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Engine-proper

STRUCTURE AND OPERATION

P29712

1 Cylinder head
2 Head idler gear
3 Camshaft frame
4 Camshaft gear (Exhaust side)
5 Exhaust camshaft
6 Camshaft gear (Inlet side)
7 Inlet camshaft
8 Exhaust valve
9 Exhaust rocker shaft

10 Short rocker
11 Rocker shaft spring
12 Long rocker

13 Rocker cover
14 Short rocker
15 Inlet rocker shaft
16 Valve spring
17 Inlet valve
18 Piston
19 Flywheel
20 Connecting rod
21 Balance shaft RH
22 Rear plate
23 Crankshaft
24 Upper crankcase

25 Lower crankcase
26 Balance shaft LH
27 Injection pump gear
28 Balance shaft gear LH
29 Vacuum pump gear
30 No. 1 idler gear
31 Crankshaft gear
32 Oil pump gear
33 Balance shaft gear RH
34 Fan shaft assembly
35 Idler gear assembly

The 4M50T2 engine is of the double overhead camshaft (DOHC) type.  The valve mechanism and timing gear arrangement
is illustrated above.

3

2

1

35

34

33

4

5
6

7
8

9
10

11
12 13

14
15

16

17

18

19

20
21
22

23

24

25
2627

28
29

30
31

32



11A-5

11A
Cylinder Head, Cylinder Head Gasket, Camshaft and Camshaft Frame

1 Bolt (× 2)
2 Bolt (× 13)
3 Camshaft frame
4 Camshaft bearing (Upper)
5 Exhaust camshaft
6 Camshaft bearing (Lower)
7 Inlet camshaft
8 Cylinder head
9 Cylinder head gasket

10 Cylinder head bolt

A : Locating pin
B : Locating pin
C : Notched portion
* : Front

• The camshafts 5 and 7 have their journals supported by the cylinder head 8, and are held down from above by the
camshaft frame 3.

• The camshaft bearings 4 and 6, both upper and lower, are identical parts.  When they are reassembled, however, be
sure to reinstall them in their original positions, as they were before disassembly.

• The exhaust camshaft 5 and the inlet camshaft 7 have the same gears but use different cams.  Use care not to confuse
them at reassembly.

• As for the cylinder head gasket 9, select and use one of proper thickness suitable for the projection of the piston.  The
thickness of gaskets is identifiable by a difference in the shape of the notched portion C.

• The bolts 2 (× 13) are threaded into the cylinder head 8, whereas the bolts 1 (× 2) are threaded into the front case *.

P29713
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STRUCTURE AND OPERATION
Valve Mechanism

P29714

1 Short rocker
2 Long rocker
3 Exhaust rocker shaft
4 Inlet rocker shaft
5 Exhaust camshaft
6 Valve collet (keepers)
7 Upper valve spring retainer

8 Inlet camshaft
9 Outer valve spring

10 Inner valve spring
11 Cylinder head
12 Inlet valve guide
13 Inlet valve
14 Inlet valve seat

15 Exhaust valve
16 Exhaust valve seat
17 Exhaust valve guide
18 Valve stem seal
19 Rocker shaft spring

• The rockers come in two types; short rockers 1 and long rockers 2, and are mounted in different directions as illustrated.
• The valve springs include the outer springs 9 and inner springs 10.  A pair of outer and inner springs are used for each

valve.

3 2 2 2 2
3 6 7 4

8

9

10

11121314151617

3 19 5 2 1 1 2

131511

18

5

2 2 2 2

1 1 1 1

14 1 1 1



11A-7
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Connecting Rods

1 Connecting rod bushing
2 Connecting rod
3 Upper connecting rod bearing
4 Connecting rod bolt
5 Lower connecting rod bearing
6 Connecting rod cap

*a : Weight mark stamp
“A” to “G”
(where “A” indicates the maximum
connecting rod weight.)

*b : Alignment mark
*c : Alignment mark

Pistons
a : Part number
b : Weight mark
c : Size mark

“A”, “B”
Pistons marked “B” are larger than
those marked “A” at the outside
diameter.

d : Front mark
Indicated by “●”.

e : Strut

• Pistons to be used can be selected by match-
ing the size mark of the piston with that of
the cylinder liner.   P11A-11

• The piston is made of special aluminum al-
loy.  Its total height is relatively low and both
end faces of the piston in the direction of the
piston pin are concaved for weight reduction.

• The piston is an autothermic piston reinforced
with strut e.

29589
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STRUCTURE AND OPERATION
Timing Gears

1 Camshaft gear(exhaust) RH (32)
2 Head idler gear (54)
3 Camshaft gear (intake) LH (32)
4 Idler gear (63, 36)
5 Injection pump gear (56)
6 Balance shaft gear LH (14)
7 Vacuum pump gear (15)
8 No. 1 idler gear (49)
9 Crankshaft gear (28)

10 Oil pump gear (41)
11 Balance shaft gear RH (14)
12 Fan shaft (25)

Number of teeth shown in parentheses

Each of the timing gears (except the vacuum
pump gear) has alignment marks to ensure
correct assembly.

Refer to  P11A-63 for balance shaft posi-
tioning.

Flywheel
1 Flywheel
2 Ring gear
3 Pilot bearing

a : Angle scale
b : Cylinder No. (“1 4”, “I  IV”)
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Balance Shaft

1 Balance shaft gear RH
2 Balance shaft RH
3 Crankshaft
4 Upper crankcase
5 No. 3 balance shaft bushing
6 No. 2 balance shaft bushing
7 Balance shaft LH
8 No. 1 balance shaft bushing
9 Balance shaft gear LH

10 Vacuum pump gear
11 No. 1 idler gear
12 Crankshaft gear
13 Oil pump gear

• The balance shafts RH 2 and LH 7 are mounted in the upper crankcase 4 with the crankshaft 3 sandwiched in between,
and serve to reduce the engine vibration caused by rotation of the crankshaft.

• Both balance shafts RH 2 and LH 7 are supported by the three balance shaft bushings 5, 6 and 8 mounted in upper
crankcase 4 and driven by the timing gears (  P11A-8).

• The balance shaft LH 7 is provided with a positioning hole A to ensure correct assembly.   P11A-63

● Reduction of vertical vibration (Secondary components)
• The reciprocating motion of the piston produces inertial force B, the

source of vertical vibration, at the top and bottom dead centers of the
piston.

• The balance shafts RH 2 and LH 7 rotate in such a way that at the top
and bottom dead centers of the piston, the semi-circular weight portion
C will always be placed opposite to the piston head in terms of top or
bottom position.

• As a result, at the top and bottom dead centers of the piston, both
balance shafts RH 2 and LH 7 produce equal centrifugal force D to
offset inertial force B of the piston, thereby reducing vertical vibration.

• In addition, in the medium and high engine speed ranges, the crank-
shaft rotation moments (secondary components) are also reduced by
the balance shafts.

P29914
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STRUCTURE AND OPERATION
Crankcase and Main Bearings

1 Upper crankcase
2 Upper thrust plate
3 Lower thrust plate
4 Bolt
5 Main cap bolt
6 Lower crankcase
7 Lower main bearing
8 Crankshaft
9 Upper main bearing

10 Cylinder liner

P40996

P40997

● Crankcase
• The crankcase is composed of two parts; upper crankcase 1 and lower

crankcase 6, which are coupled together with crankshaft 8 in between.
• The upper crankcase 1 has four cylinder bores provided into which

cylinder liners 10 are fitted.
• Water jacket A is provided around the cylinders to cool down the cylin-

der liners 10.
• The bolts 4 used to couple the upper crankcase 1 and the lower crank-

case 6 and the main cap bolts 5 require the specified procedure to be
followed when tightened.  P11A-83
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● Cylinder liner
• Select a cylinder liner 10 which has the same size mark as those

stamped on the upper crankcase *1 the piston.
• The size marks on the upper crankcase *1 are arranged in the order

of No. 1, 2, 3 and 4 cylinders starting from the engine front C.

• Size mark “1” or “2” is stamped on the upper crankcase 1 for selective
fitting of pistons in the crankcase.

• The size marks for the four cylinders are collectively stamped at a single
location, and indicate the sizes of the respective cylinder liners as illus-
trated.  P11A-7

P29918

P29536

P29535

“1” or “2”

noskrameziS
esacknarcreppu

noskrameziS
srenilrednilyc

nokrameziS
snotsip

”1“ ”A1“
”B1“ ”A“

”2“ ”A2“
”B2“ ”B“

10 “A”, “B”

“1A”, “1B”
“2A”, “2B”

*1 “1”, “2”
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STRUCTURE AND OPERATION
● Main bearings

The upper main bearing 9 has an oil hole A through which engine oil is
supplied to the journal of the crankshaft 8.

● Thrust plates
• The thrust plates include upper thrust plates 2 and lower thrust plates

3.  They are mounted at both ends of the upper main bearing 9 and the
lower main bearing 7 at the rearmost portion of the crankshaft 8.

• The thrust plates to be used should have a proper thickness suitable to
maintain the end play specification of the crankshaft 8.
Each thrust plate has an oil groove in two places to assure its smooth
sliding on the journal B of the crankshaft 8.
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P29920

P29921

P29922
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Oil Seals
1 Front oil seal
2 Front case
3 Front oil seal slinger
4 Fan shaft
5 Crankshaft
6 Crankcase
7 Rear oil seal slinger
8 Rear oil seal

● Front Oil Seal
• The front oil seal 1 is mounted in the front case 2.  Its lip A is in contact

with the front oil seal slinger 3 for sealing.
• The front oil seal slinger 3 is fitted on the fan shaft 4.

● Rear Oil Seal
• The rear oil seal 8 is mounted to the crankcase 6.  Its lip A is in contact

with the rear oil seal slinger 7 for sealing.
• The rear oil seal slinger 7 is press-fitted on the rear end of the crank-

shaft 5.
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TROUBLESHOOTING
smotpmyS

sesuaCelbissoP

rewopwoL
tuptuo

lamronbA
enigne

esion

skrameR

dnadaehrednilyC
msinahcemevlav

ecnaraelcevlavtcerrocnI × ×

teksagdaehrednilycevitcefeD × × 

nobracdetisopeddna,taesevlavdnaevlavnroW × ×

gnirpsevlavdenekaeW × ×

tekcarbdnatfahsrekcorevitcefeD ×

tekcarbtfahsrekcorfonoitacirbulrooP ×

sraeggnimiT sraeggnimitnihsalkcabtcerrocnI ×

stfahsreldidnaseirehpirepraeggnimitfonoitacirbulrooP ×

tfahsmaC tfahsmacniyalpdneevissecxE ×

tfahsmacnroW ×

dnasnotsiP
sdorgnitcennoc

)s(evoorggnirnotsipdegamad/nroW × ×

)s(gnirnotsipdegamad/nroW × ×

gnihsubdnellamsdorgnitcennocdnanipnotsipnroW ×

tfahsknarC tfahsknarcniyalpdneevissecxE ×

yellupnafdettifyltcerrocnI ×

gniraebdorgnitcennocdnaniptfahsknarcdegamad/nroW ×

gniraebniamdnalanruojtfahsknarcdegamad/nroW ×

leuF gnisuohgniraebpmupnoitcejninigniraebevitcefeD ×

noitidnocyarpselzzonnoitcejniytluaF × × ^ 3A1rG

gnimitnoitcejnitcerrocnI × × ^ 3A1rG

metsysleufnideppartriA × ^ 3A1rG

gnilooC metsysgniloocevitcefeD × ^ 4A1rG

tlebVdegamad/esooL ×

tsuahxednaekatnI renaelcriadeggolC × × ^ 5A1rG

relffumdeggolC × ×

ytisocsivliotcerrocnI ×

leufreporpmI ×

.cte,esoh,gnipipdettifyltcerrocnI ×

rotanretladnapmupnoitcejniekilseirailixuadettifyltcerrocni/evitcefeD ×
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Measuring Compression Pressure
Service standards

noitacoL metiecnanetniaM eulavdradnatS timiL ydemeR

_ noisserpmoC
erusserp

)mpr002ta(rednilychcaE aPk0552
psi073{ mc/fgk62, 2}

5 psi82{aPk0691 ,
mc/fgk02 2} tcepsnI

erusserprednilyc-ot-rednilyC
ecnereffid – aPk4.0

7 psi5{ mc/fgk4, 2} tcepsnI

0 Special tools Unit: mm {in.}

noitacoL epahsdnaemanlooT .oNtraP noitacilppA

– eguaGnoisserpmoC
retpadA

24910

434360HM erusserpnoisserpmocgnirusaeM

A drop in compression pressure should be used as a guide in determining a time to overhaul the engine.
Measure the compression pressure at regular intervals, and keep track of its transition which will provide a useful tool for
troubleshooting.  On a new vehicle, or for a while after replacement of parts with new ones, the compression pressure will
be somewhat higher, depending on the break-in condition of piston rings, valve seats, etc., but will return to normal as the
parts wear down.
• Prior to an inspection, check to ensure that the engine oil, starter and battery are in normal condition.
• Place the vehicle in the following condition.

• Warm up the engine until the coolant temperature reaches approx. 75 to 85 °C {167 to 185 °F}.
• Turn off the lights and auxiliaries.
• Place the transmission in neutral.
• Place the steering wheel in the straight-ahead position.

• Remove the fuel cut motor fuse 2 from the fuse box 1 in the cab to
make sure that the fuel is not injected when the engine is cranked by
the starter.

ON-VEHICLE INSPECTION AND ADJUSTMENT

36865

P29626

• Tilt the cab.

16W x 18
thread

58 {2.28}

φ 7.2
{φ 0.28}

2 (F28)

1



11A-17

11A
• Remove the rocker cover 3, fuel leak-off pipe 4 and injection pipe 5.

 P11A-24

P29515

P29516

P29627

P29628

• Remove all glow plugs.
 P11A-38

• Cover the glow plug mounting holes with pieces of waste cloth B. After
cranking the engine by the starter, check to ensure that no foreign
substances are deposited on the waste cloth.

