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READING THE ILLUSTRATION

(Ex. 1: Disassembly and Inspection)

* Protrusion from
crackcase to surface

NV 0.10 to 0.50) 4
5 Breakage, damage
Damage, 6
discoloration
7 8

3 Carbon deposits, scratch-
es on outer surfaces,
cracks, discoloration

Indicates the service standards, x !

* Connecting rod end play
NV 0.15 to 0.45
L 06

9 Cracks, oil hole cloggine

* Indicates inspection to be
made before disassembly 5

Damage on outer and inner surfaces,
corrosion, flaking

Damage on outer and inner 2
surfaces, corrosion, flaking

Lumbers assigned indicate a typical disassembly sequence.

(‘ Disassembly sequence

1 Connecting rod cap ® Oilring

2 Connecting rod bearing 7 Snapring

3 Piston 8 Piston pin
@ 1st compression ring 9 Connecting rod
® 2nd compression ring

Indicates that the disassembly
procedure is explained in the text.

Indicates visual checks

D68E0017
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20-3

(Ex. 1: Disassembly and Inspection)

Gives instruction for jobs to

be done at reassembly \

Apply engine oil. Piston projection
NV 0.48 10 0.74

100 N.m

{10.5 kgf.m})
(Wet)

Specifies the tightening torque;
(wet) means the part must be tightened in wet state.

Indicates a typical assembly sequence.

\

Assembly sequence

308070 +0->@->2 - 1

Indicates that the assembly procedure is explained in the text.

NV ... Nominal value

D68E0018

lllustrations (exploded views and assembly drawings) show a
typical service procedures if it is identical among various types of
available systems and units.
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GENERAL [D6A]

1.

Combustion chamber

The combustion chamber is made up of the cylinder head and
piston top. The injection nozzle as well as the nozzle tube is
mountedtothecylinderhead. The nozzle tube holds the nozzle
in position and protects the nozzle sheathed by it from coolant.
Since the outside of the nozzle tube is exposed to the water
jacket, the top end of the tubeis sealed off withan O-ring and
the bottom end staked to prevent entrance of water.
Combustion is accomplished by compressing the fuel directly
injected into the combustion chamber.For more effective cool-
ing of the combustion chamber, water directors which direct
coolant flow are pressed into the bottom of the cylinder head.
Valve mechanism

injection nozzle
Cylinder head
O-ring

Nozzle tube

Combustion
chamber

Piston

D68E0019

D68E0020
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The valve mechanism is of overhead valve type and is con-
structed as shown below.
(a) The valve seat angleis 45°C

Rocker
Rocker cover
Valve cap

Adjusting screw A Upper retainer

/e 11}' %) Valve cotter
Lock nut /i = \/alve spring outer
Rocker shaft bracket 1 0 f Valve spring inner

) - u
i 3 CS— Lower retainer

Valve stem seal =
- l Valve

Valve guide L ry"' S
Oil passage Rocker

D68E0021

Avalve stem sealis provided on the stem of valve to control the
quantity of lubricant of the valve and valve guide sliding
portions.

(b) The valve springs are unevenly-pitched springs.

Two inner and outer springs different in coiled direction are
installed.

(c) The rocker and rocker shaft are supported on the rocker shaft
bracket and are independently installed for each cylinder. Some
rockers are used for both inlet and exhaust valves.

The rockershaftisahollow roundrod sealed off by thrustplates
at both ends. The inside of the shaft constitutes and engine oil
passage.

(d) A steel ball and concave piece are respectively welded to the
bottom and top ends of the push rod.

(e) The tappetis of cylindrical shape and its mating surfaces with
the camshaft are spherical. The tappetis removable through the
side of the crankcase.

(f) The cam profile of the camshaft has a special curve. The
surfaceisinduction-hardenedtoimprove the performance of the
valve mechanism at high speed operation and improve wear
resistance.



20-6 GENERAL

3. Crankcase andcylinder liner

(a) Seven camshaft bushingsare installedto thecamshaft bearing
portion of the crankcase. To facilitate insertion and removal of
the camshaft from the rear end of the case, the bearing I.D. is
narrowertowardthefront.

(b) The coolant fed in from the water pump at the left front end of
the crankcase coolsthe oil cooler, then flows through the water
jacket holes and around all the cylinders to cool them before
reaching the cylinder head.

(c) Thecylinderlinerisof removable wettype andits top andbottom
are press-fitted atthe top of the crankcase andthe waterjacket
in crankcase, respectively.

Rubber rings and O-ring are installed at the top and bottom of
cylinder liner to prevent entry of coolant.

The waterjackethas acoolant throttling shelffor higher cooling
performance.

4. Pistonand piston ring

(a) Piston
Stamped on the top surface of the piton are a size mark (or
oversizedimensiononoversize pistons)forselectionfitwiththe
cylinder liner, a piston weight mark, part number, and the "F"
with and arrow for the front mark showing the piston installing
direction.
Piston pin for connecting piston to connecting rod is of full-
floating type and is prevented from moving out by means of a
snap ring installed on each end of the pin ends.
On D6AU, a cavity is provided in the piston for cooling.

(b) Pistonring
There are three piston rings installed : two compression rings
and one oil ring.
The piston rings are shaped as shown in the figure.

Size mark Weight
~. (A B,C)

Identifi-

Size mark

(A, B, :::-»Q.r
“F* with an arrow
indicating front

1st compression rin
i} (full keygtone type) ¢
2nd compression ring

z: ggml;)fea)ced inner
__0Oil ring,

dual with an
1 (expandg$spring)
<Ej ii DBAZ>

<D6AZ only>
D68E0025
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5. Connecting rod and connectingrodbearing

The connecting rod bearing of the big end is a split type plain
bearing.

There are upper and lower connecting rod bearings, the upper
having an oil hole.

Through the stem of connecting rod, and oil passage is provided
obliquely to lubricate the small end bushing.

The connectingrod and connecting rod cap are coupled with four
knurled bolts.

On D6AU, an oil hole is drilled in the top of the connecting rod
for cooling the piston.

Connectingrod
bearing upper

Oil passage J Connecting rec
Connecting ro
bearing upper /

Knurled boit

Cylinder
number,
' waelght mark
Connecting rod Mating mark

' aring lower Nut
Connecting rod cap
Qil hole

D68E0026

6. Crankshaftand mainbearing

(a) Crankshatft Ojhole
Anoilholeineachjournalisthroughtothatinpin, feedingsome 4
of the main bearing lubricating to the pin for lubrication of the y

connectingrodbearing.

D68E0027

(Without flywheel PTO) (With flywheel PTO)

Flywheel housing O-ring F'YWheexl housing

Crankshaft gear

Crankshaft Qil seal

Retainer

Retainer

Slinger

D68E0028

The crankshaft gear driving timing gear is fitted onto the rear end of the crankshaft.
Note that the crankshaft has an axial lip type oil seal fitted to each of its front and rear ends.
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The front end of the crankshaft is of flange type to which the
crankshaft pulley is bolted. A torsional damper absorbing torsional
vibration of the crankshaft is mounted onto the pulley fronttogether
with a fan coupling.

For vehicle with auto-cool fan coupling, the coupling is mounted at
the front of fan coupling that is equipped with a cooling fan.

On engines for buses, the fan drive pulley is installed in place of the
fan coupling so as to operate the fan drive.

(Without auto-cool fan coupling)

Torsional damper
&y, N, - Front oil seal slinger

Crankshaft
Oil seal

Crankshaft pulley

D68E0029

(With auto-cool fan coupling)

, Crankshaft pulley Oil seal
f Front oil seal slinger

D68E0030

Crankshatt pulieyl 582

Front oil seal slinger
— Pointer
Crankshaft

D68E0031
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(b) Mainbearing
The main bearing is a split type plain bearing made of special 7 v NS
alloy plated kelmet metal with backing metal. f LS R
The upper main bearing has an internal oil groove and oil hole f‘.(‘ “"7}\
which coincides with the oil hole in the crankshaft. ‘\Z 7, ,) '
Seven pairs of main bearings are provided. Split type thrust Upper main \AZ B SN
plates are mounted to the rear most bearing to bear the of the bearing ‘f‘\ & R
crankshaft. _ f“ L A A
Lowar mam_J f"\ ;
bearing f“
W 0 f" p Thrust plate
Yy )
3
Upper main Upper main Thrust plate
bearing bearing
D68E0032
Timinggears

The timing gears are accommodated in the flywheel housing atthe rear of the engine. The geartrain is as shown below.

A timing mark is stamped on each timing gear.
Correct meshing can be achieved by aligning the timing marks at reassembly.

Idle gear "B"
Z=66
~ Camshaftgear
Ui Z=63
N
Injectionpump gear A' X
Z=63 '——&.‘,.“" o -
Idler gear "A"
Z=33
- Crankshaft gear
Z=63
(M
M
)
Idier gear ‘C*
Z=68
Power steering pump gear |
RE ' 1 Idler gear
Z=47
Oil pump gear

Z=53

D68E0033
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The crankshaft gear, pressfitted onto the crankshaft and held in
position by a dowel pin, drives all gears. The idlergearis, atonend,
mountedto the crankcase with the idler shaftbolt, and supported, at
the other end, on the flywheel housing.

Abushingis pressedintotheidlergearwhichturnsontheidlershaft.
Thebushingis lubricated by the engine oil flowing through the inside
of the idler shaft from the crankcase oil hole.

8. Flywheel

The pilot bearing of the transmission drive pinion is installed at

the centerofthe flywheel. The ring gear which meshed with the
starter pinionis shrinkage-fitted on the outside periphery of the
flywheel.
Oneside ofthe teethis chamferedto make sure thatthe starter
pinion fits easily.
The cylinder numbers and angle scale are stamped on the
outside periphery of the flywheel as shown in the figure.

9. FlywheelPTO

The flywheel PTO s installed at the top of the flywheel housing

locatedintherearofengine. Poweristransmitted fromthe drive
gearmountedattherearendofthe crankshafttoPTOidlergear
"A",thento PTO idler gear "B", and finally to PTO gear, and is
taken off at the flange.

All gears and sliding surfaces are lubricated by the engine oll
delivered from the crankcase through oil pipes and oil holes.

idier gaar "B’
sl I Flywheel
housing
idier gear "A
Collar
Crankshaft
D68E0034

Valve timing check mark
D68E0035

D68E0036
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GENERAL [D8A]

1. Combustion chamber
The combustion chamber is formed by the cylinder head and
piston.
The injection nozzle sheathed by the nozzle tube is mountedto
the cylinder head. The nozzle tube holds the nozzle and protects
it from cooling water. Since the nozzle tube is exposed to the
waterin water jacket, itis sealed by an O-ring at the top and by
staking at the bottom.
Combustion is accomplished by compression of the fuel directly
injected into the combustion chamber.
For more effective cooling of the combustion chamber, water @ @
directors which direct coolant flow are pressed into the bottom
of the cylinder head.

T D68E0037
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2. Valve mechanism

The valve mechanism is of an overhead valve (OHV) type and
is constructed as shown below.

Rocker Outer valve spring

Rocker shaft

Rocker shaft bracket

Inner valve spring

Valve stem seal
Push rod

Tappet

Valve guide

Inlet valve

Exhaustvalve

Camshaft

D68E0038

(a) The valve seat angle is 45° for both inlet and exhaust valves.

A valve stem seal is provided on the stem of the valve to prevent the oil from making its way down along the sliding
surfaces of the valve and valve guide.

(b) Unevenly-pitched springs are used as valve springs to provide a sufficientallowance for surging of the valve mechanism.
Two inner and outer springs wound in opposite directions are provided.

(c) The rocker, rocker shaft are supported by the rocker shaft bracket.

The rocker shaft is a hollow round rod sealed off with expansion plugs at both ends. The inside of the shaft constitutes
and engine oil passage.

(d) A steel ball is welded to the bottom end of the push rod and a spherical concave piece is welded to the top end.

(e) Thetappetisof cylindrical, and the surface whichmakes contactwith the camshaftis a largediameterspherical surface
which helps prevent localized wear. The tappet can be removed and installed easily without removing the camshaft if
the side cover is removed.

(f) The camshaftislocated in the V ofthe crankcase and causes the valves in both right and leftbanks to move. The cam
profile has a special curve which assures smooth acceleration.
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3. Crankcase andcylinder liner

(a) Five camshaft bushings are inserted in the camshaft journal
sections (bearing sections) of the crankcase. To facilitate
removal andinstallation ofthe camshaftfromtherearendofthe
case, the bushings are smaller in inside diameter toward the
front.

(b) Cylinderliner

<Except DSAB>

The cylinder liner is a wet type and is fitted in the crankcase at the
top and bottom. A rubber packing and O-ring are provided at the
bottom of the cylinder liner to seal off oil and coolant and minimize
the clearance between the cylinder liner and crankcase, thereby
preventing cavitation which may otherwise result from wall surface
vibration.

The rubber packing is especially effective in preventing the coolant
from entering through the fitted portion and pitting the crankcase.
The water jacket has a water throttling shelf to increase the flow
velocity, therebyassuringbettercooling effectandless temperature
difference between one cylinder and another.

At the top of the cylinder liner, a size mark is stamped to permit an
optimum combination of the liner and piston.

<D8AB>

The cylinder liner is held by the cylinder liner holding portion of the
crankcase, and its upper portion fits in the crankcase. An O-ring is
provided at the top of the cylinder liner and at the bottom of the
crankcase to seal off the coolant.

20-13

Crankcase gjzg classification mark

AUbber packing Water throttling shelf
Cylinder liner DESE0040

-3 | Portion that fits
1" in crankcase

N Cylinder line
holding portion




—

20-14 GENERAL

4. Piston and piston ring
On the piston head, the size mark is stamped to insure the best
fit between the piston and the cylinder liner.
Besides the size mark, the UP and arrow marks indicating the
piston installing direction are also stamped.
The piston pinis fitted in the piston in full-floating style and held
in position with snap rings at both ends.

5. Connectingrod and connectingbearing
Split-style plain bearings are used for the connecting rod big-end
bearings.
The connecting rod bearing may be either upper or lower, the
upper one having an oil hole.
The smallend ofthe connectingrodiswedge-shapedandthe oil
passageinthe connectingrodisinclinedto preventcounterflow
of oilby the inertia during high speed operation. Because of this
inclined oil passage, the connecting rods for the right cylinders
are different from those for the left cylinders.

*UP* mark and arrow

Size mark ‘

Park number
(A.B.C)

(With powertard) DB8E0042
<Except 8DC8> 1st compression ring
;r'- Barrel face full
——) keystone type
2nd compre!slon mt‘y 3
__ ) Taper face inner
cut
3nd comp?es%ﬂ)en ring
_‘_‘:___) Taper face undercut
Ol ring ’BP@
Q ual type with coil
=27 expander
<Except DEAY>
—;.i;'ﬂ‘ >
0
<DBAY only>
D68E0043
Connecting rod
bushing
Connecting rod
Identification of / Of passage
R.H.or LH,
Upper connecting
rod bearing
Connecting rod cap
Lower connecting
rod bearing Oil hole

D68E0044
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6. Crankshaftandmain bearing

(a) Between each journal and pin, an oil hole is clear to each other
feeding the lubricating oil to the pin for lubrication of the
connectingrodbearing.

The crankshaft has six balance weights on the webs and a front
balance weight at the front of the crankshaft to maintain an
optimum balance duringoperation.

(b) The crankshaft pulley is mounted on the front of the crankshaft. _ Crankshaft Pointer
The front coveris provided with the front oil seal which prevents TOmNN daper -
oil leak.

Onengineswithturbocharger, atorsionaldamperis installedon

the crankshaft pulley to absorbtorsion vibration of the crankshaft. Front slinget
Oii seal
Front cover
Front balance weight
Crankshaft puliey DE8EC046
(c) The crankshaft gear which drives the timing gear is press-fitted (Without fiywhesl PTO)
on the rear of the crankshaft. Flysheel housing ©O-fing

Atrear of the crankshaft is provided oil seal to prevent oil leaks.

(With fiywhesl PTO) Slinger
Flywhsel housing
PTO drive gear
Crankshaft gear

Slinger  peseona7
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(d) Main bearing
The main bearing is a split-type plain bearing which is a three-
layer metal consisting of soft alloy overlay, kelmet metal and
backing metal. The entire surface of the main bearing is flash
plated with tin.
Theinside surface of the upper main bearingis provided with an
oil groove and oil hole which coincides with the oil hole of the
crankcase.
Therearmostbearing capisfitted with a split-type thrust plate to
support the thrust of the crankshaft.

Main bearing, Main bearing  Thrust plate

upper lower

D68E0048

The main bearing cap is secured to the crankcase by its both
sides with the bolts.

Main bearing cap side bolt D6sE0049




GENERAL 20-17
7. Timinggear
7T . . Powaer steerin
The timing gears are accomodated in the rear of the engine. the oll pump ’ Injection pump gear
gear train mechanism is as shown below. Z2=26
The crankshaft gear drives the idler gear which, in turn, drives
camshaft, compressor, injection pump and power steering oil W
pump. ERE
A timing mark is stamped on each timing gear. W
Correct meshing can be achieved by aligning the timing marks Camshaftgear
atreassembly. 2268 e
2
Idler gear_ e
7 =133 ~Idlergear
Z=66
‘g
.y L4
N
i Crankshaft gear
Oil pump _ Z=63
drivegear™ iR .
Z = 58 Oil pump idler gear

Theidlergearis, atone end, mounted to the crankcase with the
idler shaft bolt, and supported, at the other end, on the flywheel
housing.

A bushing is pressed into the idler gear which turns on the idler
shaft.

The bushing is lubricated by the engine oil flowing through the
inside of the idler shaft from the crankcase oil hole.

Flywheel

The pilot bearing of the transmission drive pinion is installed to
the center of the flywheel. The ring gear which meshes with the
starter pinion is shrinkagefitted on the flywheel.

One side of the teeth is chamfered to make sure that the starter
pinion fits easily.

The cylinder numbers and angle scale are stamped on the
outside periphery of the flywheel as shown.

Z=39 DB8E0050

Ring gear D68E0052
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9. FlywheelPTO

The flywheel PTO is mounted on the upper part of the flywheel
housing attherearofthe engine and servestotake outthe engine
power. ltis usually mounted on vehicles such as concrete mixer
trucks or crane carrier which often use the engine power during
the vehicle running. Power is transmitted from drive gear at the
rear end of crankshaftto PTOidlergear A, PTO dlergear B, PTO
gear and to the flange.

Eachgearislubricated by oil fromthe oilmain gallerytothe PTO
idler gear case by the oil pipe.

PTO gear case

PTO gear

PTO idler G =
gear case | B ] PTO idler gear A

Flywheel housing

Crankshaft :
Drive gear pggeooss
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MAJOR SPECIFICATIONS. [D6A]

Unit: mm
ENGINE MODEL D6AV D6AC (DOABDD)
4Cycle water cooled
TYPE direct injection diesel With turbo charger and inter cooler
L _ _ engine
NO. OF CYLINDERS 6in line “ -
ARRANGMENT
1-5-3-6-2-4 — —
FIRING ORDER
= 11149 « <
PISTON DISPCACEMENT (CC)
) 130x140 - <
BORE X STROKE (MNX VM)
17.5:1 15.5:1 16.5: 1
COMPRESSION RATIO
200/2200 340/2200 310(270)/2200
MAX POWER(PS7RPM)
70/1400 140/1400 125(100)/1400
MAX TORGUE (KRG )
G.WI/ RFIVI) 905 990 -
WETGHT TRG) o 952 1035 1037
WET
NA TCI «—
ASPIRATION
1362 1338.6 1482
ENG. SIZE CENGTH 945 1041.9 e
WIDTH
1005.7 1171.6 1157
MI:I(JHI -
LUBICATION SYSTE Forced lubrication system.
OIL FILTER Full flow end by pass type.
OIL COOLER Plate type.
OIL PAN CAPACITY (LITS) 20 20 «—
LUB OIL (API) Above CC gra de «— «—
MINIMUM NO -LOAD 650+25
ENGINE SPEED (RPM) * 60025 <
MAXIMUM NO-LOAD 2E0() 0
ENGINE SPEED 2600+20 <0 2570+20
COOLING TYPE Water cooling
COOLING FAN
(OUTSIDE DIA.) @580 @670 <
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MAJOR SPECIFICATIONS. [D8A]

Unit: mm
ENGINE MODEL DSAB DSAY D8AX
TYPE 4Cycle water cooled direct «— «—
injection diesel engine
NO. OF CVYLINDERS 8 e - -
(RATANGMIENT 1.2-7-3-4-5-6-8 - “
FIRING ORDER 17787 16031 -
FISTUON DISFLAUVEMENT (CU) 142.2 x 140 135x140 -
BORE X STROKE (MMX VM) - _ R
COMPRESSION RATIO 355/2200 320/2200 400/2000
PR TR R 125/1400 110/1400 170/1400
MAX TORGUE (KGIV/ RPW) 1165 1120 1285
WEIGHT (KG) DRy 1220 1170 1340
WE NA NA TCl
ASFIRATION 1368 1366 1481
'ENG. SIZE CENGTH 1313 1313 1410
WIETH 1168 1168 1260
AEIGH] Forced lubrication system.
LUBICATION SYSTEM Full flow and by pass type.
OICFILTER Plate type.
OIL COOLER 205 - (_
OIL PAN CAPACITY (LITS) Above CD grade
[Foo o 60025 550 + 25 600 + 25
MINIMUM NO -LOAD
ENGINE SPEED(RPM)
MAXIMUM NOLLOAD 2530420 2480 + 20 2400 + 20
ENGINE SFEED
Water cooling
| COOLING TYPE
COOLING FAN @700 @670 @700

(OUTSIDE DIA.)
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SERVICE STANDARDS AND SPECIFICATIONS [D6A]
Service Standard Table :
Unit: mm
Maintenance item Nominal value Limit Remedy and remarks
(Basic diameterin [ ])
Compression pressure (at 200 rpm) 2.75 MPa 1.96 MPa Difference between cylinder
{28 kgf/cm?} {20 kgf/cm?} within 0.39 MPa {4 kgf/cm?2}
Clearance between rocker and rocker shaft [28] 0.03 t0 0.08 0.2 Replace bushing
Outer valve spring | Free length 89.38 85.0 Replace
Load N {kgf} 450 {46.1} 380 {39}
(installed length: 58.35)
Inner valve spring | Free length 65.04 62.0 Replace
Load N {kgf} 115 {12} 100 {10.2}
(installed length: 50.35)
Squareness - 2.5
Clearance between tappet and crankcase [35]10.06t0 0.10 0.2 Replace tappet
Runout of push rod - 0.6 Replace
Cylinder head bottom surface distortion 0.07 or less 0.08 Correct or replace
Heightofcylinderhead fromtoptobottomsurface 130 129.8
Sinkage of valve Inlet 0.25to0 0.75 1.0 Replace insert.
from cylinder head Measure with new valve.
surface Exhaust -0.051t0 0.45 0.7 (- shows projection.)
Valve stem O.D. Inlet valve 11.95 to 11.96 11.85 Replace
Exhaust valve 11.9110 11.93
Clearance betweer) Inlet valve [12] 0.05 t0 0.09 0.2 Replace valve guide
valve stem and
valve guide Exhaust valve [12] 0.09t0 0.12
Valve seat angle 45° -
Valve margin Inlet valve 2.2 1.7 Replace
Exhaust valve 25 2.0 Reface up to service limit.
Valve seat insert Inlet valve 2.69 to 2.97 3.5 Correct or replace
seat width Exhaust valve
Eccentricity of flywheel housing - 0.2 Correct installed condition
Flywheel Runout - 0.2 Correct installed condition
Friction surface 0.1 or less 0.2 Correct or replace
_distonion
Depth from clutch cover 47.8 10 48.2 49.5 Replace
mounting surface to
friction surface
Timing gear Between crankshaft gear 0.08 t0 0.20 0.4 Replace
backlash and idler gear B
Between idler gear A 0.07t0 0.18 04 Replace
and camshaft gear
Between idler gear A 0.07t0 0.18 04 Replace
and idler gear C
Between idler gear C 0.08 to 0.20 0.4 Replace
and injection pump gear
Between idler gear C 0.071t00.18 0.4 Replace
and power steering
pump gear
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SERVICE STANDARDS AND SPECIFICATIONS

Unit: mm

Maintenance item Nominal value Limit Remedy and remarks
(Basic diameterin [ ])
End play of idler gear 0.10t0 0.28 0.4 Replace thrust plate
End play of PTO idler gear A 0.15to0 0.51 1.0
End play of camshaft gear 0.05t0 0.22 0.4 Replace bushing
Idler gear A to idler shaft A clearance [40] 0.03 to 0.06 0.2 Replace bushing
Idler gear C to idler shaft C clearance [46] 0.03 to 0.06 0.2
PTO idler gear A to idler shaft B clearance [68] 0.03 to 0.07 0.2 Replace bushing, or after
Clearance between| No. 1 journal [65.00] 0.03 to 0.08 0.25 grinding jqurnal for correction,
camshaft journal - I7q 7570l [65.25] 0.03 to 0.08 Beé’?iigﬁﬁ';ze bushin
and crankcase ) g
No. 3,4 journal [65.50] 0.03 to 0.08
No. 5,6 journal [65.75] 0.03 to 0.08
No. 7 journal [66.00] 0.03 to 0.08
Cam profile eter) 8.83 8.3 Replace | Lobe height: 56.167
(Difference be- Base circle
tween lob height diameter: 47.334
and Inlet 8.82 8.3 Replace | Lobe height: 56.036
base circle diam- E%secirclediameter:ﬂ.
Exhaust 0.05 or less 0.08 Correct or replace
Camshaft bend - More than 0.1 Replace
Flatness of cylinder liner flange
supporting surface on crankcase 0.07 or less 0.2 Remove the minimum necessary
Crankshaft top surface distortion metal for correction by grinding
Projectionofpistonfromtopsurfaceof crankcase 0.87 to 1.33 - Check all details concerned.
Cylinder liner Flange projection 010 0.08 Replace
I.D. 130.014 to 130.054 130.25
Cylindericity 0.02 or less - Replace or regrind to oversize
Clearance betweer| DBAU [130] 0.178 to 0.204 - Replace or correct to oversize
gﬁltr?ge?r}% or D6AZ [130] 0.173 10 0.199 i
D6AB [130] 0.188t0 0.214 -
Piston ring| 1st compression ring 0.02 t0 0.08 0.25 Replace
girgtg\r/]er;tgg 2nd compression| D6AU 0.05 to 0.08 0.15
clearance | ring D6AZ, D6AB 0.07100.10 0.15
Oil ring 0.03 to 0.06 0.15
Piston ring end gap 0.4t00.6 15 Replace
Clearancebetweenpistonpinandpistonpinhole [50]0.01 to 0.02 0.1 Replace piston or piston pin
Clearance between piston pin and connecting [50] 0.02 to 0.05 0.1 Replace bushing
rod small end
Connecting rod end play 0.2t00.5 1.0 Replace
Connecting rod bend and torsion - 0.05 or less Correct or replace
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Unit: mm
Maintenance item Nominal value Limit Remedy and remarks
(Basic diameterin [ ])
Connecting | Qil clearance [84] 0.07 t0 0.13 0.25 Replace bearing
rod bearing
Span when free - Less than 90.5
Crankshaft end play 0.09t0 0.23 0.4 Adjust with oversize thrust plate
Crankshaft bend 0.04 or less 0.1 Correct or replace
Qrankshaft Roundness 0.01 or less 0.08 Grind to undersize
j%l[}rﬁg? Cylindricity 0.006 or less -
Main bearing Oil clearance [100] 0.08 t0 0.15 0.25 Replace bearing

