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INTRODUCTION

This Service Manual is written to familiarize you with the maintenance of
your Mitsubishi Diesel Engine.

Long productive life and efficient performance are the essential qualities
required of the engine if it is to fulfil its function of rationalizing power
economy. These qualities depend to a great extent on the care exercised in
maintenance of the engine.

We hope you read this manual carefully to get to know your new engine
and learn how to service it before starting disassembly, inspection and
repair, and reassembly.

The description, illustrations and specifications contained in this manual
were of the serial numbers of the engines manufactured at the time this
manual was approved for printing.

Mitsubishi reserves the right to change specifications or design without
notice and without incurring obligation.




SCOPE

This Service Manual covers the standard-
specification model of Mitsubishi Diesel
Engine and describes, group by group, the
specifications, maintenance standards,
adjustments, disassembly, inspection and
repair, and reassembly of the engine.

The fuel injection pump, governor and
turbocharger are described in the
separate volume of this manual.

For the non-standard-specification engines
such as marine propulsion engines, etc.,
the supplement has been published to be
read together with this manual.

The groups and their contents will be
found in GROUP INDEX and the contents
of each group in the first page of the
group.

For the operation and periodic
maintenance of the engine, refer to
OPERATION & MAINTENANCE MANUAL.
For the component parts and ordering of
the service parts, refer to PARTS
CATALOGUE. For the construction and
function of the engine, refer to the
various training manuals.

NOTES, CAUTIONS and WARNINGS

HOW TO USE THIS MANUAL

1.

The parts read in the texts or shown

in the illustrations are numbered

in

the disassembling sequence prescribed

for each system or assembly.

The item to be inspected during
disassembly are indicated in | ]

in the disassembled view.

The maintenance standards

to

be

referred to for inspection and repairs
are indicated in easy-to-refer passages
of the texts and also in GROUP No. 2

in a tabulated form.

The sequence in which the parts are
in the

form of, for example, ®+-@-@ -~

to be reassembled are shown

(@ below the assembled view.

Marks are used in this manual

emphasize important and
instructions as shown below:

to

critical

. Tightening torque in "wet" condition is

indicated as [wet]. Unless indicated

as such, the torque is
considered in "dry" condition.

to

NOTES, CAUTIONS and WARNINGS are used in this manual to emphasize

important and critical instructions.

conditions:

They are used for

the following

NOTE | =t v An operating procedure, condition, ete.,

which is essential to highlight.

@CAUTIONJ ................. Operating procedures, practices, etc.,

in damage to or destruction of engine.

AAWARNING [EEEEEEEEEEEEETEy Operating procedures, practices, ete.,

which

which if not strictly observed, will result

if not correctly followed, will
result in personal injury or loss of life.

be

~



DEFINITION OF TERMS

In this manual, the following terms are used in the dimensional and other
specifications:

NOMINAL VALUE ............ Indicates the standard dimension of a
part.
ASSEMBLY STANDARD ....... Indicates the dimension of a part, the

dimension to be attained at the time of
reassembly or the standard performance. Its

. value is rounded to the nearest whole
number needed for inspection and is different
from the design value.

STANDARD CLEARANCE ..... Indicates the clearance to be obtained

between mating .parts at the time of
reassembly. .
REPAIR LIMIT .............. A part which has reached this limit must

be repaired.

SERVICE LIMIT .............. A part which has reached this limit must
be replaced.







GROUP INDEX

]

Group Contents Group No.
Nomenclature, Engine serial number location, Engine model
General and application codes, Specifications, Suggestions for )
disassembly and reassembly
. Maintenance standards, Tightening torques, Sealants and -
Maintenance standards Jubricants -
Special tools 3
Determining when to overhaul the engine, Testing the
i i . ’ 4
Overhaul instructions compression pressure
Adjustments, bench test, s
performance tests
Engine accessory removal and Removal and installation of fuel injection pump, starter, 6
installation alternator, etc.
Disassembly, inspection and reassembly of engine proper:
Engine proper Cylinder heads, vaive mechanism, pistons, flywheel, timing 7
gears, crankshaft, camshaft
Disassembly, inspection and reassembly of inlet and exhaust
Inlet and exhaust systems systems: 8
Air cleaner, inlet manifold, air cooler, exhaust manifold,
air heater
Disassembly, inspection and reassembly of lubrication
Lubrication system system: 9
Qil strainer, oil pump. relief valve, oil cooler, oil filters
) Disassembly. inspection and reassembly of cooling system:
Cooling system . . 10
Water pump. thermostat, radiator, fan drive
Disassembly. inspection and reassembly of fuel system:
Fuel system Fuel filters, fuel injection nozzles, governor drive, n
governor linkage
) Disassembly. inspection and reassembly of electrical system:
Electrical system 12
Starter, alternator
Air start system stas.sembly. inspection a.nd reflssembly of air start system: 13
Air motor, air filter. oiler, air tank
Workshop theory Precautions for disassembly and reassembly of general parts: 1

Oil seals, O-rings, bearings, lock plates, pins
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GENERAL

1. GENERAL

1.1 Nomenclature Turbocharger
Thermostat .
A Water outlet pipe
R iIS=S=m |
Alternator A I Exhaust manifold
Y
Fan drive ] | ___— Oil cooler
1 N
| A3aAs 118
® \Water drain cock
Fan fy 0[JJo\ 0 \© ﬂ:\
VA ) Starter
Water pump \\

Water drain cock / v
Bypass oil filter § .
Left side Full-flow oil filter

Nameplate

Air cooler m
\F |
1
7O

405320

Governor
Fuel injection
pump Fuel filter

Breather

‘ — AY 2\
Ol filler = [~ ==
Vibration damper

T L

Right side Oil level gauge 405321

(=

Fuel feed pump




1.2 Engine serial number location

The engine serial number is stamped on
the nameplate attached to the left rear
side of the engine.

Example: Model

On the nameplate are also stamped the
engine serial number, output and rated
speed. The numbers in the illustrations
show cylinder numbers.

S6B3

GENERAL

Serial number
30125

405322

1.3 Engine model and application codes

SJIES

u

—
e

-

“T* stands for turbocharged unit.

“TA" stands for turbocharged, aftercooled unit.

“TK" stands for turbocharged, intercooled unit.

(Not coded: Construction equipment drive
P: Generator drive and prime power

o L: Locomotive drive

Application code MP: Marine generator drive and marine

general mechanical drive
\ M: Marine propulsion

Series code
No. -of-cylinders code
Sagamihara Machinery Works




GENERAL

2. SPECIFICATIONS

S6B3
Model designation A ] -
Water-cooled, 4-stroke cycle diesel, turbocharged
¢
Typ w/aftercooler I w/intercooler
No. of cylinders — arrangement 6 — in-line
Combustion chamber type Direct injection
Valve mechanism Overhead
Cylinder bore x stroke, mm (in.) 135 x 170 (5.31 x 6.69)
Piston displacement, liter (cu in.) 14.60 (891)
Compression ratio 142:1
- Fuel Diesel fuel oils specified by ASTM
§ Firing order (injection sequence) - 1-5-3-6-2-4
&)
Direction of rotation Counterclockwise as seen from flywheel side
Overall length 1400 (55.1)
Dimensions,
mm (in.) Overall width 885 (34.8)
Overall height 1270 (50.0)
Weight (dry), kg (Ib) 1200 (2646)
Cylinder liners Wet type
) ) Compression rings 2
No. of piston rings - -
- Oil ring 1 (w/spring expander)
g Open 55° B.T.D.C.
5 Inlet valves -
® o Close 65" A.B.D.C.
£ |Valve timing °
°=° Exhaust Open 65" B.B.D.C.
. valves Close 55° AT.DC.
Engine support 4-point support
Starting system Electric starter or air motor
@ Air cleaner Type Paper element type or turbine silencer
=
E
2 ., | Turbocharger Type — No. of units TD10 type — 1 unit
= 2| Air cooler Laminated fin-plate type
H Type Forced feed by gear pump
£ Specification Class CD oil (AP Service Classification)
E‘ -2 Engine oil Capacity, Oil pan 40 (10.6) approx. engine 50 (13.2)
== liter (U.S. gal) (standard specification)




GENERAL

L S6B3
Mode! designation
TA | TK
Type Gear pump
Oil pump Delivery capacit
iter (U""s. gﬂl) /nfi'n 250 (66) (at 2000 engine rpm)
Type Piston valve
Relief valve Vyf - sare s
alve opening pressure,
§ kgf/cmf (psiy [MPa) 5.410 6.4 (77 10 91) [0.5 10 0.6)
2 Oil cooler Type Water-cooled multi-plate type (built in crankcase)
2 : :
E g;:tlel-rﬂow type oil Type Paper element (cartridge type)
‘§ Bypass type oil
| ﬁlytgr yp Type Paper element (cartridge type)
Type Piston vaive with built-in electric contact points
0Oil filter alarm Valve opening pressure
(differential pressure), 2.3102.7 (33 10 38) [0.2 10 0.3]
kgf/fem? (psiy [MPa]
Type Forced circulation
Capacity (engine), liter (U.S. gal) 30(7.9)
Type Centrifugal
Water pump Deli pn
elivery capacity, :
liter (U.S. gal)/min 310 (81.8) (at 2000 engine rpm)
Type Low edge cog belt type C
Water pump belt Manufacturer Mitsuboshi Belt
: Outside circumference,
‘% mm (in.) 1535 (60.43)
g Type Wax
3 | Thermostats Val :
& ve openin
S temperature. °C (°F) 65+2(149£3.6)and 71 £ 2 (159.8 £ 3.6)
Radjator Type Plate fin or corrugated fin
Cooling fan Type Steel-blade, circular-arc type with spider
Type Low edge cog belt type C (2-piece set)
Fan belt Manufacturer Mitsuboshi Belt
gt;s(ng:.)cucumference, 1305 (51.38)
Model Bosch P type
E Manufacturer Nippon Denso
> !Injection pump Plunger diameter, 1
= mm (in.) 13 (0.51)
=

Plunger lead, mm (in.)

Double lead 22 + 55 (0.87 + 2.17)

Cam lift. mm (in.)

12 (0.47)




GENERAL

L S6B3
Model designation
TA { TK
Model KD22
Feed pump Manufacturer Nippon Denso
Cam lift, mm (in.) 4(0.16)
Mechanical) (Hydraulic) (Electrical)
All-speed Woodward Woodward
Governor Control system RSUV PSG EG-3P
Constant-speed Barber-Colman
g RSUV-D DYNA 8000
5 Type Hole type
3 Manufacturer Nippon Denso
No. of spray orifice 8
Injection nozzles | Spray orifice
’ diameter, mm (in.) 0.28 (0.0110)
Spray angle 158°

Injection pressure,
kgf/cm? (psi) {MPa]

250 *3 (3555*71) [24.57995)

Fuel filter

Paper-element (cartridge type)

Electrical system

Voltage — polarity

24-V — Negative (-) ground

Model 0350-620-0050
Manufacturer Sa-wafuji Electric
Starter
Type Pinion shift
Output, V — kW 24-6
Model AQ04T57670
Type 3-phase
Manufacturer Mitsubishi Electric
Aliernator Output,V — A 24 _ 35
. rpm 5000, maximum (at 27V, 25A)
Maximum speéd. rpm 8000
Model 0590-001-0510
-Manufacturer Sawafuji Electric
! Relay |Operating voltage. V 16, maximum
| switch | Holding voltage, V 8. maximum
; Safety |
! relay ] -:_»3{;?1.\' Operating voltage. V 3, maximum
l : (b coil) |Holding voltage, V 0.05 t0 0.15
% fg;'lel)' Operating voltage, V 10510115
] {¢c coil) | Holding voltage. V 4. maximum




GENERAL

S6B3
Model designati
odel designation TA T TK
Model FSM-100C-102
E =t . Manufacturer Fuji Kuki
» & | Air-motor starting — :
Z S Type Pinion shift
Nominal output, (PS) 10 at 6 kgf/cm? (85 psi) [0.6 MPa)




(3) Lay down the

GENERAL

3. SUGGESTIONS FOR DISASSEMBLY

AND REASSEMBLY

This Service manual deals with
Mitsubishi's recommended procedures to
be followed in servicing the Mitsubishi
diesel engines and contains information
on the special tools and basic safety
precautions,

The safety precautions contained
herein, however, are not the whole of
work. It is the responsibility of the
service personnel to know that specific
requirements, precautions and work
hazards exist and to discuss these with
his foreman or supervisor.

Study this manual carefully and observe
the following general precautions to
help prevent serious injury to the
personnel and damage to the engine.

3.1 Disassembly

(1) Use only right tools and instruments.

Serious injury to the personnel and
damage to the engine result from the
wrong use of tools and instruments.

(2) Use an overhaul stand or work bench

if necessary. Also, use assembly bins
to keep the engine parts in order of
removal.

disassembled and
cleaned parts in the order in which
they were removed to save time for
reassembling work.

(4) Pay attention to marks on assemblies,

components and parts for their
positions or directions. Put on
marks, if necessary, to gid
reassembly.

(S) Carefully check each part for any
sign of - faulty condition during
removal or cleaning. The part will
tell you how it acted or what was
abnormal about it more accurately
during removal or cleaning.

(6)

3.2

(1)

(2)
(3)

(4)

()

When lifting or carrying a part too
heavy or too awkward for one person
to handle, get another person's help
and, if necessary, use a jack or chain
block.

Reassembly

Wash all engine parts, except for oil
seals, O-rings, rubber sheets, etec.,
with cleaning solvent and dry them
with pressure air.

Use only right tools and instruments.

Use only good-quality lubricating oils
and greases. Be sure to apply a
coat of oil, grease or sealant to
parts as specified. (Refer to 3,
Group No. 2.)

Be sure to use a torque wrench to
tighten parts for which tightening
torque is specified. (Refer to 2,
Group No. 2.)

Replace gaskets and packings with
new ones. Apply a proper amount of
quick-drying cement to gaskets or
packings, if necessary.
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MAINTENANCE STANDARDS

1. INTENANCE STANDARDS
MA Unit: mm (in.)/q\:
. Repair Service
Group Inspection point Nominal | Assembly standard fimit limit Remarks
value | (standard clearance) (clearance)|(clearance) '
: . Lower or 15% higher | Check governor
Maximum rpm 5 to 10% higher than rated rpm than rated rpm setting,
Minimum rpm 600 to 700 rpm r
Compression pressure, 28 (398.2) [2.7 ] 19. (270) [1.9] . ?(i)llaf;%:\'calel’ temp.
kgf/cm? (psi) [MPa) at 160 rpm, minimum minimum ( 68?0 86°F)
S5to7(711099.5) 4(57) [0.4],
Lube oi:l pressure, [0.5 10 0.7] (at rated rpm) minimum Oil lemperature
kgf/cm? (psi) [MPa] 2(28) [0-2], minimum TU4) [0.1], ?104‘8 o SCS°F)
(at idling rpm) minimum °
Inlet valve opens 10° B.T.D.C. Values are only for )
Valve [iming Inlet valve-closes 20° A.B.D.C. Chﬂ?klﬂg ;:“VC dif
[with 2 (0.08) clearance Exhaust vaive opens 20° B.B.D.C. ;’e'::':lg if'rgma;f:w'a]'
< | onvalve side, cold] Exhaust valve closes 10° A.T.D.C. ones.
§ +2°(crank angle)
&)
lnlet 0.4
valves (0.016)
Valve clearance 0.05
(cold) ] os (x0.0020)
xhaust -
valves (0.020) N
Varies acqording to
Injection timing B.T.D.C.| *1° (crank angle) g:ﬁ:‘g:’;;:&s‘onkﬁ?_',w
rocker cover.
Measure sag at point
?eer:;ion Fan 20 to 25 indicated by arrows.
Water pump (0810 1)
(sag) and aliernator @3
Rocker bushing 28 28.070t0 28.090 28.150
inside diameter (1.10) |(1.10512t0 1.10590) (1.10827)
Rockers
- Rocker shaft 28 27.972 10 27.993 27.930
2 diameter (1.10) [(1.10126 to0 1.10208)L (1.09960)
s inlet 10 9.940 t0 9.960 | 9.910
2 \::lve valves | (0.39) }(0.39134 100.39213) (0.39016)
= stem
S | Valves | dia- Exhaust 10 9.910 10 9.930 9.880
meter | valves (0.39) |(0.39016 10 0.39094) (0.38898)
Valve guide 10 10.000t010.015 10.060 | The same for both inlet
inside diameter (0.39) 1(0.39370100.39429) (0.39606) | and exhaust vaives.
a

10



MAINTENANCE STANDARDS

Unit: mm (in.)

. Nominal| Assembly standard Rl?pz;itr Selz:'c‘e Remarks
: . \ imi .
Group Inspection point value [(standard clearance) (c]ea‘:;nce) (clearance)
Valve seat angle 30°
. 0202 0.5 &
Valve sinkage (0 £ 0.0079) (0.0197) ,,-,i’\.\ v
= |Inl 26£0.15 3.1 FIN =L
- et :
£ '-E valves (0.102 £ 0.0059) (0.122 ._._r_—"—
4 % | Exhaust 1.85 £0.15 2.35 Valve
I S | valves (0.073 0.0059) | (0.0925) Voo scat | ™aTER
hd Inlet 3020 =25 angle Valve sinkage
s oS | valves (0.12 £0.004) (0.098) o o
9 z 2 * Refacing is permissible
2 g £ | Exhaust 25%0.1 *20 up to
< = | valves 0 098 *0.004) (0.079)
£ 2 -0.075 t0 -0.130
258 |Inlet S, (000255 15"
§§§§ valves (1.97) -0.00512)) : - (minus) indicates
=2y £ interference.
25 [ | 4 | 000 120)
I SEE?: ValVeS (] .81 ‘ _0.00472))
67.5 66.2
Free length (2.657) (2.606)
“E.’_ ¢9 = 1°, maximum S
5 a=1].
= s a4 e (0.059)
Z : Valve quareness over the
g Vo N length
= springs
| Length under " 2En
| test force 60.0 (2.362)
l Test force, 27.8(61.3) [273]
! kgf (1bf) [N) +5%
| Valve ! 5
| push- | Runout i 212)((1?71?1;:)
| rods l ‘
[Cylinder| Warpage of gasket i 0.03(0.0012), {007 0.50 ol '
{ heads l contact surface l | maximum 3 (0.0028) | (0.0197) Regrind slightly
! \nside di | 135 1135.000 to 135.040 | | 135.140
, inside diameter 15 31) (5.31495 10 5.31652) 1(5.32046)
i‘ ‘ ' 3
t Out-of-roundness | ! 0.02 (0.0008).
I Taper | i maximum
Cylinder S " | |
liners quareness wi - -
respect to lower \ g}gin(‘?u?j?l')
face of flange | i , i |
Proiecti l 0.10100.19 i
rojection (0.0039 10 0.0075) |

1




MAINTENANCE STANDARDS

Unit: mm (in.)

. Repair Service
; : Nominal | Assembly standard SPe Al
Group Inspection point value |(standard clearance) (clel;:ra‘:ce) (cllel::;ln 0 Remarks
Measure diameter
Di . 135 134,810 to 134,855 134.700 in the direction
lameter (5.31) | (5.30747 10 5.30924) {5.30314) | transverse to pin
at piston skirt.
Max. permissible
difference be-
tween average 20 g (0.7 o2),
weight of all maximum
pistons in one
engine
Pistons | o | Top 4.27 (Oo.%; to 8'833 3
E (0.1681)) (000303 to 0. » Measure side
8 3.23 (0.046 to 0.051) (0.20) clearance with
| Second (0.1272)} (0.00181 to 0.00201)) ((0.0079)) | new piston
3 rings installed.
A 0il 4.00 - (0.030 t0 0.070)
(0.1575)! 10.00118 10 0.00276))
Piston pin bore 55 $5.000 to 55.012 55.015
diameter (2.17) | (2.16543 10 2.16582) (2.16594)
L 0.45101.15
Projection (0.0177 10 0.0453)
Cylinder .
head | feleed 0o | (:0604)
_ | gasket : :
& : i
S o [Cleancebe: (075 10 1.63)
i PN
§,, ;}ellgsler ! and cylinder head i((0‘0295 t0 0.0642))
€ —
53] P .
i Top (0.4 10 0.6) (10) | If gﬁggfelscm "
. t (0.016 024 i 03 avai .
Piston Gaps Second (0016 100.024) L(‘(o 039)) gaps by placing
rings | ol ) (0.4 10 0.65) | (12) | rngsinanew
5 ' ((0.016 10 0.026)) | ((0.047)) | cylinder liner.
Piston : Outside 55 54.987 to 55.000 54.980
pins i diameter | (2.17) |(2.16484 10 2.16535) L(2.16456)
! Small end bushing 55 55.020 10 55.040 © 55.070
! inside diameter (2.17) [(2.16614 10 2.16692) 1 {2.16811)
| 0.05/100
: Bend and twist (0.0020/ 3.9).
r : —— maximum
L5 o pndplay 56 (02100.4) (0.8)
¢ 2 :(crankpin and . ™ ) : 'a
{ i big end widths) (2.20) | ((0.008 t0 0.016)) L(0.0al))
H <
E € . Max. permissible | ‘
i3S difference be- ) )
i ‘ tween average i 30g (1.1 oz).
5 ‘weight of all rods maximum
| . in one engine ' ! ,
Bigeend bore 95 | 950001095022 95.047 | 10 Be el ith
diameter (3.74) | (3.74015 t0 3.74102) (3.74200) bearing caps.