WARNING –
If there is a crack in any of the cylinders, some of the coolant,
engine oil, fuel, etc. will enter the cylinder through the crack.
If the engine is cranked in such a condition, these substances
heated to high temperatures will blow out from glow plug holes A
and can be very dangerous.  When the engine is cranked, there-
fore, stay away from the glow plug holes.

• Fit the glow plug adapter for the 0 Compression Gauge onto the glow
plug mounting hole A and mount the compression gauge C.

• Crank the engine and measure the compression pressure.
• On all of the cylinders, measure the compression pressure and deter-

mine the pressure difference between cylinders.
• If any compression pressure or cylinder-to-cylinder pressure difference

is out of the limits, pour in a small amount of engine oil into glow plug
mounting hole A and check by measuring the compression pressure
again.
• If the compression pressure increases:

Worn/damaged piston rings and cylinder inner surfaces are sus-
pected.

• If the compression pressure remains unchanged:
A seized valve, incorrectly seated valve or defective cylinder head
gasket is suspected.
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ON-VEHICLE INSPECTION AND ADJUSTMENT

Valve clearances should be checked and adjusted as follows while the
engine is cold.
[Inspection]
• Tilt the cab.
• Remove the rocker cover.   P11A-24
• To place the piston No. 1 or No. 4 at the top dead center on the com-

pression stroke, crank the engine until the pointer A in the converter
housing (on automatic transmission) inspection window is aligned with
the mark between “1 and 4” inscribed in the flywheel.

Inspecting and Adjusting Valve Clearances
Service standards Unit: mm {in.}

noitacoL metiecnanetniaM eulavdradnatS timiL ydemeR

– )dlocnehw(ecnaraelcevlaV
telnI }610.0{4.0 – tsujdA

tsuahxE }020.0{5.0 – tsujdA

Ê Tightening torques Unit: N⋅m {ft.lbs, kgf⋅m}

noitacoL denethgitebotstraP euqrotgninethgiT skrameR

2 )gninethgitwercsgnitsujda(tunkcoL }41.1,52.8{2.11 –

0 Special tools

P29629

NOTE
Find the cylinder where the rocker arms for both the inlet and
exhaust valves can be pushed down.  The piston of the cylinder
is at the top dead center (TDC) on the compression stroke.

0

ED

noitacoL Tool name and shape

–

Part No. Application

Cranking handle

MH063568
< without refrigerator >

MH063569
< with refrigerator >

Turning fan pulley

• With the piston No. 1 or No. 4 at the top dead center (TDC) on the
compression stroke, measure the valve clearance D at the valves
marked × in the following table.

• Use the 0 cranking handle to crank the engine: set it in the groove B
located on the outer circumference of the fan pulley C to turn the crank
shaft.

.oNrednilyC 1 2 3 4

tnemegnarraevlaV NI EXH NI EXH NI EXH NI EXH

noCDTta1.oNnotsiP
ekortsnoisserpmoc × × × – – × – –

noCDTta4.oNnotsiP
ekortsnoisserpmoc – – – × × – × ×

A

P45042

P44699

P45041

C

B
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F E

1

2

D
E

F
2
1

• When measuring the clearances, push the pad 2 of the adjusting screw
1 with the tip of a plain screwdriver F or something else from opposite
the side where the feeler gauge E is to be inserted to open a gap as
illustrated, then insert the feeler gauge in the gap.

• If an attempt is made to insert a feeler gauge E without opening a gap,
the pad will be tilted as illustrated, making it impossible to insert the
feeler gauge.

NOTE
• The feeler gauge E must have a slight drag when taking a mea-

surement.
• If the feeler gauge moves without any resistance, the measure-

ment is incorrect (too loose).

• If the reading is out of specification, adjust by the following procedures.

[Adjustment]
• To adjust the valve clearance D, loosen the lock nut 1 and rotate the

adjusting screw 2 to adjust the clearance to the extent that the feeler
gauge E is somewhat hard to move.

• After the adjustment, hold the adjusting screw 2 in position with a screw-
driver F and tighten the lock nut 1 to the specified torque.
Thereafter, re-check the valve clearance D with the feeler gauge E.

P30148

P30149

P29630

2 E
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REMOVAL AND INSTALLATION OF ENGINE

2
Ê

1 Ê

P45170

● Removal Squence
1  Nut
2 Bolt

3  Engine and automatic transmission assembly

WARNING –
When lifting the engine and automatic transmission assembly 3, be sure to use a lifting gear or engine hoist
capable of lifting an engine of 3.9 to 4.7 kN {880 to 1060 lbs, 400 to 480 kg}

● Intallation sequence
Follow the removal sequence in reverse.

ÊTightening torque
noitacoL denethgitebotstraP euqrotgninethgiT skrameR

1 Nut (For attaching front mounting) –69 to 99 {51 to 65, 7 to 9}

2 Bolt (For attaching rear mounting) –83 to 105 {61 to 80, 8.5 to 11.0}

Unit: N·m{ft.lbs, kgf·m}



11A-21

11A

P07286

P29985

3
2

1

◆ Service procedure
● Preparatory operation for removal < Fixed cab >

• Support engine and transmission assembly 3 on engine lifter A and
transmission jack B.

• Make sure that all wiring and hoses are disconnected.

3 Removal of engine and transmission assembly

< Tilt cab >
Using 1 flange bolts, install 2 engine front hanger to engine and au-
tomatic transmission assembly 3.

4 MH062781Engine front hanger
< Tilt cab >

3

A B

Location Tool name and shape Part No. Application

0 Special tools

Removal and installation of
engine

Mounting of hanger

P29983

P29984

4
Flange bolt
< Tilt cab >

MF140234
MF140235
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REMOVAL AND INSTALLATION OF ENGINE

P29986

07287

A

D
C

B

3
< Fixed cab >
• Lower engine and transmission assembly 3 to fullest extent keeping it

horizontal.
• Lift the vehicle using a jack, and move engine and transmission as-

sembly 3 forward.

1
• Attach wire rope A to 1 engine front hanger, and chain block C to

rear plate B. Use crane D to make the ropes taut.

WARNING –
To lift engine and automatic transmission assembly 3, use hang-
ing hardware suitable for hoisting an engine weighing 3.9 to 4.7
kN {880 to 1060 lbs, 400 to 480 kg}.

• Make sure that all wiring harnesses and pipes are disconnected.
• Slowly lift engine and automatic transmission assembly 3, making sure

that the assembly does not contact the frame or cab.
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ROCKER COVER, ROCKER ASSEMBLIES AND CAMSHAFTS

P29347
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● Pre-disassembly inspection

 P11A-27

● Pre-disassembly work
Some work is necessary before disassembly.   P11A-27

● Disassembly sequence
1 Oil filler cap
2 Bolt
3 Plate
4 Rubber grommet
5 Rocker cover gasket
6 Rocker cover
7 Eye bolt
8 Gasket
9 Eye bolt

10 Gasket
11 Fuel leak-off pipe
12 Injection pipe

^ Gr 13A
13 Injection pipe

^ Gr 13A

14 Eye bolt
15 Gasket
16 Fuel return pipe

^ Gr13A
17 Bolt (× 2)
18 Bolt (× 13)
19 Bolt (× 10)
20 Exhaust rocker shaft assembly

 P11A-34
21 Inlet rocker shaft assembly

 P11A-34
22 Camshaft frame
23 Injection pipe connector
24 Camshaft bearing (upper)

25 Packing
26 Inlet camshaft assembly
27 Exhaust camshaft assembly
28 Camshaft bearing (lower)
29 Camshaft gear
30 Key
31 Inlet camshaft
32 Exhaust camshaft

* : Cylinder head assembly
 P11A-38

P : Locating pin
Ù : Non-reusable part

NOTE
• Avoid removing the camshaft gear 29 unless something wrong is evident.
• The camshaft frame 22 and the cylinder head assembly * have been machined jointly when manufactured.  It is

impossible to replace only either of the parts.  Be sure not to change the combination.

● Assembly sequence
Follow the disassembly sequence in reverse.

Service standards Unit: mm {in.}

noitacoL metiecnanetniaM eulavdradnatS timiL ydemeR

–

hsalkcaB

raegreldidaehneewteB
raegtfahsmacdnaylbmessa }7400.0ot5300.0{21.0ot90.0 }210.0{3.0

ecalpeRraegreldidaehneewteB
raegreldidnaylbmessa

ylbmessa
}5500.0ot3400.0{41.0ot11.0 }210.0{3.0

yalpdnE
ylbmessatfahsmaC }9700.0ot9300.0{02.0ot01.0 }210.0{3.0 llakcehC

.strapehtylbmessaraegreldidaeH }9700.0ot9300.0{02.0ot01.0 }210.0{3.0

82,42 napseerfgniraebtfahsmaC – }93.1{5.53
eromro ecalpeR



11A-26

ROCKER COVER, ROCKER ASSEMBLIES AND CAMSHAFTS
Service standards Unit: mm {in.}

noitacoL metiecnanetniaM eulavdradnatS
)][niretemaidcisaB( timiL ydemeR

62 tfahsmactelnI

tfilmaC

gnolroF
rekcor }182.0{751.7 701.7

}792.0{
}66.1{751.24:thgieheboL

}83.1{53:retemaidelcricesaB
trohsroF

rekcor }63.0{202.9 251.9
}63.0{

}47.1{102.44:thgieheboL
}83.1{53:retemaidelcricesaB

dneB }93000.0{10.0 30.0
}2100.0{ ecalpeR

ecnaraelcliolanruoJ 21.0ot70.0
}7400.0ot8200.0{

61.0
}3600.0{ ecalpeR

72 tsuahxE
tfahsmac

tfilmaC

gnolroF
rekcor }482.0{712.7 761.7

}282.0{
}66.1{712.24:thgieheboL

}83.1{53:retemaidelcricesaB
trohsroF

rekcor }563.0{972.9 922.9
}363.0{

}47.1{972.44:thgieheboL
}83.1{53:retemaidelcricesaB

dneB }93000.0{10.0 30.0
}2100.0{ ecalpeR

ecnaraelcliolanruoJ 21.0ot70.0
}7400.0ot8200.0{

61.0
}3600.0{ ecalpeR

,13,92
23 ecnerefretnitfahsmacdnaraegtfahsmaC

]}81.1{03[
140.0ot700.0

}06100.0ot82000.0{
– ecalpeR

Ê Tightening torques Unit: N⋅m {ft.lbs, kgf⋅m}

noitacoL denethgitebotstraP euqrotgninethgiT skrameR

2 )revocrekcorgnitnuom(tloB }2.0,0.41{0.2 –

9,7 )epipffo-kaelleufgnitnuom(tlobeyE }1.2,0.51{6.02

31,21 epipnoitcejnI 38.2 {28, 3.9} –

41 )epipnruterleufgnitnuom(tlobeyE }1.2,0.51{6.02 –

71 )emarftfahsmacgnitnuom(tloB }4.2,0.71{5.32 teW

81 )emarftfahsmacgnitnuom(tloB }8.2,0.02{5.72 teW

91 )ylbmessatfahsrekcorgnitnuom(tloB }8.2,0.02{5.72 teW

 Lubricant and sealant
noitacoL noitacilppafostnioP tnalaesro/dnatnacirbuldeificepS ytitnauQ

81,71 ecafrusgnitaesdnasdaerhttloB lioenignE deriuqersA

22 rednilychtiwtcatnocsekamhcihwemarftfahsmacfoecafruS
daeh DroC7021DNOBEERHT deriuqersA

82,42 gniraebtfahsmacfoecafrusedisnI lioenignE deriuqersA

52 gnikcapfoecnerefmucriC DroC7021DNOBEERHT deriuqersA

23,13 tfahsmacfosnoitropmacdnalanruoJ lioenignE deriuqersA
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P29436

P29438

P29348

P29349

29 B 29

C

D
C B

26, 27

B

5

6

“up”

● Pre-disassembly inspection
(1) Backlash between head idler gear B and camshaft gear 29 and

idler gear assembly C
On a pair of gears, measure backlash at more than three positions.  If
the reading is more than the limit, replace defective parts.

(2) End play of camshaft
If the reading is more than the limit, replace defective parts.

● Pre-disassembly work
If the rocker B forced up by the camshaft 26 or 27 is pressing the valve
spring C down, loosen the adjusting screw D of the rocker to set the
valve spring free.

◆ Service procedure
56 Installation of rocker cover and rocker cover gasket
• Before installing the rocker cover 6, remove oil and other deposits thor-

oughly from the gasket groove B.
• Face the rocker cover gasket 5 as illustrated when it is installed on the

rocker cover 6.

CAUTION –
Make sure that the rocker cover gasket 5 is not twisted when in-
stalled.
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ROCKER COVER, ROCKER ASSEMBLIES AND CAMSHAFTS
PtoR, U Rocker shaft assemblies, camshaft frame and

packing
[Removal]
Loosen the bolts 18 and 19 (1 through S) one after another, a small
amount at a time, in the numbered sequence shown in the illustration.
Then remove the rocker shaft assemblies 20 and 21 and the camshaft
frame 22.

B : Front of engine

P30168

P29441

[Installation]
• Apply an even bead of sealant (φ 2 ± 1 mm {φ 0.079 ± 0.039}) without

any break to all around the illustrated portion C of the four packings 25.
• Apply an even bead of sealant (φ 1 mm {0.039}) without any break on

the circumference D of the camshaft frame 22.
• After the sealant application, install the camshaft frame 22 and the

packings 25 on the cylinder head assembly * in less than three min-
utes.

CAUTION –
• Check to ensure that the sealant application surfaces C and D are

clean and free from any oil or other deposits.
• When installing the parts, make sure that the sealant is not forced

out of position.
• Do not start the engine in less than an hour after installation.

A : Locating pin

21

5 9 11 7

13 17 19 15

20 22 23 21

14 18 16 12

6 10 83 4

B

20

21

22

25
C

D 22

A

25

A25
*
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11A
• The bolts 18 (× 13) and 19 (× 10) must be tightened in the following

sequence.  Therefore, secure the rocker shaft assemblies 20 and 21
together with the camshaft frame 22.

CAUTION –
When the bolts 18 and 19 were loosened or removed after instal-
lation, be sure to re-apply sealant.