Tension when free

Less than 106.5

Replace

Flywheel PTO gear overall backlash 0.3210 0.46 - Adjust with shims or replace
Backlash between PTO idler gear B and 0.131t00.25 1.0 Replace bushing
PTO gear
PTO idler gear B end play 0.151t0 0.53 1.0 Replace thrust plate
PTO idler gear B and idler shaft [58] 0.03 to 0.07 0.20 Replace
C clearance
Valve clearance Intake 0.4 - Adjust
Exhaust 0.6 -
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SERVICE STANDARDS AND SPECIFICATIONS [D8A]

Unit: mm

Maintenance item Nominal value Limit Remedy and remarks
(Basic diameterin [ ])
Compression pressure (at 200 rpm) 2.75 MPa 1.96 MPa Difference between cylinder
{28 kgf/cm?} {20 kgf/cm?} within 0.39 MPa {4 kgf/cm?2}
Clearance between rocker and rocker shaft [24]10.01 to 0.08 0.2 Replace bushing, Variation in
Outer valve spring | Free length 89.38 85.0 Replace | clearance engine not
Load N {kgf} 450 {46.1} 380 {39} to exceed 0.08
(installed length: 58.35)
Inner valve spring | Free length 65.04 62.0 Replace
Load N {kgf} 115 {12} 100 {10.2}
(installed length: 50.35)
Squareness - 25
Clearance between tappet and crankcase [35] 0.06 to 0.10 0.2 Replace tappet
Runout of push rod - 0.5 Replace
Cylinder head bottom surface distortion 0.07 or less 0.2 Correct or replace
Height of cylinder head from top to bottom surface 114.9 to 115.1 114.6
from, aylinder head |1 02510 0.75 1.0 Measure Wi iew valve.
surface Exhaust -0.051t0 0.45 0.7 (- shows projection.)
Valve stem O.D. Inlet valve 11.951t0 11.96 11.85 I?19I0|610€
Exhaust valve 11.91 to 11.93
Clearance betweer Inlet valve [12] 0.05 t0 0.09 0.2 Replace valve guide
valve stem and
valve guide Exhaust valve [12]0.09t0 0.12
Valve seat angle 45° -
Valve margin Inlet valve 2.2 1.7 Replace
Exhaust valve 25 20 Reface up to service limit.
Valve seat insert Inlet valve 3.5 Correct or replace
seat width Exhaust valve 2.69102.97
Eccentricity of flywheel housing - 0.2 Correct installed condition
Flywheel Runout - 0.2 Correct installed condition
Friction surface Correct or replace
0.1 orless 0.2
_distortion
Depth from clutch cover
mognting surface to 47.8 10 48.2 49.5 Replace
friction surface
Timing gear Between crankshaft gear
backlash and idler gear 0.08100.20 0.4 Replace
Between idler gear
and camshaft gear 0.07100.18 0.4 Replace
Between camshaft gear and
injection pump gear 0.08 10 0.20 04 Replace
Between in jection pump gear
and power steering pump 0.07t0 0.18 0.4 Replace
gear
Between PTO drive gear ang
PTO idler gear A 0.17t0 0.29 0.4 Replace
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Unit: mm

Maintenance item Nominal value Limit Remedy and remarks
(Basic diameterin [ ])
End play of idler gear | Camshaft gear side 0.10t0 0.28 0.4 Replace thrust plate
PTO gear side 0.10t0 0.20 04
End play of camshaft gear 0.11t0 0.20 0.4 Replace thrust plate
Clearance betweenidler | Camshaft gear side| [40] 0.03 to 0.06 0.2 Replace bushing
shaft and idler gear PTO gear side [76] 0.06 to 0.11 0.25
Clearance No. 1 journal [65.25] 0.07 t0 0.10 0.25 Reple_lce _bushing, or after _
gg:r‘:‘;iz?t ournal | -No- 2 journal [65.25] 0.07 t0 0.10 ?erg}gl:”eg Jﬁt‘;]ma' for correction,
and crankcase No. 3 journal [65.50] 0.07 t0 0.10 0.25 undersize bushing
No. 4 journal [65.75] 0.07 t0 0.10
No. 5 journal [66.00] 0.07 to 0.10
Cam profile Inlet 8.86 8.36 Replace | Lobe height: 56.167
(Difference be- Base circle
tween lob height diameter: 47.282
and base circle| Exhaust 8.78 8.36 Replace | Lobe height: 56.036
diameter) g%secwcledlameter:ﬂ.
Camshaft bend 0.05 or less 0.08 Correct or replace
Crankshaft top surface distortion 0.07 or less 0.2 Remove the minimum necessary
metal for correction by grinding
Projection of piston from top surface of crankcase 0.7210 1.22 - Check all details concerned.
Cylinder liner Flange |EXcept D8AB 0.08 t0 0.17 - Replace
proiection| P8AB only 0.25t00.4 -
I.D. Except DBAB | 130.014 to 130.054 135.25
D8AB only 142 to 142.04 142.25
Cvlindericity 0.02 or less - Replace or regrind to oversize
Clearance between pgay [135] 0.193 t0 0.219 - Replace or correct to oversize
E\I/Sl’itr?ge?r]ﬁuer D8AB [142] 0.193 t0 0.219 -
Piston ring|1st compression ring 0.02 to 0.08 0.25 Replace
groove to
piston ring 2nd, 3rd D8AY 0.05 10 0.08 0.15
clearance |compression ring | DSAB 0.07 to 0.10 0.15
Qil ring 0.03 to 0.06 0.15
Piston ring| 1st Except D8AB 0.4t00.6 1.5 Replace
end gap | compression ring| D8AB only 0.55t0 0.7 -
2nd, 3rd Except D8AB 0.04 to 0.6 -
compression ring|D8AB only 0.45100.6 -
Oil ring 0.41t00.6 -
Clearancebetweenpistonpinandpistonpinhole [50] 0.01 to 0.02 0.1 Replace piston or piston pin
Clearance between piston pin and connecting|  [50]0.01 to 0.05 0.1 Replace bushing
rod small end
Connecting rod end play 0.4100.8 1.0 Replace

Connecting rod bend and torsion

0.05 or less

Correct or replace
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SERVICE STANDARDS AND SPECIFICATIONS

Maintenance item Nominal value Limit Remedy and remarks
(Basic diameterin [ ])
Connecting| Qil clearance [90] 0.05 t0 0.11 0.25 Replace
rod bearing|Span when free [90] 0.05t0 0.11 Less than 90.5
Crankshaftendplay 0.151t00.29 0.4 Adjust with oversize thrust plate
Crankshaft bend 0.03 or less 0.1 Correct or replace
Crankshaft pin | Roundness 0.01 or less 0.08 Grind to undersize
and journal Cylindricity 0.006 or less )
Main bearing Qil clearance [100] 0.06 t0 0.12 0.25 Replace bearing
Span when free ) Less than 106.5 Replace
Flywheel PTO gear overall backlash (at 100 on flange) 0.18 to 0.31 - Adjust with shims or replace
Backlash between PTO idler gear B and PTO gear 0.08100.2 - Replace
Valve clearance (when cold)| Inlet 0.4 .
Exhaust 0.6
Tightening Torque Table [D6A]
Location tightened Screw size Tightening torque N.m Remarks
O.D. x pitch
(mm) {kgf.m}
Cylinder head bolt M14 x 2 - Wet.
Referto ltem 6,
Page 20-51 for tightening
procedure.
Rocker bracket bolt M10x 1.5 34 {35}
Rocker cover bolt M10 x 1.25 4.9 {0.5}
Rocker adjusting screw lock nut M10 x 1.25 59 {6}
Check valve of oil jet M12 x 1.75 34 {3.5}
Connecting rod nut M13 x 1.25 115 {12} Wet
Main bearing cap bolt M18 x 2.5 370 {38} Wet
Crankshaft pulley bolt M14 x 1.5 175 {18}
Camshaft gear nut M27 x 1.5 265 {27} Wet
Idler shaft A bolt M16 x 2 155 {16}
Idler shaft C bolt M16 x 2 155 {16}
Idler shaft nut (for mounting collar) M16x 1.5 98 {10}
Flywheel bolt M16 x 1.5 315 {32} Wet
Flywheel housing bolt M12 x 1.75 67 {7}
PTO idler shaft C bolt M16 x 2 135 {14}
PTO shaft nut (for mounting flange) M18x 1.5 125 {12.8}
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[D8A]
Unit: Nm(kgf m)
Locationtightened Screw size Tightening torque Remarks
O.D x pitch (mm)

Cylinder head bolt M14 x 2.0 175(18) Wet

M16 x 2.0 285 (29) Wet
Rocker bracket bolt M12x1.75 49(5)
Rocker cover screw M8 x 1.25 3.9(0.4)
Rocker adjusting screw lock nut M10 x 1.25 59(6)
Side cover bolt M10x 1.5 2.9(0.3)
Connecting rod nut M16 x 1.5 225(23) Wet
Main bearing cap bolt M18 x 2.5 370(38) Wet
Main bearing cap side bolt M14 x 2.5 175(18) Wet
Balance weight mounting bolt M16 x 1.5 Wet. Refer to

Item (18)

Crankshaft pulley bolt M14x 1.5 175(18)
Front cover bolt M10x 2.0 31(3.4)
Torsionaldamper mounting bolt M12x 2.0 98(10)
Camshaftgear nut M27 x 1.5 265 (27) Wet
Flywheel bolt M16x 1.5 315(32) Wet
Check valve (oil jet position) M12x1.75 34(3.5) Wet
Idler gear shaft bolt M16 x 2.0 115(12)
PTO idler gear shaft bolt M16 x 2.0 155(16)
PTO shaft nut (for mounting collar) M18 x 1.5 125(12.8)
PTO idler shaft nut M18 x 1.5 125(12.8)
Idler shaft nut Camshaft gesr side M16x 1.5 98(10)
(formountingcollar) PTO gear side M16 x 1.5 155(16)
Flywheel housing bolt M12x1.75 69(7)
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SPECIAL TOOLS

Unit : mm

Tool name
(Number and Name)

lllustration

Use

Nozzle tube remover
09211-70200

Removal of nozzle tube

Valve guide remover
09211-71100

Removal of valve guide

Valve stem seal installer
09222-45100

Installation of valve stem seal

Cylinderlinerpuller
09222-62100

Removal of cylinder liner

Cylinderlinerremover
09222-62200

Removal of cylinder liner
(Use with 09222-62100)

Rockerbush puller
09222-71000

Removal and installation of rocker bushing

Con-rod bushing puller
09222-71100

Replacementof connectingrod
bushing
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Unit : mm
Tool name lllustration Use
(Number and Name)
Valve spring compressor D Removal and installation of valve cotter
09222-71200 e

Nozzle tube installer
09222-71300

Installation of nozzle tube

Cylinderlinerremover
09222-72000

Removal of cylinder liner
(Use with 09222-62100)

Piston ring tool
09222-83200

Removal and installation of piston ring

Valve spring compressor
09222-83300

Removal and installation of valve cotter

Cylinderlinerremove Removal of cylinder liner

09222-87100 (Use with 09222-62100)
Valve stem seal installer Installation of valve stem seal
09222-87200 e
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Unit : mm

Tool name
(Number and Name)

lllustration

Use

Piston ring tool
09222-87300

2\

@\
/\\‘l\‘ ‘:h‘.__i_

4

Removal and installation of piston ring

Piston guide clamp
09222-88200

Installation of piston

Rear oil seal slinger
09231-62100

-
—~ 4

106.5
~ 100

Installation of oil seal slinger

Pear oil seal slinger installer
09231-87100

Installation of oil seal slinger

Injection pump centering tool
09353-87101

Centering of bracket AD type injection pump

Aircompression adapter
09353-87200

Measurementof compression pressure

Valve stem seal installer
09353-87300

Centering of bracket P type injection pump
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Unit : mm

Tool name lllustration Use
(Number and Name)
Puller set ; AR Removal of gearand bearing
09431-83100 el H

i~ B AN

‘,‘\-‘q‘ i" “.

IRLNIR®, u“ ‘
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TROUBLESHOOTING
Deterning Time to Overhall

Atimetooverhallthe engine should be determined onthe basis
ofareducedcompressionpressureandalso incansideration of
anincreased blow-by gas.

A reduced output, increased fuel consumption, reduced oil
pressure, hard starting, etc. also can be data for determining a
time to overhall the engine, butthege are often bue to the effects
of other causes and do not always provide yardsticks for
determining a time to overhall the engine.

NOTE:

1) Measure thecompression pressure at regular inter
vals and keep records of its changes.

2) When the vehicle is new or when parts are replaced,
the compression pressure slightly rises due to inad
equate seating of the piston rings, valve seats, etc. but
will soon fall as the parts are worn down.

Measurement of Compression Pressure

Compressionpressure mustbe measuredpriorto disassembly
of the engine.

Measure the compression pressure at regular intervals and
keeptack ofits changes. During the bre ak-in period of after parts
have been replaced with new ones, there is a slightincreasein
the pressure as the piston rings and valve seats fit snugly
in position. As rough edges and friction between parts are
gradually reduced, the pressure comes down.

3’
h\d > GJ’J‘L\;’« )i

D68E0054

D68E0055

Comprassion pressure

(at 200 rpm)

NV 2.75 MPa {28 kgficm?)

L 1.96 MPa (20 kgf/cm?}
Difference between cylinders
0.39 MPa {4 kgf/cm?} maximum

NV ... Nominal Value
L ... Uimit

Comprassion;
gauge

D68E0056
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Measurement Procedure

1. Retightenthecylinder head bolts to specifiedtorque andlet the
engine warm up until the coolant temperature reaches 75 to
85°C.

NOTE
For the cylinder head bolt retightening sequence, refer to
installation of cylinder head, page 20-

2. Remove all injection nozzles from the cylinder head.

NOTE
Cover the mounting holes and injection pipes to prevent
entry of dust and dirt.

3. Install compression Gauge Adaptor (special tool) on the injec-
tion nozzle mounting hole together with a gaxket and connect
the compressiongauge (measuringinstrument.)

4. To preventfuel from beinginjected out of the injection pump,
keep the stop lever of the injection pump pulled in the stop
direction all the way.

5. Inthis state,operate the starterto run the engine and measure
the compression pressure when the engine speed reaches
200rpm.(D6A),(D8A)

Norminalvalue Limit Differenceinpressure
betweencylinders
2.75Mpa 1.96Mpa 0.39 Mpa
(28kgf/cm?) (20kgf/cm?) (4kgf/cm?)
NOTE:

1) Make sure that the engine speed is also measured as

compression pressure varies with the engine speed.

2) Make measurement for allcylinders, as wearand othe
conditions vary from one cylinder to another.

Engine Oil Consumption.

The increase of oil consumption may be due to the operating
condition, engine oil quality, oil leaks, etc.
Sothetimetooverhallshouldbe determinedinconsideration of
the compression pressure as well.

Low Oil Pressure

1. Allow the engine to warm up until the oil temperature reaches
70t090°C

2. Measure oilpressures at idling and maximum speeds.
Ifthe readings are below the repair limit, overhall the lubrication
system.

<Without turbocharger>

Stop lever

<With turbocharger>

Stop lever

D68E0057
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TROUBLESHOOTING
Symptom Probable cause Remedy
Engine will Inadequate oil viscosity Replace
not start Incorrect fuel in use
Low compression pressure Adjust
o Incorrect valve clearance
o Defective head gasket Replace
o Worn valve and valve seat, carbon deposit
o Deteriorated valve spring
o Worn or damaged piston ring
o Worn or damaged piston ring groove
o0 Worn piston and cylinder liner Change to oversize
Defective preheater Correct or replace
o Defective starter switch
o Defective heater relay
Incorrect injection timing Adjust
Insufficient injection amount Correct or replace
o Defective injection pump
o Incorrect injection amount
Cooling system not functioning properly Correct or replace
Rough idle Inadequate oil viscosity Replace
Incorrect fuel in use
Defective cooling system Correct or replace
Low compression pressure (See "Engine will not start".)
Incorrect injection timing Adjust
Defective fuel system Correct or replace
o Defective injection pump
o Defective injection nozzle
o Air trapped in fuel system
Abnormal Incorrect fuel in use Replace
exhaust Cooling system not functioning properly Correct or replace
gas color Intake/exhaust system not functioning properly Correct or replace

o Clogged air cleaner

o Clogged muffler

o Oil leaks to intake/exhaust pipes

Low compression pressure (See "Engine will not start".)

Defective fuel system

o Defective injection pump

o Defective injection nozzle

o Incorrect injection timing

Correct or replace

Excessive engine oil

Adjust

Binding of major moving parts

Correct or replace
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_____________________________________________________________________________________________________________________________________|]
Symptom Probable cause Remedy
Low output Inadequate oil viscosity Replace
Incorrect fuel in use
Defective cooling system Correct or replace
Intake/exhaust system not functioning properly
o Clogged air cleaner Change to oversize
o Clogged muffler
Low compression pressure (See "Engine will not start".)
Defective fuel system
o Defective injection pump Correct or replace
o Defective injection nozzle
o Incorrect injection timing
o Incorrect injection timing
o Air trapped in fuel system
Large oll Oil leaks from lubrication system Correct
consumption Oil leaks from engine and related parts
o Defective gasket and oil seal Replace

Oil entered to combustion chamber from piston side

o Worn cylinder liner and piston

Correct or replace

o Worn, damaged or seized piston ring

Relplace as a set

o Clogged piston and oil ring oil holes Clean
Oil entered to combustion chamber from valve side
o Worn valve stem and valve guide Replace
o Worn valve stem seal
Abnormal Noise produced from around the engine
engine noise o Loose piping or hosing connection Correct
o Injection pump, alternator or other Adjust
auxiliary units defective or incorrectly mounted
0 Loose or damaged V-belt Replace
o Crankshaft pulley incorrectly mounted Adjust

o Air cleaner, muffler not functioning properly

Correct or replace

Noise produced from around rocker cover

o Incorrect valve clearance Adjust

o Defective valve spring Replace

o Defective rocker shaft and bracket Correct

o Improper lubrication of rocker shaft Check
Noise produced from around flywheel housing

o Incorrect timing gear backlash Replace

o Improper lubrication of timing gears and idler shaft Check
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TROUBLESHOOTING

Symptom Probable cause Remedy
Abnormal Noise produced from cylinder head or crankcase
engine noise o Low compression pressure (See "Engine will not start")
o Incorrect injection timing Adjust

o Incorrect spray condition

Correct or replace

o Worn connecting rod small end bushing and piston pin

o Worn or damaged crankshaft pin and connecting rod

big end bearing

o Worn or damaged crankshaft journal and main bearing

o Excessive crankshaft, to camshaft end play

Replace

Replace thrust plate

o Worn tappet and camshaft

Replace worn part
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Cylinder Head and Valve Mechanism
Disassembly [D6A]

ﬁ ; Qil hole clogal:a;

Wear

Wear, damaged
Hiteads

- % FIge WSar 1 waer laas, gas loaks

Waar, damaps

| o—

Garbon depositian, Iy
cracks, scalp guposiion,
damage a0

Garbon depaosition, burn
cracks, damage, ridge waat

Disassembly sequence

1. Rocker cover . 8. Pushrod 18, Exhaust vake

2. Rocker shaft bracket 10. Velve cap *2 19. Nozzle tube
mounting bok 11. Valve cotter *2 20. Water director

3. Cylindsr head bolt 12, Uppsr relainer "2 21. Ssaling cap

4. Thrust plate - 13. Outer valve spring 22. Cylindsr haad

5 Rocksr 14. Inner valve spting 23 Crankcase side cover

6. Set scrow *1 15. Valve atam seal 24. Tappet

7. Rocker ghaft 18, Lower retainer

8. Rocker shaft bracket 17. Inlzt valve

For paris with ana encircled pumber, refer to Disassembly Prozedure that follows.

Part marked with "1 should not be reused, but replaced, [t must be replaced when tha valve only is
removad,

Parots markead with *2 shoukd hot be removed unless defects are evidant.

D68E0058




—

20-38

Disassembly Procedure

1.

2.

Where thepushrodisforcing the rockerup, the rockeradjusting
screws should be loosened before all bolts are removed.
Removal of the rocker shaft bracket assembly

The rocker shaft bracket assembly is positioned in the cylinder

head with a spring pin. Remove it by raising it straight upward.
Removal of cylinder head assembly

Sincethe cylinderheadislocated by dowel pinson the

top surface of the crankcase, make sure that the cylinder head
is lifted straight upward when removed.

NOTE:
1) Toremove the cylinder head, make sure thatthe
injection nozzle is removed beforehand. (Refer to
Group 31 Fuel and Engine Control.)
If the cylinder head with nozzle mounted is placed on
the work table, damage to the nozzle end projecting
from the bottom surface of the cylinder head will
result.
2) When the cylinder head gasket is removed, make sure
that the cylinder head and crankcase are not scratched.
Removal of valve cotter

To remove the valve cotter, use Valve Lifter and Valve Lifter

Stud (special tools) and compress evenly the valve spring.
Removal of nozzle tube

NOTE:

Whenever the nozzle tube is moved, it must be replaced
with a new one.

SERVICE PROCEDURE

Rocker cover

Rocker shaft bracket
mounting bolt

Cylinder
head bolt

F Rocker shaft brackel
J assembly

D68E0060

Injection nozzle

A

Cylinder head

Cylinder head gasket
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Disassembly [D8A]
» 1 2
o
b g 1
Wrar 13 Clogging oil holo
Contacl swfaca worn,
woa; ;4 theread damaged
Cracks 18
17 ;
Carbon deposita, Cracks
Damaga: 18 a 24 coin depoIrtz. damage
. 5
Ridga wear 19
\\‘ Cracked contact surface. /e DS VA—_‘ 3
rldgye wear o ok L )
) Bk AT =y
Watar kanks, i
oil lanks,
gas inaks

22 Wamar laaks, gas kaaks

12 d__‘_ 20} Carbon daposits, burns,
Woar, damage - @‘ﬂ-—'_'_" 1 cracks  damage, ridge waear
- ———26 Waar, domaga
_._____,_u—-ﬂ gt
23 - 26
Gofrosion \ .
Disassembly sequence
1. Rocksr cover 10. Rocker shalt spring 19, Lower retalner
2. Rocker case 11. Rocker shatt 20. Inlat valve
@ Cylindsr haad bolt 12, Push rad 21. Exhaust valve
@ Rockar bracket attaching bolt 13. Valve cap 2 Nozzle tube
k. Snap ring 4. Valvo cotter 23, Water diretor.
5. Washet 15. Upper retainer 24, Cylindar head
7. Rocker 16. Oider valve spring 25. Crankcase sklgcaver
8. Sot screw 17. Innar valve spring 26, Tappel

9. Rocker shaft bracket 18. Valve stem seal

Fur pars with an ancircled numbar, rofar lo Dicazcsombly Procadute tat
follows.

Past marked with =1 should not be reusar, but replacad

It must be réplaced when the valva only is ramovad,

Partz marked with ™2 ghould not pa ramoyad DNIRss damcts are avidanl. N
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Disassembly Procedure Rocker shaft bracket mounting bolt
1. Wherethepushrodisforcingthe rockerup, the rockeradjusting . Adusiing Sc"’wf/ SR
Cylinder - W
screws should be loosened before all bolts are removed. head boit

2. Removal of cylinder head assembly

D68E0065

Loosen the cylinder head bolts in reverse order of tightening,

beginning with M14 bolt.
Use Socket Wrench (spedial tool) to remove the cylinder head
bolts (M16 bolt) and the rocker bracket mounting bolts.

NOTE:
1) Toremove the cylinder head, make sure thatthe
injection nozzle is removed beforehand. (Refer to
Group 31 Fuel and Engine Control.)
If the cylinder head with nozzle mounted is placed on

the work table, damage to the nozzle end projecting
from the bottom surface of the cylinder head will
result.

2) When the cylinder head gasket is removed, make sure
that the cylinder head and crankcase are not scratched.
3. Removal of valve cotter

To remove the valve cotter, use Valve Lifter and Valve Lifter Valve Lifter

Stud (special tools) and compress evenly the valve spring.

4. Removal of nozzle tube Valve Lifter

Stud

D68E0067

NOTE:
Whenever the nozzle tube is moved, it must be replaced with
anew one.

