2 Rocker bracket mounting bolt
3 Cylinder head bolt
NOTE @ Where the push rod i1s forcing
the rocker up, the rocker adjus-
ting screws should be loosened

before all bolt are removed.

(2) Remove the rocker shaft bracket assem-
bly from the cylinder head.

NOTE © The rocker shaft bracket assem-

bly is set in position on the cylin-

der head by spring pins.

) Remove the following parts.
4 Thrust plate

5 Rocker

6 Set screw

7/ Rocker shaft

8 Rocker shaft bracket
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(4) Withdraw the push rod 9 and remove

the cylinder head 10 from the crankcase.

NOTE : 1. To remove the cylinder head,
make sure that the injection
nozzie is removed before-
hand. If the cylinder head
with nozzle mounted 1s pla-
ced on the work table, da-
mage to the nozzle end proje-
cting from the bottom surface
of the cvylinder head will re-

sult.




2. When the cylinder head gasket is removed, make sure that the cylinder head

and crankcase are not scratched.

3. Since the cylinder head is located by dowel pins on the top surface of the crank-

case, make sure that the cylinder head is lifted straight upward when removed.

(5) Remove the crankcase side cover 11 and

remove the tappet 12 from the crank-

Ccdse.

- .
(8) Remove the valve cap 13. Using Valve
Lifter(special tool) as shown, remove the

valve cotter 14.

NOTE : Make sure that the valve spring
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Is evenly compressed.

(7) Remove the following parts.

15 Upper retainer

16 Outer valve spring

17 Inner valve spring E,,fw..E

18 Valve stem seal | A

19 Lower retainer
20 Valve

NQOTE : When the valve stem seal was

—
co
|'

removed, make sure that a new

one 1s installed.




(8) Withdraw the nozzle tube 21 with Noz-

zle Tube Remover(special tool).

NOTE : The nozzle tube need not be re-

moved unless water leaks, gas

leaks, etc. are evident.

(9) If the water director 22 and sealing cap
23 are corroded, withdraw.
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1-2 Flywheel, Timing Gear and Camshaft

1 Flywheel

2 Oil seal retainer

3 Qil seal

4 Collar Streaks on fnction surfaces,
cracks, ridge wear, gears

5 Flywheel housing broken and badly wom

T




r e e e

NV:--Nominal Value

RL---Repair Limit
SL:«-Service Limit

Timing gear backlash
Crankshaft gear-idler gear “B”
NV 0.12 to 0.26 mm
SL 04 mm
Idler gear “A"-camshaft gear
NV 0.11 to 0.23 mm
SL 04 mm
Idler gear “A”-idler gear “C”
NV 0.11 to 0.24 mm
SL 04 mm
Injection pump gear-idier gear “C”
NV 0.12 to 0.25 mm
SL 04 mm
Power steering gear-idler gear “C”
- NV 010 to 0.23 mm
SL 04 mm

-y il

Qil hole

o,

| Idier gear end play

NV 0.1 to 0.28 mm
RL 04 mm

el
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—

7 [Camshaft gear end play
NV 0.05 to 0.22 mm
RL 04 mm

6 Camshaft

11 Idler gear “C”

/ Camshaft gear

8 Thrust plate
9 Idier shaft bolt
10 Thrust plate

12 Idler gear “A”
13 Idler gear “B”
14 |dler shaft
15 Rear plate




(1) Thread the mounting boit into the remo-

ving threaded hole to remove the fly-

wheel 1.

(2) Remove the following parts.

2 Ol seal retainer
3 Ol seal
4 Collar

5 Flywheel housing
Remove the o!l seal retainer with oil seal
attached by threading the mounting bolts

evenly into the removing threaded holes.
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NOTE : Do not remove the pointer mou-
nted to the inspection window

of the flywheel housing.

(3) Measure the backlash between the indi-
vidual gears. Parts that have exceeded

the service limit should be replaced.

NOTE : For a pair of gears, the backlash
should be measured at more
than three points to determine

whether it i1s acceptable.

Threaded holes for removal

holes for
removal oe

-




(4) Measure the idler gear and camshaft
gear end plays with a thickness gauge
and dial indicator. If the readings are over

the repair limit, replace the thrust plate.

(5) Loosen the thrust plate mounting bolt

through the camshaft gear hole and re-

move the camshaft 6.
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(6) Remove the lock nut and lock washer
of the camshaft gear and withdraw the
camshaft gear 7 with Gear Puller(special

tool).

Remove the thrust plate 8.

NOTE : 1. Do not remove the gears un-

less trouble i1s evident.

2. Do not strike the gears with
a hammer. Make sure that

the gears are removed by use

of a gear puller.

thrust plate .

| mounting bolt
through

this hole.

' i
Hemove {

- mounting bolt "'

!




(7) Remove the following parts.

9 Idler shaft bolt
10 Thrust plate
11 Idler gear “C”

12 Idler gear “A”
13 Idler gear "B’
14 Idler shaft

7-1-3 Crankcase and Main Moving Parts
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1
|

NV---Nominal Value
SL---Service Limit

Damage, discoloration

Cracks

Connecting rod end play
NV 0.2 to 0.5 mm
SL 1.0 mm

1 Connecting rod cap

2 Connecting rod bearing
3 Piston

4 1st compression ring
9 2nd compression ring
6 Ol ring

/ Snap ring

8 Piston Pin

9 Connecting rod

e Tl R e ™ I 1 I O e e ol . ™™ | e~ meiite sl "I —

7—() ,:)Q T
. ..