P29439

• Tighten the bolts 18 and 19 (1 through S) to the specified torque in
the numbered sequence shown in the illustration.

P30169

19

22
21

18

20

2223

19 15 13 17

11 7 5 9

4 2 1 3

10 6 8 12

18 14 1621 20

B

20

21

22
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ROCKER COVER, ROCKER ASSEMBLIES AND CAMSHAFTS

[Installation]
• Heat the camshaft gear 29 to 150 °C {302°F} by a piston heater or a

similar tool and install it with the alignment mark “R” or “L” directed as
shown.

• Install the camshaft gear 29 such that it is held tightly against the cam-
shaft 31 or 32.

TX Installation of camshaft bearings
Be sure to fit the lugs B of the camshaft bearings 24 and 28 in the mating
notches.

C : Front of engine

P29440

P29450

P29443

P29444

B

B

B

B
C

24

28

22 B

27

26

B29

L R

B
31, 32

29

L

R

31, 32

29

VW  Installation of camshaft assemblies
• Place the piston of No. 1 cylinder at the top dead center on the com-

pression stroke.
• Install the camshaft assemblies 26 and 27 with the alignment marks B

on the camshaft gear 29 and on the camshaft frame 22 in alignment.

NOTE
The alignment marks “L” and “R” on the camshaft gear 29 and
those on the head idler gears need not always be in alignment,
because the alignment mark of the head idler gears, depending
on their mounted condition, does not always match that of the
camshaft gear.

Y Camshaft gear
[Removal]
Remove the camshaft gear 29 by pressing the camshaft end with a press.

B : Removal block

CAUTION –
Never strike the camshaft gear 29 with a hammer to remove it.  Be
sure to use a press or a similar tool.
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Y[\ Camshaft gear and camshaft interference
If the reading is out of the standard values, replace defective parts.

P29446

P29447

P29448

[\ Inspection of camshafts
(1) Cam lift (Difference between lobe height and base circle

diameter)
If the reading is less than the limit, replace the camshafts 31 and 32.
B: Measuring position
C: Cam lobe height
D: Base circle diameter
E : Long rocker side cam
F : Short rocker side cam

NOTE
The cam dimensions are different between the long rocker side
cams E and the short rocker side cams F.

(2) Bend
Measure the bend of the camshafts 31 and 32 at the journal H with the
journals G supported.  If the reading is in excess of the limit, replace
the camshaft.

NOTE
The bend of the camshafts 31 and 32 is one half of the reading of
the dial indicator taken after turning the camshaft through a rota-
tion.

P22307

31, 32

29

B B D

C

E

E

F

F

31

32

G

G

H
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ROCKER COVER, ROCKER ASSEMBLIES AND CAMSHAFTS
(3) Oil clearance between journals and bearings

Measure the oil clearance.  If the reading is in excess of the limit, re-
place defective parts.

CAUTION –
If a camshaft bearing 24 or 28 is to be replaced, make sure that
both upper and lower halves are simultaneously replaced as a
pair.

P29449

22

24

28 31, 32

*
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ROCKER COVER, ROCKER ASSEMBLIES AND CAMSHAFTS
Rocker Shaft and Rocker Assembly

●Disassembly sequence

P29465

1 Short rocker assembly
2 Lock nut
3 Adjusting screw
4 Rocker bushing
5 Short rocker

6 Rocker shaft spring
7 Long rocker assembly
8 Lock nut
9 Adjusting screw

10 Rocker bushing

11 Long rocker
12 Exhaust rocker shaft
13 Inlet rocker shaft

A: Front of engine

●Assembly sequence
Follow the disassembly sequence in reverse.

CAUTION –
The rockers come in two types; short rocker assembly 1 and long rocker assembly 7.   Note the difference in
mounting sequence between the inlet and exhaust rocker shafts.

Service standards Unit: mm {in.}

noitacoL metiecnanetniaM eulavdradnatS
)][niretemaidcisaB( timiL ydemeR

7,1 srellorylbmessarekcorfoyalplaidaR }9300.0ot4100.0{001.0ot830.0 – ecalpeR

,01,4
31,21

rekcordnagnihsubrekcorneewtebecnaraelC
tfahs

80.0ot10.0]}78.0{22[
}1300.0ot9300.0{

21.0
}7400.0{ ecalpeR

Ê Tightening torque Unit: N⋅m {ft.lbs, kgf⋅m}

noitacoL denethgitebotstraP euqrotgninethgiT skrameR

8,2 )wercsgnitsujdagniruces(tunkcoL }41.1,42.8{2.11

5

3

T
2

8
T

1

6

7

A

7
6

1

9
11

Ê

Ê
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4FHI Rocker bushing and rocker shaft
[Inspection]
If the clearance is in excess of the limit, replace defective parts.

Rocker bushing
[Removal]

0 : Rocker Bushing Puller
B : Press

 Lubricant
noitacoL noitacilppafostnioP tnacirbuldeificepS ytitnauQ

01,4 gnihsubrekcorfoedisnI lioenignE deriuqersA

0 Special tools Unit: mm {in.}
noitacoL epahsdnaemanlooT .oNtraP noitacilppA

01,4 relluPgnihsuBrekcoR

P 23992

Use Equivalent gnihsubrekcorfolavomerdnanoitallatsnI

◆ Service procedure
17 Inspection of rocker assemblies
If the play C of the roller B of the rocker assembly 1 or 7 are out of the
standard values, replace the assembly.

C : Radial play

P30251

P29466

P29467

4, 10

12, 13

B B

11

104

5 0
0

φ 22 {0.87}

24.5
{0.96}

24.5 {0.96}

φ 22
{0.87}

1, 7

B

C
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ROCKER COVER, ROCKER ASSEMBLIES AND CAMSHAFTS

H  Installation of exhaust rocker shaft
Install the exhaust rocker shaft 12 in the illustrated direction.

A : Front of engine
B : Camshaft frame locating pin mounting hole

I  Installation of inlet rocker shaft
Install the inlet rocker shaft 13 in the illustrated direction.

A : Front of engine
B : Camshaft frame locating pin mounting hole

[Installation]
Install the rocker bushings 4 and 10 on the rockers 5 and 11 in the illus-
trated direction.

0 : Rocker Bushing Puller
C : Rocker bushing oil hole
D : Rocker bushing oil hole
E : Rocker oil hole
F : Rocker oil hole
G : Rocker bushing clinch (seam)
H : Rocker bushing notch (rear side)

P29468

P29469

P29470

5 E G
H

C

11

D
10G 11

E
C10DF

H

5

C
4 D

C 4 D F

0

0

A

B

B

A

13

12



MEMO

11A-37

11A



11A-38

12

13

6

*b

*c

*a

5
Ê

2

Ù   3

4
Ù

Ê
1

Ê
7

Ê
14

8
Ê

CYLINDER HEAD AND VALVE MECHANISM

P29350

P

Ù
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11A
● Pre-disassembly inspection

 P11A-40

● Disassembly sequence
1 Bolt
2 Injection nozzle ^ Gr13A
3 O-ring
4 Nozzle tip gasket
5 Nut
6 Connecting plate
7 Glow plug
8 Bolt
9 Head idler shaft

10 Head idler gear assembly
11 Head idler gear bushing
12 Head idler gear
13 Thrust plate
14 Cylinder head bolt
15 Cylinder head assembly

 P11A-44
16 Cylinder head gaskect

*a: Idler gear assembly
 P11A-56

*b: Upper crankcase
 P11A-80

*c: Front case assembly
 P11A-52

P : Locating pin
Ù : Non-reusable part

CAUTION –
The cylinder head bolts 13, 14 utilize the torque-turn tightening method. Any cylinder head bolt that has appar-
ently been tightened three times already must be replaced with a new one.   P11A-41

● Assembly sequence
Follow the disassembly sequence in reverse.

Service standards Unit: mm {in.}

noitacoL metiecnanetniaM eulavdradnatS
)][niretemaidcisaB( timiL ydemeR

11,9 gnihsubraegreldidaehandtfahsreldidaeH
ecnaraelc

50.0ot10.0]}62.1{23[
}200.0ot93000.0{

1.0
}9300.0{ ecalpeR

Ê Tightening torques Unit: N⋅m {ft.lbs, kgf⋅m}

noitacoL denethgitebotstraP euqrotgninethgiT skrameR

1 )noitallatsnielzzonnoitcejni(tloB }5.1,11{7.41 –

5 )noitallatsnietalpnoitcennoc(tuN }51.0ot1.0,1.1ot7.0{5.1ot0.1 –

7 gulpwolG }3.2,71{6.22 –

8 )noitallatsnitfahsreldidaeH(tloB }5.4,33{1.44 teW

41 tlobdaehrednilyC 09+}51,011{741 ° teW

Lubricant and/or sealant
noitacoL noitacilppafostnioP tnalaesro/dnatnacirbuldeificepS ytitnauQ

3 gnir-O lioenignE deriuqersA

8 tlobfoecafrusgniraebdnadaerhT lioenignE deriuqersA

9 tfahsreldidaehfoecafrusretuO lioenignE deriuqersA

c*
ylbmessaesactnorfneewtebnoitcestniojfoecafrusreppU

gnitcatnocteksagdaehrednilycdnaylbmessaesacknarcdna
ecafrus

1121dnobeerhT deriuqersA
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CYLINDER HEAD AND VALVE MECHANISM
0 Special tools Unit: mm {in.}

noitacoL epahsdnaemanlooT .oNtraP noitacilppA

11 relluPgnihsuBraeGreldI

� 22322

977160HM raegreldifonoitallatsnidnalavomeR
gnihsub

◆ Service procedure
● Pre-disassembly inspection

End play of head idler gear assembly
If any measurement exceeds the specified limit, replace the defective
part(s).

P29437

P40867

P29291

9 Installing head idler shaft
Install the head idler shaft 9 as illustrated.

B: Depression
C: Oil hole

CAUTION –
Don’t forget to install the thrust plate 13.

9G Head idler shaft and head idler gear bushing
[Inspection]
If the clearance exceeds the specified limit, replace the defective part(s).

Head idler gear bushing
[Removal]

B : Press
0 : Idler Gear Bush Puller

P29292

9 11

B

11

0

B

C 8

13

10

9

46

φ 32
{φ 1.26}

φ 32
{φ 1.26}

φ 35
{φ 1.38} (Obtain Locally)
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11A

P29293

P29451

P21229

P30145

[Installation]
• Fit the idler gear bushing 11 in the head idler gear 12 in the illustrated

direction so that the oil holes C may be aligned with each other when
press-fitted.

• Using the 0 Idler Gear Bush Puller, press the bushing into the head
idler gear 12 until its end face becomes flush with the chamfered end
D of the gear.
B : Press

• After press-fitting, measure the clearance again. If the measurement
is below the specified limit, ream the head idler gear bushing 11 to the
standard value.

KCylinder head assembly
[Removal]
Loosen and remove the cylinder head bolts 14 in the sequence shown
(1 to R). Each cylinder head bolt should be loosened a little at a time.

[Fitting]

CAUTION –
• Before fitting any cylinder head bolt 14, check the punch marks

B on its head. Do not use bolt if there are more than two punch
marks.

• The punch marks indicate the number of times each bolt has been
tightened using the torque-turn tightening method. Any bolt that
already has three punch marks must be replaced.

• Select an appropriate cylinder head gasket 16.  P11A-42
• Apply a coat of specified sealant to the upper surface C of the joint

section between the frontcase assembly *c and the crankcase as-
sembly *b.

• Within 3 minutes after the sealant application, install the cylinder head
assembly to the crankcase assembly *b together with the cylinder
head gasket 16.

CAUTION –
• Check to ensure that the sealant application surface C is clean

and free of oil and other foreign matter.
• During installation of the cylinder head assembly, use care to

ensure that the sealant is kept in place.
• Do not start the engine for at least 1 hour after the cylinder head

assembly is installed.
• Whenever the cylinder head bolt 14 is loosened or removed after

the cylinder head assembly has been installed, always apply a
fresh coat of specified lubricant.

5
5

B
11

12

C

D
0

4

2

8

6

12

10

14

17

13

15

11

918 1

3

5

7

16

15

C

C

16

*b*c

14 B
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CYLINDER HEAD AND VALVE MECHANISM
• Tighten the cylinder head bolts 14 (1 through N) to a torque of 145

N⋅m {110 ft.lbs, 15 kgf⋅m}(wet) in the sequence shown.
After tightening,give the bolts an additional 90 degree turn in the se-
quence of the numbers shown.

• After tightening the cylinder head bolts 14 using the torque-turn tight-
ening method, make a punch mark on the head of each one to indicate
the times of use.

CAUTION –
Since the cylinder head bolts utilize the torque-turn tightening
method, they must not be tightened further after the angular tight-
ening procedure has been performed.

L Cylinder head gasket
[Removal]

CAUTION –
Be careful not to scratch cylinder head assembly 15, the crank-
case assembly *b and the front case assembly *c when remov-
ing cylinder head gasket 16.

[Installation]
Cylinder head gasket 16 installed must be the one which can accommo-
date the piston projection. Select such a gasket as follows:
• Measure the piston projection at each cylinder.  P11A-66
• Select a cylinder head gasket 16 appropriate for the piston projection

average value from the following table.
• If any of the piston projection measurements is more than 0.05 mm

{0.002 in.} larger than the average value, then use the gasket one rank
higher than that rank (A → B, B → C).

Unit: mm {in.}
foeulavegarevA

noitcejorpnotsip
teksagdaehrednilyC

noitacifissalceziS gninethgitnehwssenkcihT

720.0–ot880.0–
}6010.0ot4300.0–{ A 57.0 ± 920.0{30.0 ± }2100.0

330.0–ot720.0–
}9210.0ot6010.0–{ B 08.0 ± 130.0{30.0 ± }2100.0

490.0–ot530.0–
}0730.0ot9210.0–{ C 58.0 ± 330.0{30.0 ± }2100.0

• The classification (size) of the cylinder head gasket 16 can be known
from the shape of the notches D cut in the gasket edge.