DG68E0068
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Inspection [D6A]

[ ltam NV L
Frealendth | Dutar valve B3,28 45
apelng
[mesr yilye 65 04 a7
shelng
Inatalied luwt’ | Outer valve (450 N {461 kaf)| 380 N (39 kgf}
length spring {5835 168.35
i Inmeryake | 115 N {12 kgf) [ 100 N (461 kgl)
Clearance 2hting 150,35 50,35
20 :
53 s - | Inner valve spring squaranssa 25 25
L 02
?
B
B
Runout
‘ LOS Crankcass tappst hols
S to tappat claaranca
6D 0060 0,10

L oz

Distarton in head
battem surface
NV 1.07 or las=
L 0.08
Halght from head top
10 hoftam SuUrace
NV 159
L 1738
80 ... 8asio Diamrrgr
NY ... Neminal Valua
L ... Limit
[teimn BD NV L
Vulve stom O.0. nlet vatve | - 11.8510 11 .96 11.85
Exhaust valvas . 11.91 I 11,83 ]
Valva guida to yalve | Inlet valve 12 .05 ta 0.0g 0.2
stam width Exhauet valva 12 N.00tc 012
Valve s=at inzart Inlgt valvea ' 280t 2497 3.5
seat witth | Exhaust valee
Vaive sinkage from Inlest valve = 0.25 1 0,78 1.0
cylinder hsad Exhaust valve - .0 05 o 0.45 0.7
bettom surface
Valva margin Inlet valve | - 2 1.7
 Exhaust vahca 3 25 20
Valve seal angle " 4 45

D68E0069
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Inspection [D8A]

Itam NY L
e NY L Frao ength {Outer valve 49 .38 a5
i . Thimtdah s }g:rrl:rg valve g 82
Val timseert = ——- - 69,04
SV SRS IS Exhaust | agotomov | 35 sring
sest width I Hell[3ls
T bl . Installad loads |Duter valve [¢56 N {461 kgfy | 286 N {39 kgfi
Dietortion in haad 0.07 orless | 0.2 length spring 58,35 33,15
bottom swiace onar walwa | 115 N {12 ket | 100 N (6.1 kgfi!
Helght from haad top ' Spring £0.35 £0.35
to bottom surface 114810 1161 114.8 Innervaleapringsguarenvys 2.5 2.3
Claaranss
BO 28
MNY Q.03 to .06

| Funowt
LDS

fappet to crankcast
{appat clearance

=1BRC BO ... Bosic Diarnotar

y : >
?’. -
NV 0.08 ta 0,10 | NV ... Nominal Vahle
L 62 i @’ L ... Lt

itrarn ' BD NV L
Valve stem .0, Inlat valva - [1185t01186 | 1185
Exhausl valve | - 11.811611.83
Valva guida tovalve | Inlet vahve 12 | 0.05t0c0.08 0.2
slam width Exhaust vake | 12 0.09to D12
Valvs asat insart Intet valve : 269t 287 3,5
saat width Exhaust vaiva _ :
Valve sikage frorn | Inlat valva - | 0.85t00.75 1.0
cylndet haad Exhaust valve | - -0,08 to 0.45 0.7
bottom surfaca
Valva margin Inlst valve = Cap T
Exhavel vave | - 25 20
Valve ssat angle ; _ - a5 -

D68E0070
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Inspection Procedure

1. Rocker to rocker shaft (rocker shaft bracket on models with
powertard) clearance

If the limit exceeded, replace the bushing in the rocker.

2. Replacement of rocker bushing

Face the bushing joint toward the adjusting screw.
Align the bushing and rocker oil holes.

3. Inspection of valve spring

Measure the free length and installed load of the spring and
replace if the measurement exceeds the limit. For the inner
spring, check also for squareness.

4. Tappettocrankcase clearance
If the measurement exceeds the limit, replace the tappet.

To remove

Rocker
Bushing
Puller

52

;\d]usting screw si

D68E0072

Squareness
(inner spring only)

Measuring
position
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Runoutofpushrod

Checkforrunoutand replace if the reading on the dialindicator
exceeds the limit.

Cylinder head bottomsurface distortion

If the measurement exceeds the limit, correct by using a surface
grinder.

NOTE:
Grind the cylinder head only to the extent that the height
from the top to bottom surfaces is within the limit.

Valve stem O.D.
Replace the valve if the measurement is below the limit.

Valve guide to valve stem clearance

Insert the valve in the valve guide and measure the valve play
atthe illustrated position above the top end of the valve guide.

Replacementofvalve guide
UsingValve Guide Puller (specialtool), replace the valve guide.

NOTE:
Whenthe valve guideis installed, make sure that the valve
guide flange is securely seated on the cylinder head.

SERVICE PROCEDURE

(D

= B

D68E0075

D68E0076

Measuring position

.é.

D68E0077

D68E0078

Valve guide puller

To remove

Valve guide
Seat the collar
of valve guide
securely on
cylinder head.

Toinstall joor 1070




SERVICE PROCEDURE

10. Valve contact with valve seat insert
(a) Apply an even coat of minium to the valve seat insert surface

in contact with the valve.

(b) Using Valve lapper (special tool), let the valve hit against the

valve seat insert once.

NOTE:

1) When letting the valve hit against the valve seat insert,
do not turn the valve.

2) Contact pattern shouldbe checked when thevalve

guide is inspected or replaced.

If any unusual contact pattern is noted, correct as follows.

Minorfault: Lapping
Serious fault: Correct valve and valve seat.

11. Correction of valve face

Grind the valve face with a valve refacer to obtain the specified
valve seat angle.

NOTE:

1) Keep grinding margin to a minimum.

2) Ifthe valve marginis belowthe limitafterthe grinding
correction, replacethevalve.

3) Afterthe grinding correction, be sure to lap the valve
and valve seat insert. [Refer to Iltem (14) that follows.]

12. Correction of valve seatinsert
(a) Using a valve seat cutter, cut the insert to obtain the specified

valve seat angle and seat width.
Use 15° or 75° cutter first, then 45° one.

NOTE:

1) Keep the amount of cut to a minimum.

2) Ifthe valve sinkage after cutting exceeds the limit,
replacethe valve seatinsert.

(b) After correction, lightly grind by holding about #400 sandpaper

between the cutter and valve seat insert.

NOTE:
Afterthe correctionprocedure,be suretolap thevalveand
valve seatinsert.

20-45

Good Bad Bad
DBSE0081
Valve sea
angle
Valve
D68E0082
Valve Valve Valve seal
sinkage | margi angle
Ry
Seat width
4 Valve seat
Valve D68E0083
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13. Replacement of valve seatinsert
Since the valve seatinsertis installed by expansionfit, replace
it by the following procedures.

(a) Grind inside surface of the valve seat insert to reduce the
thickness and then remove it at room temperature

Cutoft. 05t 10 D68E0084

(b) Make sure that the cylinder head and valve seat insert are
provided with sufficient interference.

(c) Immersethe valveseatinsertin liquid nitrogen forcoolingit,and 4 / [
fully heat the cylinder head.

lInlet and exhaust valve)

— W s Y
Head 1.D. Head |.D.
57 ;0.03 52 ;0.03
(Inlet side) (Exhaust side) —

(d) Install the valve seat insert using the Caulking Tool Body,
Caulking Ring and Caulking Tool (special tools) and caulk the
periphery of the valve seat insert.

NOTE:
When the valve seatinsertis installed, direct the chamfered
side of the caulking ring toward the valve seat insert.

(e) Reface the valve seat insert so that the seat width and valve

Caulking

Caulking
Too Body

Caulking Ring
Iniet
Exhaust

D68E0086

sinkage are up to specifications.
14. Lapping the valve and valve seat insert

Valve sinkage

D68E0087

The valve and valve seat insert contact must be even through-
out their contacting surfaces.

They must be lapped whenever either the valve or valve seat
insert has been corrected or replaced.



SERVICE PROCEDURE

(a) Apply a thin, even coat of lapping compound to the seating
surface of the valve.

NOTE:

1) Make sure that no compound sticks to the valve stem.

2) Useintermediate-meshcompound(120to150meshes)
first, then fine-mesh compound (200 meshes or more)
for finishing.

3) Addition of a small amount of engine oil to the com

pound helps make it easier to apply it evenly.

(b) Using Valve Lapper (specialtool), seatthe valveand valve seat
insert.
While turning the valve slightly at a time, strike it against the
valve seat insert.

(c) Wash away the compound in gas oil, etc.

(d) Apply engine oil to the contacting surface to seat them with oil.

(e) Check to ensure thatthey are properly seated.

20-47

Compounc

D68E0088

Vaive lapper
Valve

|Q—"~‘ ?@u-u'
ANe Wi

D68E0089
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SERVICE PROCEDURE

Reassembly [D6A]

Closa-colled] end antha
SYndel Fudad side

F—e.
-
23 T

————

Assembly sequence

B=d 7 2E25 38 33 521

13 Cloge-—reilnd pnd an the

cylinder head zids

Leak le<t:

NG leaks e allowsd
with = 144 kPa (2xgriem?}
hydraulic prozzura

—

——18

Apply goglant bo nozzis tuhs.
(THHEEBOMD 1211 or aquivaiant

49 N.m
(0.5 kgrm}

EF320-321 3191017 =15 ;18 2 14 31514 - 1110

24—»2,‘3]

For parts with an encircled number, refer 1o Reassembly
Froceduro that follows.

20 21
24 N.m
3 faskpm 22
Z

D68E0090
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Reassembly [D8A]

ZRLN.m
123 %ot m) [wel) 8

Wi4: 175 Mm
118 kab.m}
fwat)

RATE: 285 H.m
{&3 kgl.mi
{wal)

1

For parts with an ancircled numbar, refer to Heagsem-

bly
Procedure that follows .

16
Install with closery[
wiriand perien. 17 71 30
43 N.m
12 2.9 N.m 15 kg‘f,m}
{0.4 kgt m} 4 11
9
13
Lazation pln
2
14
G )
N % 15
25 Q7 18
% 3 19
29 N.n (-\\>
{0.3Kkgtm} e R DR
26 Apply 145 KFa {1.5 kglierm?) air
22| pres=urm, and|eak shel| be jass
than 10 em?/min.
- Apply sealdht 10 NoZZie Nbe,
(THREEROND 1211 or equivalent)
24
Cylinder head gaskat
F'acaﬂ'Bang'ne medalidentfleation mark
\ coatad 2lda towmrd oylindar haad.
23
Lina up neteh of waler drection
withinacribed lina of aylindst hagd
Assambly sequernce
24 B3 HED- 20 5 19 (D= 17 »1E—~
18 5fD> 13212 ——3dZr21
2% -» 2 ]
N30 38 FIv6 =8

D68E0091




—

20-50

Reassembly Procedure

1. Installation ofwater director

2. Installation of nozzle tube

SERVICE PROCEDURE

(a) Apply sealanttothe end ofthe nozzle tube andinsertinto the

cylinderhead.

(b) Using Nozzle Tube Flange (special tool), press the nozzle

tube against the cylinder.

(c) Apply engine oil to Nozzle Tube Stamp (special tool) and

insert into the nozzle tube.

(d) Thread Nozzle Tube Installer Bolt (special tool) to push the
stamp until it can be removed from the bottom of the cylinder

head.

(e) After installation, perform leak test to verify air-tightness.

3. Installation of valve stem seal

The valve stem seal should be installed by applying engine oil
to the lip and striking down Valve Stem Seal Installer (special

tool) until it touches the cylinder head.

NOTE:

1) Before the valve is installed, apply a smallamount of

engine oil to the stem.

2) Afterinstallation,checkto ensure thatthe valve stem
seal spring has not been deformed or damaged.

4. |Installation of valve cotter

Install the valve cotter, while compressing the valve spring,

using Valve Lifter (special tool).

NOTE:

1) Both inner and outer valve springs are unevenly
pitched springs. Install the springs with the closely

wound

portion towardthe cylinderhead.

2) When compressingthe valve spring, make sure that
the upper retainer does not make contact with the

valve stem seal.

Portion A (B placas!

T <D
O O‘K— R
p\-' ‘——Nilul O A V'h:m s

Watat hole h°" Water hote \ nO
drecion drec hole drection Tt

Water
Water h{l hele
dl“‘m arecion

’ O, "'/ @:Jéb
O

Driva inwater direction
1 mm from cylinder

head bottom surface portion ¢ Portion B
(4 places) (4 places)
DBBE0092
Nozzle Tube
Installer Bolt
Nozzle Tube Flangs 1500
{1.5 kat.m)
Nozzle Tube Stam M8 x 1.25
Q-ring
Nozzle tube

Appty sealant
(THREEBOND 1211
or equivalent).

DBSE0093
Valve Stem Seal
Instalier
Valve
{Apply engine oil. |
Valve stem seal
Cylinder head
DBSE0094
Valve Lifter
Closowound %
‘ Closewound
(Cylunder head side) g Porton

(Cylinderheadside) pessco09s
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5. Installation of rocker shaft bracket and cylinder head

Install the rocker shaft bracket by positioning it with the spring
pin in the cylinder head and install the cylinder head by
positioning it with the knock pin in the crankcase.

6. Cylinderhead bolttightening procedures

(a) Tightenthecylinder headbolts to175N.m {18kgf.m} (wet) inthe
order shown.
After tightening, check to see that the torque of each cylinder
head bolt is 175 N.m {18 kgf.m}. Then observe the following
procedure to retighten each bolt in the specified tightening
sequence.

(b) Before fitting the special tool, Socket Wrench, over thecylinder
head bolt, turn the holder counter-clockwise to tension the
socket spring in the socket wrench.

(c) In this state, fitthe special tool overthe cylinder head boltand
set it so that the rod is forced onto the rocker shaft bracket,
injection pipe or other adjacent parts by spring.

Rocker shaft bracket

mounting bolt

34 N.m Rocker shaft
{3.5 kgf.m} , bracket

Spring pin
Cylinder head

Cylinder head
gaskst

D68E0096

Socket
Socket <>) Wrench
Holder
Rod
Rod (for extension)
D6SE0098
Socket Wrench

DB8E0099
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SERVICE PROCEDURE

Flywheel, Timing Gear and Camshaft
Disassembly [D6A]

Darnags, unusal
weal [N Gaar

Ehnake on WoH SUMRCS, 3
cracks, lapsr waar

{\fehlelge with autematic
traatist f2aloN)

Disassembly sequence

1 Flywheel mounting bolt
1A Washer plate i
18 Fex plate J
1C Adapter -
2  Pllat baating

@) Flywheel

(@ Oil seal relainor

5 Ol seal

) Collar

7  Flywheel housing

g8 Rear oil seal slinger
6  Tachometer sensor
@) Hing gaat

WWedr,
Hetarksratian

T Ol maka

Yahiclas with automais
trans missiun

For parts wilh an encircled number, refer Disassembly Procedure

that follows.

Pars marked with ™1 should not be removed unlass defects are
evident.

For Inspaction of part marked with *2, rofer to Chaasis part of
Shop Manual,

D68E0100




SERVICE PROCEDURE 20-53
R ——————————A— i ——_—_—_——_§“—§“_§—_§“_§“—“§“_S—_§“—§“—§—_§“_§—_§S__§——“—_—_—_§——_——“——§—§—§—.—.—.—.—,"

Without flywheel PTO)

Timing gear backlash
[tam NV L.

Between crankshalt gear {0.08 to 4.24| o4
and idler gear "B”
Between idlar goar "A” DO7 0 Q.18 0.4
and crankzshaft qear
Between idlergear A" J007t0 0.18] 0.4
and idler gear "C*
Batween iniection puiip  [o.osto 0.0 0.4
gaar and idler gear "G
Between power steerng 1007 to 0.18] 0.4
gear and |dlgr gear "C" f :

Ll hole:
Cldmgying

~ \dier gear end play
NV .1 15 0.28
I 04

* Camshaft gear end play

MV .00 to 022
L da NV L Neminal Ve

L. Limdl

Disasscmbly suqguence

31 Camshait 17 Idlor gear "A"
a (!53 Camshaft Qear 18 Idler gear "B"
13 Thrust plats 19 Idler shaft "A"
14 idler shaft bolt 19A Idler shaft *B8"
12 Thrusl plate 20  Hsarplate

1¢  Idler gear *C"

For parts with an encircled number, refer to Disassambly Proceduro
that follows, i

Sarvies itemns marked with should be inspected before disassembly.
Part marked with * should not ba removed unless delects are

avident,
D68E0101
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(Wilh flywhecl FTO)

Timing auar backlash
[tem MY i

fletwaen crankshaft gent (008 t0 ¢.20) 0.4
and idlor gear "8 )
Hetwesan idler gaar "A" DO7 a0 18] 0.4
and crankshalt gear
Between idler gear "A" OL7te0.18] 0.4
and idler gear "C"
Betwaan injection purnp  |0.08 w020 0.4

goar and idler gear 'C*
_Eeiween povi:er steering (D07 o 0.18] 0.4
gear and idler gear 'C"

MY . Nomninal Valus
L Limit

Plugeged
oll hols

* |diar paar end piay
NV O.1 o023

. 04

* PTO idlargaar “A° end plRY
NY 0,15 1o 0.51
L 18

* Camshatt gear ébd play
NV 0.95 to 6.22
L D4 .
%60
Disassembly sequence
11 Camshaft 16A FTO idler gear"A"
*@ Camshaft gear 16B Drive gear
13 Thrug plats 17 Idler gear ":A:
14 ldier shaft bolt 18. Idler gear "B
18 Thrust plate 19. Idler shaft "A"
15A  [ldler shaft "B" 19A. Idler shaft "B
18. Idler gear *C" 20. Rear plata
For parts wilh an encircled number, refar to Disassembly Procedure
that follows.

Senvice items marked with should be inspected befors disassembly,
Part marked with * should not be ramoved unless defects ars
avident.

D68E0102
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Flywheel, Timing Gear and Camshaft
Disassembly [D8A]

Timing gear backlash

Itarm NV L
Batwean crankshadt geae Q.08 020 04
and idler gaar )
Batwaen idlsr yoar 007 to0.18| 0.4 ::W “"_i':"::'“””' Vs
and cranks haft gear
[Botwaan camshalt goar and  [0.08 to 0.20| 0.4
nlectivh punp qear
Between injection pump gear |0.07tw 0.18| 0.4
?.n_d.p_ower staaring pump gear

Chaak, steppedwearcracks, 2
damagedor abncomaky worn

omar teeth

Disassembly sequence
1 1 Pilot bearing
@  Flywheel
@  Oil 328l retainer
4 Qi 'seal e
5 Collar
&  Flywheel houging er gfl' woE
(h  Camshart S om—
@ Camshaft gear damsged
9  Thrual plato tooth eurtace (23
10 Idler shaft bok )
19 Thrust plate a @) g
12  |dler gear
12 ldler shaft
1+ 18 Rear ofl seal slinger -t
200 Rear plate
-1@) Ring gear
= 22  Tachometer sen=zor 5
: y = End play
For parts with an encircled number, rofer Disassembly Procedurs NV 0.1 1 0.98
that follows. L Q4
service items marked with: " ghould be chacked before disaszembly. Warn. or damaged
Pans marked with *1 should net ba removed unless defacts ars tooth sirface
evident.
For inspection of part marked with "2, refer to Chaassis part of
Shop Manual.

D68E0103
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(With flywherl PTC)
Timing gear backlasts

ltem NY L
Eetwean crenkshaft gear QOBto D20 D4
2nd [dller gear 22 NY ... Nominal Value
Between idler gear 007t 0148 | 04 L ... Limit
end crankahafl gear SRR | ’4;
Between camahaft gear and 0.08 10 0.20 -]

injaclion putr gear
Batwaen injection pump gaar_' 0.07 ta 0.18
and power slegring purng gear
Between PTC drive gear and}p.47 to 0.30
PTO idlsr gear A

Sirmaks, tapar
Waar, cracks, brekan
ORAM, AXEALEN S WM

e 7
il Flugaed

Disaszembly sequence LT
N 1 Pilotbearing | SOPRY

@) Flywhael L 04

&) Oil seal ratainer

4 Qil geal

% Collar

Collar * End paly

& Flywheel housing] NY0-11 002
(@ Camshatt BCL

(@ Camshaft gear

a  Thrusl plate

10 Idler shaft bott

_ 18
oilbele 19  wernordamagad

11A Spacer Worn or domagad

12 Id?er gear tooth surface tooth £liface
13 Idler shait * End psly

14 PTO idlar shatt bolt NV 0.3 10 0.28

15 Thrust plate LA

16 PTO idler geat A
17 PTO Wler shaft
18 Rear oil seal slingar

1 19 PTO drive gear Fer pars wilth an encircled numbear, refar to Disassambly Procedure
19A Idlor shaft "B" that follows,
20 Hear plate Servle ltems marked with should be inspecied befate disassombiy.
Ay @ Hing gear Part marked with " should not ba removad unless dafects are
‘2 22 Tachometer sensar evidert.
For Inspecition of part marked with 2, refst to Group 90 Body
Electrical

D68E0104
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Disassembly Procedure Flywheel Threaded hole for removal
1. Removalofflywheel

Thread the attaching bolts into the removing threaded holes to
remove the flywheel.

D68E0105

2 Removal of the seal retainer and coller

o To remove the oil seal retainer, turn down the attaching Threaded ho,g.éﬁ
bolts into the removing threaded holes evenly. While for removal
making sure that the oil sea retainer does not have (M4 x 0.7) Collar\,o % / ‘
eccenticity, remove the retainer with the oil seal attached. o §00 )
o Remove the collar by screwing M4 x 0.7 bolts into the T ¥ \
removingthreadedholes. ‘ S
Threaded hole , i
for removal

3. Measurement of gear backlash

If the backlash exceeds the limit, check idler gear bushing and
gears and replace parts as necessary.

NOTE:

1) Secure the air compressor to the rear plate before
measurement of the backlash of the injection pump
gear.

2) Forapairof gears,the backlash should be measured
at more than three points to determine whether it is
acceptable.

D68E0107

4. Measurementofend play in idler gear andcamshaft gear
If the end play exceeds the limit, replace the thrust plate.

D68E0108

5. Removalofcamshaft

Loosen the thrust plate mounting bolt through the camshaft gear Camshalft gear
hole and remove the camshaft.

Camshaft

Remove the thrust plate |

mounting bolt through

this hole. L
Thrust plate mounting =
boit DB8E0109

gnJ
)g]
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20-58 SERVICE PROCEDURE

6. Removal ofcamshaftgear

Remove the lock nut and lock washer from the camshaft gear
and, using Gear Puller (specialtool), remove the camshaft gear.

NOTE:

Do not strike the gears with hammer. Make sure that the
gears are removed by use of a gear puller.

7. Removal of ring gear

Using an acetylene torch, heat evenly the ring gear and
apply a rod to the ring gear to tap it throughout its periphery.

Gear Puller
MHO61061

Lock nut Lock washer

D68E0110

D68EO0111
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Inspection [D6A]

ltem NV L
Frictinn surface 0.1 ar | g
dlstnrtion less:
Dapth from clutch 17810 |39.5
cover mounting surface| 442 '
1o frictian suface s

BD ... Basic !'Jinrnato?r
NV . Bornins e vone
Lo Rl

‘Cleramnca

0D 40

NY O3 s 0.06
L or

Rl <n

L O

Clessrinen

MY LA 11,06

Cléedrane
Hi) 58

MV (303 o 0.07
gz

L
gjilf?‘ prodile Inlst 83
SrCNLo
holwean longer and Exhaust - B.a? 8.5
shorter dlamstars)
| Camshafl bend - €.05 ar less | 0.08

Gamshiaft joumat to he, 1 65.00 0.03 o | 025
carnshaft bushing No, 2 G525 0.08
¢learance o : '

No. 3, 4 65.50

No. &, & 65,75

Ma, 7 86.00 D6BE0112
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Inspection [D8A]

SERVICE PROCEDURE

80 ... Back Diamatar
NV ... Nominad Vahe
L ... Lime

ftam N | L
Feiction surlace 010t |pn
distartion loss
Depth from chnah |2AY | ar 5 to |as 5
cover mounting we |
sunace o friction T -
20.2
_ﬂ..J-f'
& 2
e BO NV C
Eﬁ:n profile It et .86 8.36
iflerence
between longer and Exdaial s -3
shorter dismstars)
Camshatt alignment (or brnd) 0.08 of less| 0,08
Camazhaft journal ta No. 1, 2 6525 10,0710 Q.10| 0,25
camshaft buehlng ‘No. 3 65.50
clearenca '
No, 4 B5.75
No. & €6.00
Clearance
B0 78
NVODBlso.n
L 025
(With fiywhaeal PTO)

g0 40
N\ 0.6% ts .08
L 02

D68EO0113
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Inspection Procedure

1.

Distortion of friction surface

Place the flywheel on a surface plate. Measure distortion by
moving a dial gauge in the diametrical direction of the flywheel.
If the distortion exceeds the repair limits, grind the friction
surface.

NOTE:
If the ring gear shown an abnormal condition, replace the
ring gear before measurement.

Correction of flywheel friction surface

Correct the friction surface so that dimension B (height from
clutch cover mounting surface to friction surface) is below the
limit and the friction surface is parallel to surface A within 0.1.
If dimension B exceeds the limit, replace the flywheel.

Idlergearto idlershaft clearance

If the limit is exceeded, the bushing in the gear should be
replaced.

Replacement of idler gear bushing

Replace the bushing by the procedures shown in illustration,
using idler Gear Bushing Puller (special tool).

NOTE:
1) Install the bushing with chamfered side of gear I.D.
inward.

2) After installation, check to ensure thatthe bushingto
idler shaft clearance is within the nominal dimension.
Ifitisbelow the nominaldimension,reamthebushing.

5. Camprofile

20-61

Dial gauge b

Surface plate

D68E0114

Fa-) X _~Clutch cover mounting
= surface

D
L

Surface A

- Friction surface
-
L imension B

D68E0115

Measuring position

Measuring position

&

D68E0116
| Press Press
Idler Gear Bushing
Puller
(for idle gear *A)
(for idle gear *C*)
Bushing
4/ \dier gear B
!
Removal Installation
(PTO idier gear PTO Idier
Gear Face the cham.
Bushing fered side front.
Puller Press-iit the
et bushlng untif the
Bushing Pulles
comtacts the gear
end face.

idler la

)

Z '
““ Removal

-_= »:4_-_3:4

Installation  eoryy7
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20-62 SERVICE PROCEDURE

Measure the lobe height and base circle diameter and replace the
camshaft if the difference between the two is below the limit.

NOTE:
The cam must be measured at locations shown as it is
tapered.

6. Camshaft journal to crankcase camshaft bushing clear-
ance

If the limits are exceeded, the bushing in the crankcase should
bereplaced.

7. Camshaftbushing replacementprocedures

Removal
Remove the camshaft bushingsin the order of No.6 —-No0.5 —

No.4 -No0.3 —No.2 —No.1 —»No.7 and according to the
following procedures.