2

NV Q.87 to 1.33 mm

Scratches on outer periphery,
cracks on top, meited or
discolored

Inner or outer periphery damaged,
commoded or peeled

———




NV---Nominal Value
RL---Repair Limit

A "*\i

; , \ Qil hole

> N

i clogging =y ﬁhﬁ

19%.% A
16

‘iﬁs Damage,

A... '.'_1-". _.__p .:1-
i = } \
ot
T A

230

| . 18- -'—'"ﬁ corrosion or
\ : flaking of
\ ‘L 11 inner or outer |
| \ Oil leaks periphery
13 e
12
| Cracks, deterioration,
oil leaks
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corrosion,
flaking of inner
or outer periphery

Crankshaft end play
NV 0.09 to 0.23 mm
RL 04 mm

Scratches, cracks, pounding, é
seizure, oil hole clogging

10 Crankshaft pulley 16 Main bearing

11 Front cover 17 Thrust plate

12 Oil seal 18 Check valve

13 Seal plate 19 Ol jet

14 Main bearing cap 20 Oil spray plug 5

15 Crankshaft j



(1) Measure the projection of each piston
by the following procedures. If the readi-
ngs are out of specification, check all

clearances.

(a) Hold the dial indicator to the top su-
rface ot the crankcase and make

zero adjustment.

(b) Find the top dead center of piston

with a dial indicator.

(c) Measure three points on the top su-

rface of piston to find the average

value.
- NOTE : Make sure that the piston projection is up to specification, because an incorrect
8_ projection could cause adverse effects on engine performance.
@ __
(2) Measure the end play of each connecting S

rod. If the service limit is exceeded, rep-

lace the connecting rod.
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(3) Remove the following parts.

1 Connecting rod cap

2 Connecting rod bearing

3 Piston |

NOTE : When withdrawing the piston
from the crankcase by pushing

up together with the connecting

rod use care to prevent damage

to the cylinder liner.




(4)

Remove the piston rings, using piston

Ring Tool(special tool).

4 1st compression ring

5 2nd compression ring
6 Oil ring

(5) Remove the following parts.

N
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/ Snap ring

8 Piston pin

9 Connecting rod

It the piston pin is hard to remove, heat

it with a piston heater or in hot water.

Measure the end play of crankshaft. If
the reading is in excess of the repair limit,
replace the thrust plate with an oversize

one.

There are three kinds of oversize thrust
plates ; +0.15, +0.30 and +0.45mm.

The thrust plates on both sides of the
bearing cap need not be the same size.
However, the thrust plate on the rear end
of the crankcase and the one on the rear
side of the bearing cap must be the same

size.

Piston Ring Tool

Must be
same Ssize.

Crankcase

Thrust plate
Main bearing cap




(7) Remove the following parts.

10 Crankshaft pulley

11 Front cover

The crankshaft pulley should be removed

by threading the removed bolt into the

removing threaded hole.

NOTE : The oill seal 12 and seal plate

13 need not be removed unless

trouble Is evident.

(8) Remove the following parts.

14 Main bearing cap
15 Crankshaft
16 Main bearing

com

1/ Thrust plate
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(9) Remove the following parts.

18 Check valve
19 Ol jet

(10) Remove the oil spray plug 20 and

check to ensure that the oil hole i1s not

cloggea.
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7-2 INSPECTION AND CORRECTION

Clearance
BD 28 mm

NV 003 to 0.08 mm

RL 0.2 mm

Displacement |
SL 0.5 mm

T ProCarManuals.com T

SL

SL

Free length
NV 7346 mm

705 mm

Load/installed length
NV 325 N (33 kgf)/58.35 mm

275 N (28 kaf)/58.35 mm

Squareness
SL 2.5 mm

SL 62.0 mm

| Load/installed length

NV 120 N (12 kgf)/50.35 mm

NV 1191 to 11.93 mm |

Valve margin
Inlet
NV 2.2 mm

SL 100 N (10.2 kgf)/50.35 mm

BD---Basic Diameter
NV---Nominal Value
RL---Repair Limit
SL---Service Limit

Crankcase tappet hole to
tappet clearance
BD 35 mm
NV 006 to 0.10 mm
SL 0.2 mm

Exhaust

Valve stem O.D
Inlet valve | Exhaust valve

NV 11985 1o 11.86 mm"
SL 11.85 mm SL 11.85 mm

[ Valve guide to valve stem clearance

- Inlet valve Exhuast valve
BD 12 mm BD 12 mm
NVOOS o 009 mm | NV 009 to 0.12 mm
SL UfiTm | SL 0.2 mm

I NV 269 to 296 mm
_RL 35 mm

\

Valve seat Insert seat width

| Inlet valve
NV 0.25 to 0.75 mm
SL 1.0 mm

Distortion of cylinder head
NV 0.07 mm
RL 0.08 mm

| Sinkage of valve from bottom surface of cylinder head

Exhaust valve |

NV —005 to 045 mm
SL 0.7 mm

bottom surface
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BD---Basic Diameter
NV---Nominal Value
RL---Repair Lim#t
SL---Service Limit