• Install the cylinder head gasket 16 on the crankcase *b in the direc-
tion as illustrated.
E : Part number

P29452

P40868

15

17

11

13

7

9

5

2

6

4

8

101 18

16

14

12

3

16

D

A B C
*c *b

Size classification
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CYLINDER HEAD AND VALVE MECHANISM

2

3
4

Ê
17

Ù  

16
Ê

15
Ù

Cylinder Head Assembly

● Disassembly sequence

P29549

1 Valve collets
2 Upper retainer
3 Outer valve spring
4 Inner valve spring
5 Valve stem seal
6 Exhaust valve
7 Inlet valve
8 Exhaust valve guide
9 Inlet valve guide

10 Exhaust valve seat
11 Inlet valve seat
12 Sealing cup plug

(22 mm {φ 0.87 in.})
13 Sealing cup plug

(30 mm {φ 1.18 in.})
14 Sealing cup plug

(40 mm {φ 1.57 in.})
15 Taper plug

16 Stud (short)
17 Stud (long)
18 Cylinder head

Ù : Non-reusable part

● Assembly sequence
Follow the disassembly sequence in reverse.

CAUTION –
Any valve stem seal 5 removed from an exhaust valve 6 or inlet valve 7 must be replaced.
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Service standards Unit: mm {in.}

noitacoL metiecnanetniaM eulavdradnatS
)][niretemaidcisaB( timiL ydemeR

3 evlavretuO
gnirps

htgneleerF }54.3{8.78 – ecalpeR

daoldellatsnI
)htgneldellatsni}42.2{75ta( }fgk7.63{N063 – ecalpeR

ssenerauqS – }890.0{5.2 ecalpeR

4 evlavrennI
gnirps

htgneleerF }01.3{8.87 – ecalpeR

daoldellatsnI
)htgneldellatsni}50.2{3.25ta( }fgk1.71{N861 – ecalpeR

ssenerauqS – }890.0{5.2 ecalpeR

6 evlavtsuahxE

retemaidedistuometS 8f 060.0– 13.0f{ 4200.0– }
8f 570.0– 13.0f{ 9200.0– } – ecalpeR

daehrednilycmorfegakniS
ecafrusmottob 2.0 ± 9700.0{52.0 ± }89000.0 – tcepsnI

nigramevlaV }950.0{5.1 – roecafeR
ecalper

elgnataeS 54 ° – tcerroC

8,6 ecnaraelcediugevlav-ot-metsevlavtsuahxE 01.0ot70.0]}13.0{8[
}9300.0ot8200.0{

2.0
}9700.0{ ecalpeR

7 evlavtelnI

retemaidedistuometS 8f 520.0– 13.0f{ 89000.0– }
8f 040.0– 13.0f{ 06100.0– } – ecalpeR

daehrednilycmorfegakniS
ecafrusmottob 2.0 ± 9700.0{52.0 ± }89000.0 – tcepsnI

nigramevlaV }950.0{5.1 – roecafeR
ecalper

elgnataeS 54 ° – tcerroC

9,7 ecnaraelcediugevlav-ot-metsevlavtelnI 60.0ot30.0]}13.0{8[
}4200.0ot2100.0{

2.0
}9700.0{ ecalpeR

01 htdiwtaesevlavtsuahxE 5.2 ± 890.0{2.0 ± }9700.0 }31.0{5.3 rotcerroC
ecalper

11 htdiwtaesevlavtelnI 2 ± 970.0{2.0 ± }9700.0 }11.0{8.2 rotcerroC
ecalper

81 daehrednilyC
noitrotsidecafrusmottoB sselro}0200.0{50.0 2.0

}9700.0{
rotcerroC

ecalper
mottobotpotmorfthgieH

ecafrus 701 ± 12.4{5.0 ± }20.0 5.601
}91.4{ ecalpeR

Ê Tightening torque Unit: N⋅m {ft.lbs, kgf⋅m}

noitacoL denethgitebotstraP euqrotgninethgiT skrameR

51 gulprepaT }4.1,01{41 –

71,61 dutS }0.2,41{02 –

Lubricant and/or sealant
noitacoL noitacilppafostnioP tnalaesro/dnatnacirbuldeificepS ytitnauQ

5 laesmetsevlavfopiL lioenignE deriuqersA

7,6 metsevlaV lioenignE deriuqersA

φ 8             {φ 0.31              }

φ 8             {φ 0.31                }
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CYLINDER HEAD AND VALVE MECHANISM
0 Special tools Unit: mm {in.}

noitacoL epahsdnaemanlooT .oNtraP noitacilppA

1

retfiLevlaV:A
taeSretfiLevlaV:B

93212

Obtain Locally

srettocevlavgnillatsnidnagnivomeR

kooHretfiLevlaV

04212

Use Equivalent

5 laeSmetSevlaV
rellatsnI

� 13992

Use Equivalent slaesmetsevlavgnillatsnI

7,6 reppaLevlaV

85910

Obtain Locally evlavdnasevlavtsuahxednatelnignippaL
staes

9,8

revomeRediuGevlaV

95910

Obtain Locally sediugevlavgnivomeR

rellatsnIediuGevlaV

06910

406360HM sediugevlavgnillatsnI

11,01 ydoBlooTgnikluaC:A
gniRgnikluaC:B

16910

Use Equivalent staesevlavtsuahxednatelnignillatsnI

φ 38 {1.49}

φ 14.7 {0.57}

φ 8
{0.31}

φ 26.5
{1.04}

φ 12
{0.47}

φ 8 {0.31}

φ 25.5
{1.0}

φ 13
{0.51} 29 {1.14}

B A

φ 8
{0.31} φ 38

{1.49}
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◆ Service procedures
1 Valve keepers
[Removal]
To remove the valve keepers 1, use the 1 Valve Lifter, 2 Valve Lifter
Hook and 3 Valve Lifter Seat to evenly compress the valve springs 3, 4.

[Installation]
To install valve keepers, follow the removal instructions in reverse.

P29550

5 Installing valve stem seals
• Apply engine oil to the lip A of the valve stem seal 5.
• Install the valve stem seal 5 using the 0 Valve Stem Seal Installer.
• Strike the 0 Valve Stem Installer until it sits snugly on the cylinder

head 18.

CAUTION –
After installing the valve stem seal 5, check that its spring area is
neither deformed nor damaged.

67 Inlet and exhaust valves
[Inspection]
(1) Valve stem outside diameter

Replace the valve 6, 7 if its stem’s outside diameter is below specifica-
tion or severely worn.

CAUTION –
Whenever a valve 6, 7 is replaced, be sure to lap the valve and
valve seat 10, 11.   P11A-49

(2) Valve seat angle and valve margin
Reface or replace the valve 6, 7 if the valve seat angle or valve margin
exceeds the specified limits.
A : Valve seat angle
B : Valve margin

P29552

01965

02264

1

a

c

b

0

6, 7

5
A

6, 7

A
B

6, 7
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CYLINDER HEAD AND VALVE MECHANISM
[Refacing]

NOTE
• Keep grinding to a minimum.
• If the valve margin is below specification after grinding, replace

the valve 6, 7.
• After grinding, be sure to lap the valve 6, 7 and valve seat 10, 11.

 P11A-45

6to9 Valve and valve guides
[Inspection]
If any clearance exceeds the specified limit, replace the defective part(s).

01966

P29553

P29554

P29555

P29556

Valve guides
[Removal]

0 : Valve Guide Remover

[Installation]
Using the 0 Valve Guide Installer, install the valve guide 8, 9 until the
tool sits snugly on the cylinder head 18.

CAUTION –
• The valve guides 8, 9 must be pressed in to the specified depth.Be

sure to use the 0 Valve Guide Installer for this operation.
• Exhaust valve guides 8 are longer than inlet valve guides 9.Be

sure to install the correct type of guide in each location.

67FG Valves and valve seats
[Inspection]
• Apply an even coat of prussian blue to the valve seat 10, 11 surface A

that makes contact with the valve 6, 7.
• Strike the valve 6, 7 against the valve seat 10, 11 once. Do not rotate

the valve during this operation.
0 : Valve Lapper

NOTE
Carry out these inspections after inspecting the valves 6, 7 and
valve guides 10, 11.

6, 7

8, 9

0

8, 9

18
0

6, 7

A 0



11A-49

11A
• If the prussian blue deposited on the valve 6, 7 indicates a poor con-

tact pattern, rectify the contact pattern as follows:

tcatnoC noitcaevitcerroC

tcefedroniM gnippaL

tcefedsuoireS taesevlavdnaevlavecalperroecafeR

[Lapping]
Lap the valve in accordance with the following procedure:
• Apply a thin, even coat of lapping compound to the surface B of the

valve 6, 7 that makes contact with valve seat 10, 11.

CAUTION –
• Ensure that no compound adheres to the stem C of the valve 6, 7.

NOTE:
• Start with intermediate-grit compound (120 to 150 grit) and finish

with fine-grit compound (200 grit or more).
• The addition of a small amount of engine oil makes lapping com-

pound easier to apply.

• Strike the valve 6, 7 against the valve seat 10, 11 while turning it little
by little.
0 : Valve Lapper

• Wash away the compound with cleaning fluid.
• Apply engine oil to the contact surfaces of the valve seat 10, 11 and

rub it in so that the contact surfaces are lubricated and mate together
snugly.

• Inspect the contact pattern of the valve 6, 7 and valve seat 10, 11 once
more.

• If the contact pattern is still defective, replace the valve seat 10, 11.

FG Valve seats
[Inspection]
(1) Valve seat width

If the measurement exceeds the specified limit, rectify or replace the
valve seat 10, 11.
A : Valve seat width

NOTE
Whenever a valve seat 10, 11 is rectified or replaced, be sure to
lap the valve seat and valve 6, 7.

01969

01970

P29557

01975

6, 7

C

B

6, 7

10, 11

0

6, 7

A

10, 11
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CYLINDER HEAD AND VALVE MECHANISM

02265

P29558

01973

P29559

(2) Valve sinkage from cylinder head bottom surface
If any measurement exceeds the specified limit, rectify or replace the
defective part(s).
B : Valve sinkage

[Grinding]
• Grind the valve seat 10, 11 using a valve seat cutter or valve seat

grinder.
• Use a 15° or 75° cutter to achieve the specified valve seat width A of

the valve 6, 7.
• After grinding, put some sandpaper of around #400 grade between the

cutter and valve seat and grind the valve seat lightly.
C : Valve seat angle

CAUTION –
Ensure that grinding does not cause the sinkage B of the valve 6,
7 to exceed the specified limit.

• After grinding, lap the valve 6, 7 and valve seat 10, 11.
 P11A-49

[Removal]
Valve seats 10, 11 are installed by expansion fitting. To remove a valve
seat, grind the inside surface to reduce its thickness, then remove the
valve seat at room temperature.

D : Material to be ground

[Installation]
• Check that the valve seat hole diameter E in the cylinder head 18 con-

forms with the value shown below.

6, 7

10, 11

B

6, 7
10, 11

C

A

B

E

10, 11

0.5 to 1.0 mm
{0.02 to 0.039}D

Unit: mm {in.}

Hole diameter

Valve seat hole: E 38 {1.49             }
+0.025
  0

+0.00098
  0



11A-51

11A
• Cool the valve seat 10, 11 by immersing it in liquid nitrogen.
• Install the valve seat 10, 11 in the cylinder head 18 using the 1 Caulk-

ing Tool Body and the 2 Caulking Ring.

CAUTION –
• For installation, the chamfered side F of the 2 Caulking Ring

must be against the valve seat 10, 11.

G : Configuration for installation
• Invert the 2 Caulking Ring such that its chamfered side F is against

the 1 Caulking Tool Body, then caulk the valve seat 10, 11.
H : Configuration for caulking

• After installing the valve seat 10, 11, lap the valve seat and valve 6, 7.
 P11A-49

P29560

P29561

P29562

H to J Installing sealing cup plugs
Drive the sealing cups 12 to 14 in the cylinder head 18 until the specified
depth is reached.

N Inspecting cylinder head
Measure the extent of distortion in the cylinder head 18 bottom surface.
If the degree of distortion exceeds the specified limit, rectify the distortion
with a surface grinder.

CAUTION –
Ensure that grinding does not cause the cylinder head 18 top sur-
face-to-bottom surface distance to fall below the specified limit.

G H

F

F

10, 11

1

2

12

12 13

14

12, 14

12

12

12
1213 2 mm 

{0.079 in.}
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FRONT CASE

● Disassembly sequence

P45875

1 Bolt
2 Washer
3 Spacer
4 Insulator
5 Front case cover
6 Spacer
7 Front case rubber insulation
8 Nut
9 Fan pulley

10 Bolt
11 Water pump assembly

^ Gr 14A
12 Bolt

13 Spacer
14 Rubber
15 Breather cover
16 Engine speed sensor

^ Gr 54
17 Bolt
18 Power steering oil pump

assembly
^ Gr 37

19 O-ring
20 Bolt
21 Vacuum pump assembly

^ Gr 35A

22 O-ring
23 Front oil seal
24 Bolt
25 Front case
26 Front oil seal slinger

*a: Fan shaft assembly
 P11A-56

*b: Upper crankcase
 P11A-80

*c: Balance shaft assembly LH
 P11A-56

Ù : Non-reusable part

CAUTION –
• When the vacuum pump assembly 21 is removed, be sure to follow the specified procedure.  Blind removal will

result in failure of the assembly being positioned with the balance shaft assembly LH *c.
• Do not remove the front oil seal 23 unless something wrong is evident.

● Assembly sequence
Follow the disassembly sequence in reverse.