12




MAINTENANCE STANDARDS

Unit: mm (in.)

. , Repair Service
Group Inspection point N&E’:al (':tsas:g%) CTL‘;?::ZS) limit limit Remarks
(clearance) | (clearance)
2.500 2.482 to 2.500 2.450
— | Standard (0.098) | (0.09772 10 0.09843) (0.09646)
% =
g |& 0.25 2,625 2.607 10 2.625 2575
s e (0.0098) | (0.10335) | (0.10264 to 0.10335) (0.10138) o
8 e Replace bearings if
g 8|l.| o050 2.750 2.732 10 2.750 2.700 worn down to
e E £ | ©.0197) {(010827) | (0.10756 10 0.10827) (0.10630) | service limit.
£ |E]8| o015 2.875 2.857 10 2.875 2.825
g £ |5 | ©.0295) |(0.11319) | (0.11248100.11319) (0.11122)
g °
S |F 100 | 3.000 2.982 10 3.000 2.950
(0.0394) |(0.11811) | (0.11740 to 0.11811) (0.11614)
0.28 (0.0110),
Fly- Face runout maximum
wheel . -0.13 (0.0051)
Radial runout maximum, .
80 79.988 to 80.018
Drive case (3.15) | (3.14913 t0 3.15031)
bearing bore 100 99.987 to 100.022
insi 3 . to .
inside diameter | 3 94) | (393649 10 3.93787)
80 79.983 to 80.004
N, Outside (3.15) | (3.14893 10 3.14976)
g diameter 100 99.980 to 100.005
= | Acces- go (3.94) | (3.93621 10 3.93720)
2 sary =
& | drive g 40 39.985 to 40.003
= 2 | Inside (1.57) |(1.57421 10 1.57492)
diameter 45 44.985 10 45.003
I (1.77) {(1.77106 t0 1.77177)
-
40 40.002 t0 40.013
Drive shaft (1.57) |(1.57488 10 1.57531)
diameter 45 45.002 10 45.013
(1.77) [(1.77173 10 1.77216)
. Radial runout
Vibra- | (at periphery) 0.5 (0.020), 1.5
von maximum (0.059)
dumpe: i Face runout
| Buck (0.12100.18) (0.30) (0.50)
| Bucklash ((0.0047 10 0.0071))| ((0.0118))] ((0.0197y) | Replace gears.
[
_ . !ldler gear bushing 40.000 10 40.025 40.100
Timing | inside diameter 40 (1.57480 10 1.57578) (1.57874)
gears .
| | Idler gear shaft (1.57) 39.959 10 39.975 39.900
] . diameter (3.57319 10 1.57382) (1.57086)
ldler gear end 49 (0.10100.28) (0.60)
' ' play (1.93) |1(0.0039100.0110)){ ((0.0236))

13




MAINTENANCE STANDARDS

Unit: mm (in.)

A Repuir Service
. . Nominal | Assembly standard e e L
Grou Inspection point 4 Jimit limit Remorks
P pec value |(s1andard clearance) (clearance) | (clearance)
a
, 7.59 £ 0.05 6.79
Lobe ift (A - B) (0.2988 * 0.0020) (0.2673) A
R bush-
Runout 0.05 (0.0020). 0.08 ing measured with both
Cam- © maximum (0.0031) ;nds §uppon<i:l.
shaft epair or replace.
Journal 6791 10 67.93 67.88
diameter (2.6736 to 2.6744) (2.6724)
Bushing inside 68 67.98 to 68.05 68107 | worn bevend wvie
al 9 e} limit. .
(as installed) (2.68) | (2.6764 10 2.6791) (2.6839) r:;nclclssa'};‘m as
(0.10 t0 0.25) (0.40) e )
End play ((0.0039 10 0.0098)) | ((0.0157)) Replace thrust plate.
. Regrind and
Crankpin 90 -0.07 10 -0.09 -0.13 u:g::rsiz:lc‘:o:rigcling
diameter (3.54) | (-0.0028 10 -0.0035) | (-0.0051) tod bearings if worn
beyond repair limit.
Regrind and use
- Journal 130 -0.100 to -0.120 -0.160 undcrsize main bear-
2 diameter (5.12) (<0.00394 t0 -0.00472) | (-0.00630) ings if worn beyond
o repair imit.
a.
] Center-to-center
B distance between 85 #0.10
w journal and (3.35) (20.004)
crankpin
Parallelism be- Runout: 0.01
tween journals {0.0004), maximum
and crankpins (over crankpin length)
Crank- Op}-of—roundness
shaft | oraeeains® 0.01(00004). | 0.03
maximum (0.0012)
Taper of journais
and crankpins
Fillet radius of 6 _8.2
journals and 0
crankpins (0.24 -0.008)
Hardness of
journals and Hv > 620 Hs > 75
crankpins
! Angular error of i onp’
, crankpins *0°20
0.04 (0.0016). 6.10 .
Runout maxifnum ) (0.0039) Repair or replace.
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MAINTENANCE STANDARDS

Unit: mm (in.)

. , Repair Service
Group Inspection point N&?:::al (Q:f:;?;)cf;:?:: crg) limit limit Remarks
(clearance) | (clearance)
Replace thrust plate
+1.18 if worn down to
?&?ﬁ?{mma] 52 (0.20 10 0.39) (0.50) (+0.0465) | repair limit. Use
le th)J (2.05) ((0.0079 t0 0.0154) (0.0197) (crankshatt | oversize thrust plate
ng length) if worn beyond
repair limit.
3.5 3.482 to 3.500 3.450
4 | Standard (0.138) {(0.13709 t0 0.13780) (0.13583)
Main 8
bearings | — 0.25 3.625 3.607 t0 3.625 3.575
S (0.0098) | (0.14272) |(0.14201 10 0.14272) (0.4075)
e . .
8ls! 050 3950 | 3.732103.750 3.700 Replace bearings if
S | 5100197 | (0.14764) |(0.14693 10 0.14764) (0.14567) | worndownto
- ol & service limit.
g @1 2] 0715 - 3.875 3.857 to 3.875 3.825
2 2 | 2 | (0.0295) | (0.15256) |(0.15185 to 0.15256) (0.15059)
(=N ‘o
2 = 1.00 4.000 3.982104.000 - 3.950
B (0.0394) | (0.15748)(0.15677 to0 0.15748) (0.15551)
5
5.000 4.830 10 4.900 4.775
Standard (0.19685) | (0.19016 t0 0.19291) (0.18799)
9 0.25 5.250 5.080 10 5.150 5.025
] (0.0098) | (0.20669) | (0.20000 to 0.20276) (0.19783)
Thrust | € s
bearings| -2 | & | 0.50 5.500 5.330 to 5.400 5.275
i &= | §(0.0197) | (0.21654)|(0.20984 t0 0.21260) (0.20768)
. 3
! 0.75 5.150 5.580 10 5.650 5.525
; (0.0295) | (0.22638){(0.21968 to 0.22244) (0.21752)
: .
! Warpage of gasket 0.1 (0.004) 0.20 : ;
| » .
| Crank- | contact surface maximum (0.0079) Regrind slightly.
\ Case Main bearing 137 137.000 to 137.025 137.350
! bore diameter (5.39) ](5.39369 to 5.39467) (5.40747)
i Backlash between
k o (0.11 10 0.24)
! oil pump drive (0.0043 10 0.0094))
| gear and idler gear (0.40)
| Backlash between | (0.0157)
i oil pump drive (0.10 t0 0.20)
l gear and driven ((0.0039 10 0.0079)
! gear
t
z Pump gear 60 (0.120100.233) | (0.30)
< ' radial clearance (2.36) | «0.00472 10 0.0091 7)), (10.0118))
> .
¢ 10l Pump gear 71 (0.060 100.134) | (0.20)
2 pump , end clearance (2.80) | (0.00236 10 0.00528))| ((0.0079))
o
-2 : 24.947 10 24.960 24.900
£ i Shaft diameter (098216 10 0.98268) (0.98031)
-] |
Bushing inside 25.000 10 25.021 25.100
diameter (0.95425 10 0.98508) (0.98819)
25
Idler gear shaft (098) | 24.947 10 24.960 24.910
diameter (0.98216 10 0.98268) (0.98071)
Idjer gear shaft 25,000 to 25.021 25.100
N inei - [« IR 29.
g?’s“"‘g inside (098425 10 0.98508) (0.98819)
1ameter
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MAINTENANCE STANDARDS

Unit: mm (in.)

. Repair Service
. . Nominal{ Assembly standard Ly S
Group Inspection point limit limit Remarks
value | (standard clearance) (clearance) | (clearance)
. 131
Setting, kgf/cm?
h 185+ 14
(psi) [Mpa] ((13 + 0.1)]
Safety
Length under
valve e | test force 66.8 (2.630)
&1 Test force, 30 (66)
“ | kgf (1bf) [N] 33.6 (74) [330] [294]
Backlash between oil
; 0.24 t0 038
pump idler gear and
crankshaft gear (0.0094 t0 0.0150)
. . 59205
Relief | Setting, kgf/cm? . .
E . 4% h t.
e valve | (psi) [MPa] l(08. ¢ (7)?05 ] Shim adjus
>
. o :
2 cooler | Setting, kgf/cm Replace if out of
b bypass | (psi) [MPa] 4.5(64) [0.4] standard.
s valve
=
~ 1.5 +0.3
Closing pressure, 0
kgf/em? (psi) (213%%)
Qil (MPa] +0.03
filter [0.175°°1] Differential
alarm . pressure
switch | Bypass valve 25+02 ,
opemng pressure, (35'6 + ,,'§)
kgf/cm* (psi) i PO
IO . ! 3+0.3
Oil jet | Setting. kgf/em? | N ed
nozzles | (psi) [MPa] ! (16; ;83;]
| .52 51.998 t0 52.018 52.025
; Pump case | (2.05) | (2.04677 10 2.04795) (2.04822)
. bearing bore :
l inside diameter ' 62 61.988 t0 62.018 62.025
; © (2.44) | (2.44047 10 2.44165) (2.44192)
| i 52 51.983 10 52.004
| | _ |Outside | (2.05) | (2:04657 10 2.04740)
| + £ |diameter ;62 61.983 10 62.004
= | | 5 | (2.44) | (244027 10 244110)
3 V= >
z ’ {  !Inside I 25 24.987 t0 25.003
@ | Water diameter | (0.98) | (0.98374 10 0.98437)
£ | pump ¢ :
E : ump shaft P25 25.002 to 25.015 24.995
c . bearing journal [ - : .
o diameter ;. (0.98) | (0.98433 10 0.98484) (0.98405)
: . Rattle in radial 0.010 10 0.025 0.045 i
’ . direction : (0.00039 t0 0.00098) oooi7n | Lemit g‘;‘;’lgyc?
© Rattle in axial . 0.25 bearing if it fails to
: direction (0.0098) rotate smoothly.
| \'ane front f; ' ‘
| cligreanrcoenin € (Q‘.S.to 13)
oump case ((0.020 10 0.051))
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MAINTENANCE STANDARDS

Unit: mm (in.)

Grou Inspection point Nominal | Assembly standard Rl:r,:::x Sﬁnr\g::e Remarks
P value |(standard clearance) (clearance) |(clearance)
Vane rear face
Water clearance in «w (0138 :g (l)'g; 1)
£ pump pump case ’ )
24
3 Temperature at 440
o which valve 65017123 °C
E starts opening (149 or 160 % 3.6°F)
g Thermo- | Temperature at Check at atmos-
“ stat which valve lift is 80 or 85 £2°C pheric pressure.
more than 10 (176 or 185 £3.6°F)
(0.39), minimum
5
Injection pressure 250 *0
(valve opening +71
pressure), kgf/cm? (355577%)
(psi) [MPa] - [245 +g.5 ]
c Check spray performance with a hand
s Fuel tester [at fuel oil temperature 20°C
; injec. ca® (68 F)] .
z tion Spray angle 158 Replace the nozzle tip. if the spray pat-
2 nozzles tern is still bad after washing in clean
= fuel oil.
No leakage shall occur when
a pressure 20 kgf/cm? (284
Oil-tightness of psi) {2 MPa] lower than
needle valve seat valve opening pressure is
applied to needle valve for
10 seconds.
L £ 19 19.2
g5 | 019) (0.756)
2% 28 28.2
.Z | Cent
FREE eMer i (1.10) (1.110)
5| 2| Gear 52 524
=1 8 | case (2.05) (2.051)
=]
o |3 321
"é\ g bracket (1.26) (1.264)
S | Starters | Commutator P40 38
= diameter (1.57) (1.50)
—E: Commutator - 0.10
= runout 0.05 {0.0020) (0.0039)
. 0.5100.8 0.20
Mica depth (0.020 10 0.031) (0.0079)
Brush height | 20(0.79) (0.55)
Brush spring 1.0
tension, kgf (Ibf) 1.4 (3.1) [13.7] (2.2
[N] [9.8]
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MAINTENANCE STANDARDS

Unit: mm (in.)

. Repair Service
. . Nominai { Assembly standard o L
Group Inspection point value |(standard clearance) (clel:r‘:::ce) (clle!:r‘;tn ) Remarks
Resistance
in P coil 0.1t00.302
Resistance
E in h coil 1510250
2 | Deflection 101020
g | of contactor (0.04 10 0.08)
s, | spring
S |=8 6.7
w 08 .2 .
ge M.B 7(0.28) (0.26) Replace every 3
S8 } 4.7 years.
Eg Main 5(0.20) ©0.19)
C.lulch slip- 6108 9(0.7{0.9],
prie lorque, (0.4 10 0.6) minimum
gi-cm {0.6 to 0.8]
E | (brf)[N-m] i
& Inside dia- 19.1 19.3
meter of Py p
Starters bearing (0.752) (0.760)
£ - At 28 27.90
2 z center | (1.10) (1.098)
> €
= Sz | At
2 2 ?.:? pinion 19 18.92
H R (0.75) (0.745)
[ 3 | 9= front
&
= 0.10
© | Runout 0.05 (0.0020) (0.0039)
0.1t00.3 Adjust at
Thrust gap (0.004 t0 0.012) assembly.
53 o s i
L easure with a
ZZ| Brush 1M 0.5MQ 500 V megger.
£ 2| holder
_ 051015
Pinion gap (0.020 to 0.059)
Slip ring outside 4] 404
diameter (1.61) (1.59)
. - 8 Up to wear limit
‘:Al;:zrr Brush height 23(0.91) ©31) line
Brush spring 0.32t0044 0.20
tension, kgf (0.7101.0) (0.4)
(Ibf) [N] {3104) 2]
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MAINTENANCE STANDARDS

2. TIGHTENING TORQUES

‘ 2.1 Major bolts and nuts

Thread Width Torque
Description dia. x pitch, across Remarks
mm flats, mm kgf-m Ibf-f1 N-m
Cylinder head bolt 18 x2.5 24 36 260 353 [Wet]
Rocker shaft brackets 10x 1.5 14 6 43 59
Main bearing cap bolts 22x2.8 32 56 405 549 [Wet]
Main bearing cap side bolts 16x 1.5 22 15 108 147 [Wet)
Oil jet 12x 1.75 17 35 25 34
Timing gear case 12x1.25 17 7.6 55 75
Oil pan 10x1.25 14 36 26 35
Mounting brackets 12x1.25 17 7.6 55 75
Connecting rod bearing caps 16 x 1.5~ 26 28 203 275 [Wet]
Crankshaft pulley. damper W2x15 32 40 290 392
Flywhee] 2x15 32 55 398 539 [Wet]
Exhaust manifolds 10x 1.5 14 6to8 431058 | 591078
Camshaft gear 30x1.5 50 30 217 294
Fuel injection pump gear A 24x1.5 4] 22 159 216
Idler gear shaft (bolt) 16x1.5 24 12 87 118
. Idler gear shaft (nut) 16x1.5 24 10 72 98 Apply
Oil pump idler gear 12x1.25 17 6t08 43t058 | 591078 t?tch-fg;i!i 262
0il pump cover 10x1.25 14 34 25 33 [Wet)
Water pump pulley 22x1.5 32 16 116 157
Water pump cover 10x1.25 | 14 33 24 32
Fuel injection pump coupling 2x1.5 ! 17 91095 | 651069 | 881093
Fuel injection pump coupling 12x1.5 © 10 9109.5 | 651069 | 851093 | Hex socket
Gland (injection nozzle holder) 10x 1.25 14 3.7 27 36
o nozzle holder set screw | 1ax10 19 4105 | 291036 | 391049
Injection nozzle tip retaining nuts 19 x0.75 19 6to8 431058 | 591078
Injection nozzle inlet connector 14x1.5 14 6107 431051 | 59t069

Note: (a) Apply engine oil 10 threads of paris specified 10 be [Wet].
(b) Tighten main bearing cap bolts and side bolts as described in page 122.

(c) Tigﬁten connecting rod bolts in two steps as described in page 92.

19




MAINTENANCE STANDARDS

2.2 Standard bolts and nuts

Thread Width Strength classification
Dia x Pitch, Y 7T 10.9
mm mm kgf-m Ibf-fi Nm kgf-m T Ibf-ft l N-m
(D e
Vo d)
8x1.25 12 1.7 12 17 3.1 2 30
- 10x1.25 14 34 25 33 6.1 44 60
Sf 12x1.25 17 6.1 44 60 11.0 80 108
‘é 14x1.5 22 9.9 72 97 17.9 129 176
% 16x 1.5 24 I 14.8 107 145 26.7 193 262
E 18x1.5 27 214 155 210 385 278 378
Wx1.5 30 29.7 215 291 534 386 524
Wx1S5 32 39.3 284 385 708 512 694
24x 1.5 36 49.7 359 487 89.5 647 878
Y& OE m
10x 1.5 14 3.3 24 32 59 43 58
?, 12x1.75 17 5.8 42 57 10.4 75 102
i 14x2 22 9.5 69 93 17.0 123 167
% 16x2 24 14.2 103 139 25.6 185 251
;: 18x2.5 27 19.8 143 194 35.7 258 350
20x2.5 30 277 200 272 49.9 361 489
22x25 32 37.0 268 363 66.6 482 653
24x3 36 47.7 345 468 86.0 622 843
Remarks: (a) Use these torques for bolts and nuts with spring washers.

20

(b) The tolerance of these torques is £10%.
(c) Do not coat threads with oil.




3. SEALANTS AND LUBRICANTS

MAINTENANCE STANDARDS

Group

Application point

Sealant or lubricant

How to use

Engine proper

Cylinder head sealing caps

HERMESEAL §-2

Apply to holes in crankcase.

Cylinder liners

Three Bond 1104

Apply 10 top of each liner and
joint surfaces of crankcase.

Liquid soap

Apply 10 O-ring.

Front cover

Three Bond 1104

Apply to joint surfaces of
crankcase.

Rear plate, gear case, oil pan
and crankcase

Front cover, crankcase and
oil pan

HERDITE

Apply to three joint surfaces.
(0il pan packing)

Crankcase sealing caps

Three Bond 1104

Oil pan packing HERDITE Apply to joint surfaces only of
packings.
0Oil seals Engine oil Apply to lip of each oil seal.
Lubrication Oil pump | Pump idler gear | LOCTITE 262 Apply to threads.
system shaft and nut
Relief valve plug
and connector
Cooling system Water Unit seal Three Bond 1102 Apply to periphery.
pump Oil seal Engine oil

Apply to lip only of inner seal.

Others

Taper plugs and cocks not
precoated with Three Bond
thread sealants

Vulcanized sealing tape

Wrap threads with 2 turns of
tape.
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SPECIAL TOOLS

SPECIAL TOOL LIST

Tool name

Part No.

Shape

Use

Nozzle remover

36291-00900

Injection nozzlie removal

400007
Valve spring pusher 33591-04500 Valve spring removal/
& installation
400009
Rocker bushing puller MHO061236 Rocker bushing removal/
installation
402655
Valve guide remover 36291-04200 Valve guide removal
400011
Valve guide & seal 32591-10300 Valve guide and valve stem
installer seal installation
400012
Valve lapper 30091-07500 Valve lapping
400013
Snap ring pliers 45191-08400 Snap ring removal/
installation
Oil filter wrench 32591-02100 Oil filter cartridge, fuel

filter cartridge and corrosion
resistor cartridge removal
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SPECIAL TOOLS

Tool name

Part No.