Clearance
- BD 40 mm
| NV 003 to 0.06 mm
| RL 0.2 mm
)E
O
O
K2,
: CU
-
-
qV)
. -
qv
E
all
bushing clearance
lobe height and base BD No.1 6500 mm
circle diameter) No.2 6525 mm
BD ! No. 3, 4 6550 mm
(intake valve cam) | No. 5 6 6575 mm
Lobe height 56.167 mm No. 7 66 mm
Base circle diameter 47.334 mm | NV 003 to 0.08 mm
(exhaust valve cam) RL 025 mm
Lobe height 56036 mm— G
Base circle diameter 47.216 mm
Bend |
NV 005mm or less
RL 0.08mm
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BD---Basic Diameter
NV---Nominal Valua

RL---Repair Limit
: TR Open end clearance
TR L NV 04 to 0.6 mm
~ SL 1.5 mm
e —=
Cieaaéan E.EE mm Piston nng groove to piston nng
NV 001 to 0.02 mm $§aﬁ1r1gce
1 mm
- m — NV 002 to 0.08 mm
SL 0.25 mm
| 2nd nng
[ NV 005 to 0.08 mm
| SL 0.15 mm
| Oil ring
NV 0.03 to 0.06 mm
SL 015 mm
[ Clearance
{ BD 50 mm |
NV 0.02 to 0.05 mm |
RL 0.1 mm
il Clearance

BD 130 mm
NV 0.176 to 0.202 mm

Bend or torsion
RL 005 mm or less
Distortion of top surface

NV 0.07 mm or less
| RL 0.2 mm

Projection of cylinder liner

from top surface of crankcase
NV O to 0.08 mm

Inside diameter
NV 130.014 to 130.054 mm
RL 130.25 mm

Qut of roundness or cylindricity

NV 0.02 mm or less
' BL .03 mm

| Qil clearance
BD 84 mm
NV 0.07 to 0.13 mm
HL 0.25 mm

| Tension when free

| SL Less than 90.5 mm




T —
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BD---Basic Diameter
NV---Nominal Value
RL---Repair Limit
SL---Service Limit

Tension
Qut of roundness wl‘gLn Lﬁ;es tan
NV Eﬂ;ﬁ;"m 106.5 mm
RL 0.08 mm
e
Bend Cvlindricity
NV 0.04 mm NV 0.006 mm
or less or less
| RL 0.1 mm o |

BD 100 mm _I

NV 0.08 to 0.15 mm |
RL 0.25 mm




7-2-1 Valve Mechanism

(1) Calculate the clearance from the rocker

|.D. and rocker shaft O.D. |f the repair
imit 1s exceeded, replace the bushing

in the rocker.

(2) Replacement of Rocker Bushing
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Replace the bushing by the procedures
shown n illustration, using Rocker Bu-

shing Puller(specia!l tool).

NOTE : 1. Align the bushing and rocker

oill holes.

2. Face the bushing joint toward

the adjusting screw.

Measure the displacement, free length,

and installed length/load of the valve sp-

ring. If the service limit 1s exceeded, rep-

lace.

Dtsptacemant

{
!

f
X

I —
g
5

L
i L _F

Free length

L

B i “A‘":________---
. [’

I".In ;
\i_/___._--




(4) Measure the clearance from the tappet O.D. and crankcase |.D. If the service limit s exceedeq,

replace the tappet.

(5) Measure the push rod runout. If the ser-

vice hmit 1s exceeded, replace.

-2-2 Cylinder Head, Valve and Valve Seat -
Insert : l
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1) Measure the cylinder head bottom sur-

face distortion. If the repair imit 1s excee-

-._______.-b—"-—-*
———— ‘:;

ded, correct the distortion with a surface |

i
- = \
(L Q \ - A
o ONEGC—

N % ~ O

grinder.

NOTE : The height from the top to bot-
tom surface of the cylinder head = R O

after grinding must be more than e
129.8mm.




(2) Measure the valve stem Q.D. If it is smal-

ler than the service limit, replace.

An excessively unevenly worn stem

should also be replaced.

(3) Calculate the clearance from the valve
guide 1.D. and valve stem O.D. If the ser-

vice limit i1s exceeded, replace the valve

guide.

) Replacement of Valve Guide | I
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Using Valve Guide Puller(special tool),

replace the valve guide.

NOTE : When the valve guide is instal-

led, make sure that the valve

guide flange is securely seated

on the cylinder head. .

To install |




(5) Check the contacting condition of the va-

lve seat Insert and valve. If anything
wrong IS noted, correct or replace the

valve seat insert and valve.

NOTE : 1. The contacting condition

should be checked after ins-
pection/replacement of the

valve guide. —_— - —_—

2. When the valve is pressed
against a red lead coated va-
lve seat insert, make sure that

the valve 18 not turned.

om

(8) Correction of Valve Face

Grind the valve face with a valve refacer.
The grinding should be limited to a mini-

IMUuim.
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NOTE : 1. The valve seat angle is 45°.
2. Secure a valve margin of
more than 1.7mm for inlet

valves and more than 2.0mm

for exhaust valves. If these

margins cannot be secured
after grinding and correction,

replace.



(7) Correction of Valve Seat Insert

(a) Grind with a valve seat cutter or a

valve seat grinder.

(b) After machining, Iightsly grind by hol-

ding about #400 sandpaper bet- _

ween the cutter and valve seat.

NOTE : 1. The valve seat angle is
45°.

2. It the valve sinkage is
beyond the service Iimit,
replace the valve seat in-

sert.

(¢) Correct the seat width to the nomi-

nal dimension, using a 15° cutter.