-

Ê1

19
-

2 3
4

5

7

6

Ê
8

9

11

1314

15

Ê
10

Ê
24

17
Ê

18

20
Ê

22-
16
Ê
-

*b
*c

*a
Ê 12
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Ê Tightening torques Unit: N⋅m {ft.lbs, kgf⋅m}

noitacoL denethgitebotstraP euqrotgninethgiT skrameR

1 )revocesactnorfgnitnuom(tloB }4.0ot3.0,9.2ot2.2{9.3ot9.2 –

8 )yellupnafgnitnuom(tuN }0.02,541{1.691 –

01 )ylbmessapmupretawgnitnuom(tloB }4.2,71{5.32 –

21 )revocrehtaerbgnitnuom(tloB }3.0,2.2{9.2 –

61 rosnesdeepsenignE }0.3,22{4.92 –

71 )ylbmessapmupliognireetsrewopgnitnuom(tloB }4.2,71{5.32 –

02 )ylbmessapmupmuucavgnitnuom(tloB }4.2,71{5.32 –

42 )esactnorfgnitnuom(tloB }4.2,71{5.32 –

Lubricant and sealant
noitacoL noitacilppafostnioP tnalaesro/dnatnacirbuldeificepS ytitnauQ

61 rosnesdeepsenignefonoitropdedaerhT J4011DNBOEERHT deriuqersA

22,91 gnir-OdnuorallA lioenignE deriuqersA

32 laesliotnorffopiL lioenignE deriuqersA

52 ecafrusgnitnuomesactnorF DroC7021DNOBEERHT deriuqersA

◆ Service procedure
Q Installation of vacuum pump assembly
The vacuum pump assembly 21 serves also to position the balance shaft
assembly LH *c.  For this reason, before the assembly is installed, the
balance shaft assembly must be kept in the right position by the follow-
ing procedure.
• Place the piston of cylinder No. 1 at the top dead center on the com-

pression stroke.
• Remove plug A from the upper crankcase *b.
• Insert a screwdriver into the hole from which the plug A was removed

until it slightly touches the balance shaft assembly LH *c.

CAUTION –
Be sure not to force the screwdriver in, as there is danger of dam-
age to the No. 1 journal of the balance shaft assembly LH *c.

• Slowly rotate the balance shaft assembly LH *c to align the tip of the
screwdriver with the shaft support hole B in the No. 1 journal of the
balance shaft.

• Supporting the balance shaft by inserting the screwdriver in the hole,
install the vacuum pump assembly 21.

• After the installation, remove the screwdriver.
P29297

*b

*c

21

A

B
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FRONT CASE
S Installation of front oil seal
Install the front oil seal 23 on the front case 25 in the illustrated direction
after applying engine oil to the lip A.

B : Front of vehicle

U Installation of front case
• Apply sealant A evenly without any break to the mounting surface of

the front case 25 as shown.  (Approximately φ 1 mm {φ 0.0393})
• After application of sealant A, install the front case 25 in less than

three minutes.

CAUTION –
• Check to ensure that the sealant application surface is clean and

free from any oil and other deposits.
• When installing the parts, make sure that the sealant is not forced

out of position.
• Do not start the engine less than an hour after installation.
• If the mounting bolts were loosened or removed after installation

of the front case 25, be sure to re-apply sealant A.

V Installation of front oil seal slinger
Install the front oil seal slinger 26 on the fan shaft assembly *a in the
illustrated direction.

P29298

P29363

P29364

23
25

B

25

A

26

*a

A
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5

2

8
16

*a

*b

*c

*d

A

41

42

43

11

1

21

15

24

13

40

7

4

23

34
32

19 I

39

38373635

26

31

30
2928

27

TIMING GEARS AND BALANCE SHAFTS

P40869

P

Ù

Ù

Ù

Ê

Ê

Ê

Ù

Ê

Ê

Ê

Ê

Ê
Ê

Ê

P
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CAUTION –
For details on the balance shaft removal and installation procedures, refer to  P11A-88.

● Assembly sequence
Follow the disassembly sequence in reverse.

● Pre-disassembly inspection
 P11A-59

● Disassembly sequence
1 Bolt
2 Thrust plate
3 Idler gear assembly
4 Idler gear bushing
5 Idler gear
6 Idler shaft
7 Bolt
8 Fan shaft case assembly
9 Thrust plate

10 Fan shaft case bushing
11 Fan shaft case
12 Fan shaft assembly
13 Bolt
14 Fan gear shaft
15 Bolt
16 Thrust plate
17 No. 1 idler gear assembly
18 No. 1 idler gear bushing
19 No. 1 idler gear

20 No. 1 idler shaft
21 Bolt
22 Oil pump assembly

^ Gr 12A
23 O-ring
24 Bolt
25 Balance shaft assembly RH
26 Nut
27 Balance shaft gear RH
28 Thrust spacer
29 Key
30 Thrust plate
31 Balance shaft RH
32 Bolt
33 Balance shaft assembly LH
34 Nut
35 Balance shaft gear LH
36 Thrust spacer
37 Key
38 Thrust plate

39 Balance shaft LH
40 Bolt
41 Injection pump bearing

housing assembly
42 Bearing
43 Injection pump bearing

housing

*a : Crankshaft gear  P11A-80
*b : Upper crankcase

 P11A-80
*c : Injection pump gear

^ Gr 13A
*d : Lower crankcase

 P11A-80

P : Locating pin
Ù : Non-reusable part
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TIMING GEARS AND BALANCE SHAFTS
Service standards Unit: mm {in.}

noitacoL metiecnanetniaM eulavdradnatS
)][niretemaidcisaB( timiL ydemeR

– hsalkcaB
sraegneewteb

nafdnaylbmessaraegreldI
ylbmessatfahs }1500.0ot5300.0{31.0ot90.0 }210.0{3.0

ecalpeR

1.oNdnaylbmessatfahsnaF
ylbmessaraegreldi }9300.0ot4200.0{01.0ot60.0 }210.0{3.0

dnaylbmessaraegreldi1.oN
raegtfahsknarc }1500.0ot3400.0{31.0ot11.0 }210.0{3.0

dnaylbmessaraegreldi1.oN
raegpmupnoitcejni }7400.0ot5300.0{21.0ot90.0 }210.0{3.0

pmupliodnaraegtfahsknarC
raeg }9500.0ot7400.0{51.0ot21.0 }210.0{3.0

liodnaHRraegtfahsecnalaB
raegpmup }7800.0ot5700.0{22.0ot91.0 }210.0{3.0

–
foyalpdnE

dnaraeghcae
tfahs

ylbmessaraegreldI }9700.0ot9300.0{02.0ot01.0 }210.0{3.0

ecalpeR

ylbmessatfahsnaF }5700.0ot8200.0{91.0ot70.0 }210.0{3.0

ylbmessaraegreldi1.oN }8900.0ot9500.0{52.0ot51.0 }210.0{3.0

HRtfahsecnalaB }9700.0ot9300.0{2.0ot1.0 }210.0{3.0

HLtfahsecnalaB }9700.0ot9300.0{2.0ot1.0 }210.0{3.0

6,4 reldidnagnihsubraegreldineewtebecnaraelC
tfahs

60.0ot20.0]}0.2{15[
}4200.0ot97000.0{

1.0
}9300.0{ ecalpeR

21,01 nafdnagnihsubesactfahsnafneewtebecnaraelC
ylbmessatfahs

70.0ot30.0]}16.1{14[
}8200.0ot2100.0{

1.0
}9300.0{ ecalpeR

41,21 nafdnaylbmessatfahsnafneewtebecnaraelC
tfahsraeg

50.0ot10.0]}14.1{63[
}0200.0ot93000.0{

1.0
}9300.0{ ecalpeR

02,81 dnagnihsubraegreldi1.oNneewtebecnaraelC
tfahsreldi1.oN

70.0ot30.0]}23.2{95[
}8200.0ot2100.0{

1.0
}9300.0{ ecalpeR

52 HRylbmessatfahsecnalabfodneB }89000.0{520.0 50.0
}200.0{ ecalpeR

33 HLylbmessatfahsecnalabfodneB }89000.0{520.0 50.0
}200.0{ ecalpeR

Ê Tightening torques Unit: N⋅m {ft.lbs, kgf⋅m}

noitacoL denethgitebotstraP euqrotgninethgiT skrameR

1 )tfahsreldignitnuom(tloB }4.2,71{5.32 –

7 )ylbmessaesactfahsnafgnitnuom(tloB }4.2,71{5.32 –

31 )tfahsraegnafgnitnuom(tloB }4.2,71{5.32 –

51 )tfahsreldi1.oNgnitnuom(tloB }5.4,33{1.44 –

12 )ylbmessapmupliognitnuom(tloB }8.2,02{4.72 –

42 )HRylbmessatfahsecnalabgnitnuom(tloB }4.2,71{5.32 –

62 )HRraegtfahsecnalabgnitnuom(tuN }8.9,17{1.69 teW

23 )HLylbmessatfahsecnalabgnitnuom(tloB }4.2,71{5.32 –

43 )HLraegtfahsecnalabgnitnuom(tuN }8.9,17{1.69 teW

04 gnisuohgniraebpmupnoitcejnignitnuom(tloB
)ylbmessa }8.2,02{4.72 –

53.9 {40, 5.5}
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Lubricant

noitacoL noitacilppafostnioP tnacirbuldeificepS ytitnauQ

71,3 raeghcaefognihsubfoecafrusedisnI lioenignE deriuqersA

,21,6
02,41 tfahshcaefoecnerefmucricedistuO lioenignE deriuqersA

32 gnir-OdnuorallA lioenignE deriuqersA

33,52 tfahsecnalabfosnoitroplanruoJ lioenignE deriuqersA

43,62 tunfonoitropdedaerhT lioenignE deriuqersA

0 Special tools Unit: mm {in.}

noitacoL epahsdnaemanlooT .oNtraP noitacilppA

4 relluPgnihsuBraeGreldI

� 07292

Use Equivalent raegreldifolavomerdnanoitallatsnI
gnihsub

01 relluPgnihsuBraeGreldI

� 07292

MH062601

Use Equivalent

esactfahsnaffolavomerdnanoitallatsnI
gnihsub

81 relluPgnihsuBraeGreldI

� 07292

raegreldi1.oNfolavomerdnanoitallatsnI
gnihsub

P29273

φ 50
{1.97}

φ 46.5
{1.83}

φ 58
{2.28}

φ 54.5
{2.14}

φ 40
{1.57}

φ 37
{1.45}

◆ Service procedure
● Pre-disassembly inspection
(1) Backlash between gears

On a pair of gears, measure backlash at more than three positions.  If
the reading is more than the limit, replace defective parts.

Use Equivalent
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TIMING GEARS AND BALANCE SHAFTS

3HMR Installation of timing gears
Install the timing gears in the following sequence.
• Place the piston of No. 1 cylinder at the top dead center to position the

crankshaft gear *a.
• Install the gear of the oil pump assembly 22 while aligning the align-

ment marks “6” and “7” with those on the crankshaft gear *a and bal-
ance shaft gear RH 27, respectively.

• Install No. 1 idler gear assembly 17 while aligning the alignment marks
“1” and “3” with those on the crankshaft gear *a and injection pump
gear *c, respectively.

• Install the fan shaft assembly 12 while aligning the alignment mark “2”
with that of No. 1 idler gear assembly 17.

• Install the idler gear assembly 3 while aligning the alignment mark “4”
with that of the fan shaft assembly 12.

46 Idler gear bushing and idler shaft
[Inspection]
If the reading is more than the limit, replace defective parts.

Idler gear bushing
[Removal]

B : Press
0 : Idler Gear Bushing Puller

(2) End play of each gear and shaft
If the reading is more than the limit, replace defective parts.

P29276

P29277

P29275

P29274

3
3

3

2
2

2

1

1

1

6
6 6

7
7

7

44

4

3

12

*c
17

*a

22

27

4 6

0

4

B
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[Installation]
• Face the idler gear 5 in the illustrated direction.  Using 0 Idler Gear

Bushing Puller, press-fit the idler gear bushing 4 into the idler gear up
to the chamfered portion C.
B : Press

• After press-fitting the bushing, re-measure the clearance.  If the read-
ing is less than the standard limits, ream the idler gear bushing 4 until
the clearance falls within the standard limits.

9 Installation of thrust plate
Install the thrust plate 9 with that side which does not have oil grooves B
toward the fan shaft case 11.

FH Fan shaft case bushing and fan shaft assembly
[Inspection]
If the clearance is more than the limit, replace defective parts.

Fan shaft case bushing
[Removal]

B : Press
0 : Idler Gear Bushing Puller

[Installation]
• Face the fan shaft case in the illustrated direction. Using 0 Idler Gear

Bushing Installer, press-fit the fan shaft case bushing up to the cham-
fered portion C of the fan shaft case.
B : Press

• After press-fitting the bushing, re-measure the clearance.  If the read-
ing is less than the standard limits, ream the fan shaft case bushing 10
until the clearance falls within the standard limits.

P29279

P29280

P29281

P29282

P29278

0

4
5

B

C

9

11

B

10 12

0

10

B

0

C

10

11

B
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TIMING GEARS AND BALANCE SHAFTS
HJ Fan shaft assembly and fan gear shaft
[Inspection]
If the clearance is more than the limit, replace defective parts.

J Installation of fan gear shaft
With oil hole A in fan gear shaft 14 facing up, install the fan gear shaft to
upper crankcase *b.

NP No. 1 idler gear bushing and No. 1 idler shaft
[Inspection]
If the clearance is more than the limit, replace defective parts.

Idler gear bushing
[Removal]

B : Press
0 :  Idler Gear Bushing Installer

P29284

P29285

P29286

P29283

12

14

18 20

0

18

B

2
2

0

18

19

C

B

P45878

14

*bA

[Installation]
• Face the No. 1 idler gear 19 in the illustrated direction. Using 0 Idler

Gear Bushing Installer, press-fit the idler gear bushing up to the cham-
fered portion C of the No. 1 idler gear.
B : Press

• After press-fitting the bushing, re-measure the clearance.  If the read-
ing is less than the standard limits, ream the No. 1 idler gear bushing
18 until the clearance falls within the standard limits.
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U] Balance shaft assembly
[Inspection]
• Check the balance shaft assemblies RH 25 and LH 33 for bend.
• Measure the balance shaft bend at No. 2 journal D while supporting

the shaft at No. 1 journal B and No. 3 journal C.

NOTE
The bend of the balance shaft assemblies RH 25 and LH 33 is one
half of the reading of the dial indicator taken after turning the bal-
ance shaft assembly through a rotation.