Use

Cvlinder liner remover

36291-03100

Cvlinder liner removal

400015
Connecting rod bushing | 37191-08000 Connecting rod bushing
installer @ @ removal/installation
N Y
N7,
400016
Piston ring pliers 37191-03200 Piston ring removal/
installation
400017
ldler bushing puller 3259102500 ldier bushing removal/

400018

installation

Piston installer

37191-07100

400019

Piston installation

Oil seal slinger
installer

34A91-04100

405704

Front oil seal slinger
installation

Turning bar

32091-01500

Engine turning

Qil seal installer

34A91-04020

404942

Rear oil seal installation
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SPECIAL TOOLS

Tool name Part No. Shape Use
Compression gauge 36291-02200 Compression pressure
adaptor measurement

Compression gauge

33391-02100

Compression pressure
measurement

26

400902
Socket 58309-73100 Fan pulley cap nut
removal/installation
400903
Cam bushing installer 34A91-02100 Cam bushing removal/
installation
2N
405705
Adjustable wrench F9611-15000
400905
Slide hammer 4069103100 5 Main bearing cap removal
405094
I/.\



SPECIAL TOOLS

Tool name Purt No. Shape Use
Valve seat calking tool Inlet Valve seat installaion and
3629105010 / calking
Exhaust
36291-05020

670232

Socket wrench 36291.00401 Fuel pipe removal/
installation
T wrench 36291-00700 Fuel pipe removal/
installation (injection
_@// nozzle side)
402665
Socket wrench 36291-00800 Leak-off pipe removal/

402666

installation

Torque wrench

32191-03200

402667
Cylinder liner installer 36291-03200 Cylinder liner installation
Q)
402662
Injection nozzle tester 04329-00012 Nozzle valve opening
or ; pressure measurement
04329-00050 :
v
A
£
RN
5
402669
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OVERHAUL INSTRUCTIONS

1. DETERMINING WHEN TO OVERHAUL injection pump plungers, faulty injection/-\

THE ENGINE

Generally, when to overhaul the engine
is to be determined by taking into
consideration a drop in compression
pressure as well as an increase in
lubricating oil consumption and
excessive blowby gases.

Low power or loss of power, increase
in fuel consumption, drop in lubricating

nozzles, or poor care of the battery,
starter and alternator.

The trouble to be considered as the
most valid reason for overhauling the
engine is (d) Excessive blowby through
breather due to worn cylinder liners,
pistons, etc.; in actually determining
when to overhaul the engine, it is
reasonable to take this trouble into
consideration in conjunction with the
other troubles.

oil pressure, hard starting and excessive
abnormal noise are also engine troubles.
These troubles, however, are not always
the result of low compression pressure
and give no valid reason- for
overhauling the engine.

The engine develops troubles of widely
different varieties when the
compression pressure drops in it.
Following are the typical troubles
caused by this compression pressure
failure:

(a) Low power or loss of power
(b) Increase in fuel consumption

(c) Increase in lubricating oil con-
sumption

(d) Excessive blowby through breather
due to worn cylinder liners,
pistons, ete.

(e) Excessive blowby due to poor
seating of worn inlet and exhaust
valves

(f) Hard starting
(g) Excessive abnormal noise

In most cases, these troubles occur

concurrently. Some of them are directly

caused by low compression pressure, but

others are not. Among the troubles

listed above, (b) and (f) are caused by

a fuel injection pump improperly ‘ N
adjusted with respect to injection '

quantity or injection timing, worn

30



OVERHAUL INSTRUCTIONS

2. TESTING THE COMPRESSION
PRESSURE

(1) Remove the injection nozzle from &
cvlinder on which the compression
pressure is to be measured.

(2) Attach adaptor (36291-02200) to the
cylinder, and connect compression
gauge (33391-02100) to the adaptor.

(3) Crank the engine by means of .the
starter, with the fuel supply shut off, Measuring compression pressure
and read the compression gauge
indication when the engine begins to
run at the specified speed.

(4) If the compression pressure is lower
than the repair limit, overhaul the
engine. ‘ ' "

{/A\ cauTioN }

(a) Be sure to measure the compres-
sion pressure on all cylinders. It
is not a good practice to
measure the compression pressure
on two or three cylinders and
judge the compression pressure of
the remaining cylinders
therefrom.

(b) The compression pressure varies

with change of engine rpm. This
\ ‘makes it necessary to check
engine rpm at the time of
measuring the compression
pressure.

Unit: kgffem? (psi) [MPa)

Assembly Repair
ftem standard limit
_ 28(398) 19 (270)
Compression pressure [2.7). 11.9}.
minimum maximum
(NOTE |
— NOTE |

Measure the compression pressure
with the engine running at 160 rpm.
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OVERHAUL INSTRUCTIONS

(b)

{ L
—{ /A\ CAUTION |
(a) 1t is important to measure the
compression pressure at

periodical intervals to obtain the
data on the gradual change of
the pressure.

The compression pressure would
be slightly higher than the
assembly standard in a new or
overhauled engine owing to
breaking-in of the piston rings,
valve seats, etc. It drops as the
engine parts wear down.
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ADJUSTMENTS, BENCH TEST, PERFORMANCE TESTS

1. ADJUSTMENTS
1.1 Valve clearance

Check and adjust the valve clearance
when the engine is cold.

Unit: mm (in.)

Item Assembly standard

infet valves (0%?6)
Valve clearance ' 300516
(A) (cold) Exhaust 0.5

valves (0.020)
Valve bridge-to-valve rotator 0.5 (0.020), VALVE CLf ARAREL (COLD)
clearance (B) minimum WEET o IS (e

"".rlén;‘?, ‘oROIR
Jl NOTE lr =

If the bridge-to-valve  rotator
clearance (B) is less than the
assembly standard, grind the bridge
and valve rotator to obtain a
clearance of more than 0.5 mm (0.020
in.) between the two.

v
- ot

S
'35_-_31{ OOCREE

(1) Inspection

(a) Check the valve clearance in the
firing order (injection sequence), by
turning the crankshaft (120°) in the
normal direction at a time to bring
the piston to its top dead center
on compression stroke.

Firing order (injection sequence) 405324 |

1-5~3-6-2—4

(b) The top dead center on compression
stroke of the piston is identified
by the timing mark (provided on
the vibration damper) being aligned
with the pointer. With the piston
so located, the inlet and exhaust
valve rocker arms are not being
pushed up by their pushrods.

N
(¢) Insert a feeler gauge into between
the rocker arm and bridge cap, and
check the valve clearance. 405325
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ADJUSTMENTS, BENCH TEST, PERFORMANCE TESTS

(2) Adjusting valve heights by means of
‘ valve bridge _

(a) Before adjusting the valve
clearance, adjust and equalize the
heights of the two valves by
bringing the bridge into contact
with the tops of their stems. If the
seat for one valve is more worn
than that for the other, for
example, the valve heights become
unequal to produce some clearance 402674
between the bridge and the stem
of a less worn valve, resulting in
difference in height (clearance)
between the two valves. This is
the reason why the valve heights
should be equalized in advance. It
is not necessary to make this
adjustment often. To adjust, proceed
as follows:

(b) Loosen lock nut for adjusting screw,
and back off the screw.

(c) Hold the rocker arm by finger, and
. slowly run in the screw, making
sure that the screw comes in
contact with the valve stem top by
looking into the peep hole. From
that position, further turn in the
serew about 10° of rotation, and
tighten the lock nut.

{ A\ cauTION }-

If the valve bridge-to-rotator
clearance is too small, the valve
cotters are apt to come off. Be sure
to maintain  specified clearance
between the bridge and rotator.
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ADJUSTMENTS, BENCH TEST, PERFORMANCE TESTS

(3) Adjustment

(a) Insert a feeler gauge into between
the rocker arm and bridge cap, and
adjust the clearance by turning the
serew in either direction to the
extent that the pgauge is slightly
gripped between the rocker arm
and bridge cap

(b) After adjusting the clearance,
tighten the lock nut, and again
check the clearance, making sure
that it is correct.

1.2 Fuel system priming

Prime the fuel filters and fuel injection
pump in that order.

(1) Fuel filter (wire-element type)

(a) Loosen air vent plugs (1) about 1.5
turns.

(b) Unlock the priming pump by. turning
its handle (2) counterclockwise, and
operate the pump.

(¢) Tighten the air vent plug when fuel
flows from the vent hole without
bubbles.

(2) Fuel filter (paper-element type)

(a) Loosen air vent plug (1) about 1.5
turns.

(b) Unlock the priming pump by turning
its handle (2) counterclockwise, and
operate the pump.

(¢) Tighten the air vent plug when fuel
flows from the vent hole without
bubbles.

402675

300078

)




‘ (3) Fuel injection pump

(a) Loosen air vent plug (1) about 1.5
turns.

(b) Operate the priming pump (2).

(¢) Tighten the air vent plug when fuel
flows from the vent hole without
bubbles. Lock the priming pump by
turning its handle clockwise while
pushing it down before tightening
the last vent plug.

—( A\ caution |—

(a) If all vent plugs are tightened
before . the priming pump is
locked, fuel pressure acts on the
feed pump, making it impossible
to restore the pump to the
original position.

(b) Wipe off fuel spilt from the vent
holes with cloth.

1.3 Fuel injection timing
(1) Fuel injection timing and indication

The injection timing is indicated on the
caution plate attached to the No. 1
rocker cover. Be sure to verify the
timing by referring to this caution
plate. The injection timing for each
model of the engine varies according to
its output, speed and specification.

(2) Bringing No. 1 piston to top dead
center on compression stroke

(a) Put the turning bar (32091-01500) to
the crank pulley, and turn the
crankshaft in  normal direction
(clockwise as seen from the front
side of the engine).

ADJUSTMENTS, BENCH TEST, PERFORMANCE TESTS
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(b) Stop cranking the engine when the
timing mark (1.6) on the vibration
damper is aligned with the pointer.

(¢c) Move the No. 1 cylinder inlet and
exhaust valve rocker arms up and
down to make sure that they are
not being pushed up by their
pushrods.

G camon )

Do not confuse the top dead center
on compression stroke for No. 1 cy-
linder with that for No. 6 cylinder.

405325

(3) Inspection

(a) Once turn the crankshaft about 60°
in the reverse direction. Then,
turn it a little at a time in the
normal direction to align timing
mark (2) on the pump drive
coupling with pointer (1) on the
pump case.

(b) Read the degrees of an angle
(injection timing) on the scale on
the vibration damper, indicated by
the pointer. Minus (~) mark on the
scale and "B.T.D.C." on the caution
plate mean "BEFORE" top dead
center.

405327

(4) Adjustment

(a) Make sure that the timing mark for
No. 1 cylinder on the damper is
aligned with the pointer.




(b)

(e)

Loosen two coupling bolts (1), and
displace the injection pump shaft to
align pointer (2) on the pump case
with timing mark (3) on the
coupling. Then, tighten one bolt to
the specified torque and, after
turning the crankshaft, similarly
tighten the other.

Again check the timing by cranking
the engine for verification.

1.4 No-load minimum (idle) speed and
maximum speed setting

(a)

(b)

(¢)

(@

(7 |
|\ CAUTION |

No-load minimum (idle) speed and
maximum speed are set for each
engine on the test bench at the
factory and the set bolts. are
sealed. These settings are to be
checked and adjusted at
Mitsubishi-authorized service shop
only.

After authorized adjustment of
the governor, which has to be
effected by breaking the seals,
be sure to re-seal all external
stoppers, making them appear as
if they were sealed at the
factory.

The stoppers to be sealed are
specified. Whether the seals are
intact or not has important
bearing on the validity of claims, |
if any, under warranty.

When checking and adjusting
these settings, be on standby to
operate the engine stop lever
manually in the event of engine
overrun.

For inspection and adjustment, warm up

the engine thoroughly until the coolant
and oil temperature rises to 70°C (158°F).

ADJUSTMENTS, BENCH TEST, PERFORMANCE TESTS
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RSUV-type governor

(1) Engine starting

(a)

(b)

(c)

Pull speed control lever (1) to high-
speed side. Operate starter switch
to crank the engine.

At about 150 rpm of cranking speed,
the engine will fire up to pick up
speed. Immediately after the engine
fires, move the speed control lever
back to hold the speed anywhere
between 800 to 1000 rpm.

When the engine is noted to be
running with a steady speed, move
the speed control lever back ~to the
low idle speed position.

(2) Idle speed setting (setting for keeping

(a)

the no-load minimum engine speed)

Hold the speed control lever at the
position for permitting the engine to
run at 600 to 700 rpm, and set the
low idle speed set bolt (2).

If

which the engine exhibits excessive
vibration due to torsional resonance)
might exist, shift the idle speed
setting to a lower or higher idle
speed level.

(7 )
1\ CAUTION |

a critical speed (the speed at

(b)

(e)

Turning the low idle speed set bolt
clockwise increases the idle speed.

If engine speed tends to fluctuate,
turn the idle sub-spring adjusting
screw (3) clockwise to push in this
spring, making it come in slight
contact with tension lever. With idle
sub-spring exerting some force to
the lever, the speed will rise
slightly but will stop fluctuating.

405328
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Ny 1
1 /1\ CAUTION |

Tightening the idle  sub-spring
adjusting screw is likely to result in
engine overspeeding when, during
duty operation, the load is dumped.

When tightening the adjusting screw,
be sure to tighten it just enough to

eliminate the unstable condition.

(3) Governor setting (setting for limiting
maximum engine speed)

(a)

(b)

Hold the speed control lever at the
indicated maximum speed position
while applying full load to the
engine. .-

Run in governor set bolt (maximum
speed set bolt) (4) slowly until its
forward end comes in contact with
the speed control lever held as
above. Secure the bolt right there
by tightening its lock nut.

. (4) Adjustment of speed regulation
(governor notch)

(a)

(b)

(e)

This adjustment is to be made by
turning the adjusting screw for
swivel lever to increase or
decrease the pre~tension of
governor spring.

To gain access to the adjusting
screw, remove the plug at the top
of governor housing, and turn the
speed control lever all the way to
the low idle speed set bolt: this
will turn up the swivel Ilever,
pointing the head of the adjusting
screw toward the plug hole. Insert
a flat-tip screwdriver through the
hole to catch the screw head.

Tightening the adjusting screw
increases the  pre-tension  of
governor spring to narrow the
speed regulation; loosening it
decreases the governor spring pre-
tension to widen the regulation.

I
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One notch corresponds to 1/4 turn
of adjusting screw and to 3 to 5
rpm change of engine speed.

(d) Changing the setting of this
adjusting  screw changes  the
governor setting (for limiting the
maximum engine speed). After
making a governor notch
aedjustment, be sure to re-adjust
the governor setting.

(e) Tightening the adjusting screw,
mentioned above, will increase the
maximum speed, and vice versa.

[ ) -
{ /A\CAUTION |

The adjustable range is 20-notch
(5 turns) long. Never loosen the
screw by more than 20 notches from
the fully tightened position or the
control action of the governor will
become hazardous.
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Barber-Colman Dyna 8000-type governor

‘ (1) Adjusting speed setting

(a)

(b)

(e)

(d)

(e)

(2)
(a)

(b)

Turn the power source switch OFF,
and stop the engine.

Remove the top cover of controller,
and make sure that the
potentiometers are set as follows:

WAN 3 o'clock position.
"GAIN" 9 o'clock position
"pv 10 o'clock position
ue 8 o'clock position
nn 10 o'clock position

(set at factory)

Turn the power source and starter
switeches ON, and start the engine.

Turn "SPEED" potentiometer within
20 turns until the specified engine
speed is obtained. This
potentiometer can be turned
clockwise to increase the speed or
counterclockwise to decrease it, but
it has no stopper for limiting the
rotation in either direction.

Set the indicated horsepower by
means of the rack set bolt.

Correcting hunting

"A" potentiometer is to be set under
no-load condition of the engine.
Slowly turn this potentiometer
clockwise until the actuator lever
quickly vibrates (hunting occurs).
Then, slowly turn it counter-
clockwise until hunting stops. A
failure to stop hunting will result in
a damage to the actuator.

If the actuator fails to gain stability
(hunting does not stop), slowly turn
"GAIN" potentiometer counter-

closckwise. If the actuator is in
stable condition, slowly turn "GAIN”
potentiometer clockwise until
hunting occurs; then, slowly turn it
counterclockwise until hunting stops.

ADJUSTMENTS, BENCH TEST. PERFORMANCE TESTS
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(e) After setting "GAIN," "A" and '"D"
potentiometers, turn the power
source switech OFF and, when the
engine speed is reduced to about
1/2, again turn the power source
switch ON. If the engine speed
overshoots (jumps up beyond) the
setting, turn "I potentiometer
counterclockwise. If the time
required to restore to the set speed
is too long, turn "I" potentiometer
clockwise. Repeat this operation
with the engine running under no-
load condition.

(@ When "A," "D," "DROOP" and "GAIN"
potentiometers are adjusted, the set
speed will slightly vary. Set the
speced correctly by means of
"SPEED" potentiometer. If "DROOP"
potentiometer has been turned in
the direction of increasing the speed
(clockwise),  slightly  turn  "A"
potentiometer counterclockwise, and
similarly turn "GAIN" potentiometer
clockwise.

(e) Install the top cover to the
controller, and seal the cover bolts.




Woodward PSG-type governor

. (1) Inspecting and adjusting idle speed

(a) Make sure that the speed control
lever is in the idle speed position,
and measure the engine speed
(rpm).

If the idle speed is out of the
specified range, reset it by means
of adjust screw (1).

(b)

(2) Inspecting and adjusting no-load

maximum speed setting
(a) Move the speed control lever to
maximum speed position, _and
measure the engine speed (rpm).
(b) If the maximum speed is out of the
specified range, reset it by means
of governor set bolt (2).
(¢) Meanually change the engine speed
to test the governor for response,
verifying the ability of the
governor to sense changes in speed
and regulate it to the steady-state
speed promptly.

(3) Correcting hunting

(a) If the engine hunts, reset needle
valve (3). Open the needle valve by
turning it counterclockwise (2 to
3 turns) until the engine hunts.
Keep the engine hunting for about
30 seconds until air is vented from
the governor.

(b) Slowly close the needle valve by
turning it clockwise until the
engine stops hunting.

(¢) Over-closing of the needle valve
will delay speed regulation with
respect to changes in load. Be sure
to keep the valve backed off at
least 1/4 turn from the fully
closed position.

(d) Seal each set bolt.

ADJUSTMENTS, BENCH TEST, PERFORMANCE TESTS
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Woodward 2301 load sharing & speed
control device (for EG-3P governor)
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(1) Adjusting idle speed setting

(a) Open the external lamp switch.
The engine speed will drop to the
speed set by "LOW IDLE SPEED"
potentiometer.

(b) Set "LOW IDLE SPEED" potentio-
meter to obtain the specified idle
speed.

(¢) Make sure that the engine speed is
above the minimum  injection
quantity position of control rack
and is governed as was set by
"LOW IDLE SPEED" potentiometer.

(d) If the engine speed fluctuates, reset
"GAIN" and "STABILITY" po-
tentiometers.

(2) Adjusting speed setting (no-load rated
speed)
(a) Close the external lamp switch.
(b) Set "RATED SPEED" potentiometer
so that the engine runs at the
rated speed. .
(c) If the engine speed fluctuates, reset

"GAIN" and "STABILITY" po-
tentiometers.
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Setting "GAIN" and "STABILITY" po-
tentiometers

(a) Speed of response of the governor

can be increased by increasing the
gain. To increase the gain for this
purpose, turn "GAIN" potentiometer
clockwise while observing the
voltmeter, until the engine just
lacks stability.

(b) Turn "STABILITY" potentiometer

clockwise or counterclockwise until
the engine gains stability.

(¢) To verify the engine (governor)

stability, change the load on the
engine in steps, or quickly move
the fuel control linkage. If the
stability cannot be gained by
turning "STABILITY" potentiometer,
turn "GAIN" potentiometer
counterclockwise. Turn "GAIN"
potentiometer clockwise if low-
piteh hunting ocecurs.

To obtain the optimum performance,
turn "GAIN" potentiometer as
clockwise as possible, and stop
turning it just before the engine
lacks stability.

—{ /\ cauTION |—
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1.5 Belt tension

Apply thumb pressure to the belt midway
between the pulleys to inspect the belt
tension. lf the tension is incorrect, make
an adjustment by means of adjusting bolts
(1) (2).

Unit: mm (in.)

ltem Assembly standard

Fan
20 t0 25

Belt tension (0810 1)

Water pump
and aiternator

2. BENCH TEST

An overhauled engine should be tested for
performance on a dynamometer. This test
is also for "breaking-in" of the major
running parts of the engine. To test the
engine, proceed as follows:

2.1 Starting up

(1) Check the levels in the radiator, oil
pan and fuel tank. Prime the fuel
and cooling systems to bleed air out.

(2) Crank the engine with the starter for
about 15 seconds to permit
lubricating oil to circulate through
the engine. For this cranking, do not
supply fuel to the engine.