(1) Removal of camshaftbushings No.6 to No.1

a) Fitthe special tools, Camshaft Bushing Extractor Adaptor

and Camshaft Busing Extractor Guide, to the special tool,
Camshaft Bushing Extractor Bar and insert the assembly into
the crankcase, fitting the Camshaft Bushing Extractor Guide to
No.7camshaftbushingtohold the Camshaft Bushing Extractor
Bar.

b) Applyingthe specialtool, CamshaftBushing Extractor Adaptor,
toNo.6 camshaftbushing, strike the Camshaft Bushing Extrac-
tor Bar with a hammer as illustrated drive out No.6 camshaft
bushing.

c) Afterremoval of No. 6 camshaft bushing, remove No.5 to no.
1 camshaft bushings in order, using respective special tool,
Camshaft Bushing Extractor Adaptor.

(2) Removal No.7 camshaftbushing

* Installation

Install the camshaft bushings No.2 , No. 3 and No. 4 simulta-
neously at first, then No. 5 and No. 6 simultaneously and then
No. 1 and finally No. 7 by the following procedures.

Measuring
position
r
——] Lobe
- O height
Forward
95 95 Base a3
circle
diameter
D68E0118

D68E0119

No.6 camshaft bushing No.7 camshaft bushing

Crankcase Camshaft Bushing
-\ Extractor Bar

=
wCamshaﬁ Bushing

Camshaft Bushing ' Extractor Guide
Extractor Adaptor ==

Engne rY

No.1 ,}k S 5
No.2 q' .' \ \

Camshaft Bushing
Extractor
. SN/ 43y

l\

D68E0121
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(3)

a)

b)

Installation of No. 2, No. 3, No. 4 camshaft bushing

Fit the special tools, CamshaftBushing Installer Adaptors, and
camshaft bushings No.2 to No.4 to the illustrated portion of the
specialtool, Camshaft Bushing Installer Bar with the engraved
line ofthe specialtool, CamshaftBushingInstaller Adaptor,and
the clinch of the bushing in alignment.

Fitthe special tool, Camshaft Bushing Installer Guide, to where
No. 1 camshaftbushingistobeinstalled sothatthe specialtool,
CamshaftBushinglnstallerBarmaybe supported. Then, insert
the Camshaft Bushing Installer Barintothe crankcase, making
sure that the bar is positioned with its arrow facing toward the
crankcase top.

c) Making sure that the engraved lines on the special tools,

Camshaft Bushing Installer Adaptors and the clinch are lined up,
fit the special tool, Camshaft Bushing Installer Bar and tighten
toinstall each bushing. Tighten until the flange of the Camshaft
Bushing Installer Bar is seated on the crankcase.

d) Afterinstallation ofthe bushings,removethe CamshaftBushing

installer Nutand gently remove the Camshaft Bushing Installer
Bar.

NOTE:
When removing the Camshaft Bushing Installer Bar, use
care not to damage the bushing inside surface.

No.2 camshaft

bushing

No.3 camshaft
bushing

v Locating pin
LLocah:ig _./é_,,%b__
= e | rni
am S
mmgggﬁofw Instaﬁe?&galfptorng
‘dﬁl‘—%
No.4 camshaft bushing | l gg’alslgfggusmng
Locating
S i View A
Camshatt Bushing @\
Installer Adaptor Oil hole Clinch
4
LN LAan
T _
View A
Clinch
Engraved line (on camshaft bushing
installer adaptor) De8E0122
Camshaft Bushing
Installer Guide
Camshaft Bushing @ Allow
Installer Guide it
D68E0123
Camshaft Bushing
Installer Nut

bushing No.3
A o e
o contact D68E0124
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(4) Simultaneousinstallation of No.5and No. 6 camshaftbushing.

Work asin 1) above, using the special tool, Camshaft Bushing
Installer Adaptor for respective No. 5, and No. 6 bushing.

Camshaft Bushing
Installer Guide

Camshaft Bushing
Installer Bar

No. 6 camshaft
' bushing
Camshaft Bushing 9
Installer Adaptor o

Arr
Camshatt Bushing mraro'\(n
Installer Adaptor
D68E0125

(5) Installation of No. 1 and no. 7 camshaft bushings No.1 camshaft bushing
)

Oil hole
Q EClim:h

Engrave
line Drive in until seated

Install the bushings by striking the special tool, Camshaft
Bushing Installer with its engraved line lined up with the clinch
on the bushing and with the installer arrow mark facing toward
the top of the crankcase. Drive in until the flan ge of the Camshaft
Bushing Installer is seated on the crankcase.

iyNo.7 Cams é ;
% —vIbushing
¢ 4 Qil hole

Arrow
i Engraved mark
line Clinch
Drive in until seated D68E0126

8. Bend of camshaft

Measure the bend of the camshaft. If the limit is exceeded,
replace.

NOTE:

Turn the camshaft a turn and read the deflection of the
pointer, using a dial indicator.

One half of the reading is the bend.

D68E0127
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Reassembly [D6A]

Flywheal housing ancanticity |HST gjéar ond play
LO% N¥Q.1todgs
Lo4
16
Band lock wagtsr 194

.....

- 155 N.m {16 kgt.m)
86 38 N.m (10 kgf.m)

vl Camshalt gear end play - 98 N.m (10 kgt.m)
! ra g : ' '
ol 3 12 | WY 005 0.2 J g 14 185 Nm
- LO4 - iE {16 kgf.m}
- s 1 L
¥ k' Ny 3153 N.m PTO idlar gaar end play
5 {32 kgt '_"? (Wat) NV 0,15 0 .51
g ] Apply enning il oF Lig
. lithium gransa ta
v tha nil zaal lips. 184 (With fiywhes| PTO)
10 - hiz

14 155 Nm (18 kot.m}

3 92 N.m {10 kgt.m}

194
T = ot Apply ehgina oil or
5 | ithium base graaza
Locating pln i
Baokkagh
Backlagh
MY 0.08 to 0.20 Ezlg.n:r ©018 | Masekiasn
Lo4 NY 0,07 t0 0.18

LG4

Backlash
NV0.08 to .20

LO4

Asgembly sequence

20 - {B-A38 -+ 16 3 17 5 {81+ 154 =154 = 15 = 14

Backlash
NY 00816 0.18
L34

@B=1zn e

A7 cabs b d s 3 = 2= 1C 2 1B 1A 31

a1 e
{Only vehicles with automatic
tranamission)

For parts with an encircled nurnbar, reter to Reassembly
Procedurs that folows,

For part marked with *, refar 1o Shop Manual Group

58 Brake

™

NV ... Nomkual Valug
L .. Umit

D68E0128
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Reassembly Procedure

1. Installationofrearplate

Installthe rear plate and gasketsothatthey are aligned withthe
locating pins. Gaskat
The gasketisforcedoutfromthebottom. Cutofthe excess after
the flywheel housing is installed. Rear plate

D68E0129

2. Installation of idlergears

Install the idler shaft so that it is aligned with the locating pin in M ‘ <

the crankcase. siiice i A2 1§ ear A

Then, install the idler gear B so that its alignment mark "1" is LR § A oergears

aligned with the alignment mark "1" on the crankshaft gear. 7R )

Next, install idler gears A and C so that their alignment marks \

"2" are aligned. ’IHE:(

Tighten the idler shaft bolt to specification.

{16 kagf.m} {16 kal.m) D68EO0130

3. Installation of camshaft gear l yovol
Install the camshaft gear so that the side having stamped L
numbers "4" faces front. Camshah gear
Thrust plai Key
265 N.m
:Hj (27 kgt.m)
Lock washer
Camshaft (to be bent) DE8E0131

4. Installation of camshaft

Install the camshaft so that the alignment mark "4" on the
camshaft gear is aligned with the alignment mark "4" on idler
gearA.

NOTE:
Whenthe camshaftisinserted, take care nottodamagethe
camshaftbushing.

Check camshaft gear and idler gear for correct end play.

Check backlash in gears. DSEO132

Installation of ring gear

N © oo

Installation of rear oil seal slinger Rear oil seal slinger
Install the oil seal slinger, using Oil Seal Slinger Installer Oil Seal Slinger Installer
(special tool).

NOTE:
Pay attention to the oil seal slinger installing direction.
Face the threaded groove side toward the flywheel.

Threaded groove D68E0133
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(a) Heat the ring gear for 3 minutes with piston heater (approx.

100°C).

(b) Fit the ring gear onto the flywheel with the nonchamfered side
of the teeth end toward the flywheel.

9. Installationof flywheel housing

Install the flywheel housing and gasket so that they are aligned with
the locating pins in the crankcase. Cut the bottom portions of the
gasket after installation as they are excess.

Cutatthe same time the excess portions of the gasket between the
rear plate and crankcase.

10. Flywheel housing eccentricity check

Install the flywheel housing to crankcase by tightening to the
specifiedtorque.

Measure the mounting condition (eccentricity) at the flywheel
housingjoint.Ifthe pointerofa dialindicatordeflectsbeyondthe
limit,loosenthe boltsandlightly strike the housingto correctthe
mountingcondition.

11. Installation of oil seal

When press-fitting an oil seal to the retainer, apply force
uniformly to the entire periphery.

12. Flywheel runout check

Install the flywheel to the crankshaft by tightening to the
specifiedtorque.

Measuretheflywheelmountingcondition (runout). Ifthe pointer
of the dial indicator deflects beyond the limit, check the bolt
tighteness or mounting surface.

D68E0134

Gasket Locating pin

Flywheel
housing g

A

VoM
>

A ) Cuthere.
- D68E0135

Crankshaft

69 N.m
{7 kgf.m)

Flywheal housing  6SEO135

Oil seal

Seat oil seal end on

Qil seal retainer

D68E0137

Flywheel D68E0138
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Reassembly (D8A)
SRchon B-B Seuction A=A
R Ael TS Citheut Tywheel PTO)
i6 1914 T
caing pin
17 5A "
End paly 155 N.m
Loeking Key NV QT 0.28 | (1% kat.m}
115 Nom L 0.4 23 N.m
{12 ¥%qr.m {10 kge.m}
Lacaling pin 5
155 K. 10
e ! Erel oy 1% lggl.m)
27 kglani} (Wal \U? NV©.1100,2 12
Enel pisty Bend lock wazhar L2904 (With fiywihies! PTO)
NV O.11 % 0.2
U6 S Locating pin
o (32 kgf m} (Wan) Section C-C
15 N.m
{16 kot.m}
™ 1 98 N.m
e { 10 kgr.m}
1074 5
: o 13
":'L% 19 12 ! 114
: Fricton aurqacs | T
Flywheod housing 2 1 diatartion
&ozen lricihy LO3 .
Lo2 Backlash
NV 0.07 1o 0.12
L 04
Backkash Backdash
£ N.m NV 0.08 t3 0.20 NV O.Q7 10 0.18
A7 Kgk.mi L o4 )
Jend
r— d‘l’ﬁi
NV 31710 0.2% | | Backiash
L 0.4 NY 0.08 o 020
Assembly sequance L 04
1?&— 0o NV __. Nominal Value

O-E-E)

v L B -

@ 12263 » 1 20D
19—
-

7= 18 = 15> 1d=18

A==

@-,5-,3-.2--,1

S

G

L

... Limit

For parts. with an aenhcircled number, refer to Heassambly

Pracedure that follows.

Mark * appliea o vehicles with PTO oniy.
Fortha part marked *, refer ta Group 90.

D68E0139
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Reassembly Procedure
1. Installation ofrearplate

Install the rear plate and gasket making sure they are aligmed

with the locating pin on the crankcase.

The gasketisforcedoutfromthe bottom. Cutofthe excessafter

the flywheel housing is installed. Locating pin

D68E0140

Installation of idler gears

Install the idler shaft by aligning it with the locating pin on the
crankcase.

installtheidlergear sothatitsalignmentmark"1"isaligned with
the alignment mark "1" on the crankshaft gear.

Then, tighten the idler shaft bolt to specification.

Installation of thrust plate and camshaft gear.

Installthethrustplate sothatits curved surface facesasshown.
Install the camshft gear so that the side, on which numbers "2,
3" are stamped, face front

Installation of camshaft

Install the camshaft so that the alignment mark "2" on the

camshaft gear is aligned with the alignment mark "2" on idler
gear.

NOTE:
Whenthe camshaftisinserted,take care nottodamagethe
camshaft bushing.

Check the end play in the camshaft gear and idler gear.
Check backlash in gears.

Installation of rear oil seal slinger
Install the oil seal slinger, using Oil Seal Slinger Installer
(special tool).

NOTE:
Pay attention to the oil seal slinger installing direction.
Facethe threaded groove side toward the flywheel.

Idier shaft
Idier gear s
Thrust plate >R
Idier shaft boit T\
155 N.m /é
{16 kgf.m 5 =
(With fiywheel PTO)
Idler shaft bolt
155 N.m 'A’ \ gﬂ‘lp
(16kgtm)  Spacer| |
| D68E0141
265 N.m
@— (27 kgt.m) (Wet)
Bead al:enfg flat of nut
Align them umbers (2, 3)
on stamped
Thrust plate
Camshaft
D68E0142
D68E0143

Rear oil seal slinger
Oil Seal Slinger Installer

Threaded groove D68E0144
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8.

Installation of ring gear

(a) Heat the ring gear for 3 minutes with piston heater (approx.

100°C).

(b) Fit the ring gear onto the flywheel with the nonchamfered side

10.

11.

12.

of the teeth end toward the flywheel.

Installation of flywheel housing

Install the flywheel housing and gasket so that they are
positioned by the locating pin onthe crankcase. Cutthe bottom
portions of the gasket after installation as they are excess.
Cut also the excess between the rear plate and crankcase.

Flywheel housing eccentricity check

Install the flywheel housing to crankcase by tightening to the
specifiedtorque.

Measure the mounting condition (eccentricity) at the flywheel
housingjoint. Ifthe pointerofa dialindicatordeflectsbeyondthe
limit, loosenthe boltsandlightly strikethe housingtocorrectthe
mountingcondition.

Installation of oil seal

When press-fitting an oil seal to the retainer, apply force
uniformly to the entire periphery.

Flywheel runoutcheck

Install the flywheel to the crankshaft by tightening to the
specifiedtorque.

Measurethe flywheelmountingcondition (runout). Ifthe pointer
of the dial indicator deflects beyond the limit, check the bolt
tighteness or mounting surface.

SERVICE PROCEDURE

D68E0145

\‘2, Loca/ung pin

N D68E0146

Crankshaff

Flywhee
housing

%g' {7 ktom)

D68E0147

Oil seal Seat oll seal end on
the retainer positively
all around.

Qil seal retainer

D68E0148

D68E0149
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Crankcase and Main Moving Parts
Disassembly [D6A]

Damage, discoloration 7

NV ... Nominal Value .O
L .. Limit

Disassembly sequence

1 Connecting rod cap
2 Lower connecting rod bearing
3 Upper connecting rod bearing

1st compression ring
2nd compression ring

For parts with an encircled number, refer to Disassembly Procedure that

follows.

Part marked with * should not be removed unless defects are evident.
Service items marked with should be inspected before disassembly.

Cracks 9 J\dsoolomd
* Connecting rod end play - 10
NVO02to05
L1.0

3 Inner or outer periphery damaged,
corroded or peeled

2 Inner or outer periphery damaged,
corroded or peeled

Damage, abnormal wear

* Piston projection
NV 0.87 10 1.33

Scratches on outer periphery,
cracks on top, meited or

® Oilring
7 Piston pin
Piston
@ Connecting rod
*10 Connecting rod bolt

D68E0150




20-72

SERVICE PROCEDURE

&=

Gragks, chatarioration,
ot lepks

that fallows.

evidant,

Lubrication.

Rluggad ol hila
24

Main baaring 17, 12
Damapa on tha insida and
outsida surfacas, corrosion,
faking.

16

Sorakhas, cracks, indantatian,
saizure, pluggad oil hols,

comosion

Y
!

" End play NY ... Nominal Value
NV 0.08 13023 L .. LUmit
LO4
Disassembly sequence
Crankshaft bulle 16 Thrust plate *{ 21 Cylinder liner
1 12 Front oi 395 ¥ 17 Lower main bearing 2 22 Chack valve
13 Front cover 18 Crankshafi 23 Qiljet
Y 14 Front oll seal singet 18 Uppear main bsaring 24 Ol spray plug
18 Main bearing cap =1 @ Crankzhaft gear 26 Crankease

For parts with an encircled number, refer to Disassembly Frocedurs

Service itams marked with should be checked before disassambly.
Parts marked with *1 should not be removed unless defecls are

For inspection of the part marked with "2, refer to Group 21

D68EO0151
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i
-

Measuring point

Disassembly Procedure

1. Piston projection

The piston projection must be up to specification, as it affects
engine performance and is also necessary for preventing
interference with the valve.

(a) Hold the dial indicator to the top surface of the crankcase and
make zero adjustment.
(b) Find the top dead center of piston with a dial indicator. =
(c) Measure four points on the top surface of piston to find the RSN
averagevalue.
(d) If the projection is out of specification, check the connecting
rod, bushing, piston pin, connecting rod bearing, etc. and
replace defective parts.

2. Connectingrod endplay
Measure the end play of each connecting rod. If the limit is /i)
\\

exceeded, replace the connecting rod assembly.

D68E0153

3. Removalofpiston

Remove the piston from the crankcase together with the
connectingrod.

NOTE:
Whenremovingthepistons,usecareto preventdamageto
the cylinder liner.

4. Removal of piston rings

Piston Ring Tool
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5. Separatingpistonfrom connectingrod

SERVICE PROCEDURE

Remove the snap ring and, using a rod, tap piston pin off.
If, however, the piston pinishardtoremove, heatthe pistonwith

a piston heater or in hot water.

6. Crankshaftend play

Before removingthe mainbearing caps, measurethe endplay

in the crankshaft.

If the end play exceeds the limit, replace the thrust plate with

an oversize one.

7. Removalofcrankshaftgear

(a) Remove the rear oil seal slinger fromthe crankshaftby cutting

it with a punch.

(b) Remove the crankshaft gear from the crankshaft, using Gear

Puller (special tool).
NOTE:

Do not attempt removing the crankshaft gear by striking

with a hammer or prying with a lever.

Piston
! Piston pin

/

D68E0156

D68E0157

Rear ol seal slinger
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Disassembly [D8A]

fusion and discolora-
" Pistor;-broiecuon on of haexd
NV 0.67 to 1.33 i 10
Damage, dtscoloraation

a

Damage, Wear

Scratches of
outer surface, cracks,

'

11 Cracks

12 Scratches, corrosion, peelingofinner
and outer surfaces

NV ... Nominak Value
L ... Limit

* Connecting rod end play
NV0.21005
L1.0

@\ 2 Scratches, corrosion, peeling of inner and

outer surfaces

Disassembly sequence

@ Connecting rod cap

2 Lower connecting rod bearing
3 Upper connecting rod bearing
(4) 1st compression ring

(5) 2nd compression ring

(6) 3rd compressin ring

@ oil ring
8 Snap ring
9 Piston pin
*40) Piston
(19 Connecting rod
*12 Connecting rod bolt

For parts with an encircled number, refer to Disassembly Procedure that

follows.

Service items marked with * should be inspected before disassembly.
Part marked with * should not be removed unless defects are evident.

D68E0159
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Oll eaks

Wowr aging il laaka {7

y Raar oil zlingar
..;:“ @\@ (Rafer 10 Seobon 5.9.)

24 Scratch, cotrosion, cacks,
Rt mark. 3slzwre, ¢logging

Ifher ang outar partpheres

Sviateh, corresion, pasiing ¢r./|r oy
@ % Q:

; Ql hole
18 % 20 w
: RAr
21 \Qv \"
Scratth, corrosion, paaling
@n Inier and ouler
penpheries
* Crankshaft and play
NV 0,15 t5 5.29
L Q04

18 @ TR
NV ... Neminal Valus
L .. Limi
Disassembly sequonce
13 Crankshafi pulley 21 Low main bearing
14 Torsional damper 22 Crankshaft
<DBAY, DEAB> 23 Upper main bearing
15 Front balance walght " 24 Crankshaft gear
16 Front cover *1 25 Oylinder liner
"1 {7 Front oil gsal *t 26 Check valva
118 Frent oil seal slinger 27 Qiijet
{9 Main bearing cap 28 Oil spray plug
20  Thrust plate 20 Crankcase

For ;?art:fz with an encircled nurabet, refer to Disassembly Procedyre that follows.
Service items markad with should be checked before disassembly.
Parts marked with *1 should nol be removed unless defects are svident.

The parts marked "2 have a locking agent applied tathairthraadsd pattions. do not reusathe parts,
as thry might be deformed when removed.

D68E0160
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Disassembly Procedure

. L Fr.
1. Piston projection r._@

The piston projection must be up to specification, as it affects Measuring point
engine performance and is also necessary for preventing
interference with the valve.

(a) Hold the dial indicator to the top surface of the crankcase and
make zero adjustment. »

(b) Find the top dead center of piston with a dial indicator. =S

(c) Measure four points on the top surface of piston to find the
averagevalue.

(d) If the projection is out of specification, check the connecting
rod, bushing, piston pin, connecting rod bearing, etc. and
replace defective parts.

2. Connectingrod endplay
Measure the end play of each connecting rod. If the limit is
exceeded, replace the connecting rod assembly.

D68EO0161

3. Removal of connectingrod cap. e , Connecting rod cap
Connecting rod bearing

4. Removalofpiston
Remove the piston from the crankcase together with the
connectingrod.

NOTE:
Whenremovingthepistons,usecareto preventdamageto

the cylinder liner.

5. Removal of piston rings

D68E0165
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8.

9.

Separatingpistonfrom connectingrod

Remove the snap ring and, using a rod, tap piston pin off.
If, however, the piston pinishardtoremove, heatthe piston with
a piston heater or in hot water.

Crankshaftend play

Before removingthe mainbearing caps, measure the endplay
in the crankshaft.

If the end play exceeds the limit, replace the thrust plate with
an oversize one.

Removal of crankshaftgear

(a) Remove therear oil seal slinger fromthe crankshaftby cutting
it with a punch.

(b) Remove the crankshaft gear from the crankshaft, using Gear
Puller (special tool).

NOTE:
Do not attempt removing the crankshaft gear by striking
with a hammer or prying with a lever.

Removal ofmain bearing cap

(a) Remove themain bearingcap side bolts, thenthe mainbearing
cap bolts.
Use Socket Wrench (special tool) for the bolt removal.

(b) Using aslide hammeror thelike, removethe mainbearing cap.

NOTE:

1) Do notremove the main bearing cap forcibly by
prying.

2) The main bearing cap is positioned tothe crankcase
with dowel pins. Therefore, be sure to pull up the main
bearing cap upright.

SERVICE PROCEDURE

Snap ring
\

Piston

Piston pin

D68E0168

Main bearing
cap bolt

Main.bearing
Cap side bolit

D68E0169

Slide hammer

D68E0170
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Inspection [D6A]

Open end clearance

NVO04t006
== L15
Clearance
BD 50 s

NV 0.01 to 0.02
LO.1

Piston ring groove to piston ring clearance
1string

NV 0.02 to 0.08

L0.25

2ndring

NV 0.05 to 0.08 <D6AU>

L0.15

Oil ring

NV 0.03 to 0.06

L0.15

Y il

Clearance

BD 50

NV 0.02 to 0.05
LO.1

Clearance
BD 130
NV 0.178 to 0.204 <DSAU>

Bend or torsion
L 0.05 or lass

Distortion of top surface
NV 0.07 or lass
L02

Flatness of cylinder liner

flange supporting surface
L More than 0.1

BD ... Basic Diameter
NV ... Nominal Value
L .. Limit

Projection of cylinder liner
trom top surface or crankcase
NV O t0 0.08

Inside diameter
NV 130.014 to 130.054
L 130.25

Out of roundness of cylindricity
NV 0.02 or less

Oil clearance
BD 84

NV 0.07 to 0.13
L0025

Tension when free
L Less than 90.5

D68EO0171
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Inspection [D8A]

Clasrance hatwaan pighan nng groove and
pizton sing [pen &ng Qap
; n.'";‘. : NV 0 410 9.6 «Except DRAB:
B Q.55 13 Q.7 vOBAB:
L"d rITK] L 1.5
| NVO.NG to 0,03 anel Fleigy
1L 015 NV 0.4 to 0.6 «DEAD:
Ay rnng ~CEAB: 0.45 15 0.8 DEAB:-
NV Q.05 0 0.03 L4158
ém ”?]';5 el rinyg
NVO4lonsd ~DeAR-
NY 0.03 b 0.06 0.45 bo 0.5 ~DHAR-
L G.16 LiG
Gilring
NV 0.4 lo 0.6
L15
Clearawe T

NV 01683 o 0185 <0uAB:S

Ditetorlioh of uppor surksca 0.193 15 0.219 ~DBABRA

NV Q.07 or lexs
La.2

Claacanss

HD 45

&0 ﬁ
NV D01 toaDs |
L o1 .

\ r
i
Bl &nd torsion
- L 0.06utlm=e

9 Fﬂ_ﬂ-

projaction of flanga from lop
’/) - ~ Surface of srunkcass
NV 0.08 15 0.17 «<Excopt DEABE>
0251t 0.4 «D8AB»

1.0.
NV 135.00 bz 135,04 ~Excopt QeADR:
L 13528
NV 142 to 143.04 <DBAR=
L 143 35
Cylindricity
NV .02 or 1555

Qil clearance

BD g0

@ MVoostan1t

L 025

Tenzion when hee

L Leosthanfs.s BD ... Basic Diamatar

NV .. Momingl Valus
L ... Limit

D68E0172
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[D6A]
Bend
NV 0.04 or less
LO.1
Qut of roundness
NV 0.01 or less
L0.08
Cylindericity
NV 0.006 or less
~
@ Tension when free
Y o L Less than 106.5
: BD ... Basic Diameter
Oil clearance l NV ... Nominal Value
& BD 100 L ... Limit
NV 0.08 to 0,15
L025
D68E0173
[D8A]

Roundness
NV 0.01 or less
L 0.08

Cylindricity
NV 0.006 or less

Bend
NV 0.03 or less
LO.1

Qil clearance
BD 0.03t00.12
L0025

Tension when free
L 106.5 or less

BD ... Basic Diameter
NV ... Nominal Value
L ... Umit

D68E0174
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Inspection Procedure

1. Flatness of cylinder liner flange supporting surface on crank-
case

Using Crankcase Table (special tool) and a thickness gauge,
measure the flatness of the cylinder liner flange supporting
surface on the crankcase.