• If the reading exceeds the limit, disassemble the balance shaft assem-
bly RH 25, LH 33, and replace the balance shaft RH 31, LH 39.

[Disassembly]
• The nut 26 of the balance shaft RH 31 and the nut 34 of the balance

shaft LH 39 are different in the thread cutting direction.
• Remove the nut 26 by turning counter-clockwise. Remove the nut 34

by turning clockwise.

[Assembly]
• Of the balance shaft RH 31 and LH 39, one with a shaft support hole D

(φ 5 mm {φ 0.2 in.}) in No. 1 journal is the balance shaft LH 39.
• Install the thrust plates 30 and 38 in the illustrated direction.

E : Oil groove
• Install the balance shaft gears RH 27 and LH 35 in the illustrated direc-

tion.
• Install the nut 26 by turning clockwise. Install the nut 34 by turning

counter-clockwise.

[Installation]
• The installation position of the balance shaft assembly RH 25 is deter-

mined by the gears being put in mesh when the oil pump assembly 22
is installed.  P11A-60

• The balance shaft assembly LH 33 is not brought in mesh with any
gear until when the vacuum pump assembly is installed with the front
case attached. Therefore, the following steps must be performed be-
fore installation.
• Remove the plug G from the upper crankcase *b.
• Insert a screwdriver in the hole from which the plug G was removed

and into the shaft support hole E (φ 5 mm {φ 0.2 in.}) provided in the
No. 1 journal B of the balance shaft assembly LH 33 to support the
balance shaft assembly.

• Align the alignment marks of all the timing gears.  P11A-60
• By so doing, the balance shaft assembly LH 33 can be positioned.

Keep it in position until the vacuum pump assembly is installed
(  P11A-53).

P29287

P29288

P29289

P29290

B C

D

26
27

28 29
30

31

39
38

37
363534

8

8

7

2627
2829

30
31

39

383736

3534 D

E

G E

B 33

*b
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*d

*e
3

*c

*a

*b

● Pre-disassembly inspection
 P11A-65

● Removal sequence
1 Bolt
2 Lower connecting rod bearing
3 Connecting rod cap
4 Upper connecting rod bearing
5 Piston and connecting rod assembly

 P11A-71
6 Cylinder liner

*a : Crankshaft assembly  P11A-80
*b : Upper crankcase  P11A-80
*c : Lower crankcase  P11A-80
*d : Oil pan ^ Gr 12A
*e : Oil strainer ^ Gr 12A

NOTE
Since the bolts 1 (for installing connect-
ing rod cap 3) utilize the torque-turn tight-
ening method, they must not be removed
unless it is absolutely necessary.

● Installation sequence
Follow the removal sequence in reverse.

Service standards Unit: mm {in.}

noitacoL metiecnanetniaM eulavdradnatS
)][niretemaidcisaB( timiL ydemeR

–
rotrusionpnotsiP }5300.0ot5300.0–{90.0ot90.0– –

tcepsnI
hcae

noitacol

yalpdnedorgnitcennoC }810.0ot9300.0{54.0ot51.0 }420.0{6.0 ecalpeR

4,2 gnitcennoC
gniraebdor

ecnaraelcliO 90.0ot40.0]}65.2{56[
}5300.0ot6100.0{

2.0
}9700.0{ ecalpeR

eerfnehwnapS – nahtsseL
}37.2{5.96

6,5 rednilyc-ot-ylbmessadorgnitcennocdnanotsiP
ecnaraelcreniL

551.0ot531.0]}94.4{411[
}1600.0ot3500.0{ – ecalpeR

6 rednilyC
renil

noitcejorpegnalF }8200.0ot93000.0{70.0ot10.0 – ecalpeR

retemaidedisnI φ 20.411ot411
{φ }9884.4ot1884.4

φ 52.411
{φ }894.4

ecalpeR

yticirdnilyC sselro}2100.0{30.0 – ecalpeR

egnalfrenilrednilycniecnereffiD
srednilyctnecajdamorfnoitcejorp sselro}6100.0{40.0 – ecalpeR

Ê Tightening torques Unit: N⋅m {ft.lbs, kgf⋅m}

noitacoL denethgitebotstraP euqrotgninethgiT skrameR

1 )noitallatsnipacdorgnitcennoc(tloB 09+}3,22{92 ° teW

P29524
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11A
Lubricant

noitacoL noitacilppafostnioP tnacirbuldeificepS ytitnauQ

1 sdaerhttloB lioenignE deriuqersA

4,2 ecafrusedisnigniraebdorgnitcennoC lioenignE deriuqersA

6 esacknarcreppuybdlehrenilrednilycfosnoitroP lioenignE deriuqersA

0 Special tools Unit: mm {in.}

noitacoL epahsdnaemanlooT .oNtraP noitacilppA

5 pmalCediuGnotsiP:A
reveLediuGnotsiP:B

18910

234360HM:A
856160HM:B

dorgnitcennocdnanotsipgnillatsnI
ylbmessa

6

rotcartxEreniLrednilyC

P 80003

735260HM srenilrednilycgnivomeR

rellatsnIreniLrednilyC

P 01003

606360HM srenilrednilycgnillatsnI

retpadA:A
tloB:B

rehsaW:C

P 90003

334360HM:A
526031FM:B
210500HM:C

noitcejorpegnalfrenilrednilycgnirusaeM
tnecajdamorfecnereffidriehtdnatnuoma

.srednilyc

◆ Service procedure
● Pre-disassembly inspection

CAUTION –
The cylinder liners 6 may be forced out if the upper crankcase *b
is turned over or if the crankshaft assembly *a is rotated with the
pistons inserted. Before beginning with inspection procedures,
be sure to hold each cylinder liner at its flange section using a
washer A or a similar tool.

P29525

A
B

φ 113.5
{φ 4.46}

M14 × 2B

A

C40
{1.57}

A

6
*b

P30009

P30010

P30008

(Obtain Locally)

(Obtain Locally)

(Obtain Locally)

(Obtain Locally)
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*b

B

A

(1) Piston protrusion from crankcase top surface

NOTE
The piston protrusion affects engine performance and must there-
fore be checked.

• Set the piston at top dead center.
• Make standard points A (five points) on upper crankcase assembly *b

the 0 (zero) point and measure any protrusion relative to this point.
• Measure at four points on each piston at the nearest standard point

from the zero point and produce the average value.
B : Measurement point (16 points)

• If the average value is out of specification, check the clearances be-
tween all relevant parts.

(2) Connecting rod end play
• Measure the end play every connecting rod.
• If any measurement exceeds the specified limit, replace the defective

part (s).

(3) Cylinder liner flange protrusion amount and its difference
between adjacent cylinders.

• Install the 1 Adapter on the upper crankcase in such a way that it
may not ride on the flange A of the cylinder liner 6 and secure it by
tightening the 2 Washer and 3 Bolt to a torque of 49 N⋅m {36 ft.lbs,
5 kgf⋅m}.

• Measure the protrusion amount B of flange of the cylinder liners 6.
• If the measurement is out of specification, replace the defective part(s).
• Calculate the differences of the protrusion amounts between adjacent

cylinders. If any difference is out of specification, check the mounting
condition of the liners and replace the defective part(s).

CAUTION –
If the cylinder liner 6 flange protrusion is insufficient, bearing pres-
sure on the cylinder head gasket will be too low in the region of
the bore, possibly causing gas to leak.

P29323

P29526

P29527

P29528

A

6 *b

3
2
1

6

B
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11A
24 Connecting rod bearings
[Installation]
Fit the lower connecting rod bearing 2 into the connecting rod cap 3, and
fit the upper connecting rod bearing 4 into the piston and connecting rod
assembly 5. Make sure the lugs A on the bearings are fitted into their
respective grooves.

CAUTION –
The upper connecting rod bearing 4 has an oil hole B. The lower
connecting rod bearing 2 has no oil hole. Take care not to con-
fuse the upper and lower parts.

[Inspection]

CAUTION –
• Do not attempt to manually expand a connecting rod bearing 2, 4

if its span is insufficient.
• Upper and lower connecting rod bearing 2,4 must be replaced as

a set.

(1) Span when free
If the span is less than the specified requirement, replace the upper
and lower connecting rod bearings 2, 4 as a set.

P29529

P01995

(2) Connecting rod bearing-to-crankshaft pin clearance
(oil clearance)

• Fit the lower connecting rod bearing 2 into the connecting rod cap 3,
and fit the upper connecting rod bearing 4 into the piston and connect-
ing rod assembly 5. Then, tighten the bolts 1 to the specified torque.

• Measure the inside diameter of the connecting rod bearings 2, 4 and
the outside diameter of the crankshaft *a pin A. If the clearance ex-
ceeds the specified limit, replace the defective part(s).

• If the connecting rod bearing 2, 4 have to be changed to undersized
ones, adjust crankshaft *a pin outer diameter A in accordance with the
specified procedure to fit the undersized dimensions.  P11A-86

03627

P29530

2

5

B

4
A

3

A

5

4

2
3
1

*a
A

2, 4
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PISTONS, CONNECTING RODS AND CYLINDER LINERS

D

2 1

5 Installing piston and connecting rod assembly
• Ensure the gaps of the piston rings A remain in their correct positions.

 P11A-74
• Check that the size marks B on the piston and cylinder liner are the

same.  P11A-69
• Use care to prevent the connecting rod C from damaging the cylinder

liner 6 and crankshaft pin.

P29531

P29532

• With the piston installed, align the mating marks F on the connecting
rod and connecting rod cap 3 and tighten the bolts 1 to the specifica-
tion.

• Tighten bolts 1 alternately in the following manner.
• First tighten to a torque of 29 N⋅m {22 ft.lbs, 3 kgf⋅m}.
• Then tighten further 90° ± 5°.

NOTE
After installation of connecting rod cap 3, inspect the following
points:
• End play of the connecting rod:   P11A-66
• Piston Protrusion:   P11A-66

P29533

6B

A

5

C

P29327

E

“ ”
1

2

3

F
1

• With the piston’s front mark “●●” facing the front of the engine D, care-
fully insert the piston and connecting rod assembly into the cylinder
liner.

• Using the bolt E of the 2 Piston Guide Lever, adjust the inside diam-
eter of the 1 Piston Guide Clamp such that it matches the piston’s
outside diameter.

• After adjustment, remove it from the piston and smear engine oil over
the following items:
• Outside of piston
• Inside of the 1 Piston Guide Clamp
• Inside of the cylinder liner

• Install piston and connecting rod assembly by tapping top of piston
with wooden dowel.
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11A
56 Piston-and-connecting rod assembly and cylinder liners
[Inspection]
• Take measurements to determine the clearance between the piston

and cylinder liner 6.
A : Outside diameter measurement position of piston
B : Direction of crankshaft axis
C : Perpendicular to crankshaft axis

• If the clearance is out of specification, replace the defective part(s).

Cylinder liners
[Removal]

0 : Cylinder Liner Extractor

P29534

02003

P29536

P29535

[Installation]
• Select a cylinder liner 6 which has the same size mark as those stamped

on the upper crankcase *b and the piston.
• The size marks on the upper crankcase *b are arranged in the order

of No. 1, 2, 3 and 4 cylinders starting from the engine front C.

noskrameziS
esacknarcreppu

noskrameziS
srenilrednilyc

nokrameziS
snotsip

”1“ ”A1“
”B1“ ”A“

”2“ ”A2“
”B2“ ”B“

03375

58.6 mm

BC

20 mm
75 mm

185 mm

6

0

10 “A”, “B”

“1A”, “1B”
“2A”, “2B”

*1 “1”, “2”

C

A
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• Apply engine oil to the indicated  parts  of the cylinder liner 6.

22028

P30011

• Using the 0 Cylinder Liner Installer, gently tap down the cylinder liner
6 until it is snugly seated on the upper crankcase *b.

CAUTION –
The cylinder liner 6 is thin in wall thickness.
Use utmost care when handling it.

6
*b

00

6
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1

Piston and Connecting Rod Assembly
● Disassembly sequence

1 Snap ring
2 Piston pin
3 Connecting rod bushing
4 Connecting rod
5 1st compression ring
6 2nd compression ring
7 Oil ring
8 Piston

● Assembly sequence
Follow the disassembly sequence in reverse.

P29537

Service standards Unit: mm {in.}

noitacoL metiecnanetniaM eulavdradnatS timiL ydemeR

3,2 red small end bushinggnitcennoc-ot-nipnotsiP
ecnaraelc

40.0ot30.0]}24.1{63[
}6100.0ot2100.0{

1.0
}9300.0{ ecalpeR

8,2 ecnaraelcnotsip-ot-nipnotsiP 120.0ot700.0]}24.1{63[
}38000.0ot82000.0{

50.0
}200.0{ ecalpeR

4
dnebdorgnitcennoC – 50.0

}200.0{ ecalpeR

twistdorgnitcennoC – 1.0
}9300.0{ ecalpeR

7ot5 dnegnirnotsiP
pag

gnirnoisserpmocts1 }810.0ot210.0{54.0ot3.0 }950.0{5.1

ecalpeRgnirnoisserpmocdn2 ]220.0ot610.0{55.0ot4.0 }950.0{5.1

gnirliO }20.0ot210.0{5.0ot3.0 }950.0{5.1

8ot5
-ot-gnirnotsiP

gnirnotsip
evoorg

ecnaraelc

gnirnoisserpmocts1 }9300.0ot97000.0{01.0ot20.0 2.0
}9700.0{

ecalpeRgnirnoisserpmocdn2 }9300.0ot8200.0{01.0ot70.0 51.0
}9500.0{

gnirliO }4200.0ot2100.0{60.0ot30.0 51.0
}9500.0{

Lubricant
noitacoL noitacilppafostnioP tnacirbuldeificepS ytitnauQ

2 ecafrusretuonipnotsiP lioenignE deriuqersA

3 ecafrusretuognihsubdorgnitcennoC lioenignE deriuqersA

4 dorgnitcennocfoecafrusnoitallatsnignihsuB lioenignE deriuqersA
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Connecting rod bushing
Replace the connecting rod bushing 3 using the 0 Connecting Rod Bush-
ing Puller Kit.
(Components of the 0 Connecting Rod Bushing Puller Kit)

A : Collar
B : Collar
C : Puller
D : Base
E : Bracket
F : Plate
G : Nut

[Removal]
• Remove the upper bearing (if fitted) from the big end of the connecting

rod 4.
• Mount the connecting rod 4 on the base D and lock it in position with

the bracket E and place F.
• Fit the Collar A over the Puller C in the direction shown. Then, slowly

apply pressure of approximately 49 kN (11020 lbf, 5,000 kgf) H until
the connecting rod bushing 3 is pressed out.