(3) Slightly move the speed control lever
in the direction of increasing fuel
injection, and turn the starter switch
to START for starting the engine.
(Do not move the control lever to
"full injection" position.)

(4) After the engine starts, let it idle

under no-load condition by operating
the speed control lever.
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2.2 Inspection after starting up

After starting up the engine, check the
following points. Upon discovery of any
faulty condition, immediately stop the
engine, and investigate for the cause.

(1) Lubricating oil pressure:
It should be 5 to 6.5 kgf/em?2 (71 to
92 psi) [0.5 to 0.6 MPa] at rated
speed, or 2 to 3 kgf/emZ (28 to 43
psi) [0.2 to 0.3 MPa], minimum at

idle speed.

(2) Coolant temperature:
It should be 70°C to 85°C (158°F to
185°F). ‘

(3) Lubricating oil temperature:
It should be 60°C to 80°C (140°F to
176°F) when measured in oil pan.

(4) Leakage of oil,
especially oil
charger
nections.

coolant and fuel,
leakage from turbo-
lubricating oil pipe con-

(5) Knocking: _
It should die away as the coolant
temperature rises. No other defects
should be noted.

(6) Exhaust color and abnormal smell

2.3 Bench test (dynamometer test)

conditions
Step Speed (rpm) | Load (PS) ! Time (min.)
;! 1dle speed Nodoad | 5
2 1000 Nodoad | 5
3 1200 No-load 10
4 | Rated (varies 25% 10
5 ‘a:;c‘:i%r::)ng to specifi- SO0% 10
6 75% 30
7 100% 20

ADJUSTMENTS, BENCH TEST, PERFORMANCE TESTS

2.4 Inspection and adjustment after bench
test

(1) Retightening of cylinder head bolts
(2) Adjustment of valve clearance

(3) Adjustment of injection timing

3. PERFORMANCE TESTS

3.1 Standard equipment

The cooling fan, air cleaner and
alternator are the standard equipment of
an engine to be tested.

3.2 Items to be tested

(1) Fuel consumption

(2) No-load maximum speed

(3) No-load minimum speed

3.3 Test methods

(1) Fuel consumption test
(a) Engine speed (rpm)
(b) Fuel injection quantity

(¢) Engine output

(2) No-load maximum speed test

For this test, the governor should be
set for no-load maximum speed.

(3) No-load minimum speed test

(a) The control lever should be set to
the stable minimum speed position.
By "stable minimum speed" is meant
a minimum speed to which the
engine rpm can be quickly dropped
from the maximum rpm without
stalling.
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{b) The no-load minimum speed should be
as specified.

(4) Others

During the performance test, inspect
for leakage of gases, coolant,
lubricating oil and fuel, noise or
hunting.
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ENGINE ACCESSORY REMOVAL AND INSTALLATION

This section explains the procedures and
suggestions for removal and installation of N
the accessories - the preliminary process
to go through for overhauling the engine.

1. START BY:

(a) shut off the fuel supply, and
disconnect the starting system from
the engine.

(b) loosen the drain cocks, on the left
rear side of crankcase, and drain
coolant.

(¢) loosen the oil pan drain plug, and
drain engine oil.
[Oil capacity: 40 liters (10.6" U.S.

gal)]
AAWARNING

Hot engine oil can cause personal
injury if it contacts the skin. Use
caution when draining the oil.

2. ENGINE ACCESSORY REMOVAL

(1) Removing fan drive

(a) Remove fan (2) by unscrewing its
mounting bolts (1).

(b) Remove two flexible lubricating oil
pipes (3).

(¢) Loosen bracket mounting bolt (4).
Back off adjusting bolt (5) to
slacken belt (6).

(d) Remove the belt and fan drive (7) by
unscrewing bracket mounting bolts.

(2) Removing turbocharger

(a) Disconnect lubricating oil pipe (1)
and drain pipe (2) from the
turbocharger.

(b) Remove exhaust pipe (3) and
turbocharger (4).

(c) Remove joint (5) connecting air duct
and turbocharger. ‘
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(3) Removing insulator, thermostat case

and water pipes
(a) Remove 2-piece type insulator (1).
(b) Remove thermostat case (2).

(¢) Remove water outlet pipe (3) by
unscrewing its mounting bolts.

(4) Removing exhaust manifolds
(a) Remove coupling (1) and joint (2).

(b) Unscrew the manifold mounting bolts,
and remove manifolds (3) (4) and
gaskets (5).

(¢c) Remove manifold (6) and gasket.

(NOTE |
{ NOTE ;

When installing the manifold, place
each gasket with its side marked as
"TOP" facing the manifold.

(5) Removing air cooler
(a) Remove pipe clamp (1).

(b) Unscrew air cooler mounting bolts,
and remove air cooler (2).

Yy -

INOTE]
Coolant in the air cooler will be

drained by opening the drain cock on
the crankcase.

(Air cooler weight: 34 kg (75 1b)]
approx.]

(6) Removing fuel pipes and fuel leak-off

pipe
(a) Remove pipe clamp (1).

(b) Disconnect and remove six fuel pipes

(2) and fuel leak-off pipe (3).

ENGINE ACCESSORY REMOVAL AND INSTALLATION
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l‘ NOTE L,

When removing fuel pipes (1) with
the air cooler mounted on the engine,
use socket (A) (36291-00401).

{ A\ caurion |

After disconnecting the injection
pipes, be sure to fit rubber caps to
the openings of the injection pump
and nozzle holders to prevent dust
from getting inside the fuel system.

402823

(7) Removing oil filler

Remove oil filler (1) by unscrewing its
mounting bolts.

405340

(8) Removing fuel filter

(a) Disconnect fuel pipes (1) from filter
(2).

(b) Remove fuel filter (2) by unscrewing
its mounting bolts.




(9) Removing fuel injection pumps
(a) Remove boost control pipe (1).

(b) Disconnect oil pipes (2) from the
pump.

(¢) Remove coupling cover (3).

(d) Loosen bolts (4) securing the coupling
to the shaft sufficiently.

(e) Unscrew bolts (5) securing pump (6)
to the engine. Remove the pump
complete with the coupling by
prying it toward the front side of
the engine with a bar. [Weight: 25
kg (55 1b), approx.] -

(10) Removing alternator
(a) Loosen nuts (1).

(b) Remove belt (3) and alternator (4) by
unscrewing mounting bolts (2).

(11) Removing starter

Disconnect harness (1), and remove
starter (3) by unscrewing nuts (2).
(Starter weight: 15 kg (33 1b),

approx.J

ENGINE ACCESSORY REMOVAL AND INSTALLATION

405342

w
& :
F—

405514

55




ENGINE ACCESSORY REMOVAL AND INSTALLATION

(12) Removing water pump

(a)

(b)

(13)
(a)

(b)

(14)

(a)

(b)

(15)

Drain coolant from the pump
loosening drain valve (1).

Remove water pump (2)
unscrewing its mounting bolts,

Removing oil filter cover

by

by

Disconnect harness (1) for the oil

filter alarm.

Remove oil filter cover (2)
unscrewing its mounting bolts.

by

Removing oil filters and bypass

oil filter

Drain engine oil from the crankcase

by removing drain plugs (1).

Remove oil filters (2) and bypass oil
filter (3) using oil filter wrench (A)

(32591-02100).

Removing oil cooler

Remove oil cooler (1) by unscrewing its
mounting bolts.
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3. ENGINE ACCESSORY INSTALLATION

‘ Following the reverse of removal
procedure.

END BY:

(a) refill the engine with recommended
oil up to the specified level.

(b) refill the cooling system with
coolant.

(¢) check each pipe connection for oil or
coolant leaks.

(d) prime the fuel system.
(e) after installing the fuel injection

pump, check and adjust the injection
timing. (Refer to 1.3, Group No. 5.)

Fuel Injection Pump Installation

To install the injection pump, proceed as
follows:

. (a) Make sure the pointer on the engine
is aligned with No. 1 cylinder

injection timing  (beginning-of-
injection) mark on vibration
damper.

~ j‘ NOTE ,L

405327

Ascertain in advance the beginning-
of-injection timing punched on the
caution plate attached to No. 1
cylinder rocker cover.

(b) Install the coupling to the injection
pump and align the pointer (1) on
the pump case with mark (2) on the
coupling.

9 t0 9.5 kgf‘m
@ (65 10 69 IbL-ft)
188 to 93 N-m|]

(c) Fit the key of drive shaft into the
keyway in the coupling, push in the
injection pump toward the drive
case and install it to the bracket.
Tighten bolts (3) securing the
coupling to the shaft to the

‘ specified torque.

(d) Connect the fuel pipe and lubricating
oil pipes to the pump.
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ENGINE PROPER

1. CYLINDER HEADS AND VALVE MEC}!ANISM

1.1 Disassembly

7 o
- } ! v Cracks, dumage, carbon
i R (’_ 3 ™y and scale deposits
: O '(‘nrrosion o \'/
WY i | Damage, corrosion,
S\ N ’ 3 distortion
- \_ ‘. .
0
!
\ Worn cam contact and Improper contact,
\ sliding surfaces wear

Stripped
threads

O, Worn stem or face, damage,
2 25 corrosion, carbon deposits

Fatigue, cracks

Cracks, delerioralio:I

405346
® Rocker cover @ Cylinder head bolt @ Valve bridge
@ Fuel pipe @ Bolt, washer @) Cylinder head bolt
® Fuel leak-off pipe % Thrust plate @ Cylinder head
@ Nut, washer 4 Rocker @ Valve cotter
® Injection nozzle gland @ Set screw @) Valve rotator
® Spacer _ @® Rocker shaft @ Valve spring
@ Injection nozzle @ Rocker shaft bracket @ Valve
Packing @ valve pushrod @ Cylinder head gasket
%gdljusting serew Valve bridge cap @ Tappet
olt .
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. (1) Removing fuel pipes
(

a) Disconnect each fuel injection pipe
and fuel leak-off pipe.

(b) Remove the nozzle-side sealing
washers, and set them aside so as
not to lose them.

(2) Removing injection nozzles

(a) Using injection nozzle remover (A)
(36291-00900), remove each
injection nozzle. Take out the
gasket left behind in the ecylinder
head.

(b) Be careful not to damage the
nozzle tip.

(3) Removing rocker shaft assemblies

(a) Loosen the adjusting screw of each
rocker about one rotstion in
advance.

(b) Loosen the short rocker bracket
mounting bolt about five rotations
first; then remove the long bolt
securing the cylinder head and
rocker bracket with a torque
wrench.

(e) Remove each rocker shaft assembly.

Keep the shaft assembly and
mounting bolts in & set.

{NOTE |-

ENGINE PROPER

1,
4

Sealing
washers

St |

Be careful not to let any valve
bridge cap or lower O-ring for rocker
bracket fall into crankease through
valve pushrod hole.
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(4) Disassembling rocker shaft assemblies

Lay the disassembled rockers in the
order removed, and install them in that
order at the time of reassembly. This is
for insuring the same rocker shaft-to-
rocker clearance as before.

(5) Removing cylinder head assemblies 2
- % N '
Each cylinder head is located on the &
crankcase with dowel pins. Lift the head = 202699

off the crankcase.
(Cylinder head weight: 20 kg (44 1b),

approx.]
f L
| A\ CAUTION |

Be careful not to damage ' the
cylinder head and crankcase surfaces
when removing the gasket.

(6) Removing valves and valve springs

Using valve  spring pusher (A)
(33591-04500), compress the valve
spring squarely, and remove the valve
cotters, valve spring and valve.

{NOTE | —

)
If the valves are to be reused, mark
them for their seats to produce the
same combination of valve and seat
as before at the time of reassembly.

(7) Removing studs, connectors, etec.

Do not remove the following parts from
the cylinder head unless absolutely
necessary. If any of these parts has
been removed, apply sealant to the
studded-side threads of the part when
installing it to the cylinder head, or
install a new part. @

402701

(a) Stud for injection nozzle holder & : o

' AN { —

(b) Connector for high-pressure fuel b-\
pipe D&

(¢) Connector for return fuel pipe

<= i
J

Do not remove bridge guide (d) except '/R/E)_] 402702
when replacing the valve guide. ;

en




ENGINE PROPER

Unit: mm (in.)

ltem Nominal | Assembly | Service
value standard |:  limit
9.940
Inlet 109960 | 9910
Valve (039134  1(0.39016)
9
stem 10 0.39213)|
diameter 9.910 '
Ex- 10 t0 9.930 9.880
haust (0.39) ((0.39016 | (0.38898)
10 0.39094)
10.000
Valve guide t010.015 | 10.060
inside diameter (0.39370 | (0.39606)
t00.39429)

(2) Replacing valve guides and stem seals

(a) Using valve guide remover (A)
(36291-04200), remove the valve
guide (worn) for replacement.

|

(b) Using valve guide & seal installer
(B) (32591-10300), install a new
guide slowly with a  press.

|
| L
|\ cAuTION | :
(a) The height to top of valve guide

is specified; be sure to use the
valve guide & seal installer to
secure this depth. ;

Do not apply any oil or sealant to
the surface of stem seal that
comes in contact with the valve
guide. When installing the stem
seal, coat the seal rubbing
surface of the stem with engine
oil to insure initial lubrication of
the stem seal lip. ‘

(b)

Be sure to use new stem seals for
reassembly. i

(c)
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Measuring
directions

Measuring

points

®

AVRLURAE A

T L SRR

2%tV VAL

402705
Measuring valve guide
1,
-
=
~ 402706
Removing valve guide
g $ N
] R 3
N | }
5 ,® N\
=R 3 .
- NS N
£ . i Valve guide N\ Stem seal
= N 3
ErR :/
-— N v
- ! X ] Cylinder head {:
I Y : 4-74 ——L
l: \,‘\ . \"\\\\ OO \
~ . RN \
f NN 400919

Installing valve guide and stem seal




1.2 Inspection and repair

Rockers, rocker bushings and rocker
shafts
(1) Measuring rocker bushing inside

ltem Nominal | Assembly Service
value standard lirnit
28.070
Rocker bushing t0 28.090 | 28.150
inside diameter (1.10512 | (1.10827)
28 t0 1.10590)
(.10) | 37975
Rocker shaft 1027993 27.930
diameter (1.10126 (1.09960)
to 1.10208)
(2) Replacing rocker bushings
Using rocker 'bushing puller (A)

diameter and rocker shaft diameter

Replace the bushings and shafts if they
are in excess of the service limit.
Unit: mm (in.)

ENGINE PROPER

Measuring
directions

Measuring
directions

Measuring
points

402703

(MH061236), remove the rocker bushings

(worn) for replacement.

[NOTE |

|

Measuring rocker bushing and rocker shaft

[

(a) Press a new bushing into the
rocker from the internally
chamfered side of the bore.

(b) Align the oil holes in the bushing
and rocker.

(c) After installing the bushing,

measure its inside diameter to
make sure that it is 28383 mm
(1.10 13:8838 in.).
If the diameter is out of this
tolerance, refinish it to 28 1883
mm  (1.10 33888 in) B35, by
reaming.

A"

-

TN

Clinch Qil hole in
of bushing bushing
/
logt
= ===
Removal Installation
402704

Valve guides and valve stems

(1)

valve guide inside diameter

Replacing rocker bushing

Measuring valve stem diameter and

The valve guide wears more rapidly at

its both ends than at any other parts,
Measure the inside diameter of the

guide at its ends and at middle part in

two directions. If the Service limit is
exceeded, replace the guide.

Measuring
directions

Mecasuring
points

Measuring valve stem 63



V'alves and valve seats

‘ (1) Inspecting valve face |

Coat the valve face lightly with red
lead and, using valve lapper (A)
(30091-07500), check the valve contact
with its seat. If the contact is not
uniform, or if the valve is defective or
worn in excess of the repair; limit,
repair or replace the valve and valve
seat.

{ NOTE ,*l

|
(g) Check the valve face after
checking or replacing the valve
guide. ‘

(b) When pressing the valve cc}ated
with red lead into the wvalve
seat, do not rotate the valve.

Unilt: mm (in.)

ENGINE PROPER

F ]
1
> t
Red lead %

402707

Assembly Repair
liem standard . limit
Angle 30° ‘
_ 0202 | 05
_ Valve sinkage (0 £0.008)| (0.020)
3 24510275 | . -
2 o 00.1083) | - Valve margin
17010200 | | - 3 — Valve sinkage
Exhaust | (0.0669 (0.091) )
t0 0.0787) L —
3.0:0.1 -
Inlet (0.118 Sﬁgfggii)g
Valve 1 0.0039) ‘
margin 2.5+0.1
Exhaust (0.098 goggfg;?x)
+0.0039) | %Y e

'
‘
t

+
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(2) Refacing valves

If the valve face is badly worn, reface
it with a valve refacer.

(NOTE }

(a)

(b)

St
Set a valve refacer at an angle
of 30°.

Grind the wvalve stock to a
minimum. If the margin seems to
become less than the repair limit
when the valve is refaced,
replace the valve.

(3) Refacing valve seats

(a)

(b)

Using a valve seat cutter or valve
seat grinder, cut the valve seat.
After cutting, grind the seat
lightly by using sandpaper of #400
grade or so, inserted between the
cutter and valve seat.

Lap the valve in the valve seat.

(a)

(b)

(e)

| NOTE Fl
Cut or grind the valve seat only
as necessary for refacing.

Replace the valve seat if the
seat width is more than repair
limit as a result of wear or
cutting.

Replace the valve seat if the
valve sinkage is more than the
repair limit after refacing.

66

Refacing valve

A

402708‘

Refacing valve seat



(4) Replacing valve seats

g

(a) Weld a stud to the valvefseat.
Insert a shaft into the valve guide
hole from . the wupper side of

cylinder head, and drive the seat
off the head as shown.

NOTE

When welding the stud, be careful
not to permit spatters to come in
contect with the machined surfaces
of cylinder head. :

(b) Before inserting a new valve seat,
measure the inside diameter of
cylinder head bore and the outside
diameter of the seat to make sure
that clearance (fit) between the

two is within the standard
clearance. Unit: mm (in)
Nominal Standard
Item value clearance
Aqi -0.075t0-0.130
C) Iln.del: head Inlet 50 (=0.00295
bore inside (1.97) 10 -0.00512)
diameter and 26 0,065 t0-0.120
valve seat out-|Exhayst (-0.00256
side diameter (1.81) to -0.00472)

(e) Chill the valve seat in: liquid
nitrogen [about -170°C (-274°F)] for
more than 4 minutes with the
cylinder head kept at !normal
temperature, or heat the ecylinder
head to 80°C to 100°C (176°F to
212°F) with the valve seat' chilled
in ether or alcohol containing dry
ice. ‘

1
I
t

(d) Using valve seat calking tool (A)
(36291-05020), install the valve seat.

NOTE x

On the inlet valve side, install the
swirl plates in the ecylinder . head
before inserting the valve seats.
Locate each swirl plate in place by
aligning its locking lip with the hole
in the head.

\
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Stud
402709

77
9.5 (0.374)

9 (0.35)
2

e

\ty S
- NS
+=) g;?ﬂ:to 1
\\\B;ore inside diameter Bore insid_’e diameter| 760’
60'“6+g.025“.81+g.00098)¢50+g.0-5“.97+g.00098)
P e ety ———— ey

Seat outside diameter Seat outside diameter

+0.120,, ¢,+0.00472 +0.130,, o,+0.00512
$46 .5 °090(1-8140.00358) 95040.100¢!97+0.00394’
Exhaust Inlet 401001

Valve seat dimensions

OO
OO

Swirl plaie
405347

Installing valve seat

67
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(5) Lapping valves in valve seats

Be sure to lap the valves in the valve
seats after the seats have been
refaced or replaced.

(a) Coat the valve face lightly with a
lapping compound.

‘Il NOTE [L

(a) Do not permit the compound to
come in contact with the valve
stem.

(b) Use the compound of 120 to 150
mesh for initial lapping and the
compound of finer than 200 .mesh
for finish lapping.

(¢) Mixing the compound with a small
amount of engine oil will

Lapping compound

400065

facilitate coating.

(b) Using valve lapper (A)
(30091-07500), lap the valve in the
seat. To lap, rotate the valve only
a part of turn, then raise the
valve off the seat, rotating to a
new position.

(c) Wash off the compound with diesel
fuel. ‘

(d) Coat the valve face with engine oil,
and again lap the valve.

(e) Check the valve face for contact.

Valve bridges and bridge caps

Measuring the clearance between bridge
and rotator (cotters).

(1)

(2)

68

If the clearance is less than 0.5 mm
(0.020 in.), check the valve stem top
for cupping. When the stem top is
badly cupped, replace the valve to
obtain more than 0.5 mm (0.020 in.)
clearance,

Check the bridge cap for condition,
and replace a badly worn cap.

Coating valve with lapping compound

Lapping valve in valve seat

40271/?J"\

Measuring bridge-to-rotator clearance
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of each valve spring. If the free :length
or squareness exceeds the service limit,
replace the spring. !