(d) Seat the valve and valve seat insert.
Refer to Para.(9).
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) Replacement of Valve Seat Insert

Since the valve seat insert is cold fitted,

replace it by the following procedures.

(a) Grind the valve seat insert from in-
side to reduce the thickness, and re-

move it at normal temperature,

(b) Check to ensure that there is enough
interference between the cylinder

head and valve seat insert.

(¢) Cool the valve seat insert by immer-
sing in liquid nitrogen. The cylinder
head should be fully heated.

527 g'ﬂgmm 577 g'ﬁarnrn




(d) Using Caulking Tool(special tool),
install the valve seat insert and caulk

the periphery of the valve seat.

(e) Reface the valve seat insert so that

= the seat width and valve sinkage wiili
O

35 have the nominal dimensions.

©

-

C

©

=

©

O

O

an

(9) Seating of Vale and Valve Seat Insert

The valve and valve seat insert must be

In even contact throughout.

When the valve or valve seat insert is
corrected or replaced, make sure that
they are seated.

(a) Apply a thin coat of compound eve-

nly to the seating surface of the va-

lve.

NOTE : 1. Make sure that there is
no compound on the

stem of the valve.

Caulking Tool
Inlet
Exhaust

Valve seat insert




2. Use intermediate mesh compound(120 to 150 meshes) first and then

use fine mesh compound (200 meshes or more) for finishing.

3. If the compound is mixed with a small amount of engine oil, it can be

evenly applied.

(b) Using Valve Lapper(special tool),
seat the valve and valve_seat Insert. A

While turning the valve slightly at

a time, strike it against the valve seat

Insert.

) Wash away the compound in gas
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oil, etc.

(d) Apply engine oil to the contacting

surface to seat them with oll. 1

(e) Check to ensure that they are prope-

rly seated. B l
L ——— e




7-2-3 Flywheel

Check the ring gear. If broken teeth or
abnormally worn tooth surface are evident,

replace by the following procedures.

(1) Replacement of Ring Gear

(a) Removal

1) Evenly heat the ring gear with

an acetylene torch, etc.

2) While holding a protective rod.
strike the ring gear all around
with a hammer to force it out

of position.

(b) Installation

ward the flywheel.

3 ProCarManuals.com

) Friction Surface distortion

Place the flywheel on a surface plate and
move a dial indicator in the diametral di-
rection of the flywheel to measure distor-

tion.

Use of a portable jack will make it possi-

ble to take a more accurate reading.

It the distortion is in excess of the repair

limit, grind the friction surface.

1) Heat the ring gear with piston heater(approx. 100C) for three minutes.

2) Fit the ring gear onto the flywheel with the nonchamfered side of tooth end to

NOTE : If the ring gear shows an abnormal condition, replace the ring gear before me-

asurement.



(3) If the distortion of the surface making
friction with the clutch is in excess of

the repair limit, grind.

Make sure that the friction surface is pa-

rallel to surface A with in O0.1mm.

If the dimension of portion B exceeds

the service limit, replace.

7-2-4 Timing Gear

(1) Calculate the clearance from the idler gear |.D. and idler shaft O.D. If the repair limit is
exceeded, the bushing in the gear should be replaced.

QZ} Replacement of Idler Gear Bushing

Pressure Pressure
Replace the bushing by the procedures 4
shown in illustration, using Idler Gear
Bushing Puller(special tool).
TE: 1. 1 Il the bushi ith cha- | | Idler Gear | |
NOTE nstall the bushing wi o |

mfered side of gear 1.D. In-

ward.

2. After installation, check to

ensure that the bushing to id-
ler shaft clearance i1s within
the nominal dimension. If it
is below the nominal dimen-

sion, ream the bushing.



7-2-5 Camshaft '

(1) Measure the lobe height and base circle

diameter of each cam. If the difference 'Fwam*

between them is below the service limit,

replace.

(2) Measure the camshaft journal O.D. and crankcase 1|.D. If the repair limits are exceeded,

the bushing in the crankcase should be replaced.

V%

| %%

|

]
2%

angifemin} vas

A

®
=
§3) Replacement of Camshaft Bushing
O
al

Remove the camshaft bushing screws

to remove the bushing. Since the bu-

shing and crankcase are clearance fitted,

they are easily replaceable. [

NOTE : For installation, pay attention to

the following points.

[
1. Thread the set screw positi- |

vely into the set hole of the

bushing.



2. The number stamped on the
external periphery of bushing
near the set screw hole
shows the position where the
bushing is to be installed. In-
sert the bushings in the order
of 3-4-5-5-6-6-7/ from the

front. At that time, the set sc-

rew hole(@8mm) and threa-
ded hole of the crankcase
should be aligned.

(4) Measure the bend of the camshaft. If
the repair limit 1s exceeded, correct with

a press or replace.

NOTE : Turn the camshaft a turn and
read the deflection of the pointer,

using a dial indicator.

One half of the reading is the
bend.
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7-2-6 Crankcase and Cylinder Liner

(1) Measure the cylinder liner 1.D. at six po- ———————l

sitions shown 1n illustration. If the |.D. Size mark stamped

1S in excess of the repair limit, replace

or bore to oversize.

It the out-of-roundness and cylindricity

. g G oA 70 mm r - A ¢ Crankshaft
are In excess of the repair limit, take the or moal 2  direction
same corrective action. = Cn?ﬁk:nhga;

direction

NOTE : When a cylinder liner needs replacing, make sure that the liner with the same size

mark as that of the piston is selected.