Replace the crankcase with new one if the limit is exceeded.

2. Crankcasetop surface distortion

Measure the crankcase top surface distortion. If it exceeds the
limits, correct the distortion with a surface grinder.

Tomake surethatthelinerprojectiondoes notchange, grindthe
liner seating surface, too.

NOTE:

1) When the crankcase is ground, make sure that the
piston projection does not exceed the nominal value.

2) Removethecylinder liner before measurement.

3. Cylinderlinerl.D.
Measure the cylinder liner I.D. at six positions as shown in the
rightfigure.Ifthel.D.ismorethanthelimits, replacethe cylinder
liner or bore it to oversize.
[For replacement of the cylinder liner, refer to ltem 5.]

4. Cylinderlinerflange projection

Make sure that the cylinder liner collar projects from the top
surface of the crankcase to the extent as specified. If the
projection is less than the nominal values, replace either the
cylinderliner orthe crankcase. Remove the O-ring and rubber
packingbeforemeasurement.

[For replacement of the cylinder liner, refer to ltem 5.]

5. Replacementofcylinder liner

(a) Removal

e Crankcase Table

D68E0175

ile

D68E0176

Size mark
DBA (30 ro moray 7 [/
D8A (25 or more)_*‘/
/
D6A (70 or more)
DB8A (60 or more) |

A: Direction of crankshaft axis

B: Direction of right angle to crankshaft axis

D68E0177

D68E0178

D68E0179
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(b) Installation

1)

1.

When replacing the cylinder liner, use a cylinderliner with the
same size mark as that of the piston to be selected.

Size mark of piston A B C

Size mark of cylinder liner A B C

2) Afteranewrubberpackingand O-ringhavebeeninstalledtothe
cylinderliner, slowly insertthe cylinderlinerinto the crankcase.
NOTE:

Apply soap suds tothe crankcase and cylinder liner fitting
portions and make surethattherubber packing and O-ring
aretwisted wheninserted.

3) Securely seat the cylinder liner on the crankcase by lightly
strikingtheflange portion,using CylinderLinerInstaller(special
tool).

NOTE:
Afterinstallation,conducttheleaktestto verifyairtightness.
Apply thrust force to cylinder liner flange.

6. Selectionof pistonandcylinderliner

[DS8AB]

Removal

(a) Using a special tool (Cylinder Liner Extractor), remove that

portion of the cylinder liner which fits in the crankcase.

Size mark  Fiston
Cylinder liner \\j] e
\_,/
\_,—/
DBSE0180
9%
O-ring —=
Rubber packing | Soap suds to
| be applied
Q-ring
\_\\{

NSoap suds to

/z/ be applied
£ DBSE0181

Rubber
packing

O-ni Apply
Ting soapsuds
DBBE0182

Strike in.
‘ Cylinder Liner Installer
; Cylinder liner

D68E0183
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(b) Using special tools (Cylinder Liner Guides), remove thecylinder
line, while using care to prevent the cylinder liner from causing
damage to the fitting hole portion (inside surface) of the
crankcase.

Install the cylinder liner guides (two in a set) by taking advantage
of the cylinder head installing holes of the crankcase.

Cylinder Liner
Guide

Cylinder liner \

installing hole

D68E0185
2. Installation.
Size mark £
| Apply soap
0, 2 ¥l suds or
4 a8 ’fé engine off
- 7 &
Size mark '}f} s /
Cylinder finer i
‘[P that fits in Cylinder liner
crankcase
S
Q l[ == Cylinder Liner Instalier
Cylinder iner
AN | e Holdnlg surface
|
{
D68EO0186

(a) To replace the cylinder liner, make sure that the size mark of a
replacement cylinder liner is the same as that of the piston.

Size mark of piston A B C

Size mark of cylinder liner A B C

(b) If there are deposits on the cylinder liner fitting hole portion
(inside surface) and holding surface of the crankcase or rust,
clogging. etc. in the water jacket, clean them.
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(c) Mount new O-rings onthe cylinderliner and crankcase. In this
case, apply a grease to the crankcase O-rings only to facilitate
the mounting work. For this purpose, use the recommended
HMC wheel bearing grease or equivalent.

NOTE:

1)Do not elongate the O-rings more than necessary.
Use care to prevent damage.

2)Gas oil, kerosene, antirust, etc. cause the O-rings to

swell. If any such fluid was deposited, wipe it away

immediately.

(d) Mount specialtools (Cylinder Liner Guides) on the crankcase.
[Referto ltem b) in 1.]

(e) After thecylinder has beeninserted in the upper fitting portion,
remove the special tools (Cylinder Liner Guides).
Usingaspecialtool (Cylinder LinerInstaller), strike theinstaller
untilthe cylinder lineris held tightly against the holding surface
of the crankcase.
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A piston may be standard or oversize, depending on which the
cylinder liner is to be selected as follows.

(a) Standardpiston
1) Selectthe piston with the same size mark as that stamped on

the cylinder liner.
2) Make sure thatthe weight of pistons forone engine (six pistons)
is in the range of +10g of the weight stamped.

NOTE:
Whenever the pistonis replaced, replace the pistonrings.
(b) Oversize piston

Bore the cylinder liner as follows according to the type
of piston (+0.5, +0.75, +1.00 mm).
Detemine the amount of metal to be bored from the

1)
cylinder liner by taking into account the portion which wears
most with reference to the measurements of [.D.s of all
cylinders.

Bore and hone-finish the cylinder liner to obtain the specified
clearance between the oversize piston and cylinder liner.

NOTE:

1) Even when only one cylinder requires boring, bore all
cylinders to the same oversize.

2) Replace the pistonrings to those corresponding to

theoversize.

7. Pistonto cylinder liner clearance.
If the clearance is out of specification, replace the piston or
cylinder liner. [Refer to ltem 6.]

<DBAZ>

Size mark

Waeight

%

*T* mark

——

Size mark %

<D6AV, D6AB>
Weight

——
-~

part
number

Park number

Size mark

=

—
———
———
Cylinder liner
Piston
D68E0187
[D8A] b %
.U . mar
Assembly
_ stamped _irection
Size mark mark
Piston parts No:
Size mark
) Piston
Cylinder liner D68E0188
Cylinder liner |.D.
Size mark stamped
D8A (30 ormore) 7
DBA (25 ormore) ;/
7
Z
7
4
D6A (70 or more) 7
D8A (to or more)

Oversize piston O.D.

A: Axial direction of
crankshaft

B: Direction at right angles
1o crankshaft

| g i —
0.D. measuring position

7™

D68E0189
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Piston to piston ring clearance

If the clearance exceeds the limits, replace the piston rings or
piston.

NOTE:

1) Afterremoving carbon, measurethe clearance over
the entire circumference of the piston.

2) Replace the pistonrings as a set.

Measure the 1st compression ring by pressing the ring against
the piston with a straight edge.

Piston ring gap

Measure the piston ring gap with the piston ring horizontally
pushed into a standard cylinder liner or actual one in the
crankcase with a piston.

Replace the piston ring if the gap exceeds the limit.

Standard cylinder liner I.D.: 130+0 [D6A]

135+0 [D8A except DSAB]
NOTE: 142+0[D8AB]
Use the piston to push the piston rings horizontally into the
standard gauge.

20-87

Thickness gauge

1st
compression ring

Piston

Straight
edge

D68EO191

CJ'
e

/

Piston
Ol

Pistonring  Cylinder liner

(

D68E0192
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10.

11.

12.

Piston to piston pin clearance

If the clearance exceeds the limits, replace the piston pin or
piston.

NOTE:
Whenever the piston is replaced, be sure to replace the
pistonrings.

Piston pin to connecting rod small end clearance
If the clearance exceeds the limits, replace bushing in the
connectingrod.

Replacementof connecting rod bushing

Replace the bushing by procedures showninillustration, using
Connecting Rod Bushing Puller (special tool).

(a) Align the oil hole of the bushing with the oil hole of the
connectingrod.

(b) Pressthe bushingin formthe chamferedside ofconnecting
rodend.

(c) Afterthebushinghasbeen pressedin, insertthe piston pin
and check to ensure that it turns lightly without play.

[D8A]

When replacing the bushing, use Connecting Rod Bushing
Puller kit (special tool).

SERVICE PROCEDURE

Piston

Piston pin

B .

Connecting rod

Connecting
rod bushing

Piston

pin

To remove

To install

D68E0195

Connecting Rod Bushing
Puller Kit

D68E0196
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(a) Removal of bushing Mandrel -
1) Removal the connecting rodbearing fromthe connecting }

rod large end fix the connecting rod to the special tool Collar A
(base). [/ e
2) SetBandrel and Collar A (special tool ) on the connecting // e ,E:i:.he larger
rod small end as shown in the above figure. Slowly apply pr Base dimansion downwarc
pressure with a press capable of applying a pressure of ~ - = =
more than 49 kN [5 tf] s “1
(b) Press-fit of bushing 77 "L A e A OO r o v
1) Set the bushing to Mandrel, Collar B, Collar A and Nut . Press bench D68E0197
(special tool).
2) Apply engine oil to the connecting rod small end and the Approx. 49 kN {5 tf}
)

bushing.

3) Press the special tool fitted with the bushing into the

connecting rod small end by using a press machine

[capacity: approx. 49 kN [5tf].

4) After press-itting the bushing and removing the special

tool, ream to finish the bushing so that the clearance

between the bushing and piston pin will be up to the

nominalvalue. b

NOTE: f f: . lﬁfe'szjbe:;zh”//” D6BE0198

1) When press-fitting the bushing, align the bushing oil

hole with the connecting rod oil hole.

2) When the piston pin is inserted, make sure that the pin
turns lightly and smoothly without play.
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L ____________________________________________________________________________________________________________________|]
13. Connecting rod bend and twist [ Bend %00
Measure the bend and torsion of the connecting rod with the Bend
measuring instrument (connecting rod aligner). If the readings & Connecting

exceed the limits, replace the connecting rod or correct it with
a press machine.

rod aligner

et

Ll L
NOTE: N v
1) Installthebushingandconnectingrodbearingstothe "’/ ’
connectingrodbefore measurement.
2) Tightenthe connectingrodandconnectingrodcapto . i ,
the specified torque before measurement. I || Fetonpin
© Twist
Twist [ =100
1 I o
s (1 ]
|
4 Piston pin
Connecting rod aligner
D68E0199

14. Tensionofconnectingrodbearingand mainbearingwhenfree
Ifthe tensionis lowerthanthe limit, replace the upperandlower
bearings as a set.

NOTE:
Do not use the bearing by artificially expanding it.

D68E0200
15. Connecting rod bearing to crankshaft pin clearance.
Measuring position
Measuring direcﬁoﬂ. [
If the clearance exceeds the limits, replace the upper and _ N\
lower bearings as a set.
N
L Rt L

Measuring direction Measuring position

D68E0201
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16. Main bearing to crankshaftjournal clearance

Ifthe clearance exceedsthelimits, replace the upperandlower

; Measuring diraction  Measuring position
bearings as a set. ¢

e i
ORI |
9 -
Jo N i
Y - R
HA 2 3
D68E0202
17. Crankshaftroundness and cylindricity S xdines Cylincricity
Determine the out-of-roundness and cylindricity on the basis of Measuring direction Measuring direction
the crankshaftjournaland crankpin I.D. measurements. Ifthey
are more than the limits, grind to undersize. [Refer to Item 19.]
[ LINL
—{ 355
D68E0203

18. Crankshaftbend
Measure the bend of the crankshaft. If the reading exceeds the
limits, grind to undersize or replace.

NOTE:
Readthe crankshaft center journal with adial indicator. One
half of the reading is the bend.

D68E0204

19. Correction of crankshaft to undersize

+0.2
: : 420 540,
Any damaged or burnt journal or pin should be ground by the h
following procedures. The bearing should be replaced with an | T =0
undersizedone. [ /i;.._-:\ﬁ—-,
=15
-4 lgl [%®] | _] S
i J
1w (T
- T L D68E0205
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(a) When the crankshaft is ground, make sure that the center
distance between the journal and pin may not be changed.
(b) Grind the crankshaft with care not to change the width of the

Pin +02 Journal
88 42

P i, S | A
journal and pin. Y .k G5 3
(c) Finish the corner fillet to the specified radius (R). o1 51 (R \ 5 B AT R
(d) Check forground cracks of the crankshaft by the magneticflaw { ‘ - g S 3
detection method. Also make sure to check that the surface = [t - Qo @ B
hardness (Hs 75 or more) is not deteriorated. I 1] /
.l ’_4-’: r
Shore hardnass Hs 75ormore DBSE0206
(e) To grind the crankshaft with a grinder, turn the grinder and
crankshaft counterclockwise as viewed from the crankshaft Grinding Finishing
frontend.
(f) Tofinish the crankshaft with a wear stone or sandpaper, turn
crankshaft clockwise.
Whestone or
Crankshalft B peper
D68E0207
Amount of Journal O.D. Pin O.D. finish Round- Cylind-
undersize finish dimension dimension ness ricity
-0.25 99.651099.67 83.661083.69 0.01 0.006
-0.50 99.4010 99.42 83.411083.44 or less or less
-0.75 99.15t099.17 83.16t083.19
-1.00 98.901t098.92 82.911082.94
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Reassembly [D6A]

AZZRMBlY 28q0R008

Procadurna that (olicws.

Expandar spring ends

1<

Cylitder llinar
flatyer projactian
NV e 008

Far parte with an engireled nuniber, refer ta Reazsembly : "

B v |

'l,. ¢

13t COMproasian
ring andls

Fratan projaetion
NV 087 o .23 5

=pd comprassion Ol ring ends

a7o Nm
{28 kgf.m}

: {Wot)

21

9 MM
{3.4 Kgr.o

13

Loeating pln-—_ !

175 N |——
{18 kgLmj

1 14

Allgn lug
direwhon

18

15 18

17

12
Apply Rhitm bnss
QPEEEE 10 NP8,

Connecting rodend play
NV03tc0.8
L 10

l Lol pin
. 27 34 N.m (3.5 kghm)
-23

) ) ~draéiidn

15 f8m
{12 kgf.mi
(War)

@ Fans aMow haan up.

. NV ... Nom|nal Valays
L .. Limit

Face stde with all groava
laward =liding syrinee,

lﬁtankahaﬂ end play

NV 0068 15 023
L ¢4

D68E0208




—

20-94

Reassembly Procedure

1. Installation of oil spray plug

SERVICE PROCEDURE

Install the oil spray plug with the arrow stamped on the plug

toward the top of the engine.

2. Installation of oil jet and check valve

Insertthe locating pin ofthe oiljetintothe hole onthe crankcase
and tighten the check valve to specified torque.

NOTE:

The check valve cannot be reused. Use, therefore, a new

checkvalve.

3. Installation of upper main bearing and thrust plate

NOTE:

1) Install the thrust plate with the oil grooveless side

toward the crankcase.

2) Line up the lug of the main bearing and the groove of

the crankcase.

The upper main bearing is one with oil holes.
Take care not to confuse it with the lower one.

3) Oversize(0.15, 0.30, 0.45 mm) thrust plates are avail-
ableforadjustingthe end playincrankshaft.lfany one
of these is used, ensure the correct size of the thrust
plate to be installed to the main bearing cap.

4. Installationof crankshaft gear

(a) Heat the gearto about 100°C, using a piston heater, etc.

(b) Locate the gear so that the dowel pin of the crankshaft will fit in
the notch of the gear and fit the gear by lighty striking the gear

end with a soft hammer.
(c) Install the rear oil seal slinger.

L o

(T S
\ ,«-' ' ~ Oil spray plug
. f\ Q
Ty Sy O\ N
/J l | \ \ \ ¥
p=( P N
". \) il\ .'./ \\\ : /’/ —1a QT'\:;..
I o _- l l :/</ 1 '.,(‘
l
D68E0209
—:-l:‘; Check valve |- _;‘f
=z H 34 N.m b=
§9~.'\l \ (3skigm) | @
0
\l o)
l\nQ
D68E210

—A

Crankshaft

g\rankshaﬁ gear

D68E0212
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5. Installation of front oil seal slinger

Install the front oil seal slinger, using Oil Seal Slinger Installer
(special tool).

6. Installation of crankshaft
Lift the crankshaft 18 with chain blocks, etc. While keeping itin
horizontal position, slowly lower it into the crankcase.

7. Installation of lower main bearings and main bearing caps
Follow the procedure given below.

(a) Drive the locatingdowel pinsinto therearmostmain bearing cap
the direction shown.

(b) Mate the lower main bearing with each main bearing cap,
marking sure that the lug bearing is fitted into the lug groove in
cap.

(c) Only toboth sides of the rearmost main bearing cap, install the
thrust plates facing their oil grooveless side toward the cap.

NOTE:
If an oversize thrust plate is used, use the bearing cap rear
thrust plate of the same size as that of the thrust plate in
the crankcase rear end. Note, however, thatthe bearing
cap front and rear thrust plates may be of different sizes.

Front oil seal slinger
Crankshatt

P
=

D68E0213

Qil Seal Slinger Installer

D68E0214

e o,

ial direction
of crankshaft

/

®

Dowel pin
D68E0215
Main bearing cap
Thrust plate Thrust platg
Lug groov mounting pin
)
Thrust plate
‘il Lower main bearing
DBBE0216

Crankshaft rear thrust plate D68E0217
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(d) Install the main bearing caps, caps making sure that the side
with the lug groove placed on the right-hand side of the engine
and they are installed in the order of embossed numbers from
the front of engine.

(e) Tightenmain bearingcap bolts to specified torque. Then, tighten
main bearing cap side bolts to specified torque.

After the bolts are tightened, make sure that the crankshaft is
free to rotate by hand.

(f) Checkto see if the end play of the crankshatft is within nominal
value.

8. Installation of connection rod bolt
Aftercheckingthe connectingrodfordamageandburinthebolt
hole, apply engine oil to the connecting rod bolt and press-fit it
into the connecting rod.

9. Reassembly of pistonandconnecting rod

Connect the piston to the connection rod with the piston pin so
thatthe Frontmarkonpistonandlug groove markinconnecting
rod are placed on the same side.

Ifthe pistonandpiston pinare hardto insert, heatthe piston with
a piston heater or in hot water.

NOTE:

The parts for an engine must be of the same weight mark.
Weightmarks

Heavy Light
A B C D E F G H I J K

Main bearing cap
embossed number
Front ™\ é

of <>
engine

D68E0218

Face top groove inside
| k¥ | ¥ Press-fit with a press

Max 5.9 kN {600 kgf}
~ Apply engine oil

| - Check for scratches
and burrs.

D68E0219

Connecting rod

\? D68E0188
] f

| Weight mark

Arrow showing fron (} st
N
g

) l
Snap fing piston pin

Alignment mark

P

|
Lug groove marl_c—-g

D68E0220
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10.

11.

12.

Installation of piston ring

Using Piston Ring Tool (special tool), install the piston rings in
the following sequence.

1) OQilring

2) 2ndcompressionring

3) 1stcompressionring

Installation of upper and lower connecting rod bearings

Install the upper connecting rod bearing, making sure that the
bearinglugis aligned with the lug groove in the connecting rod.
Install the lower connecting rod bearing, making sure that the
bearing lug is aligned with the lug groove in the connecting rod
cap.

NOTE:
Notethatthe only the upper connectingrod bearinghasan
oil hole.

Installation of piston and connecting rod

Using Piston Guide Clamp and Piston Guide lever (specialtools),
install the piston and connecting rod so that the front mark on
piston head faces the front of engine.

NOTE:

1) Make sure that the size symbol of the piston is the

same as that of the cylinder liner.

2) Make sure that the piston ring open end directions do
notchange.

3) Put avinyl hose or something else on the bolt of

connecting rod for protection of the crankshaft pin

against damage by the bolt.

Endidan::facturer

| mark stamped
S (Compression
) fing only)

1st comprassion ring

i
Expander spring ends ands

2nd comprassion

ring ends Qil ring ends

D68E0221

Lower connecting )
rod bearing Algn tiese,

7Upper connoting Aligh these
w rod bearing 5

D68E0222

D68E0223
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Using the Piston Guide Clamp and Piston Guide Lever (special
tools).

Line up the Piston Guide with the piston skirt and set the lever into
position. Then, turn the adjusting bolt so that the clamp 1.D. equals
piston O.D. After the adjustment, apply engine oil to piston outer
surfaces, Piston Guide inner surfaces, and cylinder liner inner
surfaces.

Afterthese procedures have been completed, fit Piston Guide onto
the piston so that it is flush with the pistonhead. Using a mallet or Adusting

wood block, tap piston into position with care not to damage it. i DB8E0224

Piston Guide Clamp

13. Installation of connecting rod caps
Make sure that the alignment marks and lug groove marks on
the connecting rod cap and connecting rod are aligned.

14. Measure the connecting rod end play and check to ensure that

the measured value is me with the nominal value. .’le of
15. Measure the projection of the pistons and confirm that it does engine
not exceed the nominal value. [Refer to Item 1, Section
16. Installation of front oil seal " - /]
Evenly press the oil seal throughout its entire periphery to el A
Lug groove mark )
D68E0225
preventit fromtilting. Press-fit the oil seal into the front
cover until the oil seal flange is held tight up against the front Eront oil seal
cover. \ P'“g'm Oil seal flange
\

ﬁ /Front cover

D68E0226
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Reassembly [D8A]

Plsten projecton
NV 07210122 125 N-m
[18 kgf-m! (W,
Flange projeclion L
NV 0.05to U, 17 7
0.25 13 0.04 (:]
~DBAL: 2
ow)

225 N-m
(23 kgf.m| (Wet] 270 N-m

/\1 132 kafm' twe
P 12 Fiston Fing cnds
{ dirmgction

27 24 N-m

a-l"dﬂng andga ——— 1uiri ancls
26 [ kgfml o s, Al st

Znd dng-ends #\.__. Ollting anda

End pley _
MY Gkt & 8 9 1p [Inueal wu_lh arrow
b \\\ l\ mark lacing upwanrd

31 Nan
[3.4 kgfm]|
_— 17
RRIY i
@il w Iipg ke

IV ... Bomunal Value

Lirrm
sembly srninnes TR el Inztall with il
98 N-m C .
o B R nd play ranve facin

—+ 28— *@_@"h&’ﬁ' -lj—t@—tﬁg—o-q_t—ﬂ"?— I’ID kghnl MY 015 o 0.29 grankahaﬁ 5igc.
% L D4
e—) R (1) Bl e SRS

+
+§f'!]_~ ARSI wr ge—F (B FO parts with an sncirelsd number, refer 1o
. Neageembly Frocadure inat lolews.

Farls markad * do nat apphy 1o the DAL,
e T et | 6 et (1Tt £ et e 19

D68E0227
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Reassembly Procedure

1. Installation of oil spray plug

SERVICE PROCEDURE

Install the oil spray plug with the arrow stamped on the plug

toward the top of the engine.

2. Installation of oil jet and check valve

Putthe locating pin of the oil jetin the hole of the crankcase and
tighten the check valve to the specified torque.
The check valve must not be reused. Use a new one

3. Installationof upper main bearing andthrust plate

NOTE:

1. Install the thrust plate with the oil grooveless side

toward the crankcase.

2. Line up the lug of the main bearing and the groove of

the crankcase.

The upper main bearing is one with oil holes.
Take care not to confuse it with the lower one.

3. Oversize (0.15,0.30, 0.45 mm) thrust plates are avail-
able for adjusting the end play in crankshaft [refer to
Item 6]. If any one of these is used, ensure the correct
size of the thrust plate to be installed to the main

bearing cap [refer to ltem 6.].

4. |Installationof crankshaft gear

(a) Heat the gearto about 100°C, using a piston heater, etc.
(b) Locate the gear so that the dowel pin of the crankshaft will fit in
the notch of the gear and fit the gear by lighty striking the gear

end with a soft hammer.
(c) Install the rear oil seal slinger.

D68E0228

Locating pin i

tC_heck valve

-
h 2
: Oil jet
D68E0229
Upper mwn&(“‘g
béering Oil hole
Thrust plate Lug groove

Oil groove
side
T o
3 P -
- < - .
% \! F\“.\/\f‘
DB8E0230

Crank{haft é\

Crankshaft gear
D68E0231
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5. Installation of front oil seal slinger

Install the front oil seal slinger, using Oil Seal Slinger Installer
(special tool).

6. Installation of crankshaft
Lift the crankshaft 18 with chain blocks, etc. While keeping itin
horizontal position, slowly lower it into the crankcase.

7. Installation of lower main bearings and main bearing caps
Install the parts as follows.

(a) Drive dowel pins into the rearmost main bearing cap in the
direction shown for corredt positioning.

(b) Fit thelower mainbearing intoeach mainbearing capensuring
that the vearing lug is aligned with the lug groove in the cap.

(c) Install thrust plates to the both sides of the rearmost main
bearing cap only so that their oil grooveless sides face the cap.

NOTE:

If an oversize thrust plate is used, use the bearing cap rear

thrust plate of the same size as that of the thrust plate in
the crankcase rear end [refer to Item 3.]. Note, however,
that the bearing cap front and rear thrust plates may be of
differentsizes.

Oil Seal Slinger Installer

Front oil seal slinger
Crankshaft, \

ey

A\

-9
Axial direction
of crankshaft
Dowel pin
D68E0234
Front of engine
@3 Number embossed
j¢{g\; / Main bearing cap
) @ﬁ;fa Thrust plate
~locating pin
@/ Thrust
Log groove Oil groove
ower main
Lug bearing
D68E0235
Number embossed

D68E0236
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(d) Install the main bearing caps, caps making sure that the side

with the lug groove placed on the right-hand side of the engine
and they are installed in the order of embossed numbers from
the front of engine.

(e) Tightenmain bearingcap bolts to specified torque. Then, tighten

main bearing cap side bolts to specified torque.
After the bolts are tightened, make sure that the crankshaft is
free to rotate by hand.

SERVICE PROCEDURE

Lug (as viewed |nstalling direction

from front)

Main bearing cap bolt
370 N.m (38 kgf.m} (Wet)
(S mark stamped on the

of washer

& Crankcase side

Main bearing

cap side bolt
175 N.m{18kgf.m)
(Wat)

(f) Checkto see if the end play of the crankshatft is within nominal
value.