1
4

Valve springs ! _ ]
Measuring squareness and free length

; Squareness
Measure the free length and squareness ~e-

Frec length

J
Unit:: mm (in.)

Item Assembly standard Service limit 400067
Free length 67.5 (2.66) 66.2 (2.61) Measuring valve spring
Py |
.;'.“ a=15
Squareness ¥ (0.059) over
s the length
6 = 1°, maximum s
Test force, 236? i g;i) ‘
kef (b N] | (373 1 5% 5
Length under
test force 60.0 (2.362)
Tappets and valve pushrods :
(1) Inspecting cam contact face of
tappets ?
Replace the tappets if their cam
contact faces are abnormally worn.
Good Bad Bad
400068

Cam contact face of tappet
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(2) Measuring runout of valve pushrods

If the

runout is in

excess of the

assembly standard, replacec the pushrods.

Unit: mm (in.)

Item

Assembly standard

Pushrod runout

0.5 (0.020),
maximum

Cylinder heads

(1) Measuring warpage of gasket contact

surface

r

‘

400069

Measuring valve pushrod runout

Measure the warpage of gasket contact
surface of each head with a straight
edge and a feeler gauge. If the warpage
is in excess of the repair limit, reface
the surface with a surface grinder.

Unit: mm (in.)

Assembly | Repair | Service
ftem standard limit limit
Warpage of 0.03 0.07 0.50
t .0012), S .
E:il;aeéeconlac Sa?(?nlw)m (0.0028) | (0.0197)

402713

Measuring warpage of gasket contact
surface of head

(2) Inspecting water directors

Check each water director for
corrosion, and replace it if necessary.
Using & soft hammer, drive a new
director into the cylinder head until it
measures 1.0 mm (0.04 in.) from the
gasket contact surface of the head, with
its window positioned as shown.

70

T

Watcer director
N

Scction A-A )
O = O
| - =\ :
{o— B @) ,'/ //
Section B-B OL@" = O :
0O
Water director 405348
Installing water directors
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1.3 Reassembly f r P er

: Coat with ©
Follow the reverse of disassembly enginc oil. o%
procedure. } S

! 'S

3 : f—;-‘;

(1) Installing tappets

Coat the tappets with engine Qil, and
carefully put them on the camshaft.

(2) Installing cylinder head gaskets

(a) Clean the gasket contact surfaces
of cylinder heads and crankecase
with a rag. '

(b) Place the cylinder head gaskets on
the crankcase, making sure that

dowel pins enter their holes in the

gaskets.
(" 1
— /\\ CAUTION | i
Do not apply any sealant to ' the
gaskets. . |
! M )
<7

(a) Coat the valve stems with {engine

(3) Reassembling cylinder heads ' LN jﬂj/;\
l o!
\
)

oil, and insert them into the valve — D |
guides. ‘. = i @
l '; o 53 88 .

(b) Install the wvalve springs and qE Sk
rotators to the valve guides. ' /ﬂi {;' }i I i
Compress each valve spring with T '
valve spring pusher , (A) Coa1 with engine oil. 405350

(33591-04500), and install the; valve
cotters to the valve stem.

(e) Lightly tap on the top of each
valve stem with a soft hammer to
make sure that the valve spring
and cotters are properly installed.

402718

n
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(4) Installing cylinder head assemblies Coat with
engine oil.

Keep the head assembly slightly lifted
with the dowel pins entering their holes.
Coat with engine oil the threads of head
bolts (except those for securing the head
and rocker bracket), put the bolts in the
head assembly, and tighten them
temporarily.

(7 1
{/\ cAuTION |

Before installing the cylinder head
assembly, measure the projection of
each piston, making sure that the
" projection is correct. (Refer to
Pistons, 2.2.)

(5) Installing valve bridges and caps

Coat with
engine oil.

(a) Coat the bridge guides with engine
oil, and install the bridges to the
guides with the adjusting screw
on the exhaust manifold side.

(b) Coat the bridge contact face of
bridge caps with engine oil, and
install the caps in position, being
careful not to drop them into the
crankcase through pushrod holes.

——

(6) Installing rocker shaft assemblies ;

(360 IoF 1) 6 kef'm
Insert the long bolt for securing the (353 N-m| it~ iy, ./{45?6"}:.';‘])
head and rocker bracket with O-ring _~
through the bolt hole of the rocker
bracket into the cylinder head. .
— /A\ CAUTION |- _
(a) Move the rocker arm up and O-ring
down to make sure that the 402722
arm is free.
i (b) While tightening the bracket
g mounting  bolts  temporarily,
; install the bracket in place so ~~
i that rocker tip comes in
i contact  with  bridge cap
evenly.
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I
[
1

| (e) Tighten the long bolt securing
. the head and rocker bracket
first; then tighten the short

bolt to the specified torque.

:
(7) Tightening cylinder head bolts !

36 kpf-m
(260 Ibf-f1)
1353 N-m)
(wet)

Tighten the cylinder head bolts to the
specified torque in the sequence shown.

{ A\cauTion |- ;:

Tighten bolts 1 thru 6 first, then
retighten bolts 4 and 2 only to
prevent gas leakage.

|

-

405354
Cylinder head bolt tightening sequence

!

(8) Installing injection nozzle assemblies ! 3

(a) Install the nozzle assemblies;'to the
cylinder heads, and connect the Sz
injection pipe and leak-off plpe to '

. each assembly. i
(b) Tighten the nozzle gland andf spacer
to the specified torque. ' Gasket

r
}

j' NOTE L,

(a) When connecting the leak-off
pipe, be sure to install’ the
sealing washer to the connection
of the pipe.

(b) When installing each nozzle
assembly, be sure to install the
gasket. ;

(9) Adjusting valve clearance :

Refer to 1.1, Group No. 5.
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2. CYLINDER LINERS, PISTONS AND CONNECTING RODS
2.1 Disassembly

& S
Cs)

@ P
AN @

@
Scuffing, wear, scoring,
@“—'@ ‘ crack:'gcarbon deposits
- j» |
{Wear, clogged oil hole |
@

rScra(ching. wear, rustin{l

® O

fDamage. dislonioﬂ

® | I
- D
2 (N
-
Cracks. clogged

oil hole

Stripped threads

Scoring, pitting, flaking, chipping,
cracks, loss of overlay

X,
7 405355

@ Bolt " (®Top compression ring @) Piston pin

@ Connecting rod cap ® Second compression ring Connecting rod

@ Connecting rod bearing (@ Oil ring () Connecting rod bearing
@ Piston - Snap ring (2 Connecting rod bushing
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(1) Removing connecting rod caps
Unscrew the cap bolts, and remove the
caps through inspection holes on the
side of crankcase. :

(a) Be careful not to let the bearmgs
fall into the oil pan.

(b) Mark the removed connecting rod
bearings for identification of
cylinder numbers and for upper
and lower shells.

(2) Preparatory step for removing, pistons
Remove all carbon deposits from the
upper areas of cylinder liners with
rag or oil paper. Carbon deposits, if
any, will make it difficult to pull the
pistons upward. |

[
'

!

(3) Removing pistons | -

(a) Bring the piston assembly (from O
which the connecting rod bearing _
cap has been removed) to top dead Pointer
center by turning the cranlgshaft. Cylinder No. >
' stamped here. y
T
| ~ v

I ! S~—— 405358

(b) Turn the crankshaft in the reverse
direction until the crankpin comes O
off the connecting rod and the bolt
holes are visible in the inspection
hole on the side of crankease.

Bolt hole

. ﬁ |, )
i
; Crankpin —‘(‘O+

N
\_/ 405359
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(c) Wrap rag over turning bar (A)
(32091-01500). Insert one end of the
bar into the bolt hole in the
connecting rod big end, and raise
the piston assembly just a little by
making use of the crankpin as a
fulerum.

_(NOTE )

{ NOTE |-

Do not insert the bar too deep, or it

will hit the liner, making it difficult

to remove the piston assembly. Insert

the bar so that it projects 10 to 20

mm (0.4 to 0.8 in,) from the

connecting rod big end.

(d) Turn the crankshaft in the -normal
direction just a little at a time to
raise the crankpin (fulcrum) while
pushing down on the outer end of

the bar to raise the piston assembly.

( 1
A\ CAUTION |

During piston assembly removal, the
connecting rod will come near the
piston cooling nozzle. Be careful not
to hit the rod against the nozzle.

(e) When the oil ring of the piston
comes out of the cylinder liner,
lower the piston just a little, and
carefully rest the oil ring on the
edge of the liner.

- A\ cauTion |

Lower the piston slowly and
carefully, or the oil ring will suffer
damage. Do not attempt to rotate the
piston.

(f) Hold the compression ring portion of
the piston by hands, carefully pull
the piston from the cylinder liner,
and rest its skirt on the top of
crankease.

(g) Hold the piston pin portion of the
piston by hands, and lift the piston
assembly of f the liner.

76

Wrap rag, { !
A\
! 20 mm

|| @408
T O
-~

405360

Fulcrum rises. 1

405361

Oil ring

405362

405363 |




(4) Removing piston rings

Use piston ring plires (A) (37191-03200)
to remove the piston rings.

(5) Removing piston pin

(a)

(b)

Using snap ring plieré (A)
(45191-08400), remove the snap
rings. -

Remove the piston pin to separate
the piston from the connecting rod.

(¢) If it is difficult to pull out the pin,

heat the piston with a piston
heater or in hot water to expand
the pin bore. ‘

ENGINE PROPER

401024

401025
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2.2 Inspection and repair
Cylinder liners
(1) Measuring inside diameter

Measure the inside diameter of each
liner in two directions, parallel and
transverse to the piston pin, at three
positions, top (ridged area), middle and
bottom as shown. Replace the liner if it
is worn in excess of the service limit.

Measuring cylinder liner

Unit: mm (in.) Transversc to

Unit: mm (in.) Measuring piston pin  Parallel to
directions piston pin
Nominal | Assembly Repair NI
liem value standard fimit s E = Q
-3 g 4
135.000 ' | ot8 Q
Cylinder liner 135 to 135.040 13_‘5.140 o
inside diameter (531) {(5.31495 (5.32046) -
10 5.31652)
- Measuring
points
405365
Cylinder liner measuring diagram N

(2) Measuring projection

Measure the projection of each liner at
its flange with a dial indicator as
shown. If the projection is not within
the assembly standard range, change the
position of the liner relative to its bore,
or use the liner in any other bore.

Unit: mm (in.)

Item Assembly standard 405366
Projection © 000:1,,8 :g 3:6875) Measuring cylinder liner projection
,r -{ /A cAuTION |—

If the projection is less than the
assembly standard, the gasket will
not exert sufficient sealing force
around the bore, causing exhaust gas
leakage.
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(a) Clean the gasket contact surface of
the crankcase and the top of the
liners.

(b) Secure the top of the' liner
uniformly at two places with
clamps and bolts (M18 X 2.5).

(c) Set up the dial indicator at the top
of the liner, and set the mdxcator
to zero (0).

(d) Measure the projection at four
places on the top of the liner.
Take the average from the four
measurements.

(3) Replacement

(a) Using cylinder liner remover (A)
(36291-03100), remove the cylinder
liners from the crankcase for
replacement. |

(b) Attach rubber packings to each new
cylinder liner, and carefully insert
the liner into the bore of the
crankecase.

{ A\ cauTiON |-

Apply Three Bond 1104 to the joints
of cylinder liner and crankcase. When
inserting the liner, coat the rubber
packings with liquid soap to prevent
them from twisting.

ENGINE PROPER

405367

Rubber

packing _

(black)

Rubber ‘{

packing
(orange)

) —

1104
i\ \}— Coat with

Apply
Thrce Bond

liquid soap.

405368

(c) After inserting the liner .into the
bore, lightly tap on its top, using
cylinder liner installer a)
(36291-03200), to rest its flange in
the counterbore formed ' of the
crankcase. After installing, lightly
tap on the liner several time to
make sure that it is rested

properly.

79




ENGINE PROPER

1' NOTE |-

(a) After installing the liners to all
bores, test the liner joints for
water-tightness by applying
pressure water.

(b) Check to make sure the
projection of each liner is within
the assembly standard.

Pistons
Check the combustion chamber and
inside surfaces of piston bosses.

Replace the piston if any abnormality
is found. :

(1) Measuring diameter

(a) Using a micrometer, measure the
diameter of each piston in the
direction transverse to the piston
pin, at the position shown. Replace
the piston if it (outside diameter) is
worn in excess of the service limit.
If any pistons have to be replaced,
select new pistons so that the
difference between average weight
of all pistons in one engine is
within the assembly standard.

Unit: mim (in.)

; ‘.
! -
J -
( p
< i
)
’ 405369
s
Ew
Sc=

401033

Measuring piston diameter

Item Nominal | Assembly Service
value standard limit
134810
Piston 135 to 134,855} 134.700
diameter {5.31) | (5.30747 (5.30314)
to 5.30924)

Maximum permis-
sible difference $20¢g
between average - (0.7 oz). -
weight of all pis- maximum

tons in one engine

(b) The piston weight is stamped on the
top of each piston.
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Piston weight

)

&2

Part number

Engine front F

405370

Piston weight stamp location
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(2) Measuring piston ring side clearance

Put new piston rings in the ring grooves
in the piston, and measure the. side
clearance of each ring with a feeler
gauge, &as shown. To measure the
clearance on the top and second rings,
press in the ring with a straightedge
until its face is flush with the piston. If
the side clearance is in excess of the
service limit, replace the piston.

Straightedgpe

401035

Piston ring side clearance

(with new rings in grooves) Unit: mm (in.) Measuring piston ring side clearance
Item Nominal Standard Service
value clearance limit
. 47 ?6038 to 0.087
op 1 .0030 _
(0.1681) | 150.00343)
' 0.046t00.051 |
3.23 0.20
Second | (571272) fg-g%‘osz‘m) (0.0079)
0.030 10 0.070
oil (041-(5’35) (0.00118
. t0 0.00276)
g 1
{ A\ CAUTION } ;
Remove carbon, and measure the side
clearance all the way around the
piston. '

i

(3) Measuring inside diameter o{f piston
pin bore |

Using caliper gauge or cylinder gauge,
measure the inside diameter of piston
pin bore of the piston. Replace the
piston if the bore is in excess of the
service limit.

L

@ j\L

t

" Unit: mm (in.)

Nominal | Assembly | Service Measurin i
ltem value standard | limit d'urectit;nf r"?""‘:::ﬁoss
Ao di 55.002 : . - :
:::ltgf g;aéismn 55 1055.012 | 55.015 Measuring piston pin bore diameter
pin bore (2.17) {(2.16543 (2.16594)
to 2.16582)
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(4) Measuring piston projection

Measure the projection of each piston
and, if it is not within the assembly
standard, check the various parts for
clearance.

(a) Determine the top dead center of
piston with a dial indicator.

(b) Set up the dial indicator at the top
of crankcase, and set the indicator
to zero (0).

(c) Measure the projection at four
places on the piston head, and
average the four measurements to
determine the projection. Subtract
the piston projection from the as-
installed thickness of cylinder head
gasket to determine the clearance
between the piston top and
cylinder head.

Unit: mm (in.)

\

s

; 405371

As bi dard
Item (St;ct?;ari’! zll:graar:cc)
. . 045t01.15
Piston projection (0.0177 100.02528)
As-installed thickness of 1.8+0.]
cylinder head gaske1 (0.071 £ 0.004)
Clearance between piston top 0.75 10 1.63
and cylinder head | (0.0295 10 0.0642)
[ ]
—{ /A CAUTION |-

Keeping the piston projection within
the assembly standard is important
not only for engine performance but
also for prevention of interference of
the valves with the pistons.
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Piston rings
(1) Measuring gaps

Place the rings in a new or master
cylinder liner, and measure the gap of
each ring. If the gap of any ring
exceeds the service limit, replace all
rings as a set. i

Inside diameter of master cylinder liner:
135 + 0 mm (5.31 + 0 in.).

(NOTE
- NOTE |

Place the piston rings in the master
cylinder liner by pushing them
squarely with the piston. :

Unit: mm (in.)

Item Standard Service
clearance limit
10
Tor 0.4100.6 (0.039)
Piston ring (0.016 t0 0.024) 10
gaps Second | (0.039)
oil 0.4 to 0.65 1.2
(0.016 10 0.0256)! (0.047)

Piston pins

Measuring diameter of piston pins

Using a micrometer, measure the
diameter of each piston pin. Replace the
pin if it is in excess of the :service
limft.

Unit: mm (in.)

Item Nouminal Assembly Service
value standard , Jimit
54.987 '
Piston pin out- 55 10 55.000 | - 54.980
side diameter (2.17) | (2.16484 (2.16456)
10 2.16535) |

ENGINE PROPER

]

]
O

o

<z

4
4

!

E

i
405372

Measuring piston ring gap

Measuring
directions
Measuring

points -

400106

Measuring piston pin diameter
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Connecting rods, connecting rod bearings
and small-end bushings :

(1) Measuring inside diameter of bushings

Using a cylinder gauge, measure the
inside diameter of each bushing.
Replace the bushing if it is in excess of
the service limit.

Unit: mm (in.)
ltem Nominal Assembly Service
value standard limit
Connecting rod 55.020
small end bushing (,,5]57) (2“; 65(;51340 ( ,,5? '6087101 )
inside diameter 10 2.16692) -

(2) Replacing bushings

(a) Using connecting rod bushing puller
(A) (37191-08000), remove the
bushing, as shown, for replacement.

(b) When installing a replacement
bushing, align oil holes 'in the
bushing and connecting rod.

(e) After installing the bushing, ream its
irasoi“%e diameter to finish it to 55
020 mm (2,17 JO0057 in.) LSS and
finish the parallelism between the
bushing and big-end bearing to 0.05
mm (0.0020 in.).

(d) After installing the bushing, insert
the piston pin, and make sure that
the pin rotates freely without

rattling.

84

Measuring
. directions

Measuring
points

400107

Measuring connecting rod small-end bushing
inside diameter

o

Installation
400108

Removal

Replacing connecting rod small-end bushing

401040




(3) Inspecting connecting rods for bend
and twist

(a) Measure "C" agnd " t." If the
measurement at "C" is larger than
0.05 mm (0.0020 in.) per 100 mm
(3.9 in.) of "&¢," straighten the rod
with a press.

(NOTE |-

)

To inspect for bend, install the cap
to connecting rod, and tighten the
cap bolts to the specified torque.

(b) To inspect the rod installed to the
piston, place the piston on a
surface plate, insert .a round bar
corresponding to the ecrankpin in
diameter into the big end bore, and
measure the heights "A" and "B" of
the bar with a dial gauge.

Unit: mm (in.)

ENGINE PROPER

Unit: mm (in.r

© 005 (0.0020)
0 100 (3.9) ¢ . 005 (0.0020)
T 10069
e
Twist
400110

Inspecting connecting rod

Item Assembly standard
Connecting rod bend and 0.05/100 (0.0020/3.9),
twist C/D maximum

A4

i
B
|
!
[}

AN
Yoo st 400111

(4) Inspecting connecting rod bearings

Inspect each bearing shell for loss of
overlay, scratching, pitting and failure
due to poor installation. If any of these
defects is present, replace the shell.

Inspecting connecting rod installed to piston

=

Scratching S\

/\ ™

Failure due to poor installation

400112
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(5) Measuring connecting rod end play

Install the connecting rod to the mating
crankpin, and tighten its cap bolts to
the specified torque. Then, using a
feeler gauge, measure the end play. If
the end play exceeds the repair limit,
replace the connecting rod.

Unit: mm (in.)

. Standard .
Item Nominal | clearance | Repair
) value {Nominal] limit
Connecting rod
end play {widths 56 0.2t004 08
of connecting (2.20) (0.008 © 0'31)
rod and crank- == t0 0.016) :
pin]) -
(6) Maximum permissible difference

between average weight of all
connecting rods in one engine

When replacing the connecting rods,
make sure the difference between
average weight of all connecting rods in
one engine is within the assembly
standard.

Item Assembly standard

Max. permissible difference
between average weight of all
connecting rods in one engine

#30 g (21.1 02),
maximum

(7) Measuring connecting rod big-end bore
diameter

Measure the bore in two positions,
front and rear, and in two directions.
If the diameter exceeds the service
limit, replace the connecting rod.

Unit: mm (in.)

401405

Measuring connecting rod end play

Mcasuring Measuring

directions

400722

ltem Nominal | Assembly Service
value standard limit
. 95.000
Comectrgrod | o5 11095032 | 05047
G er (3.74) ](3.74015  1(3.74200)
1o 3.74102);
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Measuring connecting rod big-end bore diameter
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(8) Measuring connecting rod bearing
thickness

Using a ball-point type micrometer,
measure the center of each bearing
shell. If the thickness exceeds the
service limit, on either upper or lower
shell, replace both shells as a set.

Unit: mm (in.)

ENGINE PROPER

i

i
!