— e - —— P e - 8

Piston size mark A

Cylinder liner size méf*k A

g




(2) Measure the cylinder liner flange to dete-

rmine whether it is projecting from the

top surface of the crankcase as specified.

If the projection i1s out of specification,

replace the cylinder liner or crankcase.

NOTE : If the projection is in sufficient,

the surface pressure around the
bore of the cylinder head gasket

will fall and cause gas leakage.

(3) Replacement of Cylinder Liner

(a) Remove the cylinder liner through Cylinder Liner Extractor
use of cylinder Liner Extractor(spe- H“*‘R

2%
( flad

B

cial tool).

\\

/I

B\
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(b) After the rubber packing and O-ring
have been Installed to the cylinder

liner, slowly insert the cylinder liner

Into the crankcase.

NOTE : Apply soap suds to the cra-
nkcase and cylinder liner fit-

ting portions and make sure

that the rubber packing and

O-ring are not twisted when

inserted.



(c) Securely seat the cylinder liner on Strike in.

"' Cylinder Linear Installer
liner

| 1
“#
-

i

o

the crankcase by lightly striking the

flange portion, using Cylinder Liner Cylinder

Installer(special tool).

NOTE : After installation, make leak Fb

test to confirm air-tightness.

Keep hold-down pressure

on the cylinder liner flange

portion.

(4) Measure the crankcase top surface dis-
tortion. If the repair limit is exceeded,

correct the distortion with a surface grin-

der. If the service limit is exceeded, rep-

lace the crankcase.

NOTE : When the crankcase is ground,

make sure that the piston proje-
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ction does not exceed the nomi-

nal dimension.

(5) Oversize of Cylinder Liner

Oversize(three kinds)
+0.5mm, +0.75mm and + 1.00mm

10 mm

(a) Selection of an oversize should be
accomplished in consideration of the O.D. measuring

maximum worn portion from all cyli-

nder |.D. measurements.



(b) Measure the O.D. of each oversize piston to be used, using a micrometer.

(c) Bore and hone-finish the cylinder liner so that the cylinder liner to piston clearance

will have the nominal dimension.

NOTE : 1. Even if it is only one cylinder that needs boring, make sure that all cylinders

are bored to the same oversize.
2. The piston rings should be replaced with corresponding oversize rings.
71-2-7 Piston and Piston Ring

(1) Replacement of Piston

(a) If the piston to be replaced is a stan-
dard(STD) one, select one of the
same size mark as stamped on the

cylinder liner.

(b) The weight of six pistons for a vehi-

cle must fall within the range of 10
g difference in stamped value of

weight.
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(c) Make sure that the piston rings are

aiso replaced.

(2) Measure the piston skirt O.D. and calcu-

late the clearance from the measured va-

lue of cylinder liner |.D., refer to Para.

7-2-6(1). If the nominal dimension is

exceeded by a large margin, repiace the

cylinder liner or piston.




(3) Measure the piston to piston ring cleara-
nce. If the service limit is exceeded, rep-

lace the piston rings or piston.

NOTE : 1. After carbon has been remo-

ved, measure the clearance

all around the piston.

2. Replace the piston rings as

a set.

The 1st compression ring
should be measured by pres-
sing the ring against the pis-
ton with a straight edge.
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Pt

) Place the piston ring in a standard gauge

P

or new cylinder to measure the open end

clearance.

If the clearance 1s over the service limit,

replace.
Standard gauge 1.D. 130+ Omm v
NOTE : Using a piston, push the piston | _ ]

ring In horizontally into a stan-

dard gauge cylinder.



(5) Calculate the clearance from the piston

pin O.D. and piston [.D.

If the clearance is over the service limit,

replace the piston pin or piston.

7-2-8 Connecting Rod

(1) Calculate the clearance from the piston

pin O.D. and connecting rod |.D.

If the clearance is over the repair limit,

replace the bushing in the connecting

rod.

Puller(special tool).

) Replacement of Connecting Rod Bushing

Replace the bushing by procedures shown in illustration, using Connecting Rod Bushing

— | ProCarMgnhuals.com

(a) Align the oil hole of the bushing with the oil hole of the connecting rod.

(b) Press the bushing in from the chamfered side of connecting rod end.

Oil hole




(c) After the bushing has been pressed in, insert the piston pin and check to ensure that

it turns lightly without play.

(3) Measure the bend and torsion of the connecting rod with Connecting Rod Aligner(measuring

Instrument ).

If the reading 15 in excess of the repair mit, replace or correct with a press.

NOTE : 1. Install the bushing and connecting rod bearing to the connecting rod before mea-

surement.

2. Tighten the connecting rod and connecting rod cap to the speciﬁed torque before

measurement.

- e -l 4 .

£ =100 mm

= =

8 0 Connecting rod aligner

7

5 ‘

> B e

-

g l Piston pin

= |

. -

qv

O

. -

a

C :
= I £ =100 mm
AT @
: ‘-’!1
E .-l"l == ;=.__ 4

7 i [
% 1 "‘j‘m'

Plstc:n pin




(4) Measure the free time tension of the co-
nnecting rod bearing. If the tension is
lower than the service limit, replace the

upper and lower bearings as a set.

NOTE : Do not use the bearing by artifi-

cially expanding it.