8. Installation of connection rod bolt
Aftercheckingthe connectingrodfordamageandburinthebolt
hole, apply engine oil to the connecting rod bolt and press-fit it
into the connecting rod.

9. Reassembly of pistonandconnecting rod

Connect the piston to the connection rod with the piston pin so
that the "UP" mark on the piston and lug groove in the
connecting rod are positioned on the same side.

Ifthe pistonandpiston pinare hardto insert, heatthe piston with
a piston heater or in hot water.

boit head)

D68E0237

Installwith flat side toward
connecting rod center,

Press-fit with a press.
Max, 9.8 kN (1000 kgff

r Apply engine oil

Damage, pesaling

D68E0238

-~ —Connecting
rod

Piston pin

Lug groove

D68E0239
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10. Installation of piston ring

Using Piston Ring Tool (special tool), install the piston rings in
the following sequence.

1. OQilring

2. 3rdcompressionring

3. 2ndcompressionring

4. 1stcompressionring

NOTE:

The manufacturer's mark is inscribed near the open end
of piston ring. Install the piston ring with the manufactur
er's marks upward.

11. Installation of upper and lower connecting rod bearings

Installthe upperconnectingrodbearing, sothatitslugis aligned
with the lug groove in the connecting rod and the oil hole in
bearing is aligned with that in connecting rod.

Install the lower connecting rod bearing sothatits lugis aligned
with the lug groove in the connecting rod cap.

NOTE:

Note that the connecting rod bearing with an oil hole is the
upper; the one having no oil hole is the lower.
Bealertalsothatdifferent parts are usedfortheleftand right
banks.

12. Installation of piston and connecting rod

Using Piston Guide Clamp and Piston Guide lever (special
tools), installthe pistonand connectingrodassembly sothatthe
"UP" mark on the piston is on the bottom side of the V
arrangement.

NOTE:

1. Differentconnectingrods are used ontherightand Idft

banks. Right and left identification symbols (LH, RH) are

embossed on the connecting rods. Use care to prevent

confusion atinstallatin.

2. Make sure that the size symbol of the piston is the

same as that of the cylinder liner.

3. Make sure that the piston ring open end directions do
notchange.

4. Put avinylhose or something else on the bolt of

connecting rod for protection of the crankshaft pin

against damage by the bolt.

Using the Piston Guide Clamp and Piston Guide Lever
(special tools).

, ‘\R:gl\ﬁanmacturer

mark stamped
(Compression
ing onl

1st compression
ring ends

2nd comprassion

; Oil ring ends
ring ends ;

D68E0240

Lower connecting fod UPPer connecting rod
beasing beaeing

o 1
Connecting rod | 1 '/ Align oil holes
Connecting rod cap DBSEO241

Piston Guide Clamp

D68E0242




20-104 SERVICE PROCEDURE

Line up the Piston Guide with the piston skirt and set the lever into
position. Then, turn the adjusting bolt so that the clamp 1.D. equals
piston O.D. After the adjustment, apply engine oil to piston outer
surfaces, Piston Guide inner surfaces, and cylinder liner inner
surfaces.

Afterthese procedures have been completed, fit Piston Guide onto
the piston so that it is flush with the pistonhead. Using a mallet or
wood block, tap piston into position with care not to damage it.

13. Installation of connecting rod caps
Fitthe connecting rod cap so that its alignment mark is aligned
with that on the connecting rod.
Then, using Socket Wrench (Special tool). torque to specifica-
tion
Measure the connecting rod end play and check to ensure that
the measuredvalue isme withthe nominalvalue. [Refertoltem
2].
Measure the projection of the pistons and confirm that it does
not exceed the nominal value.

14. Installation of front oil seal
Pressthe oil seal evenly throughout its entire periphery so that
it will not tilt. Press-fit the oil seal into position until its flange
tightly contacts the front cover.

Piston Guide

Piston Guide

Lever D68E0243

Connecting rod cap
R onnecting rod bearing

Alignment 7~
mark
Connecting rod Sccket Wrench
D68E0244
Front oil seal
P -fit
“ﬁ Oil seal flange
Front covet

D68E0245
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Flywheel PTO
Disassembly and inspection [D6A]

Rotating
condition

Deterioration,

Wear, cracks

Backlash
o NV 0.1310 0.25
Overall backlash L 10
{measurad at flange
NV 0.32t0 046
End play
NV 0.15to 0.53
Clearance L 10
BD 58
NV 0.03 t0 0.07
L 020

Disassembly sequence

1. Oil pipe @ Flange 13 Spacer

2. Gear case *8. Oil seal {3 PTO gear
3. Cover "A" 8. Cover "B" 15 Cotter

(4) Idler shaft "C" 10.Cover "C" *16 Ball bearing
(5) PTO idier gear "B" *11.Ball bearing 17 Snap ring
6. Thrust plate 12.PTO shaft

For parts with an encircled number, refer to Inspection Procedure
that follows.

Service items marked with  should be checked before disassembly.
Parts marked with * should not be removed unless defects are
evident.

D68E0246
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Disassembly and Inspection Procedures

1. Overall backlash in each gear

Since the backlash cannotbe measured atthe gears, measure
it at the flange as shown, while holding the crankshaft in
position. The backlash is the overall value of the individual
gears.

If the backlashis overthe nominal dimension, check each gear
for wear and replace if defective.

. Apply dial gauge feeler
to this surface.

D68E0247

NOTE:

The overall backlash in each gear refers to the back , cocy
lash present when the PTO gear, PTO idler gear B, PTO 23,7 PTO idler gear ‘B
idler gear A, and drive gear are in mesh with each other.

D68E0248

2. PTOidler gearB end play

Remove the PTO head assembly and measure the end play of
the PTO idler gear "B". If the end play is over the nominal
dimension, replace the thrust plate.

D68E0249

3. Backlash betweenPTO gear and PTO idlergear B

If the backlash exceeds the limit, check gear bushings and
gears and replace as necessary.

D68E0250

4. Removal of PTO idler gear B
Remove PTOidlergearB afteridler shaft Chas beenremoved.
Theidler shaft "C" should be removed by turning down a bolt of £
20 mm thread diameter and 1.5 mm pitch. (dler shaft C

a=F |
- { Proidergeas

Threaded hole for removal Q
(M20 x 1.5)

D68E0251
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Removalofflange

Toremove the flange, first remove the split pin through the split
pin removal hole inthe flange to remove the flange mounting nut.
Idler shaft C to PTO idler gear B clearance

Ifthe clearance exceeds the limit, replace the bushing
inthe idler gear.

20-107

Flange mounting

nut

Split pin~

Flange

SV
Spiit pin removal

hole

D68E0253
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Reassembly

15 14

2 17 13 16

8 Apply engine oil to fips,

7

125 N.m
{12.8 kgt m}

Locating pin

End play

155 N.m
(14 kgf.m}

NV0.1510 0.53

L 10

Overall backiash
NV 0.32t0 0.46

Apply sealant, (THREEBOND
1207C or equivalent).

Use shims to correct excessively
small backlash.

Assembly sequence
172169513514315912511951058-3937363534-3352-31

Locating pin

NV...Nominal Value

L

... Limit

D68E0254
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Flywheel PTO
Disassembly and inspection [D8A]

Unusual noise,

Tap shaft out toward the uneven rotatian

front cover with a soft

Tap shaft out toward the
front cover with a soft
hammer.

——

Unusual noise,

uneven rotation

hammer ' - 0
“
14 1] 1 Leg@r et
OO
\
PTO gear overal! backlash
{at 100 on flange)
NV 0.18 to 0.31
Backlash
NV 0,08 t0 0.2
19
o8 @@ ?
Q 20 18

13  Unuseal noise,
unevean rotation

Disassembly sequence

1. PTO gear case *8. PTO gear

2. Flange 9. Spacer

3. Rear cover 10.Ball bearing

4. Oil seal *11.Ball bearing

5. Front cover 12.PTOidlergearcase
6. PTO shaft 13 Seal cap

7. Cotter 14 Front cover

NV ... Nominal Value
L .. Umit

15 Idler shaft
*16 Cotter
17 PTO idler gear B
18 Spacer
19 Snap ring
20 Ball bearing
21 Ball bearing

For parts with an encircled number, refer to Inspection Procedure

that follows.
Service items marked with

Parts marked with * should not be removed unless defects are
evident.

should be checked before disassembly.

D68E0255
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Disassembly and Inspection Procedures
1. Overall backlash in each gear

Since the backlash cannotbe measured atthe gears, measure
it at the flange as shown, while holding the crankshaft in
position. The backlash is the overall value of the individual
gears.

If the backlashis overthe nominal dimension, check each gear
for wear and replace if defective.

NOTE:

The overall backlash in each gear refers to the back lash
present when the PTO gear, PTO idler gear B, PTO idler
gear A, and drive gear are in mesh with each other. For
inspection of PTOidler gear A and drive gear, referto Se c -
tion

2. Backlash between PTO gearand PTOidler gear B.

Remove the PTO gear case and PTO idler gear case as an
assembly and measure the backlash. If the backlash exceeds
the limit, check the gears and replace as necesary.

3. Removalofflange
To remove the flange, remove the split pin through the split pin
removal hole inthe flange and remove the flange mounting nut.

PTO gear

PTO idier gear "B"

PTO idler gear "A"
PTO drive gear

PTO idler gear B
PTO idler gear case |

Split pin
removal hole

Spiit pin \ ‘
S)
7

Flange mounting nut

D68E0259
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Reassembly [D8A]

—

—
—
 pr—

=

=

PTO gear overall backlash
10 (at 100 on flange)
NV 0.18 to 0.31

3 125 N.m
{12.8 kaf.m} 1

i .

Apply sealant
(THREEBOND 1207C or

equivalent).
N

]

ﬂ

NV ... Nominal Value
L ... Limit

—13
12.8 kgt.m}
20
19
) Locating pin
12
Backlash adjusting shims: 0.1, 0.2, 0.3
Used to correct excessively
small backlash
Assembly sequence
;1 17-516- 1851920131412
6
791
"]»a-» 32-»5-»1
3
4

O\ JlE
o
ool OC

2 )

Locating pin

D68E0260
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Inspection and Adjustment of Valve Clearance [D6A]

The valve clearance should be checked and adjusted when the engine
is cold.

1.

Cranktheengine toalignthepointer of the inspection window of
theflywheelhousingwiththe inscribed mark 1.6 ofthe flywheel.
Check the push rods, and the piston whose push rod is not
pushing up the rocker is at the top dead center of the compres-
sion stroke.

Onbusengines, apointeris providedinfrontofthe engine. The
pistonin No.1 to no. 6 cylinder is at the top dead center on the
compression stroke whenthe inscribed line marked 1, 6 onthe
crankshaft pulley aligns with this pointer.

WhenthepistoninNo.1 cylinderisatthetopdeadcenteronthe
compression stroke, inspect and adjust valve clearance in
respecttothe valves marked Ointhetable below. Crankingthe
crankshaft one turn, proceed to inspect and adjust valve
clearance in respect to the remaining valves marked X.
Whenthe pistonin No. 6 cylinderis atthetop dead centeronthe
compression stroke, inspect and adjust valve clearance in
respect to the valves marked X. Cranking the crankshaft one
turn, proceed to inspect and adjust valve clearance in respect
to the remaining valves marked O.

SERVICE PROCEDURE

DG8E0261

Cylinder No.

Valve arrangement

Ex.

Ex.

Ex. | In.

Ex. | In. | Ex.

No. 1 at TDC on compression stroke

No. 6 at TDC on compression stroke

Measure the clearance between the rocker arm and valve cap
with a specified thickness gauge to see ifit meets specification.
Check the valve clearance by inserting Thickness Gauge
(special tool) between the rocker arm and valve cap.

If the clearance is incorrect, loosen the lock nut and correct the
clearance by turning the adjusting screw.

After adjustment of the clearance, turn down the lock nut to
secure the adjusting screw.

NOTE:
After the lock nut has been turned down, reconfirm the
clearance.

[Valve clearance

N8N

Thickness Gau
~ %

) J
B Sty WA ”
Al e N
it 7 R - - » .
~
f

{ When cold)
NVinlet 0.4
Exhaust 0.6
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Inspection and Adjustment of Valve Clearance [D8A]

The valve clearance should be checked and adjusted when the engine
is cold.

1.

Crank theengine toalignthe pointer oftheinspectionwindow of
the flywheelhousingwiththeinscribedmark 1.4 oftheflywheel.
Check the push rods, and the piston whose push rod is not
pushing up the rocker is at the top dead center of the compres-
sion stroke.

Onbus engines, a pointer isalso provided on the front of engine.
When the inscribed line maked 1, 4 on the crankshaft pulley
aligns with this pointer, the piston in No. 1 or No. 4 cylinder is
at the top dead center on the compression stroke.

Whenthepistonin No.1 cylinderis atthe top dead centeron the
compression stroke, inspect and adjust valve clearance in
respecttothe valves marked Ointhetable below. Crankingthe
crankshaft one turn, proceed to inspect and adjust valve
clearance in respect to the remaining valves marked X.
Whenthe pistoninNo. 6 cylinderisatthetop deadcenteronthe
compression stroke, inspect and adjust valve clearance in
respect to the valves marked X. Cranking the crankshaft one
turn, proceed to inspect and adjust valve clearance in respect
to the remaining valves marked O.

D68E0264

D68E0265

Cylinder No. 1 2 3

Valve arrangement In. | Ex. [ In. | Ex. | In. | Ex.

Ex.

No. 1 at TDC on compression stroke| O O O )

No. 6 at TDC on compression stroke X X

Measure the clearance between the rocker arm and valve cap
with a specified thickness gauge to see ifit meets specification.
Check the valve clearance by inserting Thickness Gauge
(special tool) between the rocker arm and valve cap.

If the clearance is incorrect, loosen the lock nut and correct the
clearance by turning the adjusting screw.

After adjustment of the clearance, turn down the lock nut to
secure the adjusting screw.

NOTE:
After the lock nut has been turned down, reconfirm the
clearance.

NV ... Nominal Value Valve clearance

( When cold)

NV Inlet 0.4
Exhaust 0.6

Thickness Gauge

D68E0266
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25-2 GENERAL

GENERAL

Cooling system

[D6]

\_\ )
= Water outlet pipe

N

O
A
7 <. |z~ Oil cooler
.:i S i/J
"-L’_/;<Al

Radiator Water level sensor
\ | Pressure cap

e

Reservoir tank

l

|1~ Cooling fan

AE0027B

[D8]

Reservoir tank—

Pressure cap — -,

fan
Fan drive
AE0028B




GENERAL

The cooling system is a water-cooled, forced-circulation system,
consisting of radiator, water pump, thermostat, reservoir tank, and
otherparts.

The coolant sent from the water pump circulates and cools the
engine parts and is directed to the thermostat case.

The coolantis then sentto the radiator if its temperature is high and
directlytothe waterpumpifthetemperatureislowto coolthe engine
partsagain.

The reservoir tank is provided to keep the radiator full of coolant at
all times.

Thereservoirtank,ontheotherhand,isinstalledata levellowerthan
the radiator coolantlevel; it uses a vacuum produced in the radiator
when the coolanttemperature rises or drops to replenish the coolant.
Onbuses, the radiator is located at the rear right of the vehicle. The
cooling fan is driven by the fan drive system.

Water pump

The water pump, of the centrifugal type, isdrivenby V -

belt from the crankshaft pulley.

Mounted at one end of the water pump shaftis an impeller with
blades and the coolant is sealed up by unit seal.

The ball bearing supporting water pump shaft is lubricated by
grease.

Thermostat

The thermostatis of bottom bypass type with a valve controlled
by special wax enclosed in a pellet. When the wax is heated, it
passes from a solid to a liquid state with its volume changing.
This change in volume regulates the amount of coolant flowing
intothe radiatorandwaterpump (bypassside), thereby control-
lingcoolanttemperature.

25-3
<D8> From radiator
From thermostat
o~ From radiator
To engine
- £
i D68E0315
<D6>
When coolant temperature

is high (bottom bypass valva

\\ To water pump
When coolant temperature is low
<D8> {bottom bypass valve Is open)
From cylinder head

D6SE0316
To water pump (when cold!
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A jiggle valve is installed in the thermostat for D8A. 35

S . . - . . iggle valve
The jiggle valve is normally in the lower position. Airin the engine is p
led to radiator through the clearance between the jiggle valve and the
breather hole, which permits easy supply of coolant. ﬂ
When the engine is started and coolant flows, the jiggle valve is
pushed up to close the breather hole.
Therefore,coolantcannotflowintotheradiatoruntil thetemperature
rises enough to open the thermostat valve. This contributes to a

shorter engine worm up time. f f

Water pressure
D68E0317

Radiator

The radiator, consisting of the upper tank, radiator core, lower
tank, and other parts, functions to cool the coolant whose
temperature has become high as aresult of circulationthrough
the engine parts.

The coolant is introduced into the upper tank, passes through
the radiator core consisting of a number of tubes and fins, and
is returned via the lower tank back to the water pump.

The coolantis cooled by the outside airas itpassesthroughthe
radiatorcore.

/
Lower tank D68E0318

Pressure cap (Cg] -
. =4 Pressing valve

The pressure cap, consisting of the pressure valve, ventvalve, < spring
andotherparts, maintainsthe pressureinthe coolingsystemat Z;J’;“"’
an optimum level to prevent the radiator. o > Pressure vilve

Ventvalve— 2 Vent valve

spring y

[Dg]

, Prassure valve
Vi 7 spring
ent valve spring , Pressurs valve

Vent valve

D68E0319

Pressure valve operation

When the pressure in the cooling system builds up to exceed a
predetermined level, the pressure valve spring iscompressed by the
pressure and the valve opens to release the pressure.

Pressure valve
spring

\ B T
l‘ \ / ’ Pressure valve
b

DG68E0320
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Vent valve operation

When the coolant temperature becomes low, a vacuum is created
inside the radiator, which cause the ventvalve to compress the vent
valve spring, allowing atmosphere in. This effectively prevents the
radiatorfrombeingdeformed.

Autocool fan coupling.

Depending on the temperature of the air passing through the
radiator, the autocool fan coupling automatically controls the
rotating speed of the fan.

The continuous control type autocool fan adjusts the operating
amount of silicone oil by movement of the control hole of the divider
plate, thereby adjusting the transmitted torque. If the transmitted
torque increases, the fan rotates at higher speed.

(@) Whenthetemperature ofthe air passing through the radiatoris
low

The valve fully closes the control hole of the divider plate. As a
result, the silicon oil forced back from the pump hole is stored
in the storage chamber and is not sent into the operating
chamber. In the meantime, the silicone oil in the operating
chamber decreases, and consequent slippage between the
case and cover andthe rotor causes the fantorotate atalower
speed.

(b) When the temperature of the air passing through the radiator
rises

As the temperature rises, the valve slowly opens the control
hole of the divider plate, allowing silicone oil to flow into the
operating chamber. Therefore, the silicone oil contacting area
between the case and cover and the rotor slowly increases. So
more torque is transmitted to the fan, causing it to rotate at a
higherspeed.

Vent valve

D68E0321

D68E0322

Control hole

D68E0323

D68E0324
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(c) Whenthetemperature of the air passing throughthe radiatoris
high

The valve fully opens the control hole of the divider plate, and
more silicone oil flows into the operating chamber.

As a result, a maximum torque is transmitted from the shaft to
the fan, causing the fan to rotate at a given maximum speed.

s Hedf |

8 I _.

D68E0325

Direct-couple fan
Autocool fan coupling

- (at high temperature)
g
E Autocool fan coupling
% (at medium temperaturs)
7 Autocool fan coupling
é (at low temperature)
Crankshaft speed rpm S

E

=

!

8

w

Temperature passing

through the radiator (°C) D68E0327
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SPECIFICATIONS

ltem

Specification

Cooling system

Water cooling forced circulation system

Coolantquantity D6 45L
D8 57L
Water pump Type Centrifugaltype
Radiator Type Tube and corrugated fin type
Thermostat Type Wax pellet type bottom bypass type
Valveopening D6 82°Cx2
temperature x Qty D8 82°C x 3
Coolingfan Type Suction type
Autocool fan coupling Type Viscosity type
Hydraulicfluid | Silicone oil
V-belt D6 Low edge cog type B x 2
D8 Low edge cog type C x 1

Type
x Q'ty

Between fanidler pulley

and crankshaft pulley

Low edge cog C type x 1

Betweenfanidler pulley

Low edge cog C type x 1
and fan pulley
Betweencrankshaftpulley,
alternatorandwaterpump | D6 Low edge cog B type x 2
pulley
Between water pump pul-
ley and alternator D8 Low edge cog C type x 2
Betweencrankshaftpulley,
waterpumppulleyandwa- | D8 Low edge cog C type x 2

ter pumpidler pulley
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SERVICE STANDARDS
Service Standard Table

Maintenance item Nominal value Limit Remedy and Remarks
(Basic diameterin [])

Clearance between fan and fan shroud 3 or more - Adjust
Water pump pulley and water pump D6 [25]0.05 10 0.08 - Up to two
shaft interference D8 [34]0.05100.08 - reassemblings
Impeller and water pump shaft D6 [11.8] 0.03 t0 0.06 - Up to two
interference D8 [15.5] 0.03 to 0.05 - reassemblings
Thermostat Valve opening 80 to 84°C - Replace

start temperature

Valve lift/ 10 or more/95°C -

temperature

Radiator inspection pressure (air pressure)

98 kPa {1 kgf/cm?}

Correctorreplace

Pressure valve opening pressure D6 34 to 64 kPa - Replace
{0.35 to 0.65 kgf/cm?}
D8 39 to 59 kPa -
{0.4 to 0.6 kgf/cm?}
V-belt deflection Between fan idler pulley 7t012 - Adjust
and fan pulley
Between fan idler pulley and 25t0 35 }
crankshaft pulley
Between alternator and D6 17 to 22 -
water pump pulley D8 6to8 -
Between water pump idler pul-
D8 4106 -

ley and water pump pulley




SERVICE STANDARDS 25-9
Tightening Torque Table
Locationtightened Screw size Tightening torque
O.D. x pitch
(mm) N-m {kgf.m}

Water level sensor M18 x 1.5 2.91t03.9{0.3t0 0.4}
Watertemperature gauge unit M16x 1.5 27t041{2.8t04.2}
Water pump cover mounting bolt < D8 > 7.81012{0.810 1.2}
Water hose mounting hose clamps M6 x 1.0 4.4105.4{0.45t00.55}
Fan drive system Cooling fan mounting bolt M10x 1.25 38 to 59 {3.9 to 6}

Fan drive support mounting bolt M12 x 1.25 78t0105{8to 11}

Adjusting rod mounting nut M10 x 1.25 2010 30{2.1t0 3.1}

Idler adjust lock nut (upper) M16x 1.5 93t0125{9.5t0 13}

Fan pulley shaft tightening nut M20 x 1.5 145{15}

Idler pulley shaft tightening nut M20 x 1.5 145 {15}

|dler pulley mounting nut M20 x 1.5 145{15}
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SERVICE PROCEDURE

Removal and Installation of Cooling System

<D6>
Removal and installation of parts around radiator

SERVICE PROCEDURE

B8
@

8
o
& &

Deterioration,
damage

2910 3.9Nm
{0.3t0 0.4 kgf.m}

6 78t 105N-m oy grive support
{8 to 11 kgf.m}

I 20 to 30 N.m
{2.1 10 3.1 kgf.m}

5 Deterioration, @

@ d;@rrfge

—3 Deterioration,
damage

8. Pressurecap *16. Waterlevel sensor

For parts with an encircled number, refer to Installation
Procedure that follows.

For inspection of parts marked with *, refer to Group 60 Body
Electrical of Shop Mannual separately provided.

® Deformation
-~ @
:\ @ 1Dzeformation
14
15 Clearance between far
Deformation, damage, Er:/dsfaor; ﬁ:‘(;?eud
waterleak,contaminatedfins
condensate in core inside
1. Fan drive system 9. Supply pipe
% Inlet hose 10. Reservoirtank
Upper outlet hose 11. Fanshroud
4. Outletpipe @ Radiatorframe
(® Loweroutlet hose 13. Packing
6. Airbleed pipe 14. Packing
@ Supply hose 15. Radiator

Deformation, damage,
water leak

AE0020D
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|
Installation Procedure

Installation of inlet hose, outlet hose, seat rubber, rubber, and bushing.

Inlet hose

Supply hose

Upper outlet hose -

Outlet pipe

!
7 20
l ‘/% )' 6= I] 8.8

XG0 o —— =)

-

|

Bushing

N
——ZJ

L

- 18
Installed dimensions

Installed dimensions

i

1 re

‘ . |

= 1
\ : L.

Rub -
45 .
45 1118
__\:[ 13.7

§
Seat rubber

Dimensionsindicate

hoseoverlap
*Clamptighteningtorque
4.4105.4 N.m {0.45 to 0.55 kgf.m}

AE0048B
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25-12 SERVICE PROCEDURE

Removal and installation of parts around water pump

11 Crack

8 Deterioration,

Deterioration,
Damage,
chip

=
> 27 to 41 N.m
{2.8 to 4.2 kgf.m}
4
3
; om @*o
Repair kit:
Thermostat repair kit
10
1. V-belt 8. Bypass hose
2. Fandrive pulley 9. Waterpump
3. Torsionaldamper 10. Adjusting rod bracket
4. Crankshaftpulley 11. Wateroutletpipe
5. Thermostatcover *12. Overheatsendingunit
6. Themostat *13. Watertemperature gaugeunit
7. Thermostatcase

* To inspect the parts marked *, refer to Group 60 Body
Electrical of Shop Manual separately provided.

AE0029A




SERVICE PROCEDURE 25-13

<D8>

Removal and installation of parts around radiator

11

damage 8

-

N

29t03.9N.m
{0.3 to 0.4 kgf.m

N~

4

<

15
Deformation, damage,
water leak, contaminated fins
condensate in core inside

Fan drive system
Inlet hose
Bypass hose
Upperoutlethose
Loweroutlethose
Outletsupport
Outletpipe
Supply pipe

:
¢

Deterioration

3
T,

il

Deterioration
damage

78 to 105 N-m

{8 to 11 kgf.m}  Fan drive support

20to 30 N.m
{2.1 to 3.1 kgf.m}

Deterioration
damage

P
5
Deterioration
damage . .
4 Deterioration
damage
7
_ Deformation, damage,
Deformation water leaks

13
Deformation

Clearance between fan
and fan shroud
NV 3 or more

9.
10.
11.
12.