400115

Nominal | Assembly Service
ltem value standard limit
2.482
STD 25 to 2.500 2.450
(0.098) |(0.09772 (0.09646)
t0 0.09843)
g1 - 2.607 _
= -0.25 2.625 t0 2.625 2.575
2 (-0.0098) | (0.10335)((0.10264 (0.10138)
= t0 0.10335)
2 2732 ,
2 -0.50 2.750 | 102750 | 2700
= | (-0.0197) { (0.10827){(0.10756 | (0.10630)
=4 10 0.10827)
&0
= 2.857
3 -0.75 2.875 to 2.875 2.825
= | (-0.0295) { (0.11319)](0.11248 | (0.11122
S 100.11319)
2.982
-1.00 3.000 to 3.000 2.950
(-0.0394) | (0.11811)|(0.11740 | (0.11614)
10 0.11811)
(NOTE |
—{ NOTE |-
Four undersizes are available for the
connecting rod bearings; namely,
-0.25 mm (-0.0098 in.), -0.50 mm
(-0.0197 in.), -0.75 mm (-0.0295 in.)
and -1.00 mm (-0.0394 in.).

Measuring connecting rod bearing thickness
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2.3 Reassembly

Follow the reverse of disassembly
procedure.

(1) Installing pistons to connecting rods

(a) The piston pin is to be clearance-
fitted to the piston. Heat the
piston with a piston heater or in
hot water and coat the piston pin
with engine oil, then put the pin
into position through the connecting
rod small end to connect the rod to
the piston.

(b) Install the connecting rod to the
piston, making sure that- the.
matching marks on its big end and
the piston part number are on the
camshaft side.

(¢) Using snap ring - pliers (A)
(45191-08400), install the snap rings
to the grooves in the pistons. Make
sure that the rings are not fatigued
and that they are fitted in their
grooves properly.

(NOTE k-
{ NOTE }

Position the ends of both snap rings
at the bottom of pin bore.

(2) Installing piston rings
(a) Using piston ring pliers (37191-03200),

install the piston rings to the
piston.

l —{ A\ caution |-
{

Top piston ring is marked "RN" and
! second piston ring "2R" near the gap
t on the side to be up when installed
: on the piston. If the ring is installed
. with this mark down, excessive oil
l consumption or overheating  will

LECCUP.

88

Camshaft

o

Part NO.\H

Matching
marks

n &

N
{/

Engine front F

View A

405373

o ——

Up mark
Top compression ring

Second compression ring
Qil ring

Coil spring
405374

Piston and piston rings
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(b) Install the oil ring with its gap 7
positined at 180° to that of coil

Ends of coil spring
spring.

Gap of oil ring
404805

(3) Preparatory steps for installing pistons
Cylinder No.
(a) Turn the crankshaft in the normal \

direction until the number (stamped

on the damper) of a cylinder to . >

which the piston is to be installed ﬁ

is at the position of approx. 50°

before top dead center.

404975

(b) Clean the ecylinder liner bore
surface and crankpin by wiping

with rag, and coat it with engine
oil.

(4) Installing connécting rod bearings
(upper shells)

Install the upper shell of the bearing in
the rod by fitting its locking lip in the
groove provided in the rod. Coat the
inside surface of the shell with engine
oil. Make sure the oil holes in the rod
and bearing are aligned.
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(5) Installing pistons

(a) Put the connecting rod in the
cylinder liner, and carefully rest
the piston on the top of crankcase.

(7 1
- /\\ CAUTION |

When putting the piston assembly in
the cylinder liner, make sure that F
mark points the camshaft side, and
keep the connecting rod away from

405376

the oil jet by looking into the
inspection hole of the crankcase. Do
not attempt to rotate the piston.

(b) Coat the piston rings with -engine
oil, and position the ring gap away
from the axis of the piston pin and
anti-thrust directions.

Ends of

coil spring

Gap of second
compression ring

Gap of top
% compression ring
Id

Gap of oil ring

400127 |

(c) Hold the compression ring portion of
the piston by hands, and carefully
insert the piston into the cylinder

liner.

| NOTE

(a) Be careful not to get your little .
finger pinched between the oil :
ring and cylinder liner.

(b) Slowly insert the piston, being i,
careful not to damage the oil '
ring.

-

405377
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(d) After making sure that the piston
ring gaps are positioned properly, A
. coat the rings with engine oil, and
clamp them, using piston installer
(A) (37191-07100). At this time,
coat the inside surface of the

installer with engine oil. l_)* O ]

SU—

405378

(e) Lightly tap on the piston head with
a soft hammer to insert the piston
into the cylinder liner. If the C

piston will not go into the liner,
; ; 405379

move the big end of connecting rod
back and forth through the
inspection hole of crankcase.

‘ (N

Make sure the upper shell of the
bearing is properly positioned in
place in the connecting rod big
end, by inserting the hand through
the inspection hole of crankcase.

If the bearing shell is slightly out
of place, reposition it by lightly
pushing it by the palm of a hand.

7 405380

(If the bearing is off connecting rod big

end) _

Turn the crankshaft to produce a space
between the connecting rod big end and
crankpin, and insert the bearing into ;
position while sliding it along the '

O

ot

F
{

crankpin surface.

405381
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' (é) Installing connecting rod caps : ]

. Groove for locking lip
(a) Put the lower shell of connecting rod

bearing in the cap by fitting its
locking lip in the groove in the cap.

(b) Coat the threads of cap bolts and
the inside surface of lower shells of
conneccting rod bearings with engine
oil.

400133

(c) Put the cap in position. Hold upper
end of the cap by hand, and tighten
the bolt at the lower end first. This
will help prevent dropping the cap
into the oil pan. Coat the threads
and seats of the bolts with engine
oil, and tighten the bolts
temporarily.

(d) With the bolts tightened temporarily,
touch the joint between the cap and
rod, making sure that the cap and
rod surfaces are flush with each
other, and tighten the bolts to the
specified torque.

{ A\cauTion }-

Make sure that the same matching
marks of the cap and connecting rod
are on the same side.

(e) Move the big end of each rod in the
thrust direction, making sure that
the rod has correct end play.

O
‘_5_
G

O

@)

Jo

O

(_)
T

405383
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(f) Tighten the cap bolts . to the

specified torque. Then loosen the
bolts completely and retighten them
to the specified torque.

(g) Using a feeler gauge, measure the
end play of connecting rod, making
sure that the end play is equal on
both top and bottom sides of- the
crankpin.

(Refer to (5), Connecting rods,
connecting rod Dbearings and
small-end bushings, 2.2.)

( il
i&cmmon }

Before installing the cylinder head,
measure the projection of piston,
making sure that it is correct.
(Refer to (4), Pistons, 2.2.)

ENGINE PROPER

28 kgf-m (203 Ibf-ft)

[275 N-m]) (wet) 405384

Measuring connecting rod end play
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3. FLYWHEEL, TIMING GEARS AND CAMSHAFT

3.1 Disassembly
Flywheel side
| Scoring, wear @ Rough rotation of
bearning, defective seal
Wear, nicking, chipping,
abnormially worn bushing,
defective keyway
8
A @
<,
%
S
Scoring, grooving, burning,
abnormal wear, defective
ring gear teeth
Cracks, defective I
dowel pin holes @ @
Worn lip,
deterioration
405386
® Oil pan _ ® Oil seal slinger Thrust plate ™\
@ Oil pump, oil strainer @ Collar, idler gear shaft boilt Camshaft
® Flywheel (®1dler gear (3 Reer plate
@ Timing gear case 9)Camshaft gear
® 0il seal 40 Accessory drive
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Viscous damper side

{ Wear, deterioration of lip

Worn belt groove

Cracks, defective
dowel pin hole

Swollen end plate, discoloration
(due 10 overheating)

405387

1 Pulley (for fan) 4 Front cover
2 Viscous damper 5 Oil seal

3 Pulley (for water pump and alternator)

(1) Removing flywheel

(a) Fasten a hoist to the flywheel.

(b) Unscrew the flywheel mounting
bolts.

(¢) Screw jacking bolts (M10 x 1.25)
into the holes in the flywheel
uniformly, and remove the flvwheel.
[Flvwheel weight: 30 kg (66 1b),
approx.)

405388

{ 1
| — /1\ CAUTION |

_

| (a) When removing the flywheel, be
careful not to drop or bump it
! against a hard object.

» (b) The ring gear is shrinkage-fitted
', to the flywheel. Do not remove

the gear except when it has to
t be replaced.

g5
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(2) Removing timing gear case and idle'r
gear shaft collar

(a) Fasten a hoist to the timing gear
case. ~

(b) Unscrew the idler gear shaft collar
mounting nut, and remove the collar
and two O-rings.

(¢) Unscrew the mounting bolts, and
remove the timing gear case.
[Timing gear case weight: 40 kg
(88 1b), approx.]

(3) Removing accessory drive -

Remove the accessory drive from the
rear plate by loosening its mounting
bolts (four bolts on the timing gear case
side and two bolts on the rear plate
side).

7™
405390 |
(4) Measuring backlash and end play
Measure the backlash and end play of
the gears to obtain the data for parts
replacement. To measure the backlash
and end play of the injection pump gear,
temporarily install the accessory drive.
Unit: mm (in.)
Item Standard clearance Repair limit
0.12t00.18 0.50
Backlash (0.0047 10 0.0071) | (0.0197) 405391
Idler gear 0.10t0 0.28 0.60
end play (0.0039 10 0.0110) (0.0236)
Camshaft 0.10t0 0.25 0.40
end play (0.0039 to 0.0098) (0.0157)
™
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(5) Removing oil seal slinger

‘ Remove the oil 'seal slinger from the

crankshaft by heating it with a burner. Oil seal slinger

405392

(6) Removing idler gear w N \0}@

To remove the idler gear and plate, Q Q

unscrew the idler gear shaft bolt. - QQ O Y
: Q

N® ©

(7) Removing camshaft gear

Unscrew the camshaft gear mounting nut
and, using a gear puller, remove the
gear.

(8) Removing camshaft

Remove the thrust plate by unscrewing
its mounting bolts, and pull out the
camshaft from the crankcase.

( 1
1\ CAUTION |

When removing the camshaft, support
it with a bar-like tool inserted
‘ through the side cover hole of

crankcase to prevent damage to the
cam surfaces and bushings.
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(9) Removing front cover

Unscrew the front cover mounting bolts
and remove the cover, being careful not
to damage the oil seal.

3.2 Inspection and repair
Flywheel and ring gear

Measuring face runout (axial eccentricity)
and bore runout (radial eccentricity) of
flywheel

Measure the runouts with the flywheel
installed to the -crankshaft. If the
runouts exceed the assembly standard,
check for loose bolts or obstacles
lodged between the mounting faces of
the flywheel and crankshaft.

Unit: mm (in.)

Item Assembly standard

0.28 (0.0110), maximum

Face runout

Flvwheel

Bore runout 0.13 10.0051), maximum

Accessory drive
(1) Check the bearing
Replace the bearing
erratically or hums.

by the hand.
if it rotates

Check the fit of drive shaft in the
bearing, and replace an excessively
worn part.

(2)

(3) Check the fit of the bearing in the
drive case, and replace an

excessively worn part.

98

405396

4027739

Measuring flywheel runouts

)
s
o0 >
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(4) Check the drive shaft and oil seal,
and replace a defective part.

Unit: mm (in.)

i Nominal Assembly
tem value standard
) 80 79.988 10 80.018
Drive case bear- (3.15) (3.14913 to 3.15031)
ing bore inside
diameter 100 99.987 to 100.022
(3.94) (3.93649 t0 3.93787)
80 79.983 to0 80.004
Outside (3.15) (3.14893 10 3.14976)
diameter 100 99.980 to 100.005
&0 (3.94) (3.93621 t0 3.93720)
=
e 40 39.985 to 40.003
& Inside (1.57) (1.57421 t0 1.57492)
diameter 45 44.985 10 45.003
(1.77) (1.77106 10 1.77177)
40 40.002 10 40.013
Drive shaft (1.57) * | (1.57488 t0 1.57531)
diameter 45 45.002 t0 45.013
(1.77) (1.77173 t0 1.77216)

Viscous damper and crankshaft pulley
(1) Inspecting viscous damper

(a) Visually check for cracked or swollen
end plate, leakage of silicone
(damping) fluid, discoloration due to
overheating and other defects.

(b) With the damper installed to the
crankshaft, measure the radial and
face runouts of the damper by
turning the crankshaft slowly, with
a dial indicator set up on the
periphery of the damper as shown.
If the runouts are in excess of the
service limit, replace the damper.
The damper should be replaced
every 8000 operating hours even if
there is no evidence of defects.

Unit: mm (in.)

Assembly Service
ftem standard | limit
Vi ] Radial : s
1SCOUs rynout : 0.5 (0.020). i 1.
damper —— > maximum | (0.059)
| Face runout . |

ENGINE PROPER

Q-

~
405418

Measuring damper runouts
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(2) Inspecting crankshaft pulley

Inspect the V-belt groove for wear.
Wrap a new belt around the pulley, 4
pressing it in the groove as far as it
goes, and see if the top surface of the w f

belt is above the top of the pulley. Y 1.6 mm (0.06 in.),
mimmum

If the top surface of the belt (or the
belts for the pulleys having two or
more grooves) is uniformly above the ,
top of the pulley all the way around, it 400150
is not necessary to replace the pulley. Inspecting V-belt groove in crankshaft pulley

If the top surface of the belt sinks
into the groove more than 1.6 mm
(0.06 in.), replace the pulley.

Timing gears
Measuring backlash

Set up a dial indicator so that it
contacts with -the pitch circle of the
gear at right angles to the shaft and
move one gear back and forth to
measure the backlash between the gears.
If the dial indicator is not available,
measure the backlash by inserting a
feeler gauge between the teeth of the
gears. If the backlash is in excess of Measuring timing gear backlash
the service limit, replace a worn gear.

405398

Unit: mm (in.)

Item Standard clearance Service limit

Timing gear 0.12100.18 0.50
backlash (0.0047 10 0.0071) (0.0197)

100
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Measuring
directions
-

Measuring

Idler gear, idler gear bushing and

. idler gear shaft

(1) Measuring idler gear bushing inside
diameter and idler gear shaft
diameter

/s

= A= points

Replace the shaft and/or bushing if they
are in excess of the service limit.

Unit: mm (in.)

402782
Nominal | Assembl Service - -
Item value s:andm{ limit Measuring idler gear bushing and shaft
40.000
Idler gear bushing to 40.025 | 40.100
inside diameter (1.57480 |(1.57874)
40 | t01.57578)
(157} 39,959 -
Idler gear shaft i 10 39975 | 39.900
diameter (1.57319 | (1.57086)
to 1.57382)
(2) Measuring idler gear end play
Measure the end play with a feeler
gauge or a dial gauge. If the end play
. exceeds the repair limit, replace the
thrust plate.
Unit: mm (in.) &\
" |G\\ \. 0‘ f
Repair NS f
ltem Standard clearance Nirnit R ( 405399

0.10100.28 0.60 Measuring idler gear end pla
Idler gear end play | (5 0639160.0110) | (0.0236) B idier g piay

(3) Replacing idler gear bushing

rD.]

(a) Using idler bushing puller (A) ®
(32591-02500), remove the bushing. / \
(b) To install a new bushing, press it
from the smaller-gear side of the

idler gear until the end face of the '
bushing is flush with that of the .[%D
gear boss.

: Remova) Installation 492784
‘ Replacing idler gear bushing
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(c) After installing the bushing, make
sure that its inside diameter is
within the assembly standard. If it
is less than the assembly standard,
ream the bushing to finish its
inside diameter to 40°39% mm
(1.57 *9:00098 jn) 35

Camshaft and camshaft bushings
(1) Measuring lobe lift

Using a micrometer, measure the
diameters "A" and "B" on each cam to
determine the loss of lobe lift. If the
lobe lift is in excess of the service
limit, replace the camshaft. -

Unit: mm (in.)

Assembly Service
ltem standard limit
, 7.59 £0.05 6.79
Lobe lift (A~ B) | 2938 + 0.0020)| (0.3673)

(2) Measuring camshaft runout

If the runout is in excess of the repair
limit, straighten the camshaft by means
of a press, or replace it with a new
one.

~ A\ CAUTION }—
Set up a dial indicator on the
camshaft, and turn the camshaft.
Take one half (1/2) of the indicator
reading as the runout.

Unit: mm (in.)

Assembly Repair
ftem standard limit
0.05 (0.0020), 0.08
Camshaft runout | maximum (0.0031)

(3) Measuring camshaft journal diameter

Using a micrometer, measure each
camshaft journal in two directions at
right angles to each other. Replace the
camshaft if the journal is in excess of
the service limit.
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A
B
400752
Measuring lobe lift
7/ \
1
. 400753
Measuring camshaft runout
i Measuring directions
]
|
B
!
[
b N
i .

400754 |

Measuring camshaft journal diameter




Unit: mm (in.)

Nominal | Assembly Service
hiem value standard limit
67.91
Comshaft 68 10 67.93 67.88
jou rnal (2.68) (2.6736 (2.6724)
diameter to 2.6744)

(4) Meashring camshaft bushing inside
diameter

Using a cylinder gauge, measure the
inside diameter of camshaft bushings
fitted to the crankease. If the inside
diameter exceeds the Service limit,

replace the bushings.
Unit: mm (in.)

] Nominal| Assembly Service
tem value standard limit

67.98 -
Camshaft 68 10 68.05 | 68.17
bushing inside | (2.68) | (2.6764 | (2.6839)
diameter t0 2.6791)

(5) Measuring camshaft end play

Using a dial indicator, measure the end
play of the camshaft to which the
camshaft gear is installed. If the end
play is in excess of the repair limit,
replace the thrust plate.

Unit: mm (in.)

Standard Repair
clearance limi:

1 01010025 0.40
Camshaft end play | (4 1639 10.0.0098) | (0.0157)

Item

(6) Replacing camshaft bushings

Chill the bushings with liquid nitrogen
for 5 minutes and put them in the
crankcase with bushing installer (A)
(34A91-02100). Make sure the oil holes
of the crankcase and bushings are
aligned. Install the rearmost (No. 7)
bushing with its notched side facing the
rear of the crankcase.

ENGINE PROPER

—
Measuring
directions

405400

405402

Replacing camshaft bushings
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Replacing front oil seal

Using a hammer, remove the oil seal
from the front cover. To install a new
oil seal, press it into the cover with a
plate until it is flush with the cover. Do
not apply any oil or sealant to the
periphery of the oil seal.

Do not attempt to reuse the oil seal
which has been removed during
disassembly.

Flush.

405403
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3.3 Reassembly

Follow the
procedure.

reverse of disassembly

(1) Installing front cover

(a) Put the oil seal in the front cover
and apply engine oil to the lip of
the seal.

(b) Apply sealant (Three Bond 1104) to
the front ecover mounting surface of
crankcase, and place the packing in
position.

(e) Install the front cover to the
crankcase, using care not to twist
or fold the oil seal.

(d) Replace the dowel pins if worn, or
if the front cover has been
replaced.

(e) Tighten the front cover
bolts uniformly.

mounting

(When the pointer has been out of
place)

To determine the top dead center on
compression stroke of No. 1 cylinder,
for example, bring the mark on the
flywheel to the position where it is
at equal distances from two marks
punched on the flywheel housing.

(2) Installing pulley and viscous damper

(a) Tighten the pulley
mounting bolts to
torque.

and damper
the specified

(b) Check the damper for radial and
face runouts.
(Refer to Viscous
crankshaft pulley, 3.2.)

damper and

ENGINE PROPER

Flywheel

401076

40 kgf-m
(289 1bf-f1)
(392 N-m|

L)

]

ofn
g; OO0
L9

405404
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(3) Installing rear plate

(a) Put the packing on the crankcase,
making sure the dowel pin enters its
hole in the packing.

(b) Install the rear plate, making sure
the dowel pin enters its hole in the
plate.

(¢) Replace the dowel pin if worn, or if
the rear plate has been replaced.

(d) Make sure that the lower end of

rear plate is flush with the bottom
of crankcase.

(4) Turning engine
Turn the crankshaft to bring No. 1

cylinder piston to top dead center on
compression stroke.

(5) Installing idler gear shaft
Drive in the idler gear shaft into

position with the dowel pin aligned with
the shaft groove.
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Replace packing

405405
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(6) Instelling camshaft

(a) Insert the camshaft into the crank-
case, and install the thrust plate.

(b) Check and make sure that the
camshaft turns smoothly.

(A 1
{ A\ CAUTION |—

When removing the camshaft, support
it with a Dbar-like tool inserted
through the side cover hole of
crankcase to prevent damage to the
cam surfaces and bushings.

(7) Installing camshaft gear

Install the camshaft gear to the
camshaft by aligning the keyway of the
gear with woodruff key. Tighten the nut
to the specified torque.

(8) Reassembling accessory drive

Put the gear on the drive shaft, making
sure the dowel pin of the shaft enters
the notch of the gear, and drive the
gear onto the shaft with & copper
hammer.