(5) Calculate the clearance from the bearing
.D. and crankshaft O.D. if the repair imit
Is exceeded, replace the upper and lower

bearings as a set.
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Measuring direction Measuring position




7-2-9 Crankshaft and Main Bearing

ME!&BUHH{{EIWH Measuning st

(1) Calculate the clearance from the main | I
— e
bearing |.D. and crankshaft O.D. If the :
repair limit Is exceeded, replace the upper | I

and lower bearings as a set.

% e
=
©
O
O
al

) Measure the free time tension of the I

main bearing. If the tension is below the

service limit, replace the upper and lower

bearings as a set.

NOTE : Do not use the tlearing by artifi-

cially widening it.

(3) Determine the out-of-roundness on the

basis of the crankshaft journal and pin

0.D. measurements. ' ]

If the repair limit is exceeded, grind to

undersize.




(4) Measure the bend of the crankshaft. If
the repair imit is exceeded, correct with

a press or grind to undersize.

NOTE : Read the crankshaft center jour-
nal runout with a dial indicator.

One half of the reading is the
bend.

(5) Correction of Crankshaft to Undersize
420 mm 54.079-2 m
If the journal or pin 1s damaged or seized,

grind the crankshaft by the following

procedures. Replace the bearing with an

undersized one.

(a) When the crankshaft is ground, take

care not to change the center dista-

nce of journal and pin.

(b) Grind the crankshaft in such a way

as not to change the width of journal
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and pin. ' e

(c) Finish the fillet smooth to the speci-
fied R.

(d) Check for ground cracks by the ma-

gnetic particle inspection method. -
| nnder grinding Finish grindi
The surface hardness(Hs 75 or »

more) should also be checked to

confirm that it has not decreased. OE
(e) To grind the crankshaft with grinder,
_ Grindstone
the grinder and crankshaft should Crankshaft:  Grinder or sandpaper

be turned clockwise as viewed from

the crankshaft front end.




(f) To finish the crankshaft with a grind-
stone or sandpaper, turn the crank-

shaft counterclockwise.

(a) Remove the oil seal slinger from the

crankshatft.

(b) Remove the gear from the crank-

) Replacement of Crankshaft Gear

shaft, using Gear Puller

(special tool).

NOTE : Do not attempt removing

the gear by striking.

| Journal O.D. Pin O.D. . Out-ﬂf—
Undersize o _ _ o | | Cylindricity
finish dimension finish dimension roundness
-0.08 -0.06
-0.25 99.75 83.75
B -0.10 -0.09
-0.08 -0.06
-0.50 99.50 83.50
-0.10 -0.08 _
-0.08 -0.06 !
-0.75 99.25 83.25 |
-0.10 -0.09 0.01 or 10.006 or
-0.08 -0.06 less less
-1.00 99.00 83.00
-0.10 -0.09
o -0.08 -0.06
o -1.25 98.75 82.75
-0.10 -0.08
g -0.08 -0.06
s -1.50 98.50 82.60
S -0.10 -0.09
=—
O
6
al




(c) Heat the gear to about 100C, using

a piston heater, etc.
Locate the gear so that the dowel

pin of the crankshaft will fit in the

notch of the gear and fit the gear

)

by lightly striking the gear end with

a soft hammer,

(b) Install the oil seal slinger, using Oil

Seal Slinger Installer(special tool).

NOTE : Install the oil seal slinger
with the threaded surface
toward the flywheel.

(7) Relacement of Front Slinger
(a) Remove the front slinger from the

crankshaft.

(b) Install the front slinger, using Front Crankshaft

Front slinger

Slinger Installer(special tool).

Front Slinger Installer 3

TN |

Bl s b s —— -

T]m_-_ e — — —
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7-3 REASSEMBLY

Observe the following items when proceeding with reassembily.

(1) Thoroughly clean all parts to be assembled. Check to ensure that there are no dust, oil

and water on the joining surfaces of the parts before reassembly.

(2) The gaskets, O-rings, packings, lock washers, split pins, etc. should be replaced with new

ones. Since gasket kits are available, use them at the time of an overhaul.

(3) Use of sealants is not required as a rule. Where use of a sealant is specified, however,

use the specified sealant.

(4) Parts for which a tightening torque is specified should be tightened to the specified torque.
Parts for which no tightening torque is specified should be tightened to the general boit

and nut tightening torque.

) Apply engine oil to all moving parts before reassembly unless otherwise specified.
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7-3-1 Crank case and Main Moving parts

Flange projection
NV O to

NV-.-Nominal Valve

RL --- Repair Limit
0.08 mm |

'
Locating pin
Replace lock washer
~ Bend lock
P 18 washer
19
r 2 Lug
1 direction
1 ‘
- 370 N m
Q (38 kgf m)
7 Wet
' . 1st compression ring
Expander sprin e
- g
% butt portion end gap direction
= 2nd compression -
® nng end gap Oil ring end gap direction
% direction 2 |
°
O 4
N :&“‘"’"ﬁ' T
34 N m g~ ?-.f’-i- — T J | Replace rubber ringl
(35 kgf m) 7 lx]'} !El[‘ sl
B : -
9
Replace gasket
Locating pin-f
175 N m
(18 kgf m) Face oil groove
l toward sliding
. surface
10 17 1300nnectlng n:::cl14 i5
Appi end play Crankshfaft end play
i ﬁpi grease Ny 0.2 to 0.5 mm NV 0.09 to 0.23 mm

RL 1.0 mm

Asse?nbling sequenée

20—>19—18—>17—>16—>15—14
398> 7—>6—5—4

]—-2-1-13-12-11-10

e

RL 04 mm

—— e — il




(1) Install the oil spray plug 20 to the crank-

cdse.