Pressurecap
Supply pipe
Reservoirtank
Fanshroud
Radiatorframe

14. Packing

15. Radiator

*16. Waterlevel sensor

For parts with an encircled number, refer to Installation
Procedure that follows.

For inspection of parts marked with *, refer to Group 60 Body
Electrical of Shop Mannual separately provided.

AE0021C




25-14 SERVICE PROCEDURE

Installation Procedure

Installation of inlet hose, outlet hose, seat rubber, rubber, and bushing.

hd | I

451‘ . : 35

ny

Supply hose
<)
s
Inlet hose
S - Bushing
[+
Bypass hose ~ \{0 s W—I 20
‘ ﬂ
7 6 8.8
Q. 18
@ Installed dimensions
/
“Upper outlet -
hose [ [
40
Lower outlet hose
Outlet pipe ! e -
.l l
. y = Rubber

J—‘—
45

Seat rubber

Dimensionsindicate
hoseoverlap

*Clamp tightening tor que
4.4t0 5.4 N.m {0.45 to 0.55 kgf.m}

AE0049B




SERVICE PROCEDURE 25-15

Removal and installation of parts around water pump

10 Deterioration,
damage

27to 41 N.m
{2.8 to 4.2 kgf.m}

Deterioration,
damage, chip

Repair kit :
Thermostat repair kit

1. V-belt 9. Rubberhose

2. Crankshaftpulley 10. Wateroutietpipe

3. Torsionaldamper 11. Themo§tatelbow

4. ldlerpulley 12. Waterpipe

5. Thermostatcover 13. Waterpump .
6. Thermostat(withjiggle valve) *14. Water temperature gauge unit
7. Themostat *15. Overheatsendingunit

8. Thermostatcase

*To inspect the parts marked * refer to Group 60 Body
Electrical of Shop Manual separately provided.

AEOQ045A




2516 SERVICE PROCEDURE

Water Pump [D6]
Disassembly and inspection

Bend, rust, wear in
surface over which
bearing fits

7. Damage, wear \® :

Tightening margin
BD 11.8
NV 0.03 t0 0.06
Reassembly up to
two times allowed

Rotating condition

Damage, wear

Tightening margin
BD 25
NV 0.05to 0.08

Reassembly up to
two times allowed

6 Corrosion, damage

Repair kit:
Water pump repair kit

12 Damage, wear

13 Cracks, wearin surface
over which bearing fits,
water leaks rust,
clogged oil hole

BD ... Basic Diameter
NV ... Nominal Value
Disassembly sequence

@ Snapring 8. Bearing

2. Waterpump cover 9. Spacer

@) Water pump pulley 10. Bearing

4. Flange 11. Oil seal

® Snapring 12. Unitseal

6. Impeller 13. Water pump case

7. Water pump shaft

For parts with an encircled number, refer to Disassembly
and Inspection Procedures that follow.

AEO0100A




SERVICE PROCEDURE

Disassembly and Inspection Procedure

1.

Removalofsnapring

Mountaspecialtool (Snap Ring Mountingand Demounting Bolt
and Nut) in the bolt hole of the snap ring and thread the bolt in
to compress and remove the snap ring.

Removalofflange.

Remove the water pump flange through use of atool such as a
gearpuller.

Removal ofimpeller.

Mount a special tool (Impeller Puller) in the screw hole (M8 x 1.
25) of the impeller and remove the impeller.

Flange andwater pump shaftinterference.

If the interference is less than the nominal value, replace the
flange or water pump shatft.

NOTE:
Avoid three or more reassemblings even if the nominal
value is met.

Impeller and waterpump shaftinterference.

If the interference is less than the nominal value, replace the
Impeller or water pump shaft.

NOTE:
Avoid three or more reassemblings even if the nominal
value is met.

25-17

DG8E0343

D6BE0344

Impeller Puller
MH062192

Water pump shaft

D68E0346

Impeller
\

Water pump shaft

D68E0347




25-18 SERVICE PROCEDURE

Reassembly
ly engine
Apply angme oil Affoyhpsg
toexternalcylinder.
1.2
Ingtallation load
39.2 kN {4000 kgf} l &
el 3.\ 7 | Installation |oad
oo L—""189.2 kN {4000 kgf}
™
Ny
8 TG = Imp eller mustbeflush
T' I with-wat erpurmp shaft
44 N-rm e ' when installed
{4 5 kgf-m} " 5
e ]} Wa i
Englne cil tobe| /L L/ §
applled talips | 5 10 it |
Aggembly saquence
NOTE: 12—\1
1. After reassembly, rotate the water pump pulley by
hand to check to ensure that the impeller does not SRS
interfere with the water pump cover and water pump B =
case. 56=5=4—3221
ensure that they are not installed by a load of 4.9 precedura that follows.
I<N{500kgf}. D68E0348

Reassembly Procedure ,
Unit seal

<Installation of unit seal> > P = :
Unit Seal Installer
To install the unit seal, use the special tool, Unit Seal Installer as =

shown and press-fit unit seal until the installed dimensions shown are
obtained.

< | Installation load
31t044 N {3.2t04.5kaf}

Installation speed
= 14 to 28 mm/sec

D68E0349




SERVICE PROCEDURE 25-19
Water Pump [D8]
Disassembly and inspection
Bend, rust, wear in
surface over which
bearing fits
, " 6 ~
Rotating condltlog1o _~-<_ | | Tightening margin
Rotating condition 9 /,ﬂ{/Jy N BD11.8
[ RO NV 0.08 10 0.06
Damage, wear Reassembly up to
two times allowed
A~ A, #
4‘:‘\.‘..
Tightening margin l A WX
BD 25 A
NV 0.05to 0.08 4
.- 5 Corrosion, damage
Repair kit: 11 Damage, wear
Water pump repair kit 12
Cracks, wear in surface BD ... Basic Diameter
over which bearing fits, NV Nominal Value
water leaks rust
Disassembly sequence
(@ Waterpump pulley 8. Bearing
2. OilSeal 0. Spacer
3. Snapring 10. Oil seal
4. Waterpump cover 11. Unitseal
@ Impeller 12. Water pump case
(® Water pump shaft
7. Bearing
For parts with an encircled number, refer to Disassembly
and Inspection Procedures that follow.
AEO103A
Disassembly and Inspection Procedure
1. Removal of waterpump pulley
ater pump flange
Remove the water pump pulley through use of atool such as a
gearpuller.
D0027C
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SERVICE PROCEDURE

Disassembly and Inspection Procedure

1.

Removalofflange

Remove the water pump flange through use of atool such as a

gearpuller.

Removal ofimpeller.

Mount a special tool (Impeller puller) in the screw hole (M8 x 1.
25) of the impeller and remove the impeller.

Flangeandwaterpump shaftinterference.

If the interference is less than the nominal value, replace the

flange or water pump shatft.

NOTE:

Avoid three or more reassemblings even if the nominal

value is met.

Impeller and waterpump shaftinterference.
If the interference is less than the nominal value, replace the

Impeller or water pump shaft.

NOTE:

Avoid three or more reassemblings even if the nominal

value is met.

P Water pump flange

D68E0351

Impeller Puller
MH062192

D68E0352

Water pump
flange
Water pump shaft
DBBE0353
Impeller

Water pump shaft

D68E0354




SERVICE PROCEDURE 25.91

Reassembly

| Apply engine oil |
. lo external cylinder | 13

—Installation Ioad

4N (5000 kgtortess] 45 10 12 I [l
2. |
B X B
N <
* 1=~ Impaller must be flush
with water pump shaft
when installed. -

O-ring

NOTE: _L Assembly sequenca

1. After reassembly, rotate the water pump pulley by 13
hand to check to ensure that the Impeller does not 8 11=3 12 = 10—+ 16 5
interfere with the water Pump cover and water pump +119312210-3153827
case. i3—

2. When the impeller and flange are installed, check to 269524358521
ensure that they are not installed by a load of 5.9 For the circled part, refer to- the reassembly
KN{600kg ). procadiure that follows.

D68E0355
Reassembly Procedure
<Installation of unit seal> ( wa ol Unit seal instaier
To install the unit seal, use the special tool, Unit Seal Installer as =\~ |l ~MHoe2195
shown and press-fit unit seal until the installed dimensions shown are “ o [Installation load
obtained. 401057 N {4.05to 5.85kgf)
Sl ] ' Installation speed
S q\.t 14 to 28 mm/sec
Unit sealNe=

DG68E0356




2592 SERVICE PROCEDURE

Fan drive system
Disassembly and inspection

Deterioration, wear

3 ? \ 11
8 Rotating|
\ conditio

[& Deformatlon

' N 16 13 Cracks
Q.‘J @ DeLo\rmation
(\/ & ‘Rotating —
\ condi

ﬁé@ Deformatlon

Diesassemblysequence

1. Spacer 9. Ballbearing
2. Upperplate 10. Spacer

3. ldleradjustor 11. Idlerpulley
4. Greasecover 12. Coolingfan
5. ldler pulley shaft 13. Fanpulley
6. Spacer 14. Snapring

7. Snapring 15. Swingam
8. Oilseal 16. Bushing

Rotating condition

7 Deformation

wear

Deterioration,

22 Rotating

Deterioration

21

condition

Deterioration, wear

17. Fandrive support
18. Fan pulley shaft
19. Spacer

20. Snapring

21. Qilseal

22. Ballbeariang
23. Spacer

24. Bearingcase

DO909A




SERVICE PROCEDURE

25-23

Reassembly

39 to 59 N.m
{3.9 to0 6.0 kgf.m}

NOTE:

For adjustment of V-belt tension, refer to Section 5.10.

93 to 125N.m 3
{9.5 to 13 kgf.m} \”

12"

145 N.m

BN SR
{15 kgf.m} \\,]_"—-5 I

.| Fill with grease until it
flows out from escape valve

r8 7 ,

1 =

=

i ( Escape valve

A

145 N.m
{15 kgf.m}

{15 kgf.m}

Fill with grease until it
flows out from escape valve

Fill with grease

Assembly sequence

24 -23 »22 -21 -20—-19—->18—>17— 16

11—>10e9e8—>7e6—>5—>‘n§‘

133—14
12«

AEQ050A
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SERVICE PROCEDURE

Inspection of Thermostat

Inspect the thermostat using the following procedure.
Stirup the water in the container with stirring rod to ensure that
the water temperature is uniform at all times.

Slowly heat the thermostatto the valve opening temperature.
Keep this condition for about five minutes and checkto ensure
that the valve is open.

Further increase the temperature until the water temperature
reaches 95°C.

Keep this condition for five minutes and measure the lift of the
pellet.

Lowerthe temperature tolessthan 65°C and check to see that
the valve is held tightly against the valve seat.

If any of the above items is not checked good, replace the
thermostat.

Inspection of Autocool Fan Coupling

1.

Playinaxial direction

When engine is cold, pinch the fan fitting portion and moveiitin
axial direction. If the fan blade tip has excessive runout or play
isobserved, replacethe autocoolfancoupling,becausetheball
bearing is defective.

Valve opening Valve lift/
start temperature| Temperature

80 to 84°C 10 or more/95°C

here
Valve opening - Valve lift
temperature []_

Thermostat ™~ stampgd
holder &=, ‘

Stirring rod

L
Thermor;ne%r
.

Thermostat
Heat source

Large amount of silicone
oil deposited
~ | Bearing rotating
3 | condition

I WA Silicone
—7 oil exuding

Mud and dust-
deposited (;_

- R RN 1."
Fan axial runout or| \—/\
play, . m Yoo
continuous high noise L N S

orunusually high noise
of fan

NOTE :

1. As it is unitized, autocool fan coupling does not
require maintenance of silicone oil.
2. The auto cool fan coupling is non -maintainable and
must be replaced as an assembly if defects are

evident
eHaeht




SERVICE PROCEDURE

25-25

Cleaning bimetal

If dirt or dust is adhering to the bimetal, remove it carefully with
a wire brush or the like.

NOTE:
Use care not to apply excessive force to the bimetal.

Inspection of Radiator

1.

(@)

Cleaning

Remove mud, bugs, etc., if present on the radiator core front
surface, with a copper wire. During the removal work, use care
to prevent damage to the tubes.

Inspection

Attach hose tothe inlet of the radiator and cap the outlet. Then,
immerse the radiator in a waterfilled tank.

Using aradiator cap tester, send compressed air at the specified
inspection pressure through the hose to check for leaks.

If leaks are evident, re-solder or replace the radiator.

NOTE:
Cleantheradiator before inspection.

Inspection of pressure cap
Inspection the pressure valve and vent valve as follows.

Inspection of pressure valve
Apply the specified pressure to the pressure cap with the

Pressure Cap Testertochecktosee ifthe pressurevalve opens
todischargeair. Ifthe pressure valve failsto discharge air atthe
specified pressure, replace the pressure cap.

Radiator inspection pressurg
(air pressure)
NV 98 kPa
{1 kgf/cm?3}
NV ... Nomipal Value

NV 34 to 64 kPa

{0.35 to 0.65 kgf/cm?2}
<D6>

39 to 59 kPa

{0.4t00.6 kgf/cm2} <D8> Pressure Cap
NV ... erainab \(dge Tester
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(b)
1)

2)

3)

Inspection vent valve

First, notethe level ofcoolantinthe reservoirtank. Then, runthe
engine atmaximum speed and, as a certain amount of coolant
overflows to the reservoir tank, stop the engine.

Leave everything as it is for some while. When the coolant
temperature becomes almost equal to ambient temperature,
check to see if the level of coolant in the reservoir tank is as it
was before the engine was started.

If the coolant level isnot lowered, itindicates that theventvalve
is not operational and therefore the pressure cap must be
replaced.

NOTE:

One footnote statement about the radiator on <D8> : if the
pressure cap is removed before the coolant temperature
comes down to ambient temperature, the vacuum in the
radiator is gone, resulting in the coolant being unable to
return to the reservoir tank.

Inspection and Adjustment of V-belt Tension

Press each belt strongly in the middle [approx. 98 N{10 kgf}] and
see if the deflection is within specified limits.

If the belt deflection is not within the specified limits, adjust the
belttension by the procedure on the procedure onthe nextpage.
Check the V-belt for damage.

Replace if damaged or badly worn.

NOTE

Aloose belt could resultin an overheated engine or cause
inadequate charging of the battery by the alternator.
Atootight belt, onthe other hand, could cause damage to
the bearing or belt.

SERVICE PROCEDURE

<D6> Fan idler pulley
Water 25t0 35~  7to 12
pump ,,,:—’-"/'I.( )‘a{

17 to 12 PU”ey b , ){//x\\
":::'—'-%< e Yy

©) & 7 7

: 4 Fan pulley

© £

N/
Crankshaft pulley

Alternator
<D8> 6t08

PN/

Fan idler pulley

v 7t012
/// 3 M//

Water =7 o 3z \':'-.\*’

pump | jwater. A7 N\ ,
idlery pump ’ ‘

“Pulley~"
Pulley Y 4
\ y pulley

Crankshaft pulley




SERVICE PROCEDURE 25-27
Adjustment by moving the alternator <D6>
Loosenthealternatormounting nut (arrow marked) slightly. Loosen Lock nut 12,
the lock nuts and adjust the belt tension by turning the turnbuckle. Turnbuckle, IO
Extending the rod strengthen the belt tension. After adjustment, Lock ”U!__ﬂ_-_ \ Loosen
tightenthelock nutstofixthe turnbuckle. Thentightenthe alternator Pl @ 4 / slightly
mounting nut securely. (& '7,.»”
NOTE: ¢ e st'
Turningthe head of alternator mounting boltfortightening can '5&"-:‘,;
be a cause of looseness. Always turn the nut. :
<D8> Loosen slightly
Lock nut
Turnbucklen N
Lock nut 4

Adjustment by moving the water pump idler pulley

First loosen the idler pulley mounting bolts and the lock nut of
adjusting bolt, and then turn the adjusting bolt to adjust the belt
tension. The belttensionincreaseswhentheboltisscrewedin. After
the adjustment, hold the adjusting bolt to prevent it from turningand
firmly tighten the lock nut.

Adjustment of the fan belt

Slightly loosenthe lock nut (A). Adjustthe belt tension by turning the
turnbuckle (B) as much as required.
Retighten the lock nut (A) securely after the adjustment.

Slightly loosenthelocknut (A). Adjustthe belt tension by turning the
nut (B) as much as required.
Retighten the lock nut (A) securely after the adjustment.

<D8> Lock nut
¢ S
¥ ' SO A
A
nrH LY P S
' LG\

Adjustment bolt L AR

\ Y
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Idler Pulley <D8>

SERVICE PROCEDURE

Disassembly and inspection

Disassembly Sequence
Grease nipple
Escape valve
Snapring

Ball bearing

Idler pulley

Idler pulley bracket

ok wWh =

Reassembly

Cleaning of Cooling System

If the radiator is used for a long time, rust, scale, mud, etc. are
deposited inside, resulting in overheat. Clean the cooling system
with city water by using the following procedures.

Place the room heater temperature control knob in the maximum
temperature positionsothattheroomheatersystemcan becleaned

at the same time.

The city water to be used should have the following properties.

Required properties of city water

Total hardness

300 ppm or less

Sulfate SO,

100 ppm or less

Chloride CI

100 ppm or less

Total dissolved solids

500 ppm or less

PH

6108

5 EY
\ 9'; >
N e A
3 N ,;7’ \] -»-;\
[ | 1 'T\‘,' t’\:', \,
| =, '[“‘ '_‘.4_\"; P/}/ ; \
L éc WRSAN f/ | Clogged grease hole

|
R |

4
Rotating condition

*Grease to be applied
Seal surface to b

aced outward

To be packed with 15g of grease *

*Grease: Wheel Bearing Grease
(Multi-purpose Type : NLGI-No. 2 or equivalent)
Assembly sequence




SERVICE PROCEDURE

25-29

NOTE:

1.

2.

(b)

()

Use a cleaning solution if the radiator is seriously ob-
structed or coolantis seriously contaminated.

Whenthe cooling systemis cleaned or washed with water,
make sure that the coolant temperature is maintained at
90°C; the coolant temperature below the valve opening
temperature closes the thermostat, resulting in poor cool-
antcirculation.

If a large amount of rust has already gathered, water leak
tends to occur after cleaning and therefore every part
should be checked very closely.

Ifthe coolanttemperatureis still very high,never attemptto
remove the pressure cap.

Washingwithwater

Discharge coolant from the radiator and crankcase.

On D8, discharge coolant also from the oil cooler and reservoir
tank.

After draining the system, fill it with tap water (preferably hot
water)and, withthe watertemperature keptataround90°C, run
the engine atidle forabout 10 minutes. Then, discharge water.
Continue flushing until the drained water runs clear.

Washing with cleaning solution (when radiator clogging or
coolantcontamination are serious)

Discharge coolantfromthe radiator and crankcase.

On D8, discharge coolant also from the oil cooler and reservoir
tank.

Ready a mixture of Fuso RaditorCleaner (Radipet-7 or equiva-
lent: 5to 10%) and cooling water.

Pour the specified amount of mixture into the radiator

Runtheengine to raisethe solution temperature toaround 90°C.
Letthe engine run atidle for another 30 minutes, then remove
the solution.
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25-30 SERVICE PROCEDURE

(d) After discharging the solution, fill the system with tap water
(preferably hot water) and with the water temperature kept at S - [Omin.
around 90°C, runthe engine atidle forabout 10 minutes. Then, - & Yieies
drain water. jEacss
Continue flushing until drained water runs clear. sae .

NOTE:
1. Iftheinside is seriously contaminated, flush the ((\f
system with tap water before pouring radiator cleaner, AR
which makes the flushing job more effective. SN
2. Runningtheengineatidle for more than one hour with

the system charged with the cleaner could damage
the cooling system. Stick to the cleaning time.
3. Afterflushing the system with the cleaner, pour cool
ant as soon as possible.

3. Coolant

(@ Touse long life coolant

To prevent the coolant from being frozen and protect the cooling
system from corrosion, add the "FUSO Diesel Long Life Cool-
ant" at a ratio of 30 to 60% of the coolant quantity.

To ensure effective antifreeze and antirust performance, re-
place the coolant every two years.

Forinformationonthe procedure foruse ofthe long life coolant,
refer to the Owner's Handbook for the long life coolant.

NOTE:

When you use the FUSO Diesel Long Life Coolant, avoid
mixing it with DIAQUEEN long life coolant, commercially
available long life coolant, antifreeze, antirust, etc.

(b) To use antirust and antifreeze

1) After the cooling system has been cleaned, add the "FUSO
Radiator Antifreeze" (Radipet-9B) ataratio of 5% of the coolant
capacity in summer to prevent corrosion

2) To prevent the coolant from being frozen in winter, add the
"FUSO Antifreeze" at a ratio of 30 to 60% of the coolant
capacity.

For use of an antifreeze and antirust, refer to the respective
Owner's handbook.

NOTE:
Whenyouusean antirust of antifreeze, avoid mixingitwith
another brand of long life coolant.




SERVICE PROCEDURE 25-31

Bleeding Cooling System

Removethe pressure capoftheradiatorandletthe enginerunatidle
withthe coolantatapprox. 90°Cto thoroughly removetheair. (Inthis
case, the temperature control lever of the heater control panel should
be kept at the extreme right to circulate the coolant through the
heating system as well.)

NOTE:

Afterthe system has been bled of air, be sure to checkforlevel
of coolant in the radiator and surge tank or reservoir tank and
add it as necessary.

Gas Leak Test

Air or exhaust gas leaked into the coolant promotes corrosion and
rustformation. Performthefollowingcheckand, if defectsarefound,
take remedial action.

1. Inspection
<D6>

1)  Run the engine to raise the coolanttemperature up to around
90°C.

2) Place the end of the overflow pipe of the surge tank into a

containercontainingwaterandturnthe pressurereducinglever .f’._’.j{/.:_f?.,",.'\'._--\ i
on the pressure cap to open the pressure valve. If air bubbles : v%ﬁ?ﬁ’ (- =
are formed continuously in the container, it indicates that the Pressure reducingj? ' "‘{
. . |I'l
coolant contains air or exhaust gas. lever [\, L ‘e—
| ‘{___ o 1 -
S
e
Air bubbles
<D8>

Remove the pressure cap from the radiator, and run the engine to
raise the coolanttemperature up to around 90°C.

If bubbles continue forming in the coolant under the condition, if
indicates that air or exhaust gas has leaked into the coolant.

2. Causes

(@) If air is trapped in coolant, check cylinder head bolts, water
pump mounting bolts, and hose and its connections for loose-
ness. Check also hoses for damage.

(b) If the exhaust gas has leaked into coolant, check the cylinder
head gasket or nozzle tube end stake for damage. Check also
cylinder head for cracks.




25-32 TROUBLESHOOTING

TROUBLESHOOTING
Symptom Probable cause Remedy
Overheat Defective V-belt
* Incorrect tension Adjust
* Broken belt Replace
Clogged cooling system Clean
Defective thermostat Replace

Defective water pump

" Loose shaft to flange engagement Replace

" Loose shaft to impeller engagement

* Damaged impeller

* Improper clearance between impeller and case

Clogged radiator fins Clean

Defective autocool fan coupling

* Damaged bimetal Replace

* Defective autocool fan coupling proper

* Clogged bimetal Clean
Damaged cooling fan Replace
Low coolant level Replenish
Overcool Defective thermostat Replace
Quick loss Defective radiator hose
of coolant * Loose hose connection Correct
* Cracked or damaged hose Replace

Defective radiator

* Radiator proper not tight Replace

* Pressure cap not tight

Defective water pump

* Defective unit seal Replace

" Defective oil seal

* Pump mounted improperly (defective gasket)

Defective oil cooler Replace

Thermostat case mounted improperly (defective gasket) Replace

Thermostat cover mounted improperly (defective gasket)

Defective heater hose

* Loose hose connection Correct

* Cracked or damaged hose Replace

Defective cylinder head gasket Replace
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21-2 GENERAL
GENERAL
<D6A>
Oil prassure
gauge
- N I
Warairg lamp (m: \'j,' > =
1—'{ .
2J %3) Dil pressure switch
2 ? R = l_l_'] & sending unit
L ]
] I Main ofl gallery —
‘*ﬂ"—ﬁl"— T . — |
e T Jower
S & 'ehypass wel.lx_l_‘ valve nartien ; -\:: ve Lrumo-
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'\:_ —— -~ — Qil strainer R Qil pan - _ ;
D68E0267
<D8A>
Qil pressure )
gauge Wearning famp
s % (e
Oil pressure =
switch & I = oo ®
sending unit == [ e
9 l | (S ___.1
{ Main oil gallsry : e
t ' Bypass valve I Qi bv;liass
' st -—.alarm —
e AT MDA |
. } |
Oil jet - r = Tung gead W
chack valve eT— o s ;:I;Mav puep
tod bhearng pump 4 1 R Sories
) : E} e IS
Sonomhryg orrpraisar | ]—
1 bushing ';1
T o pum
P relint valve 1
O puny
Regulater ;
valve "g 4
l ‘ ¥ l
= — — ——
\ — | ——— D] Oil pan — (3i|_strainer 1o
D68E0268

Engine lubrication is accomplished by forced lubrication system
using gear pump. The engine oilinthe oil panin drawn up through the
oil strainer by the oil pump and force-fed to the filter and oil cooler to

lubricate all parts.
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Oil pump

<DBA> <DBA>
% Crankshaft gear

Oif pumpr idler gear
. Oil pump gear

O pump
(with built-in relief valve)

& 2 B Qil strainer

SN

D68E0269

The oil pump, of a gear pump type, is mounted in the rear bottom portion of the crankcase, driven by the crankshaft gear.
The oil strainer at the suction port prevents entry of foreign matter in the oil pan and air. The engine oil is routed to the
crankcase by the oil pipe connected to the delivery port.

The crankshaftgeardrivesthe oilpumpidlergearandoil pumpidler
gearandoilpump geartotransmitrotationtothe oilpumpdrive gear.
In the oil pump, the oil pump drive gear is in mesh with the oil pump
driven gear. When the oil pump drive gear is driven, the oil pump
driven gear is turned in the opposite direction.