ENGINE PROPER

Do
Ninord
QY
NN
» O 0%

405407

{-m
bf-f1)
N-m)

405408

405409
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(9) Installing accessory drive

Put O-ring in the groove in the
mounting flange of accessory drive to
which the injection pump drive gear
and guide plate have been installed,
and install the drive to the rear plate.

405410

(10) Installing idler gear

(a) Put the idler gear on its shaft by
aligning its timing marks with” those
on the crankshaft gear, injection
pump gear and camshaft gear. Install
the thrust plate to the gear.

4 12 kef-m

o (87 1bf-11)
(118 N-m])

405411

(b) Tighten the thrust plate mounting.
bolts to the specified torque.

™

(c) After installing the idler gear, make
sure the timing marks of this gear
are properly aligned with those of
the other gears in the train.

Injcction pump
drive gear

{ ’ - Idier gear
t . - -~
) : i—— Crankshaft gear

405412
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(11) Inspecting and adjusting timing gears
after installation.

After installing the timing gears, be
sure to inspect and adjust them as
follows:

(Inspecting timing gear backlash and end
play)

After installing the timing gears,

inspect the backlash between the gears .

in mesh and the end play of each gear.
(Refer to Measuring backlash and
Measuring idler gear end play, 3.2.)

(Inspecting valve timing)

It is not necessary to inspect the valve
timing, provided that all matching
marks on the timing gears are aligned.
Inspect the timing for verification as
follows:

Adjust the clearance of inlet and
exhaust valves of No. 1 cylinder to 2
mm (0.08 in.) by inserting a 2 mm (0.08
in.) feeler gauge into between the
bridge cap top and rocker. Pull out the
2 mm (0.08 in.) feeler gauge, insert a
0.05 mm (0.0020 in.) feeler gauge there,
and slowly turn the crankshaft in
normal direction, trying to find a
position where the 0.05 mm (0.0020 in.)
feeler gauge is firmly gripped (the
valve starts opening) and a position
where that gauge is just ungripped (the
valve starts closing). Check to make
sure that these positions coincide with
the angular positions shown in the
valve timing diagram with 1.95 mm
(0.0768 in.) valve clearance.

ENGINE PROPER

405391

@ inlet valve
opens

@ Intet valve
closes
Exhaust
valve opens

@x@) Exhaust
@ valve

Discction of rotation

3 2
20° 10°
BDC 401087

Valve timing diagram with 1.95 mm
(0.0768 in.) clearance added to valves
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(12) Installing timing gear case and idler
gear shaft collar

(a) Replace the dowel pins if worn, or
if the gear case has been replaced.

(b) Put O-ring in the gooves in the idler
gear shaft and collar. Install the
collar to the shaft through the hole
in the case, and tighten the collar
mounting nut to the specified
torque.

(c) Tighten the gear case mounting
bolts uniformly to the specified
torque.

(13) Installing rear oil seal

To ihstall the rear oil seal, use oil seal
installer (34A91-04020).

(a) Install guide (1) to the rear end of
the crankshaft with insert bolts (2).

(b) Put the oil seal on installer (3), and
put the installer on the shaft
portion of the guide.

(c) Tighten bolt (4) of the installer to
install the oil seal to the gear case.

(d) Loosen socket bolts (5). Remove
swing washer (6) from bolt (4), and
pull off the installer.

(e) Loosen the insert bolts, and remove
the guide from the crankshaft.
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Unit: kef-m (Ibf-t1)
IN-m}
Collar:10 (72) [98)

Timing gear case:
7.6 (55) [75]

405389

Oil seal

_JF'

Crankshaft

405414




(14) Installing flywheel

(a) Install the flywheel, making sure
that the dowel pin enters its _hole
in the flywheel.

(b) Coat the threads of flywheel
mounting bolts with engine oil, and
tighten the bolts to the specified
torque.-

(e¢) Inspect the face and radial runouts
of the flywheel.
(Refer to Flywheel and ring gear,
3.2.)

(15) Installing oil pump and oil strainer

Measure the backlash between
crankshaft gear and oil pump idler
gear. If the backlash is too small,
adjust it by adding shims to the pump
gear mounting face.

Unit: mm (in.)

Item Assembly standard

0.24100.38
(0.0094 10 0.0150)

Bucklash between ¢rankshaft
gear and oil pump gear

(16) Installing oil pan

(a) Fit the packing to the oil pan by
applying sealant (HERDITE) to the
separated portions (4 places).

(b) Tighten the oil pan mounting bolts
uniformly to the specified torque.

ENGINE PROPER

\x.\
Oil scal slinger \\ \1 !
k. o
AN
Crankshaft gear < ez ..Ab Flush
N
)
A TN
™ 0 seal
405415

(398 Ibf-ft)
[539 N-m] (wet)

405388
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'4. CRANKCASE, CRANKSHAFT AND MAIN BEARINGS

N
4.1 Disassembly

Scale deposit, damage, cracks,
clogged oil holes

Scratching, cracks, nicking,
clogged oil holes, wear

Scratching on both sides,
corrosion, loss of overlay

405419

Side bolt ® Thrust plate ® Main bearing (upper shell)
% Bolt ® Crankshaft Thrust plate M
® Main bearing cap @ Oil seal slinger @ Oil spray plug
@ Main bearing (lower shell) Crankshaft gear @ Crankcase
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(1) Turning crankcase upside down

. Using a hoist and shackles, lay the
crankcase on its side. Then, attach
slings to the crankcase, and turn it
upside down.

[Crankcase and crankshaft weight: 400
kg (882 1b), approx.)

402805

(2) Removing main bearing caps > |p ®

(a) Using slide hammer (A) (40691-03100),
remove the main bearing caps.

(b) Remove the thrust plates from the

@#’3‘(—(%

No. 7 bearing cap, being careful ‘ g
not to damage the thrust plates.
D
RS > Q /4/@ Q 405420
(3) Removing crankshaft
(a) Remove the upper halves of
thrust plates while rotating the
crankshaft slowly.
(b) Carefully lift the crankshaft off the !
crankcase, keeping it horizontal.
401095

(4) Removing oil jet nozzles

Do not remove the oil jet nozzles unless \/

their spray holes are clogged or spray
direction is improper.

405421
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4.2 Inspection and repair

402807

Measuring crankpin diameter

Crankshaft

(1) Measuring crankpin and journal dia-
meters

(a) Using a micrometer, measure the
crankpin and journal diameters. If
the diameters are in excess of the
repair limit, grind them to the next
undersize [-0.25 mm (-0.0098 in.),
-0.50 mm (-0.0197 in.), -0.75 mm
(-0.0295 in.) or -1.00 mm (-0.0394
in.)).

(b) Measure the crankpins and journals
to determine the amount of out-
of-roundness and taper. -

(c¢) 1If the -1.00 mm (0.0394 in.) undersize
journals and crankpins are in excess
of the repair limit, replace the
crankshaft.

Unit: mm (in.)
Nominal | Assembly Repair
Item value standard limit
-0.07
Crankpin 90 to -0.09 -0.13
diameter (3.54) (-0.0028 (-0.0051)
to -0.0035)
-0.100
) 130 t0-0.120 | _0.160
Journal diameter (512) (_000394 (-000630)
to -0.00472)
Parallelism

= 0.01

£ | Out-of- N 0.03

5 [ roundness | ((00004). 1 (g.0012)

2 | Taper

e 0

£ | Fillet 6.0_9.1

-’E‘ radius (0'236-8.008)

“ Hardness Hv > 620

(2) Grinding crankshaft

If

114

the

crankshaft

is refinished in
compliance with any grinding dimension
of the undersizes and the bearings are
replaced by the undersize ones, further
job of checking the bearing contact
pattern may be eliminated.

Measuring journal diameter
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Crankshafy refinishing dimensions

‘ Unit: mm (in.)
i inishi i ; Out-of-
Undersize Finishing dimension roundness Taper

0.25 (0.0098) | 89.66 ta 89.68 (3.5299 to0 3.5307)
0.50 (0.0197) | 89.41 10 89.43 (3.5201 to 3.5209)
0.75 (0.0295) | 89.16 10 89.18 (3.5102 t0 3.5110)
1.00 (0.0394) |88.91 to 88.93 (3.5004 t0 3.5012) ( o?dgém. (0968(‘)4).
0.25 (0.0098) |129.63 to 129.65 (5.10353 t0 5.10432) | maximum | maximum
0.50(0.0197) | 129.38 to 129.40 (5.09370 to 5.09448)
0.75 (0.0295) | 129.13 to 129.15 (5.08385 to 5.08464)

1.00 (0.0394) | 128.88 to 128.90 (5.07401 10 5.07480)

Crankpin diameter

Journal diameter

When grinding the crankpins and
journals, be sure to produce the same
fillet radius as the original one. They
should have a hardness of 620 or more
in terms of Vickers Hardness Number. If
necessary, reharden the crankpins and
journals, and inspect them for cracks
by conducting a magnalux (magnetic
particle) test.

The journals and crankpins should be
‘ finished to Q8 after grinding.

er 52700%5(205+0.000%8,

(3) Measuring crankshaft end play -\ Unit: mm (in.)

(a) Install the thrust plates in position,
and secure the bearing cap. Under ]
this condition, measure the end -6 =t
play. If the end play exceeds the
standard clearance, replace the A
thrust plates. —'4

— U

(b) If the end play still exceeds the l 402809
repair limit even after new thrust Measuring thrust bearing journal length
plates have been installed, replace
the plates with the next oversize
ones. There are three oversizes
for the thrust plates; namely, +0.25
mm (+0.0098 in.), +0.50 mm
(+0.0197 in.) and +0.75 mm (+0.0295
in.). Generally, the rear journal is
likely to be worn more rapidly than
the front journal. This means that
replacement of the rear thrust
plates will, in most cases, gain
the purpose.

Measuring crankshaft end play

115




ENGINE PROPER

Unit: mm (in.)

Standard Repair
clearance limit

Py
Crankshaft end play ?6‘_'80;090'39 0.50

100.0154) | (0:0197)

Item

Crankshaft journal grinding dimensions for
oversize thrust plates

Unit: mm (in.)

Oversizes for | Oversizes for
Item journal or journal and Tolerance
thrust plates | thrust plates
+0.25 (+0.0098) §2.25 52.50
oversize (2.057H (2.0669) *3.03
+0.50 (+0.0197) 52.50 5§3.00 9
oversize (2.0669) 2.0866) | (0013
+0.75 (+0.0295) 52.75 53.50
oversize (2.0768) (2.1063) -

(4) Measuring crankshaft runout

Support the crankshaft on its No. 1 and
No. 7 journals in V-blocks, and measure
the runout at the center journal, using a
dial indicator. Depending on the amount
of runout, repair the crankshaft by
grinding or straightening with a press. If
the runout is in excess of the repair
limit, replace the crankshaft.

Unit: mm (in.)

400935
ltem Assembly Repair Measuring crankshaft runout
standard limit
0.04 (0.0016), 0.10

Crankshaft runout maximum (0.0039)

(5) Replacing slingers
- Oil seal l

Replace the slingers if they are pitted, 7

scratched or distorted to such an extent v Slinger

of causing oil leaks. /

A - )
405423
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(Removing the slingers)

. To remove the slingers from the
crankshaft, heat them with a burner.

(Installing new slingers)

(a) Check the part numbers of the front
and rear slingers for discrimination.

ENGINE PROPER

{ A\caution |

Install the front slinger on the front
side of the crankshaft and the rear
slinger on the rear side. A failure
to follow this precaution will result
in oil leaks.

Front slinger
Part No. 34A07-16212

®

Rear slinger
Part No. 34A07-06312

405425

‘ (b) Heat new slingers to over 110°C
(212°F), and drive them onto the
crankshaft.

(c) Drive the rear slinger until it
touches the gear. Position the front
slinger with oil seal slinger installer
(A) (34A91-04100).

(d) If the slinger cannot be installed by
this means, hit its center or
shoulder portion with a copper
hammer.

(6) Replacing crankshaft gear
(Removing the gear)

Using a gear puller, remove the gear
from the crankshaft. ;

(NaTE |
—| NOTE |
Do not remove the gear by driving
. with a hammer.

401107
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(Installing a new gear)

(a) Measure the inside diameter of a
new gear and the outside diameter
of the portion of the crankshaft to
which the gear is to be installed
to make sure that the interference
is 0.101 to 0.161 mm (0.00398 to
0.00634 in.).

(b) Heat the gear up to 100°C to 200°C
(212°F to 392°F) with a heater.

(c) Place the gear on the crankshaft by
aligning the dowel pin with the
notch of the gear, and hit the end
face of the gear with a copper
hammer. -

Main bearings
(1) Inspection

Inspect each bearing shell for abnormal
contact, scratching, corrosion, loss of
overlay and other defects. Also check
for a sign of poor seating in the bore of
the crankcase or bearing cap.

(2) Measuring bearing thickness

Using a ball-point type micrometer,
measure the center of each bearing
shell. If the thickness is in excess of
the service limit on any of the upper
and lower shells, replace the upper and
lower shells as a set.
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Dowel pin and notch
to be aligned

405017

lScratching. corrosion,
4 / oss of overlay
Qf

400204

Inspecting main bearing

40011¢

Measuring bearing thickness
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Unit: mm (in.)

Nomina} Assembly Service
ltem value standard limit
3.482 '
STD 3.500 103.500| 3.450
(0.13780) {(0.13709 (0.13583)
&0 to 0.13780)
E 3.607
o -0.25 3.625 to 3.625 3.575
€ ] (-0.0098) | (0.14272) |(0.14201 |(0.14075)
£ t0 0.14272)
s 3732
L -0.50 3.750 t03.750| 3.700
S | (-0.0197) | (0.14764 ){(0.14693  |(0.14567)
@ 100-14764)
% 3.857
! -0.75 3.875 to 3.875( 3.825
2 | (-0.0295) | (0.15256) |(0.15185 }(0.15059)
z 10 0.15256)
= 3.982
-1.00 4.000 t0o 4.000 |  3.950
(-0.0394) | (0.15748) |(0.15677 (0.15551)
t0 0.15748)
j' NOTE L,
Four undersizes are available for the
main bearings; namely, -0.25 mm
(-0-0098 ino), -0-50 mm ("0-0197 inc)-
-0.75 mm (-0.0295 in.) and -1.00 mm
(-0.0394 in.).

(3) Replacing main bearings

If the thickness
service limit,

bearings as

above,

is In excess of the
either replace the main
or refinish

the

crankshaft and use undersize bearings. If
the crankshaft is refinished in
compliance with any of the undersizes,
eny further job of checking the bearing
contact pattern may be eliminated.
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Crankcase

(1) Measuring warpage of gasket contact
surface

Measure warpage with a straightedge
and a feeler gauge. If the warpage is in
excess of the assembly standard, reface
the gasket contact surface with a
surface grinder.

Unit: mm (in.)

Item Assembly standard | Repair limit
0.07 (0.0028), 0.20
Warpage maximum (0.0079)
Jl NOTE L[

Do not grind the surfaces more than
are necessary for removing warpage
to prevent the piston projection from
exceeding the assembly standard.
(Refer to (4), Pistons, 2.2.)

(2) Measuring main bearing bore diameter

Secure each bearing cap to the
specified torque, and measure the bore
diameter in the criss-cross directions.

Unit: mm (in.)

Item Nominal | Assembly | Service
value standard limit
137.000
Main bearing 137 to 137.025| 137.035
bore diameter (5.39) [(5.39369 (5.39507)
to 5.39467)
J] NOTE L[
For tightening of the main bearing
cap bolts, refer to (4), 4.3.
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Main bearing cap:
56 (408) [549]
Side bolt:

15 (108) {147)

Measuring main bearing bore diameter

8



4.3 Reassembly

Follow the reverse of disassembly
procedure. ‘

(1) Installing main bearings

(a) Put each upper shell of main
bearing in the crankcase by fitting
its locking lip in the groove. The
oil holes in the bearings and
crankcase will be aligned when the
bearings are so installed.

(b) Lightly coat the inside surface of
the shells with engine oil.

(2) Installing crankshaft -

(a) Wash the crankshaft with cleaning
solvent, and blow dry  with
compressed air. After washing the
crankshaft, make sure that the oil
holes are clean and free from dirt
or foreign matter.

(b) Hold the crankshaft in a horizontal
position by using a hoist, and
carefully put it on the crankcase.

(c) Lightly coat the journals  with
engine oil.

(3) Installing thrust plates

Install the thrust plates to No. 7
bearing seat of the crankcase, with the

oil groove side of the plates facing
outside.

ENGINE PROPER

N Groove or
locking lip

—~—

405428

401113

Q
0
C

405429
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(4) Installing main bearing caps

(a)

(b)

(c)

(@

(e)

Put the lowcr shell of the bearing
to each bearing cap.

Install the thrust plates to No. 7
bearing cap with their oil grooves
outside.

The bearing caps have bearing
numbers stamped on them. Install
the caps No. 1 thru No. 7 in that
order from the front side of the
engine.

Coat the threads of bearing cap
bolts with engine oil, and
temporarily install the bolts.”

Using a soft hammer, drive in the
bearing cap evenly.

(5) Installing bearing cap bolts

(a)

(b)

(e)

G

(e)

122

Coat the threads of all cap bolts
and side bolts.

Tighten the cap bolts to the
specified torque.

Tighten the side bolts on the right
(camshaft) side to the specified
torque.

Tighten the side bolts on the left
(oil cooler) side to the specified
torque.

Make sure the crankshaft rotates
smoothly and freely.

405430

Unit: kgf-m (Ibf-f1) [N-m}

Cap bolts
56 (405) [549)
Side bolts

15 (108) [147)

405431
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(6) Measuring crankshaft end play

‘ (a) Tighten No. 1 thru No. 6 bearing
cap bolts to the specified torque,
with No. 7 cap bolts being
temporarily tightened, and measure
the end play.

(b) After tightening the No.7 cap bolts,
make sure that the end play is
correct.

(¢) Again make sure that all cap bolts
are tightened to the specified
torque. )

(7) Installing oil spray plug

Install the plug so that its arrow mark
points in the direction of 45° to the left
of the bottom (as seen from the rear
side of the engine). '
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INLET AND EXHAUST SYSTEMS

1. DESCRIPTION

Exhaust gas

! ; Turbocharger
Air cooler

«— - — —~ Exhaust gas

<———— Inlet

405433

2. PAPER-ELEMENT TYPE AIR CLEANER

Disassembly and inspection

When dust indicator (7) shows
rcd or every 250 hours, clcan clement

Every 1000 hours, replace clement

c— —
Eclerioration. damage —_ ‘ @
o
:: ﬁ 1L
. ——
i /1 > @
| @ 2 /A;
: |
! Distortion, damage ! |
: i g) 4}
® o®@ 400263
@ Air cleaner cap ® Wing nut ® Air cleaner body
@ Wing nut ® Element @ Dust indicator

® Cover
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—{ /A cauTioN }—

When removing the air cleaner for
servicing, be sure to stop the engine
and cover the air inlet port to
prevent dirt from entering - the
engine.

3.

INLET MANIFOLD AND AIR COOLER

3.1 Disassembly

INLET AND EXHAUST SYSTEMS

@_—
405434
@Tgper plug - @ Inlet manifold (® Inlet manifold cover
@ Air duct ® Spacer @ Element, gasket
® Water pipe, packing
127
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3.2 Inspection —
(1) Cleaning air cooler

(a) Remove dirt buildup from the
element by directing pressure air of.
3 to 5 kgf/em2 (43 to 71 psi) [0.3
to 0.5 MPa]l maximum in the
direction opposite to the air flow.
Then, check the element for
corrosion and cracks.

(b) Wash the fresh-water or sea-water
pipes in water and caustic soda or
soda lime, and remove scale
deposits by inserting a 5 mm (0.2
in.) diameter bar into each pipe.

(c) Every 500 hours, replace the zinc
rods if sea water is used in the
cooler.

AAWARNING

When handling caustic soda or soda
lime, be sure to wear rubber gloves
to protect hands. N

(2) Inspecting air cooler for leakage .

Immerse the air cooler in water, and
apply pressure air of 4 kgf/em2 (57 psi)
(0.4 W™MPal] to the coolant side to
check for air leakage.

{ /A cAuTION |-
Fresh-water type air cooler differs
from sea-water type one in 401119
construction and material. With this
kept in mind, carefully handle the air
cooler,
™
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4. EXHAUST MANIFOLD

‘ Disassembly and inspection

INLET AND EXHAUST SYSTEMS

Plracks, damage, dislonioﬂ

405435

@ oil pipe

@ Drain pipe
@) Insulator

@ Exhaust pipe
(® Turbocharger

® Coupling

@ Exhaust manifold
(8) Flexible joint

® Gasket

(a)

(b)

{(waTE |
{ NOTE |—
Place each gasket with "TOP"
mark on the exhaust manifold
side.