NOTE : Install the oil spray plug with the

arrow stamped on the plug to-

ward the top of the engine.

(2) Tighten the oil jet 19 and check valve
18 to the specified torque. After they
have been tightened, bend the lock wa-

sher to prevent turning.

) Install the thrust plate 17 and upper

main bearing 16 to the crankcase.
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NOTE : 1. Install the thrust piate with

the oil grooveless side toward

the crankcase.

2. Line up the lug of the main
bearing and the groove of the
crankcase. The upper main
bearing is one with oil holes.
Take care not to confuse it

with the lower one.

3. The crankcase and rear main
bearing cap rear end thrust

plates should be the same

size.

17

j \%j‘:‘"
groove




(4) Lift the crankshaft 15 with chain blocks,
etc. While keeping it in horizontal posi-

tion, slowly lower it into the crankcase.

(5) Fit the lower main bearing 16 onto the
main bearing cap 14. Install the main
bearing cap to the crankcase while tap-
ping it with a soft hammer. The thrust
plates 17 should also be installed to the
front and rear of the rear main bearing

cap.

NOTE : 1. The lug of the lower main

bearing should be on the
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same side as the lug of the

upper main bearing.

2. Install both thrust plates with

the oil grooveless surface to-
ward the rear main bearing

cap.

(6) Tighten the main bearing cap to the spe-
cified torque.

After reassembly, check to ensure that
the crankshaft can be turned lightly by
hand. Check to ensure that the crank-
shaft end play has the nominal dimen-
sion. Refer to Para. 7-1-3(6).

17

14 Thrust plate
‘ mounting pin

I

=

|
o |1

=

"y
_ e
Pl
6 ) %m _
'L_I'
S
] (] L]

370 N m

o

it

e il "'--._.--F"__""'"'_"“'-._-f

I

ol Pk gge=ala,




(7) Reassembly of Piston and Connecting
Rod

(a) When the piston 3 and connecting
rod 9 are installed, direct them as

shown.

(b) Insert the piston pin 8 to couple the

piston and connecting rod.

Fit the snap ring 7 to prevent the
piston pin from slipping out of posi-

tion.

If the piston and piston pin are hard
to insert, heat the piston with a pis-

ton heater or in hot water.

NOTE : The parts for an engine
must be of the same weight

mark.

I%oCarl\/lanuals.com
()
o 2

marks

HESTY o | i i

A B C D E F G H J K

(c) Using Piston Ring Tool(special tool),
install the piston rings in the follo-

wing sequence.

6 Oil ring
5 2n compression ring

4 1st compression ring

' { Etched cylinder
| numbur and in-

|
|

:fi scribed or etched
.i’i weight mark

Direct lug groove mark —
frontward. i" Inscribed

alignment mark

= TR T T e, e e e B —

Piston Ring Tool ‘




Install the piston ring with the ma-
nufacturer’s mark at the open end e S,

of the ring upward.

Direct the open ends of the piston

rings as shown.

2nd compression nng open end direction
open end direction |

Z N

ProCarMar@als.com

Fit the oil-holed upper connecting
rod bearing 2 on the connecting rod
in such a way that the oil hole will
match the oil hole in the connecting
rod, and insert the piston into the
cylinder liner, using a special tool
(Piston Guide).

NOTE : 1. Assemble the piston and
connecting rod so that
the arrow mark on the
top of the piston will be

directed toward the

front.

2. Make sure that the open
ends of the piston rings
do nt change their direc-

tions.
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3. When the connecting rod is inserted, be sure not to damage the cylin-
der liner and crankshaft pin.

4. The notched portion of bolt head should be directed toward the connecting
rod.

5. The connecting rod bearings are of two kinds, the upper and lower bearings.
Assemble by fitting the oil-holed upper bearing on the connecting rod with
the oil holes in alignment and by fitting the lower bearing without an oll

hole in the connecting rod cap.

115 N m

(e) Fit the lower connecting rod bearing " i
(12 kgf m)(wet)

2 without an oil hole in the connec-

ting rod cap 1 and tighten the cap

to the connecting rod to the speci-

fled torque.

NOTE : The lug side of connecting

rod and the lug sigde of con-

necting rod cap should be

In the same direction.

(f) Check the connecting rod end play. Refer to Para. 7-1-3(2).

(g) Check the projection of the piston. Refer to Para. 7-1-3(1).




(8) Fit the seal plate 13 and oil seal 12 into

the front cover 11 and install the front

cover 11 to the crankcase.

NOTE : 1. Apply engine oil to the oil seal
lips.

2. Check to ensure that the front

slinger pressed Into the cran-

kshaft 1s free from deforma-

tion.

(9) Tighten the crankshaft pulley 10 to the
specified torque.
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(1) Install the rear plate 15 to the crankcase

rear end.

The bottom of gasket installed between
the rear plate and crankcase will prot-
rude. After the flywheel housing has
been installed, cut away the protruding

portion.

NOTE : Do not apply sealant to the joi-
ning surfaces of the rear plate

and crankcase.

(2) Install the idler gears in the following

sequence.