0 Special tools Unit: mm {in.}

noitacoL epahsdnaemanlooT .oNtraP noitacilppA

3 gnihsuBdoRgnitcennoC
tiKrelluP

51020

Use Locally
Manufactured
Equivalent

dorgnitcennocgnillatsnidnagnivomeR
sgnihsub

7ot5 looTgniRnotiP

31020

Obtain Locally sgnirgnillatsnidnagnivomeR

◆ Service procedure
23 Piston pin and connecting rod
[Inspection]
If the clearance exceeds the specified limit, replace the defective part(s).

03634

P02020

02019

φ 60 to 120
{φ 2.36 to 4.72}

2

3

0

C

A

H

3 E 4 F

D
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248 Piston Pin, connecting rod, and piston.
[Removal]
• Removal the snap ring 1 and tap out the piston pin 2 using a rod A and

hammer.
• If the piston pin 2 is difficult to remove, heat the piston 8 in hot water or

using a piston heater.

[Installation]
• Apply engine oil to the piston pin 2. With the connecting rod 4 and

piston 8 and aligned as illustrated, insert the piston pin to hold these
components together.

A : Weight mark
B : Weight mark (A through G: “A” stands for the largest weight)
C : Alignment mark for connecting rod cap
“●”: Front mark

• If the piston pin 2 is difficult to insert, heat the piston pin 8 in hot water
or use a piston heater.

CAUTION –
• Make sure that all pistons have the same weight mark.
• The connecting rods must all have the same weight mark.
• After inserting the pin 2, check that it turns smoothly and without

play.

[Installation]
• Apply engine oil to the small end of the connecting rod 4 and to the

outer surface of the connecting rod bushing 3.
• Fit the Collar B over the Puller C, position the connecting rod bushing

3 and the Collar A, and lock this arrangement together with the Nut G.
• Align the oil holes J in the connecting rod bushing 3 and in the small

end of the connecting rod 4. Then, use a press to slowly apply pres-
sure of approximately 49 kN (11020 lbf, 5,000 kgf) H until the bushing
is pressed into place.

• After press-fitting the connecting rod bushing 3, ream it to achieve the
specified normal clearance between the bushing and piston pin 2.

NOTE
After reaming the connecting rod bushing 3, insert the piston pin
2 and check that it turns smoothly and without play.

29538

P29539

P29540

4

J3
H

G

A

3

B
C

1

4

A
8

2

A

8
2

1

C

4

B

“●●”
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28 Piston pin-to-piston clearance
If the clearance exceeds the specified limit, replace the defective part(s).

02016

4 Connecting rod bend and twist
• Fit the connecting rod bushing 3 and piston pin 2 in their respective

positions of the connecting rod 4.
• Measure the extent of bending A and twisting B in the connecting rod

4.  If either measurement exceeds the specified limit, replace the con-
necting rod.
C : Connecting rod aligner (Measurement device)

NOTE
• Before mounting the connecting rod 4 on the connecting rod

aligner C, install the upper and lower connecting rod bearings in
their respective positions.  P11A-67

• Measurements must be made with the connecting rod cap mount-
ing bolts tightened to the specification.  P11A-67

5to8 Piston rings and piston
Piston rings
[Removal]

0 : Piston Ring Tool

[Installation]
• Fit the oil ring onto the piston 8 with its gap A and the expander spring

end joint B in the position illustrated.
• Fit the piston ring 5, 6 onto the piston 8 such that the manufacturer’s

marks C near the gaps face upward.
• Align the gaps D, E of the piston ring 5, 6 as illustrated.

D : 1st compression ring gap
E : 2nd compression ring gap
“●” : Front mark

02040

P29334

P29335

02039

8

2

100 mm
{3.94 in.}

A

C

2

100 mm
{3.94 in.}

B

C
2

0

B

E

8

A

D

5, 6 C

“●●”
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[Inspection]
(1) Piston ring end gap
• Using the crown of a piston 8, push the piston ring 5, 6 or 7 horizontally

into a cylinder liner F in the upper crankcase for measurement.
• Taking care not to move the piston ring 5, 6 or 7, measure the end gap

using a thickness gauge G. Replace all the rings of piston if any gap
exceeds the specified limit.

NOTE
• To keep the piston ring 5, 6 or 7 horizontal, be sure to insert them

into the cylinder liner F using a piston 8.
• Push the piston ring 5, 6 or 7 down to the bottom of cylinder liner

F; the bottom should be less worn than the top.
• Piston rings 5, 6 or 7 must be replaced as a set. Never replace

piston rings individually.

(2) Piston ring-to-piston ring groove clearance
• If any measurement exceeds the specified limit, replace the defective

part(s).
• Measure the 1st compression ring 5 clearance with a thickness gauge

G while pressing the ring against the piston 8 with a straight edge H.

NOTE
• Remove any carbon deposits from the ring groove of the piston 8

and measure the clearance around the piston’s entire periphery.
• Piston ring 5, 6, 7 must be replaced as a set. Never replace piston

rings individually.

P29336

02026

F

8

5 to 7

G

P29713

8

5 to 7

8
G

H

5
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● Disassembly sequence

FLYWHEEL

P41233

*

2
1Ê

6

1 Bolt
2 Plate
3 Pilot bearing

4 Flywheel assembly
5 Ring gear
6 Flywheel

* : Crankshaft assembly
 P11A-80

P : Locating pin

● Assembly sequence
Follow the disassembly sequence in reverse.

CAUTION –
• Make sure that the mounting surface of the flywheel assembly 4 is free from any foreign substances, oil and

detrimental flaws.
• After installing flywheel assembly 4, check for runout.

NOTE
• Do not remove the pilot bearing 3 or ring gear 5 unless an abnormality is evident.

Ê Tightening torques Unit: N⋅m {ft.lbs, kgf⋅m}

noitacoL denethgitebotstraP euqrotgninethgiT skrameR

1 )noitallatsniylbmessaleehwylf(Bolt 04+}0.4,0.92{0.93 ° teW

P
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Lubricant

noitacoL noitacilppafostnioP tnacirbuldeificepS ytitnauQ

1 sdaerhtBolt lioenignE deriuqersA

0 Special tools Unit: mm {in.}

noitacoL epahsdnaemanlooT .oNtraP noitacilppA

4

hcnerWtekcoS

� 48910

Obtain Locally

leehwylffonoitallatsnI

esaBtengaM

17400

Obtain Locally

Width across
flats: 22 {0.87}

◆ Service procedure
5Installation of flywheel assembly
• Tighten the bolts 1 to the specified torque (39.0 N⋅m {29 ft.lbs, 4.0

kgf⋅m}.  After that, turn the bolts further in accordance with the follow-
ing procedure.

• Turn the holder C of the 1 Socket Wrench counterclockwise to the
tension the built-in spring.
D : Socket
E : Rod
F : Rod (extension)

• Fit the 2 Magnet Base on the flywheel at a position where it can
come in contact with the Rod F (for extension) as shown in the illustra-
tion.

• Set the rod F (for extension) such that it may be pressed against the
2 Magnet Base by the spring force.

• Align any inscribed line G on the holder C with any inscribed line H on
the socket D. (Use this point as reference 0° position.)

• From the above reference position, turn the socket D clockwise by 40°
to tighten the bolt to the proper specification.

P01991

P41234

D

C

1

E F

H

G

10°

F2 

1
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FLYWHEEL

5 Ring gear
[Inspection]
Inspect ring gear 5 for damage and abnormal wear. If any defect is evi-
dent, the ring gear must be replaced.

[Removal]
Heat the ring gear 5 evenly with an acetylene torch or the like.

WARNING –
Be careful not to get burned.

• Remove the ring gear 5 from the flywheel by tapping around its entire
periphery.

[Installation]
Using an acetylene torch or the like, heat the ring gear 5 to approximately
100 °C {212 °F} for 3 minutes.

WARNING –
Be careful not to get burned.

• Fit the ring gear 5 with the non-chamfered side of its teeth toward the
flywheel 6.
B : Chamfered side of ring gear 5.

P41238

P41235

5

5 6
B
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CRANKSHAFT AND CRANKCASE

● Pre-disassembly inspection
 P11A-82

● Disassembly sequence
1 Bolt
2 Rear plate
3 Bolt
4 Rear oil seal
5 Bolt
6 Main cap bolt
7 Lower crankcase assembly
8 Lower main bearing

9 Lower crankcase
10 Lower thrust plate
11 Crankshaft assembly
12 Crankshaft gear
13 Rear oil seal slinger
14 Crankshaft
15 Upper thrust plate
16 Upper crankcase assembly

17 Upper main bearing
18 Check valve
19 Oil jet
20 Upper crankcase

P : Locating pin
Ù : Non-reusable part

P29412

NOTE
• Do not remove parts marked * unless defects are evident.
• The lower crankcase 9 and upper crankcase 20 have been machined in a pair. Therefore, replacing either one of

the pair is not allowed.

*
*

*

P

PPP

P

P

6 5

Ê

ÊÊ

Ê
Ê

Ù
B

A

Arrow view B Arrow view A
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11A
● Assembly sequence

Follow the disassembly sequence in reverse.

CAUTION –
• If the main cap bolt shows evidence of having been tightened three times, replace it.   P11A-83
• Do not overtighten the check valve 18. If the tightening torque exceeds the specified one, the check valve may

malfunction, resulting in damage to the engine.

Service standards Unit: mm {in.}

noitacoL metiecnanetniaM eulavdradnatS
)][niretemaidcisaB( timiL ydemeR

– yalpdnetfahsknarC }0110.0ot9300.0{82.0ot01.0 }610.0{4.0 ecalpeR
etalptsurht

71,8 gniraebainM
ecnaraelcliO

5,4,2,1.oN 11.0ot40.0]}583.3{68[
}3400.0ot6100.0{ 51.0

}9500.0{ ecalpeR
3.oN 31.0ot60.0]}583.3{68[

}1500.0ot4200.0{

eerfnehwnapS – nahtsseL
}06.3{5.19 ecalpeR

41 tfahsknarC

dneB sselro}97000.0{20.0 50.0
}200.0{

rotcerroC
ecalper

lanruojdnaniP
ssendnuoR sselro}93000.0{10.0 30.0

}2100.0{
rotcerroC

ecalper

yticirdnilyC sselro}42000.0{60.0 – rotcerroC
ecalper

02 ecafruspotesacknarcreppufonoitrotsiD sselro}8200.0{70.0 2.0
}9700.0{ ecalpeR

Ê Tightening torques Unit: N⋅m {ft.lbs, kgf⋅m}

noitacoL denethgitebotstraP euqrotgninethgiT skrameR

1 )noitallatsnietalpraer(tloB }5.6,74{7,36 —

3 )noitallatsnilaeslioraer(tloB }0.1,2.7{8.9 —

5 )noitallatsniesacknarcrewol(tloB }4.2,71{5.32 teW

6 )noitallatsniesacknarcrewol(tlobpacniaM 09+}0.5,63{94 ° teW•
semit3elbasueR•

81 evlavkcehC }0.3,22{4.92 teW

Lubricant and sealant
noitacoL noitacilppafostnioP tnalaes/tnacirbuldeificepS ytitnauQ

4
pillaeslioraeR lioenignE deriuqersA

lioraerfoecafrusgnitcartnocesacknarcrewoldnareppU
laes 7021dnobeerhT deriuqersA

6,5 ecafrusgnitaesdnasdaerhttloB lioenignE deriuqersA

71,8 secafrusedisnigniraebniaM lioenignE deriuqersA

61 esacknarcreppufoecafrusgnihcattaesacknarcrewoL 7021dnobeerhT deriuqersA

81 sdaerhtevlavkcehC lioenignE deriuqersA
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CRANKSHAFT AND CRANKCASE
0 Special tools Unit: mm {in.}

noitacoL epahsdnaemanlooT .oNtraP noitacilppA

21 relluPraeG

� 56020

Obtain Locally raegtfahsknarcgnivomeR

31 regnilSlaeSliOraeR
rellatsnI

� 15020

MH061470A regnilslaeslioraergnillatsnI

◆ Service procedure
● Pre-disassembly inspection

Crankshaft end play
• Before removing the lower crankcase assembly 7, measure the extent

of crankshaft end play.
• If the measurement exceeds the specified limit, replace the thrust plates

with oversize ones.  P11A-85

P29413

P29419

30144

4 Mounting of rear oil seal
• Apply engine oil to lips B of rear oil seal 4.
• Apply sealant D along black line C stamped on the rear oil seal 4 evenly

without break. (φ 1.5 mm {φ 0.059 in.})
• After applying sealant D, install the rear oil seal 4 between the lower

crankcase assembly 7 and upper crankcase assembly 16 within three
minutes.

CAUTION –
• Make sure that the sealant application surfaces are clean and free

from grease and oil.
• Use care not to let the applied sealant slip out of place during

installation.
• After fitting rear oil seal, wait at least an hour before starting the

engine.
• Apply a new bead of sealant D whenever mounting bolts 3 of rear

oil seal have been loosened.

11

7

B
16

7
3

4

φ 1.5 mm {φ 0.059 in.}

C

4

φ 100
{φ 3.94}

φ 103
{φ 4.06}

φ 15
{φ 0.59}

D
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11A
7 Lower crankcase assembly
• 1 – L : Bolt 5
• M – V : Main cap bolt 6

[Removal]
• Gradually loosen the bolts 5 in the sequence of numbers 1 – L shown

in the illustration.
• Then, gradually loosen the main cap bolts 6 in the sequence of num-

bersM – V shown, and remove.