' :
| ~Delive Drive gear
To oilfilter_~fSideDriven gear

i 4
From oil strainer
D68E0270

Inside the oil pump case, there are oil pump drive gear and driven
gearwhich areinmesh with each other. Whenthe drive gearisdriven,
the driven gear is caused to turn in an opposite direction.

As the gears rotate with the gear teeth sliding on the inner surfaces

Drive gear

of pump case, the resultant negative pressure causes the engine oil Suction side
to enter the oil pump and the oil trapped in the space formed by the ~ (oil strainer side)
Driven gear

teethandgearcaseinnerwallisforced outthroughthe delivery port.
Oil pump case

D68E0271
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The oil pumpis driven ata speed proportionate to the engine speed.
Therefore, itis provided with a relief valve that prevents excessive
pressure from being applied to the lubrication system when the
engineis started in cold weatherinvolving a surge in oil pump delivery
pressure.

Spring
Reliefvalve
(with built-in
oil pump casse)
<D8A> Reliefvalve
Shmalbaly | Valve spring
(S|
Tocrank /@ S
ocrankcase X! Jo
T DEBE0272

Oil filter
1. D6A

Theoilfilterisa double oilfilter consisting of a full-flowfilter made
integral with bypass filter. Element is a filter paper element.

Engine oilfed underpressure fromthe oil pump passes through
the oilhole inthe crankcase and flows from the oilfilter headinto
thefull-flowfilterandbypassfilter. The engine oilfiltered through
the full-flow filter is routed from the oil filter head through the

Center bolt e
Centerbolt ~

crankcase oilholetothe oil cooler. The engine oilfiltered through “Drainplug
the bypass filter returns to the oil pan. An oil bypass alarm is Do
installed at the oil filter head.
When the oil viscosity is high at low temperatures or when the
2. D8A
Cooling water inlst Cooling water outlet
Bypass valve 1
} Ep Oil cooler (=
5.} ) /'/ ¢ 1 ~.
§ B B LS BT Bypass alarm
W | .‘ﬁ-q‘o' -
1 : —39/_\0 s A
;-»4, u
| Full-flow/J
b oil filter
Draing plug - ) Bypass oil fi
gpig - Bypass oil filter Drain plug
D68E0274

The oil cooler and full-flow oil filter are constructed as an integral unit and the bypass oil filter is connected by an oil pipe
to oil cooler to keep oil in good condition

Oil hole A... From crankcase oil passage to inside oil cover oil passage
Oil hole B ... From full-flow oil filter to oil cooler cover oil passage

Oil hole C ... From oil cooler cover oil passage to oil cooler element

Oil hole D ... From oil cooler element to oil cooler cover oil passage

Oil hole E ... From oil cooler cover oil passage to crankcase main gallery
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1)

2)

3)

Fullflow oil filter

The oil filter element is filter paper element. Oil supplied by the
oilpumpis fedintothe oilfilterthroughthe crankcase oilpassage
Then, oil filtered by element is fed into the oil passae of the oil
coolercover.

By pass oil filter

The oil filter element is a dual element type consisting of a
corrugated filter paper and card paper filter. This unit serves to
keep oil in good condition through circulation of a part of the oil
from the oil filter to the oil cooler, bypass oil filter and then to oll
pan. The location of bypass oil filter differs with engine models.

Oil bypass alarm

When the oil filter element is plugged resulting in the difference
in pressures between before and after the element exceedinga
predetermined level, the valve overcomes the spring tension to
move. As a result, unfiltered oil flows directly to the oil cooler.
The oil bypass alarm has built-in electric contacts which close
when the valve opens, causing the warning lamp of the meter
cluster in the cab to light to warn the driver.

Oil cooler

1.

D6A

The shell-and-plate type (multi-plate type) oil cooler is mounted
in the coolant path on the left side of the crankcase.

Engine oil forced through the oil filter flows inside the oil cooler
element; whereasthe coolantforced fromthe water pump flows
aroundthe element. The engine oilinthe elementisthencooled
or heated before it flows to the main oil gallery.

From oil pump —{~—T]}

. ‘.'.
&\.fl

— To oil cooler
cover oil passage

D68E0275

From oil cooler Crankcase-

cover oil passage |
o«

Tooil pan

D6BE0276

<DBA>

<D8A>

A
PR ’w =" Oil filter

D68E0277

5 oll filter |

Bypass valve

D68E0278




21-6 GENERAL

When the oil viscosity is high at low temperature or when the
elementhashighresistancetoflowbecause of clogging, the bypass
valve installed at the oil cooler opens to allow engine oil to flow to
the main gallery by passing the oil cooler.

Bypass valve

D68E0279
Regulator valve
The regulator valve is mounted in the main oil gallery in the Maincil gallery | Regulatorvalve
crankcase. Whenoil pressureinthe maingallery exceeds specifica- 21 53
tion, the valve allows the engine oil to escape to the oil pan, thereby
protecting the lubrication system against overload.

D68E0280

2. D8A

Cooling water outist

Bypass valve

Caooling water inlst

Regulator valve

D68E0281

Theoilcooleris ofthe shelland platetype (multi-plate type) andintroduces coolantfromthe crankcase waterjacketby means
ofawaterpipe, Oil suppliedfromthe oilfilterflowsinside the oil coolerelementtoallowheatexchange withthe coolantaround
the element.
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A bypass valve and regulator valve are provided in the oil passage
of the oil cooler cover. When the oil viscosity is high because of a
low oiltemperature or when the flow resistance is high because of a
cloggedelement,thebypassvalve opens, allowingthe oiltoflow into
thecrankcase maingallery withoutheatexchange. Forthe regulator
valve, refertothatfor D6A in (Note that D8A has the regulator valve
installed on the oil cooler.)

Lubrication of all parts

D6AV D6AC D8AY D8AB D8AX

Oilhole X O O X O
Oil zet X O X O X
1. D6A

1)

3)

4)

The engine oil routed to the main oil gallery lubricates all parts
as described in the following.

Mainbearing,connectingrodbearingandconnectingrodbushing.
The oil hole extends from the main oil gallery to the crankshaft
main bearing to lubricate the main bearing.

Part ofthe engine oilthat has lubricated the main bearing passe s
throughthe oilholeinthe crankshafttolubricate the connecting
rod bearing, and then through the oil hole inthe connecting rod
to lubricate connecting rod bushing.

On D6AB thereisahole providedintop of connecting rod, from
which oil spurts out to the piston.

Camshaft

Lubrication ofthe camshaftbushingsisaccomplished by the oil
flowing through the oil holes from the outside periphery of the
crankshaft main bearing to the individual camshaft bushing.
Valve mechanism

The engine oil that has lubricated the No.7 camshaft bushing
flows through the oil hole provided at the top of the crankcase to
each cylinder head.

Engine oil fed to the cylinder head flows through the oil holes in
therockershaftbracketandrockershaftto lubricate eachrocker
bushing. The engine oilisalso sprayed out ofthe rockeroilholes
forlubrication of the sliding surfaces of valve cap and valve stem
as well as the sliding surfaces of push rod and adjusting screw.
Theoilthenflowsthroughthe pushrodholesinthe cylinderhead
and crankcase to lubricate the tappet and cam of the camshaft
and returns to the oil pan.

Timinggear

Bypass valve

D68E0282

Connecting .
rodbushing - ~Piston
o\ s ‘\.‘(
V—~NA¢
Crankshaftmain®

Iy .
bearing ,‘- - Connecting rod

‘ K\‘ T g
\ }./ 47~ Connecting
q ﬁ;..éf* A rod bearing

Crankshaft ~¢91&

s 7
A

D68E0283

Main oil gallery

Crankshaft main

bearing
D68E0284

Rocker shaft brakcket

Rockerbushing
Rocker shaft” gfom cylinder head

Main oil
gallery

D68E0285
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Thetiming gearidlershaftbushings arelubricated, as shownin
thefigure, by engine oilflowingthroughthe oilholes routed from
the main oil gallery and the crankshaft main bearing in the rear
end. Each gearis lubricated by the engine oil sprayed from the

oil spray plug.

Cooling the piston (oil jet)

The oil jet provided under the main oil gallery for each cylinder
sprays engine oil against the reverse surface of the piston to
cool the piston.

The oil jet is equipped with a check valve which opens and
closes at specified oil pressure, preventing the decreased
amount of oil at low oil pressure and loss in oil pressure.

2. D8A

D68E0286

D68E0287

! Piston
| Connecting rod bushing

g Connecting rod bearing

D68E0288

1) Mainbearing, connectingrodbearingand piston Oilfed fromthe

oil main gallery through the oil passage cranklcase lubricates the
main bearing. Then, it lubricates connecting rod bearing and,
finally, it lubricates the connecting rod bushing through the oil
passage in the connecting rod and splashes out from the top of
connecting rod to cool the piston. The oil jet provided under the
main oil gallery for each cylinder sprays engine oil against the
reverse surface of the piston to cool the piston. the oil jet is
equippedwithacheckvalve whichopensandclosesatspecified
oil pressure, preventing the decreased amoustn of oil at low oil
pressure and loss in oil pressure.

Oil supplied to the crankcase main gallery returns to the oil pan after lubricating each part.
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2) Camshaft

Oil fed through the crankcase passage from me the oil main
gallery lubricates camshaft bushing.

Camshaft Crankcase
Maingaliely —fi — ~_
Mainbeanng
D68E0289
3) Valve mechanism

Oil, which has lubricated the camshaft bushing No.1, flows
through an oil pipe into the oil passage at the top of the
crankcase. The oil passage is connected to the hole for the
cylinder head bolt and oil flows into the rocker shaft through the Cylinderheadbolt

Rocker shaft

cylinder head bolt from the rocker bracket.

Oilfed into the rocker shaft lubricates the rocker bushing through
the oil hole and then flows into an oil groove in the rocker bushing.
Furthermore, oil spurts outfromthe top of the rockerto lubricate
the surfaces in contact with the valve cap and the valve stem.
Oil coming out of the oil hole in the side of the rocker lubricates
the adjusting screws and the surfaces in contact with the push
rod.

Oilflowsintothe tappetalongthe pushrod. Oil coming out of the
oil hole of tappet lubricates the sliding portion of tappet and the
contact area of camshaft and returns to the oil pan.

Set screw

Camshaftbushing

Rockerbracket -

D68E0290

Rocker shaft
Rocker bracket
Cylinder head boll

D68E0291

Plug
Rocker

Side cover

DG6BE0292
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4)

6).

Timinggear

GENERAL

Oil flows from the oil main gallery through the crankcase oil
passagetotheoilsprayplugareaandthen totheoilhole. Oilthat
has splashed from the oil hole lubricates the meshing surfaces

of each gear.

Oil, which has reached the oil hole through the crankcase oil
passage, lubricatesthe bushing throughthe gap betweenthe bolt

and idler shaft.

. Lubrication ofturbocharger.

Part of engine oil is directed through the oil pipe from the
crankcase into the turbocharger. the engine oil passes through
the oil hole in the turbocharger bearing housing to lubricate the
bearings. It is then returned through the oil outlet at the bottom
of the bearing housing back to the crankcase and to the oil pan.
A pistonringis installed on the outside of each bearing, serving

as an oil seal.

Injection pump andair compressor

The injection pump and air compressor are lubricated as follows:

<D6A>

Oil main gallery

Injection pump Aircompressor
Cranklcase Aircomlpressor
Gear’ltrain
Oilpan
<D8A>

Oil main gallery

Injection pump

Aircompressor

Crankcasse

Aircompressor

Oil pan

— D68E0293

Ider shaft
Camshaft side Ider

¢ Bushing

3 Idler shaft

£ | 4 Flywheel housing
2 B PTOsideidlergear

assem
o DEBE0294
Bearing housing
Airin e
D68E0295

<D6A>
From o:l cooler

Fromcrankcase oil .JO'S
maingallery v/
,\I\f‘v \r
N W

/™~
crankcc‘se: o ,,V/’
'\ |q L"
*\ L3
To oil pressure
switch

(

<D8A>
fﬂr?’, Totiming
/"""; }A‘:\ geartrain

oy o o0
G o e B &,_9 D
Y '! p
t
{
f

/
‘\.,I L ‘1\

Fromcamshaftbush-

/7
Tocrankcase ing

D68E0296
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SERVICE STANDARD AND SPECIFICATIONS
Service Standard Table
Unit : mm
Maintenance item Nominal value Limit Remedy and
(Basic diameterin[]) remarks
Oil press At idle 145 kPa {1.5 kgf/cm?} 49 kPa Adjust
sure (ol or more {0.5 kgf/cm?}
temperature
at 70 to At driving speed 295 to 490 kPa 195 kPa Adijust
90°C) {3 to 5 kgf/cm?} {2 kgf.cm?}
Oil pump Backlash between crankshaft gear 0.08 t0 0.19 0.4 Replace
and oil pump idler gear
Backlash between idler gear and oil 0.08t0 0.19 0.4 Replace
pump gear
Difference between pump case depthand 0.05t0 0.11 0.15 Replace
gear height
Gear tooth tip to pump case clearance 0.11t00.18 0.2 Replace
Drive gear shaft to cover clearance [20] 0.04 to 0.07 0.15 Replace
Driven gear shaft to driven gear clearance [20] 0.04 to 0.07 0.15 Replace
Idler gear shaft to idler gear D6A [22]0.03 t0 0.05 0.15 Replace bushing
clearance D8A [20] 0.03 to 0.05
Relief valve | Valve opening pressure D6A 1180 kPa {12 kgf/cm?) - Replace
D8A [1570 to 1860 kPa {16 to 19 kgf/cm?}
Spring load | Installed length (46.3) | D6A 150 to 165 N {15.3 to 16.9 kgf} - Replace
Installed length (56.6) | D8A | 175 to 215 kPa{1.8 to 2.2 kgf/cm?} - Replace
Oil cooler bypass valve opening D6A 390 to 490 kPa {4 to 5 kgf/cm?}
pressure D8A 360 to 420 kPa2) - Replace
Regulator | Valve opening pressure {3.7 to 4.3 kgf/cm?) - Replace
Valve Spring load (Installed length: 48.3) 76 to 80 N {7.8 to 8.2 kgf} . Replace
Tightening Torque Table
Location tightened 8056\9(/3[[20?1 Tightening forqus Remarks
(mm) N.m {kgf.m}
Oil pan drain plug M18 x 1.5 69 {7}
Oil pump idler shaft nut M12 x 1.25 59 to 78 {6 to 8} Apply LOCTITE 262
Oil pump cover mounting bolt <D8A only> M20 x 1.5 9.8 {1} Wet
Oil filter oil bypass alarm M20 x 1.5 44 t0 54 {4.5 10 5.5}
Oil filter center bolt M16 x 1.5 59t0 69 {6 to 7}
Oil cooler bypass valve M27 x 1.5 1510 20 {1.5t0 2.0}
Regulator valve M27 x 1.5 981to 115{10to 12}
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______________________________________________________________________________________________________________________________________________|]
SPECIFICATIONS
ltem Specification
D6A D8A
Engine oil Quality (Without turbocharger) API classification class CC or better
(With turbocharger) API classification class CD or better
Capacity Oil pan Approx. 24 L (single front axle) | Approx.20.5L
Approx. 27 L (tandem front axle)
Approx. 20 L (Bus)
Oil filter Approx. 4t04.5L
Lubrication method Forced lubrication oil pump
Oil pump Type Forced lubrication by gear Forced lubrication by gear
pump (with built-in relief valve) | pump
Relief valve Ball valve
Oil filter Type Element replacement type
Full-flow filter element Type Filter paper type
Bypass filter element Type Filter paper type
Oil cooler Type Shell and plate type (multi-plate type)
Oil bypass valve Type Piston valve type
Regulator valve Type Piston valve type
Oil jet check valve Type Piston valve type

SERVICE PROCEDURE

(1) Warmupthe engine untilthe oiltemperaturereaches70t090°C
(2) Measure the oil pressure at idle and maximum speeds. If the
measurementis belowthe limit, overhaulthe lubricating system.

Atidle
NV 145 kPa

(1.5 kaflem?) or more
L 49kPa (0.5 kglicm?)

Atidle

NV 295 to 430 kPa

{3 to 5 kgl/em?)

195 kPa {2 kgf/cm?)

NV.., Nominal Value
s Limit

D68E0297
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Oil Pump and Oil Strainer
Removal and installation

<DBA> , 1.0il pan
5 * 2, Qll strainer
69 Nom (7 jghm) * 5.0 pipe
4,01l pumgp
5.Drain plug
Fi.acklalah fn.)m cr;slnker;aﬁ.géar i Bolt tightening sequence
NY 008018 : é @
L0 Sppe—
"Pourengine gil|
<DBAS 69 Nm (7 kgt-m) 7‘_-‘_41
1 Oil pan
* 2 Qil strainer
*3 Ol pips
o R i 5 e b 4 Flange
, " Backlash'from crankshaft goar S Rellef valve
 NVO.02 018 5
L o4 6 Qil pump
s 7 Drain pilug
@
L
GL““' Bolt ighlening sequencs
E?our.engine 6i|
by . Maminal Vatue
L ... Lmit NOTE:
sarvice items marked with should be checked before and after the
removal.
Parts marked with should not be removed unlase dafects are evident,
(Removea It with tha oll pump as an aasembly.)
After installation, turn the oil pump gear by hand to make surs that
It ratates smoothly.

D68E0298
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SERVICE PROCEDURE
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1.

Inspection of relief valve <D8A>

s 2
Installation loaclinstallationlength \\\ \@

NV 255 to 270 N/§6.6 N
(26 to 2.76 kgl/56.5}

NV 1570 to 1860 kPa

Valve opening pressure Q
{16018 kg¥em?}

NV ... Nominal Valye

1 Spring seat

2 Valvs spring

3 Eall valve

4 Relief valve case

D68E0299
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Disassembly and inspection

<DeAx

BD ... Basic Diameter
NY ... Neminal Valus

L. Limit
Cleatanse betweoh ldler
o ' khafl At |disr gear
Backlaszh BD 22
NV Q.08 00,19 NV 0,03 10 0.05
L 04
Claarance batwveast hafl
and cover
BD20
NV 0.04 100.07 S
L 0.15
- 8 Wearof buzhing
il
(Single front axis} < \ Qf
<
7 8
L
(Tarden ot axie)

1. Oll stralner
2. Qil pump cover
3. Drlven gear

*4, Driyen gear shaft

5. Idler gear shaft

NOTE:

For parts with an anclrelad number, rafer to Dizagzembly and
Inspection Procedures that follow.
Parts marked with * should not be removed unless delecls are

svident.

Sarvics items marked with should be checked before dizassembly.

Fellalvalve epaning pras=sum
NV 1180 kPa {12 kgticm)
FBpiny hsledT=asd
(installed length: 48,3}
NV 160 bb 186 N

{162 to 16,3 kot

Ditsmnce patwasnal pump
case depth and gear height
NV Q.06 1o D1

L D16

Clesmnces between gaar
tooth ip and oil pump casa

NV 0,04 ta 0,07 s
L 0415 B

Idlet gaar

Seat

Spring

. Ball

10. Crse and gaar assambly

oW

D68E0300
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<Dsi>
80 ... Bagic Diameter
. Backlaz=h
:CN Em’nal Valus LN\,- .08 ta 0,18
L 04

c.ic._a.;;‘;;.. TR
Bhbzo

NV 0.04 to 0.07
L 018

Claarance

BD 20

NY 0.04 0 007
L o015

i. Oil stralner 2. ldler shaht

2. Oil pump cover 6. ldler gear

3, Driven gear 7. Case and gear assétnbly
*4. Driven goar shaft

NOTE:

For parts with an encircled number, refer to Disassemhbly and
Inspection Praceduras that follow.

FParta marked with * shoukd not ba ramoved unless defects are
evident.

Service tema markad with should be checked beafors disassambly.

Waar of bushing
£

Clogged oil hole

Gleamht:é .
eineo

NY 0.03 to0.06
L 015

Diffarancs betwaan il pum p]
caes dapth and goar haight
NV 0.0% to 0,11
L 1%

— — ) T |

Cleaminge balwaen gor
tooth Bpandail pump caze
NV o111 w0d,18

L BB

D68E0301




SERVICE PROCEDURE

Disassembly and Inspection Procedures

1.

Removal of oil pump cover

The oil pump cover is positioned with the dowel pin of the oil
pump case.

To remove the oil pump cover, tap on it with a plastic hammer
or the like.

Difference between oil pump case depthand gear height

If the measurement exceeds the limit, replace the gear. Note,
however, that the drive gear must be replaced with a case and
gearassembly.

Gear tooth end to oil pump case clearance

If the measurement exceeds the limit, replace the gear. Note,
however, that the drive gear must be replaced with a case and
gearassembly.

Gearshaftto case, cover,and driven gear clearance
If the measurement exceeds the limit, replace the part to which
bushing is installed.

21-17

D68E0304

D68E0305
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21-18 SERVICE PROCEDURE
Reassembly
<[ A
Apply saalant o threads
Install 20 hat aftar dageasing.
BioRaoh oilhola Inshuall  [LOCTITE 262 o
NV 0.0815 0.8 may be located | SAuivalant) é Apply sarlant to tha podtion
L o4 within this range. to be fittad in buahing.
5B la 78 N.n (Meolybderum bass greasn)
{6 15 8 kgf.m)
’,/5
r’{’ﬂ
10 TTprr=q" Amow And "UP
N niE & ;
» i_r I3 @ mark facingup
|yt
-~ align oif helea,
" # — C _- =
- \ —" ==~ Shah and surface should ba
FREER F-Lﬁ. flush with 2ase end sUrfacs.
1 e
(Wist)
- 4
Axeesmbly ceque nce
NOTE: 10 2f BT a6 5Bad 3330

Hold the oll strainer 1 In pusltion temporarily
for subsequant attachment to the crankcase.

<08 Ax>
Apply ssslantto threads
Backlash afterdegreaaing.
NV .08 w 0.19 (LOCTITE 2€2 or
L G4 aguivalant)

-l

o X

Inetall o that Gl hicla in
shalt may be [adatad
Withit Hus rabige.

NOTE:
Hald the ojl stralner 1 In posltlon tamporarily
for subseguent sitachment to the crankcase.

Azasmiile o hal
5 sil halas may be
Lipward.

Apply 38alanto the poRGH
to ha fitted in bushing.
(Malybolenum bage gresee)

Shalt end surface shold ba
Nush with caze snd surfacse.

AszEmbly 28QURNCH
10y Gl TGy Gt =12 21

DG8E0306
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OIL FILTER AND OIL COOLER

Removal and installation

=D6A>
1. Oil filter
2. Qil cooler
3. Gasket
<D8A>
1. Oil pipe
2. Bypass oil filter
3. Oil coolerand Qilfilter
NOTE
1. Applyengine oiltothe O-ring uponreinstallation, provided thatany grease or engine oilshould never
be applied to the O-rings at the water inlet and outlet of the oil cooler fo D8A engine.
2. Afterinstallation, run the engine and check for possible oil and water leak.
D68E0307
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21-20 SERVICE PROCEDURE

Oilfilter

1. Disassembly andreassembly
NOTE

1) Replace the oil filter element (bypass filter, fullflow filter) at the time of engine oil replacement.
2) For inspection of the oil bypass alarm, refer to Group 90.

<D6A>

1. Drain plug

2. Cenler bolt

8, Washear

4. Cil filter case

5. Springretainer
6. Oil filter element
7. Oil filter head

: S8 6ONM 6910698 Nm
8. Oil bypass alam (Gto7katm) (6 to 7 kgfm)

DG6BE0308

<D8A> s
Bypass ol filter Full flow oil Ritar

¥ 441054 Nn
(4.5 o 5.5 kgfm)

. Drain plug

. Center bclt

. Washer

. Dil fiker case
. Springretainer 3-
. Oil fitter slement B

. Qil filter head 59 to 65 Nm 651069 Nm
. Oil bypass alarm {6 to 7 kgtm) {6 1o 7 kgfrn)

Crack,
defonmation

N O -

D68E0309
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Oil cooler

1.Disassembly and reassembly

<DEA>

Damage, cracks,
scale, cil leaks

Bypass valva opanng
pressura
NV 175t 215kPa

1. Ofl cooler cover (3.7 0 4.3 kgliem®)

2. Bypass valve

3. Oil cooler slemant DESEQS10
<DBA>
Scale
Alfix these to oil cooler casa 7
with CEMEDINE 575 orequivalent. =
\\. —— ..r‘;é @ a
\_ ,&,5':" ‘:)"‘ o S
153 e o e .
5 A 3{-}”:/5‘ , | Scale: Use Radipet 7 for cleaning
5 W T s Clogged oil hole: clean in cleaning solvent
A e .
8816 115 Nm B . W Scale damage, cracks, oil leaks
(10 to 12 kgim) S o
Valve opening pressure 4{ 1953
1.5 to 2 kgfm
NV 360 to 420 kPa .2 { kgfm)
{3.7 to 4.3 kgti'em?)
Valve opening prassure

1. Qil cooler cover NV 390 to 490 kPa

2. Bypass valve (4 1.6 hgticnv’)
3. Qil cooler alement

4. Regulator valve

5. Inlet pipe

6. Outlet pipe

7. Qil coaler case DBEO31 1
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21-22 SERVICE PROCEDURE

2.Cleaning
Checkforcarbon orsludge depositedinthe oil passage of the ol
cooler element and bypass valve. if contamination is evident,
wash in a cleaning oil.
Ifmuch scaleis evidentonthe elementandcover, wash withtap
water (preferably hotwater)

3. Pressure resistance test
Conductthepressureresistancetesttocheckforoilleak caused
by damaged or cracked element

NOTE

Never attempttoapply pressure exceedingthe speci-
fiedtestpressure.

Checkforpossibleleak by applyinga 1470 kPa{15kgf/cm?}
air pressure to the element. Replace the elementif air or oil
leak orany otherfaulty conditionisevidentas aresultofthe
test.

Regulator Valve

Ssetload (set langth: 48.3)
NV 76t 8ON
{7.8 to 8.2 kgf}

NY ... Neminat Yalue

[3.7 to 4.3 kgtiem?] 2. Valve
3. Spring
4. Body
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Openingprassure ,
g 2 NV 360 to 420 kPa 1. Snap ring

D68E0312

Regulator valve installed position
D6A Crankcase, left side
D8A Qil cooler case