14 I|dler shaft

13 Idler gear "B’
12 Idler gear "A”
11 Idler gear "C”
10 Thrust plate

9 ldler shaft bolt
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When the idler gears are installed, make
sure that the alignment marks are in alig-

nment,

Tighten the idler shaft bolt to the speci-

fied torque.

(3) Install the thrust plate 8 and camshaft
gear 7 to the camshaft 6.

The gear mounting nut should be tighte-
ned to the specified torque.

As for the lock washer, make sure that
its claws are fitted and positively bent

toward the nut.

10




(4) Install the camshaft.

NOTE : 1. When the camshaft is inser-
ted, take care not to damage

the camshaft bushing.

2. When the idler gears and ca-

mshaft gear are installed,

make sure that their align-

ment marks are in alignment.

(5) Check the camshaft gear and idler gear end play. Refer to Para. 7-1-2(4).

(6) Check the backlash of each gear. Refer to Para 7-1-2(3).

(2) Install the flywheel housing 5 to the cra-
3 nkcase by tightening to the specified tor-

que.

Measure the mounting condition(eccen-
tricity) at the flywheel housing joint. If

the pointer of a dial indicator defiects

ProCarManuals.c

beyond the repair limit, loosen the bolts
and lightly strike the housing to correct

the mounting condition.

NOTE : 1. The protruding bottom ends
of the gaskets between the

rear plate and crankcase and
between the rear plate and
flywheel housing should be

cut away.

2. Do not apply sealant to the
mounting surfaces of the rear

plate and flywheel housing.



(8) Install the collar 4 to the idler shaft boit
and tighten the nut to the specified tor-

que.

(9) Install the oil seal retainer 2 in which
the oil seal 3 was pressed to the flywheel

housing.

NOTE : Apply engine oil to the sliding

surface of the oil seal.

(10) Install the flywheel 1 to the crankshaft
and tighten the bolt to the specified

torque.
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(11) Measure the flywheel mounting condi-
tion(runout). If the pointer of the dial
indicator deflectis beyond the repair li-

mit, check the bolt tightness or moun-

ting surface.

Apply engine oil




7-3-3 Cylinder Head and Valve Mechanism

* Install valve spring

with the side painted

In green directed toward
5 17 cylinder head.

—

{‘.&\L 11

il T ks |

Replace gasket

------

s 6 mm 22 23 2 mm
) Aligne inscribed
» line of cylinder
= head with notch
of water director

o Replace gasket

N 12 195 N m 34 Nm
B (20 kgf m) (35 kgf m)
£l

11

Assembling sequence

| 23320321205 18—19—-17—16—16->14 »13 >
L 12—11—=10-9-8—-76 25 24 +3—2—1




(1) Install the sealing cap 23 and water dire-  Water civacdng

ctor 22 in the cylinder head. Align notch with this line Sealing cap
| o Cylinder head f@ z |
NOTE : Install the water director with its

notch directed as shown.

(2) Installation of Nozzle Tube |
Tum down until

stamp is exposed
in bottom surface |
of cylinder head. |

Seat nozzle tube
by tightening to '
15 N m (15 kgf m)
torque

(a) Apply sealant to the end of the noz-

zle tube 21 and insert into the cylin-

der head together with the O-ring.

(b) Using Flange(special tool), press

the nozzle tube against the cylinder.
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(c) Apply engine oil to Stamp(special

tool) and insert into the nozzle tube.

(d) Thread Installer Bolt(special tool) to
push the stamp until 1t can be remo-
ved from the bottom of the cylinder
head.

(e) After the nozzle tube has been insta-
lled, perfrom hydraulic test to check

for water leaks.(Test pressure 195
kPa or 2 kgf/m?)



(3) Install the following parts.

20 Valve

18 Valve stem seal

The valve stem seal should be iInstalled Valve Stemn Seal Installer

by applying engine oil to the lip and stn-
18

10

king down Valve Stem Seal Installer

(special tool) until it touches the cylinder
head.

NOTE : 1. Before the valve i1s installed,

apply a small amount of

engine oil to the stem.

2. Ater installation, check to en-
sure that the valve stem seal
spring has not been defor-

med or damaged,

) Install the forllowing parts.
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19 Lower retainer |

17 Inner valve spring
16 QOuter valve spring

15 Upper retainer ‘
14 Valve cotter
13 Valve cap

Install the valve cotter, while compres- |

sing the valve spring, using Valve Lifter

(special tool).

NOTE : 1. Install the valve spring with
the closely coilled portion
(blue painted) toward the cy-

linder.




2. When the valve spring is co-
mpressed with the valve lifter,
make sure that it is evenly

compressed.

(5) Insert the tappet 12 and install the cran-

kcase side cover 11.

(6) Seat the cylinder head 10 on the crank-

case, while lining it up with the locating

pin.
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(7) Assemble the rocker shaft bracket asse-

mbly.

8 Rocker shaft bracket
7 Rocker shaft

6 Set screw
5 Rocker

4 Thrust plate




(8) Install the push rod 9 and rocker shaft

bracket assembly.

NOTE @ Install a new O-ring to the bot-

tom of the rocker shaft bracket.

(9) Install the following parts.

3 Cylinder head bolt
2 Rocker bracket mounting bolt

1 Rocker cover

Temporarnly turn down the cylinder head
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bolts in the sequence shown. As a final

step, torque them to specifications.

195 N__m_{zt".ﬁcgf m,)(wet)