[Installation]

CAUTION –
• Before installing the lower crankcase assembly check the head

of the main cap bolt 6 for punch marks B.
• The number of punch marks corresponds to the number of times

the bolt has been tightened using torque-turn method (bolts with
two or less punch marks are reusable). If there are three, replace
the main cap bolt.

• Apply φ 2 mm {φ 0.079 in.} thick bead of specified sealant C to the
fitting surface of the upper crankcase assembly 16 as shown.

• After applying sealant C, install the lower crankcase assembly 7 to the
upper crankcase assembly 16 within three minutes and secure with
the main cap bolts 6 and the bolts 5 as follows:

CAUTION –
• Make sure that the sealant application surfaces are clean and free

from grease and oil.
• Use care not to let the applied sealant C slip out of place during

installation.

• Apply a thin coat of engine oil to the threaded part and seating surface
of each main cap bolt 6, then tighten the bolts to a torque of 49 N⋅m {36
ft.lbs, 5.0 kgf⋅m} in the sequence of the numbers shown (M – V)

• After tightening, give the bolts an additional 90° turn in the same se-
quence.

• Following the main cap bolts 6, tighten the bolts 5 to the specified
torque in the sequence of the numbers shown (1 – L).

CAUTION –
• After installation, wait at least an hour before starting the engine.
• Apply a new bead of sealant C whenever the bolts 5 or the main

cap bolts 6 have been loosened.

• After tightening the main cap bolts 6 using the torque-turn tightening
method, make a punch mark on the head of each one to indicate the
number of times used.

NOTE
Since bolts 1 utilize the torque-turn tightening method, they must
not be tightened further after this procedure.

P29415

21229

P29416

P29417

4 8 12 16 13 9 5 1

1721262420
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2 6 10 14 15 11 7 3

22 25 23 19
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16 C

13 9 5 1 4 8 12 16

2622171923
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15 11 7 3 2 6 10 14

21 18 20 24
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CRANKSHAFT AND CRANKCASE

• After installing the lower crankcase assembly, check the following:
• Smooth rotation of crankshaft assembly 11
• End play of the crankshaft assembly 11  P11A-82
8M Main bearings
[Installation]
Install the main bearings 8, 17 such that their lugs B fit into the corre-
sponding grooves.

CAUTION –
The upper main bearing 17 has an oil hole C. The lower main bear-
ing 8 has no oil hole.  Take care not to confuse the upper and
lower parts.

[Inspection]

CAUTION –
• Do not attempt to manually expand either bearing 8, 17 if its span

is insufficient.
• Upper and lower bearings 8, 17 must be replaced as a set.

(1) Span when free
If either bearing’s span when free exceeds the specified limit, the bear-
ings 8, 17 must be replaced.

(2) Main bearing-to-crankshaft clearance
• Fit the upper main bearing 17 into the upper crankcase 20 and the

lower main bearing 8 into the lower crankcase 9. Then, tighten the
main cap bolts 6 to their specified torque (49 N⋅m {36 ft.lbs, 5.0 kgf⋅m}).

• Measure the internal diameters of the main bearings 8, 17 and the
journal outside diameter D of the crankshaft 14. If the clearance ex-
ceeds the specified limit, replace the defective part(s).

P29418

P01995

P29420

P29419
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11A
FK Thrust plate
Install the thrust plates 10, 15 to the crankshaft assembly 11 at No. 5
journal only. Install all halves of the thrust plates with the oil groove B
oriented outward.

NOTE
If any oversize thrust plates are to be used, be sure to use an
upper thrust plate 15 and lower thrust plate 10 of the same size at
one side. However, using the same size upper (or lower) thrust
bearings on both sides is not necessary.
Available oversize: 0.15, 0.30, 0.45 mm {0.0059, 0.012, 0.018 in.}

H Crankshaft gear
[Removal]

0 : Gear Puller

CAUTION –
Do not tap off the crankshaft gear 12 since this could damage it.

P29421

P29422

P29423

[Installation]
• Using a piston heater or the like, heat the crankshaft gear 12 to a

temperature of approximately 150 °C {302 °F}.

WARNING –
Be careful not to get burned.

• Align the location pin A on the crankshaft 14 with the notch B in the
crankshaft gear 12. Then, drive the gear into position by striking its
end face with a plastic mallet.

I Rear oil seal slinger
[Removal]
Taking care not to damage the crankshaft 14, split the oil seal slinger
using a chisel or the like.

[Installation]
With the rear oil seal slinger 13 directed as illustrated, drive it onto the
crankshaft using the 0 Rear Oil Slinger Installer until the tools end face
A is pressed firmly against the guide B.

15

11
10

B
10

B

15

12
0

AB12

14

13

A
B14

0
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CRANKSHAFT AND CRANKCASE
JCrankshaft
[Inspection]
(1) Roundness and cylindricity of crankshaft journal and pin

If either measurement exceeds the specified limit, grind it to undersize
or replace the crankshaft 14.
B : Roundness
C : Cylindricity

P29420

P29425

(2) Bend
• Support the crankshaft 14 at its No. 1 journal D and No. 5 journal E.

Measure the extent of bending in the crankshaft at the center of the
No. 3 journal F.

• If the measurement exceeds the specified limit, replace the crankshaft
14.

NOTE
Turn the crankshaft 14 through one revolution. One-half of the
dial indicator reading represents the extent of bending.

[Rectification]

NOTE
If the crankshaft 14 is rectified by grinding, the main bearings 8,
17 must be replaced with undersized ones.
Available undersizes: 0.25 mm, 0.50 mm 0.75 mm, 1.00 mm

{0.0098, 0.02, 0.03, 0.039 in.}

• Grind such that the center-to-center distance J between the journal G
and pin H never be changed.
J : 60 ± 0.05 mm {2.36 ± 0.002 in.}

• Grind such that the journal width K and pin width L do not change.
K : 33.5 mm {1.32 in.} (No. 1 journal)

35 mm {1.38 in.} (No. 2 to No. 4 journals)
35 0

+0.039 mm {1.38 0
+0.0015 in.} (No. 5 journal)

L : 41 0
+0.2 mm {1.61 0+0.0079 in.}

• Finish the corner fillet smoothly and to the specified radius M.
M : 5 mm {0.2 in.}

• Carry out a magnetic inspection to check for cracks caused by grind-
ing. Also, check that the Shore hardness of the surface has not dropped
below Hs 75.

P29426
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11A
Crankshaft undersize dimensions Unit: mm {in.}

ezisrednufoeergeD

}8900.0{52.0 }020.0{05.0 }030.0{57.0 }930.0{00.1

lanruojdehsiniF
retemaid

5,4,2,1.oN 07.58ot86.58
}473.3ot373.3{

54.58ot34.58
}463.3ot363.3{

02.58ot81.58
}453.3ot353.3{

59.48ot39.48
}443.3ot343.3{

3.oN 86.58ot66.58
}373.3ot273.3{

34.58ot14.58
}363.3ot263.3{

81.58ot61.58
}353.3ot253.3{

39.48ot19.48
}343.3ot243.3{

retemaidnipdehsiniF 17.46ot96.46
}745.2ot645.2{

64.46ot44.46
}8735.2ot735.2{

12.46ot91.46
}825.2ot725.2{

69.36ot49.36
}815.2ot715.2{

ssendnuoR sselro}93000.0{10.0

yticirdnilyC sselro}42000.0{600.0

• When grinding N, turn the crankshaft 14 counter-clockwise as viewed
from its front end. The grinder P should rotate in the same direction.

• When finishing R the crankshaft 14 with whetstone or sandpaper Q,
rotate the crankshaft clockwise.

NO Installation of check valve and oil jet

CAUTION –
Do not overtighten the check valve 18. If the tightening torque
exceeds the specified one, the check valve may malfunction, re-
sulting in seizure of the engine.

P Inspecting upper crankshaft
• Measure the upper surface distortion of the upper crankcase 20.
• If distortion exceeds the specified limit, correct it with a surface grinder.

B : Measurement positions

CAUTION –
When grinding the crankcase 20, take care that the piston protru-
sions stay within specification.

P02108

21872

P29427
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*a

*b

● Disassembly sequence
1 No. 1 balance shaft bushing
2 No. 2 balance shaft bushing
3 No. 3 balance shaft bushing

*a : Upper crankcase  P11A-80
*b : Balance shaft  P11A-56

CAUTION –
Do not remove the balance shaft bush-
ings 1 through 3 unless something wrong
is evident.

● Assembly sequence
Follow the disassembly sequence in reverse.

BALANCE SHAFT BUSHINGS

P30172

Service standards Unit: mm {in.}

noitacoL metiecnanetniaM eulavdradnatS
)][niretemaidcisaB( timiL ydemeR

,b*
3ot1

neewtebecnaraelC
dnatfahsecnalab

gnihsubtfahsecnalab

lanruoj1.oN 990.0ot550.0]}720.2{5.15[
}9300.0ot1200.0{

51.0
}9500.0{ ecalpeRlanruoj2.oN 911.0ot570.0]}0.2{15[

}6400.0ot9200.0{

lanruoj3.oN 990.0ot550.0]}89.1{5.05[
}9300.0ot1200.0{

Lubricant
noitacoL noitacilppafostnioP tnalaesro/dnatnacirbuldeificepS ytitnauQ

3ot1 gnihsubtfahsecnalabfoecafrusedisnI lioenignE deriuqersA

0 Special tools Unit: mm {in.}

noitacoL epahsdnaemanlooT .oNtraP noitacilppA

3ot1

gnihsubtfahsecnalaB
rotcartxednarellatsni

38020

287260HM tfahsecnalabfolavomerdnanoitallatsnI
gnihsub

snoisnemiD
CdnaA

noisnemiD
B

1.oN φ 52.55
{φ }571.2

φ 5.15
{φ }720.2

2.oN φ 55
{φ }561.2

φ 15
{φ }700.2

3.oN φ 57.55
{φ }551.2

φ 5.05
{φ }889.1

A

B
C

(Obtain Locally)
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11A
◆ Service procedure
-1to3 Balance shaft and balance shaft bushing
[Inspection]
If the clearance is more than the limit, replace defective parts.

NOTE
Measure the inner diameter of the balance shaft bushings 1
through 3 with the bushings installed on the upper crankcase *a.

Balance shaft bushing
Use the 0 Balance Shaft Bushing Installer & Extractor to replace the
balance shaft bushings 1 through 3.
(Components of 0 Balance Shaft Bushing Installer & Extractor)

A : Rod
B : Adapter
C : Guide piece
D : Nut

[Removal]
• Drive out the balance shaft bushings 1 to 3 using the 0 Balance Shaft

Bushing Installer & Extractor consisting of the adapter B appropriate to
each bushing secured on rod A with nut D.

gnihsubtfahsecnalaB retpadafokramnoitacifitnedI B

1.oN
tfeL 5

thgiR 6

2.oN 7

3.oN 8

• Remove the No. 1 balance shaft bushing 1 from the front side of the
upper crankcase *a.
0 : Balance Shaft Bushing Installer & Extractor

P30170

P30173

P30174

P30175

*b
*a

1 to 3

A

B
C

D

A

B
D

“5”, “6”, “7”, “8”,

0

*a
*a0

*b
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BALANCE SHAFT BUSHINGS

P30176

*a

3

*a

0

0

P30177

06224

P30178

• Remove the No. 3 balance shaft bushing 3 from the rear side of the
upper crankcase *a.

0 : Balance Shaft Bushing Installer & Extractor

[Installation]
• Identify balance shaft bushings 1 through 3 by the marks “1”, “2”, “3” or

“LH1” stamped on each bushing.
If the mark on a bushing is unclear, identify the bushing by measuring
the outside diameter F of the bushing.

gnihsubtfahsecnalaB
)enignefotnorfmorf( kraM retemaidedistuO

)}.ni{mm(

1.oN
)selohlioowt(tfeL 1HL

φ {52.55 φ }571.2
)elohlioeno(thgiR 1

2.oN 2 φ {55 φ }561.2

3.oN 3 φ {57.45 φ }551.2

• Drive the balance shaft bushings 1 through 3 in position by hammering
on the 0 Balance Shaft Bushing Installer & Extractor consisting of the
adapter B and guide piece C appropriate to each bushing secured on
the rod A with nut D.

gnihsubtfahsecnalaB fokramnoitacifitnedI
retpada B

fokramnoitacifitnedI
eceipediug C

1.oN
tfeL 5

5
thgiR 6

2.oN 7 7

3.oN 8 8

A

B
C

D

“5”, “6”, “7”, “8”

“5”, “7”, “8”

F

1 to 3

“LH1”, “1”, “2”, “3”

• Remove the No. 2 balance shaft bushing 2 from the upper crankcase
*a by inserting the 0 Balance Shaft Bushing Installer & Extractor
through the hole E from which the No. 1 balance shaft bushing was
removed.

0 0

*a
*a

2E
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11A
• Install the No. 3 balance shaft bushing 3 from the rear side of the up-

per crankcase *a.
In this case, make sure that the oil hole G in the bushing matches the
oil passage H in the crankcase.
0 : Balance Shaft Bushing Installer & Extractor

• Install the No. 2 balance shaft 2 by inserting the 0 Balance Shaft
Bushing Installer & Extractor through the No. 1 balance shaft bushing
mounting hole E of the upper crankcase *a.
In this case, make sure that the oil hole J in the bushing matches the
oil passage K in the crankcase.
0 : Balance Shaft Bushing Installer & Extractor

P30179

P30180

*a

*a

3

3
3 GG

H
H

0

0

*a
*a

2

2 J

K
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0



11A-92

BALANCE SHAFT BUSHINGS
• Install the No. 1 balance shaft bushing 1 from the front side of the

upper crankcase *a.
In this case, make sure that the oil hole L in the bushing matches the
oil passage M in the crankcase.
0 : Balance Shaft Bushing Installer & Extractor

CAUTION –
• The No. 1 balance bushings 1 include the right and left ones which

are different from each other.  Use care to prevent confusion when
installing them.
The left one A has two oil holes L, whereas the right one B has
one oil hole L.

• Before installing No. 1 balance bushing 1, check to ensure that
No. 2 balance shaft bushing 2 has been installed.

P30181

*a

*a
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