If any of the gaskets has to be
replaced, replace all gaskets.
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5. AIR HEATER (HEATER RELAY)

Inspection

(1) Using an ammeter or a test lamp,
check to make sure that the current
flows to the heater when the starter
switch is turned to HEAT position
and that the current is cutoff when
the switch is turned to ON or OFF
position.

(2) Check to make sure that the indicator
takes 40 to 60 seconds to glow red
after the starter switch is turned to
HEAT position. If the indicator glows
red too early, or it fails to glow red,
check the indicator and air “heater
for short or open circuit. The ohmic
values of the air heater circuit
components are as shown below:

Unit: Ohm
Item Assembly standard
Indicator 12.2
Resistance
Air heater 0.134 + 10%

(3) Apply a test voltage (16 volts)
between the terminals A and E of
heater relay and check for continuity
between the terminals B and C.
Replace the relay if there is no
continuity.

.
_{ A\cauTioN }

Do not apply the test voltage to the
relay for more than 60 seconds.

P s g

FEEE

402829
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LUBRICATION SYSTEM

1. DESCRIPTION

Oil cooler Turbocharger Valve mechanism Camshaft

Fan drive

Fuel injection
pump drive shaft

Fuel injection
pump

l_’ L
Water pump ' -
‘u ‘ o

‘E{_II [ A

Oil spray plug

Timing gear

Relief valve I Oil jet
Oil bypass alarm ——
// / Crankshaft
Bypass oil filter
QOil pump
Full-flow oil filters Oil strainer Oil cooler bypass valve Oil pump safety valve

405436

132




LUBRICATION SYSTEM

2. OIL PUMP, OIL STAINER AND SAFETY VALVE

. 2.1 Disassembly

@

>

Wear, scratching‘ @

405437

® Oil strainer @ Oil pump cover @ Oil pump gear
@ Safety valve ® Driven gear assembly Oil pump case
® 0il pump idler gear ® Drive gear assembly




LUBRICATION SYSTEM

2.2 Inspection

(1) Measuring backlash between oil pump
drive gear and driven gear

If the backlash is in excess of the

service limit, replace the gears. ‘
Unit: mm (in.)

Ite Standard Service
m clearance limit

Backlash between oil | 0.11 t0 0.24

pump drive gear and (0.0043

idler gear to 0.0094) 0.40

Backlash between oil 0.10t00.20 (0.016)

pump drive gear and (0.0039

driven gear to 0.0079)

(2) Measuring pump gear radial clearance

Using a feeler gauge, measure the radial
clearance. If the clearance is in excess
of the repair limit, replace the gears or
case whichever is badly worn.

Unit: mm (in.)

Item Nominal | Standard Repair
value clearance limit
0.120
Pump gear 60 to 0.233 0.30
radial clearance | (2.36) [(0.00472 | (0.0118)
t0 0.00917)

(3) Measuring pump gear end clearance

Using a dial indicator, measure the end
clearance. If the clearance is in excess
of the repair limit, replace the gears or
case whichever is badly worn.

Unit: mm (in.)

Ite Nominal | Standard Repair
m P!
value clearance limit
0.060
Pump gear end 71 to 0.134 0.20
clearance (2.80) }(0.00236 (0.0079) -
to 0.00528) Measuring pump gear end clearance

Unit: mm (in.)

(4) Measuring drive and driven gear shaft

diameter and bushing inside diameter Item Nominal | Assembly | Service
value standard limit

(a) Check the teeth of the gears and 24.947
replace the gears if the teeth are . 10 24.960( 24.900
defective. Shaft diameter (098216 | (0.98031)

) ] ~s  |100.98268)

(b) Measure the diameter of the drive 0.98) | 25.000 /
and driven gear shafts and the Bushing inside t025.021| 25.100
inside diameter of their bushings. diameter (0.98425 (0.98819)
Replace the gears and bushings if t0 0.98508)

the shafts and bushings are in

excess of the service limit.
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(5) Measuring idler gear shaft diameter
and bushing inside diameter

Measure the diameter of the idler gear
shaft and the inside diameter of the
bushing to determine the clearance. If
the clearance is in excess of the service
limit, replace the bushing.

Unit: mm (in.)

It Nominal | Assembly | Service
em value standard limit
24.947 24910
. to 24.960 .
Shaft diameter (098216 | (0.98071)
25 to 0.98268)
(0.98) | 25.000 :
Bushing inside to 25.021( 25.100
diameter (098425 |(0.98819)
to 0.98508) ‘

(6) Inspecting safety valve

Replace the valve spring if it is
fatigued, worn or broken. 1

Unit: kgf/cm? (psi) [MPa)

Assembly Service
ltem standard limit
Safety valve (]ég f 14)
setting [1320.1)
Length under
66.8
test force,
gw mm (in.) (2.630) ‘
) 6 (74 30 (66
Test force '?33()% ) 199(4] )

(7) Adjusting backlash between oil pump
idler gear and crankshaft gear

After installing the oil pump to the
crankcase, measure the backlash. If the
backlash is in excess of the assembly
standard, shim adjust it. 4

Unit: mm (in.)

Item Assembly stanuard

Backlash between oil
pump idler gear and
crankshaf: gear

0.24 10 0.38
(0.0094 t0 0.0150)

R .S

LUBRICATION SYSTEM

Shim

405416
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LUBRICATION SYSTEM

2.3 Reassembly

'

6 to 8 (43 to 58) (59 to 78]

Apply sealant (LOCTITE 262)
to flange nut and shaft threads

ANNNNNNN

Unit: kgf-m (Ibf-f1) (N-m]

!
i
® z
|
i
|

-4 | Shrinkage fit

temperature:
180°C to 220°C

Vs NN

2.72104.08
(20 10 30)
[27 to 40)

Qil: Thermrex S5

j (356°F 10 428°F)

(Mobil) or

equivalent
Heating time:
5 minutes,
approx.

™

405440

Reassembly sequence

@—-®—0G—
@-@-0
@—-a
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(NOTE }

(a)

(b)

(c)

==

Apply engine oil to the parts
during reassembly.

When replacing the pump bushings,
press new bushings into position
until they are recessed by 1 mm
(0.04 in.) from the end face of
the case or cover, and ream it
to finish its inside diameter to
25HS7+3-°21 mm (0.98H7 *§:90083 in,)

1.6
WV °

When replacing the idler gear
bushing, press a new bushing into
position until it is recessed by
1 mm (0.04 in.), and ream it
to finish its inside diameter to

2017 0021 mm (0.79H7 390083 n.)

LUBRICATION SYSTEM

Unit: mm (in.) 7 !

, »/,'. e
g——d
405441

Installing oil pump cover bushing

Unit: mm (in.)

1 (0.04)
Ends of I
bushing
1 (0.04)
L7
)

Installing oil pump cover bushing

—— 1 mm (0.04 in.)

405443
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LUBRICATION SYSTEM

3. RELIEF VALVE

3.1 Disassembly

- e oy = o =

O

[

H—— |

/

Pressure adjusting shims

® -
®
Plug, O-ring @ Relief valve
Spring ® Case
® Sleeve

3.2 Inspection

Measuring relief valve setting

(a) Warm up the engine until the oil
temperature rises to 70°C to 90°C
(158°F to 194°F).

(b) Measure the setting at idle speed
and at maximum speed.

(e¢) If the setting is below the assembly
standard, insert washer(s) into
between the spring and plug. 2 mm
(0.08 in.) thickness of the washer
will vary the setting by 0.4
kgf/em2 (5.7 psi) [0.04 MPal

Unit: kgf/em? (psi) [MPa]

© Item Assembly standard
5905
Relief valve setting (84x7)
[0.6 £0.05]
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4.

4.1 Disassembly

OIL COOLER

S ...

LUBRICATION SYSTEM

405445

Replace packings and O-rings with
new ones at reassembly.

( Al
| /A\ CAUTION |

4.2 Inspection

(a) Test the element by applying. an air

(b)

pressure of 15 kgf/em?2 (213 psi)
[1.5 MPa), and replace 'it if
leakage occurs. ;

Test the bypass valve for opening
pressure, and replace it if the
pressure exceeds the assembly
standard.

Unit: kgffcm? (psi) [MPa])

ltem Assembly standard

Bypass valve setting
(differential pressure)

4.5 (64) [0.4)
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LUBRICATION SYSTEM

S

5. OIL FILTERS

5.1 Disassembly
(Cartridge paper-element type)

Clogging, cracks
Replace every 250 hours

405446

Oil filter ® Oil filter alarm
Bypass oil filter @ Oil filter cover
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LUBRICATION SYSTEM

(Selector paper-element type)

| : Clogging. cracks
Replace every 250 hours
| :
g (3

Clogging, cracks
Replace every 250 hours @

. 405447
‘ @ Spin-on filter assembly @ Straight pin @ Cock
@ Bolt - (® Cover, gasket ® Oil filter alarm
® Cover - (® O-ring (9 Oil filter cover

141




LUBRICATION SYSTEM

5.2 Inspection

(1) When replacing the paper element,
investigate g sampling about 500
em3 (30.5 ind.) of the oil. If any
metallic particles or other foreign
matter is found, unfold the pleats of
the removed element and check for
color and shape of metallic particles
trapped in the pleats to locate the
cause.

401130

(2) Inspecting oil filter alarm switch

(a) Using a tester, test the alarm
switeh for insulation and continuity.
Disassemble and repair the alarm if
defective with respect to insulation
or continuity. Replace the alarm
if the bakelite and rubber
insulators are deteriorated or
damaged.

400219

(b) If the setting for opening bypass
valve is in excess of the assembly
standard, adjust the switch by
inserting shim(s). 1 mm (0.04 in.)
thickness of the shim will vary the
setting by 0.07 kgf/em2 (1.0 psi)
[0.007 MPal

Unit: kgf/fcm? (psi) [MPa]
Item Assembly standard

+0.3
15%

Alarm switch closing 21.3 +4.3 )
pressure (2137
[0.1 '0'0.03 ]

pressure

Bypass valve opening (35. g
[0.2

1+ 4+ i+
'OL)O
[=X- -]
9~
—
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COOLING SYSTEM

_COOLING SYSTEM WITH RADIATOR

....................................... 144
.COOLING SYSTEM WITH A REMOTE WATER SUPPLY ... ... ................... 144
(1) Parallel type using raw water and fresh water (PTK) ......... ... ... ... ... .... 144
(2) Series type using fresh water (PTK) . ... ... .. i i 145
.WATER PUMP ... ............ e e e e 146
3 DISaSSEMDIY L et e e 146
3.2 Inspection ............... ettt 147
3.3 Reassembly ..ot e e e e e e e e e 148
.THERMOSTAT ............... e 149
4.1 Disassembly ........... ... e e 149
T S § ¢ T4 o T-To3 § Lo« 149
. RADIATOR e 150
83 01T of 4 Lo+ WO 150
_FANDRIVE ................ S 15
Disassembly ................. e 151




COOLING SYSTEM

1. COOLING SYSTEM WITH RADIATOR ._ N
Cooling fan Thermostat Aftercooler
=2\ D |
o W Wi W e Wi ¥ r“j
LY AT ATy '
( 4L T U S S [ I.f"
R P \ ¥ acimmininns ¥ M s o 'L
[had RN AR
il
- ()
MEIET T
\\_] t
Llfr]. N ’
U —=1J - e
Radiator Water pump Qil cooler 405448

2. COOLING SYSTEM WITH A REMOTE WATER SUPPLY

(1

Parallel type using raw water and fresh water (PTK)

Intercooler
/

—_——

- "'J-——
W et W et S et W i O i Wi
1y ?,A (T -
[ —wJ L—-—l L-_J l.-_J b w=d \-1 .
=3 by ,- ------ - r pm————- '1' r-: H L
AT s Sk
‘o Sl ble
t .
q .
» n
—) i
Fresh water = (. .- - - J

<= Raw water
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COOLING SYSTEM

(2) Series type using fresh water (?TK)

Intercooler

/
s

' Mrrre—
- . — resh water

\ [ iion\ :"ﬁ f""ﬂ f'"‘lf'"ﬂ L:]"
A
et b b bmnd Lol g

S i S

e

405450
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COOLING SYSTEM

3. WATER PUMP

3.1 Disassembly &
IRotation
Corrosion, feathering due to
metal-to-metal contact
-
® ‘I Worn or ’/_\
( @ deteriorated lip
@ X ©
@ 405451
(D Water pump cover, gasket ® Impeller ® Spacer
@ Nut, pulley assembly ® Unit seal Ball bearing
® 0il seal @ Shaft @ Oil seal
@ Snap ring Ball bearing (2 Water pump case assembly

On-engine inspection

Touch the drain port located at the
bottom of the pump with the finger. If
the port is oozing water, check the
unit seal for condition. If it is oozing
oil, the oil seal would be defective.

A

EJ(\\ - v‘ \

S

3,
N

o (s)
Q

~

wsas:JL\
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3.2 Inspection

Measure the

inside diameter of . pump

case bearing bore and the diameter of
shaft bearing journal. Replace the case,
shaft or bearing whichever is badly

worn.
Unit: mm (in.)
Nominal Assembiy Service
liem value standard limit
51.9881052.018 52,025
Lamp e 52(205) | (2104677 102.04795) | (2.04822)
inside diameter 62 (2.44) 61.9881062.018 62.025
2. (244047 102.44165) | (2.44192)
51.983 to 52.004
outside | 22 30 | (2.04657 10 2.04740)
. diameter 61. .
serngs| 7 [2 o | LB B
Tnside 7498710 25.003 |
diameter | 2 (0-98) | (0.98374 100.98437)
Pump shaft " '
p sh 25.002 1025015 | 24595
1 25 (0.
bearing journa (0-98) | (0:98433 10 0.98484) | (0.98405)

COOLING SYSTEM
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COOLING SYSTEM

3.3 Reassembly

144 to

®@ @ @® @ @

Port side down

{
17.6 kgf-m |

(104 to 127 Ibf-ft)

(141 to 173 N-m] /

/ ,.
/ ]
/ / \
° ®

®

Flush

Apply sealant (Three Bond 1102)
to threads of the bolts

Apply engine oil
10 oil seal lip

Apply engine oil to bearings
when installing them

405453

Reassembly sequence

@O @O-F~O—~@~O—0
D-~@-~@—~C—
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COOLING SYSTEM

4. THERMOSTAT

‘ 4.1 Disassembly

©0000
00000
00 000
o000

’_1?— r 1T
' l I Temperature at which
Temperature at which | P

3 valve starts opening:
valve starts opening:

71°C (160°F) | é 65°C 149°F)
‘ é p Y T N
401139
(@ Case cover - (® Thermostat
‘ @ Packing @ Thermostat case
4.2 Inspection
Put each thermostat in a glass jar filled
with water, and test it for thermostatic
action by heating the jar to raise the
water temperature. In the test, measure
the temperature at which the valve
starts opening and that at which the
valve lift is more than 10 mm (0.39 in.).
If these measurements are out of the
assembly standard, replace the
thermostat. ‘ 400213
Unit: °C (°F)
Assembly standard
Item .
, A B
| Temperature at 65 %2 7122
wihiich vajve starts
opening (149 = 3.6) (16p *£3.6)
Temperature at ‘
which valve lift 80+2 85+2
reaches 10 mm (176 £ 3.6) (185 £3.6)
‘ (0.39 ir). minimum ‘
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COOLING SYSTEM

(a) Stir the water in the jar with a

(b) Be sure to place each thermostat

{/A\caution |

stick to maintain its temperature
uniform during test.

in correct position by
ascertaining the valve opening
temperature stamped on its
mounting flange at reassembly.

5.

RADIATOR

Inspection

—

Valve lift, mm (in

10
(0.39)

-

6522 7122 80 85
(149 £3.6) (160 £3.6) (176) (185)
Tempenature, °C (°F)

401140

Thermostat performance curve

PSS INSEISSS,

1l

Trash buildup on fins, scale
buildup in cores, rusting

405697

(1)

(2)

150

Check the radiator fins for trash
buildup. Also check the core interior
for scale buildup and rusting. Clean
the radiator if necessary.

Check the rubber hoses and clamps,
and replace defective parts if any.




S .

COOLING SYSTEM

6. FAN DRIVE

‘ Disassembly

(Pressure-lubricated type)

©

ot 7

= INENE

30 kgf-m
(217 1bf-ft)
[294 N-m}

Breakage, distorliorﬂ

405454
@ Fan ® Bolt, spring washer, plain washer () Snap ring

@ Spacer Belt Key

Flexible pipe (8 Cap nut, O-ring i Shaft

(@) Flexible pipe (@ Pulley, sleeve Bearing, spacer, bearing
® Adjusting bolt, nut (@ Oil seal @ Bracket

— A\ cauTion

If any one of the fan blades is
broken, the fan vibrates excessively,
making the opposite blade fragile.
With this kept in mind, carefully
check each blade for cracks and
distortion. ‘
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1. DESCRIPTION 154
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FUEL SYSTEM

1. DESCRIPTION

Fuel leak-off pipe

/A Fuel injection nozzle
— %

5 ﬁﬁé[%p

L

Fuel return pipe -

\
o
—

T
&_ﬁi\

Fuel feed pump -

=) t
k‘ Front fuel tank " Y

To fuel tank Fuel fiter

405455
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2. FUEL FILTERS

2.1 Disassembly and inspection

FUEL SYSTEM

| Replace every 1000 hours |

405052

@ Fuel filter

@ Filter bracket

155



FUEL SYSTEM

2.2 Reassembly

N
Air vent plug
@— Ei
o— |
‘ 405053
Reassembly sequence

@-0 : -

When installing the cartridge, clean its
mounting seat, and coat its gasket with
clean fuel oil. After bringing the gasket
into contact with the sealing surface of
the bracket, hand-tighten the cartridge
1/2 to 3/4 turn.

{7 1
/A CAUTION }

After installing the fuel filter on the
engine, start the engine, and make
*sure that the filter is free from fuel
leakage.
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FUEL SYSTEM

|
|
’ 3. FUEL FILTERS (SELECTOR TYPE)

‘ 3.1 Disassembly and inspection

\J (Repbce every 1000 houst

404611

Element @ O-ring ® Cock
Bolt (® Pin @ Fuel filter bracket
‘ ® Cover

157




FUEL SYSTEM

3.2 Reassembly

Air vent plug

0.8 to0 1.0 kgf-m
(6to7IbfA) A—
{8 to 10 N-m) “[ N Apply fuel oil.

® O O O O ) o
® @ @3¢
] / | \

JL@

’
A

SERE

arhast

[

Section A-A

~—

404385

Reassembly sequence

Q-@~-0—-®—-Q—0—-0

When installing the cartridge, clean its
mounting seat, and coat its gasket with
clean fuel oil. After bringing the gasket
into contact with the sealing surface of
the bracket, hand-tighten the cartridge
1/2 to 3/4 turn.

{ A\ cAuTION |—

After installing the fuel filter on the
engine, start the engine, and make
sure that the filter is free from fuel
leakage.
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FUEL SYSTEM

4. FUEL INJECTION NOZZLES

‘ 4.1 Disassembly

® {
—Q@
® ®
®
| N
@ . L//
Carbon deposits,
clogged spray hole
®
. 405456
@ Inlet connector, gasket ‘ ‘ ® Pushrod
@ Cap nut, gasket, hollow scréw ® Retaining nut
® Adjusting screw @ Nozzle tip

@ Nozzle spring ! ® Nozzle holder

4.2 Inspection and adjustment
(1) Injection pressure

(a) Install the nozzle on the tester.
Operate the handle of the tester
at a rate of about 1 stroke per
second to observe the pressure at
whieh fuel injection begins. If the

pressure is out of the assembly
standard, adjust it. .

Unit: kgf/cm? (psii [MPa

300518 |
Assembly Adjusting
ftem standard limit
Injection pressure 250 250 to 255 AWARN!NG
(valve opening (3555) (3555 10 3626) Never attempt to touch the spra
y
pressure) [24.5] [24.5 1025.0] hole of injection nozzle during

injection pressure testing.
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FUEL SYSTEM

(b) To adjust the injection pressure,
remove cap nut (1) from the nozzle
holder, and turn adjusting screw (2)
in either direction with a
screwdriver.

(c) After completing the adjustment,
tighten the cap nut to the
specified torque.

(d) Recheck the injection pressure,
making sure that it is correct.

(2) Spray pattern

(a) At the time of testing the injection
pressure, inspect each nozzle for
clogged spray hole and fuel leaks
from the hole. Also, examine spray
pattern. If the nozzle is faulty,
wash or replace the nozzle tip.

(b) When tested on the nozzle tester,
the nozzle should spray fuel from
its eight orifices at the same time
in a good straight cone of 158°,
consisting of finely atomized fuel
particles without any large
droplets, and should terminate with
no dribble at the tip.

(3) Washing or replacing nozzle tip

(a) The nozzle tip is spring loaded.
Remove the cap nut and, with a
screwdriver, loosen the adjusting
screw to such an extent that it
can be loosened by hand.

(b) Loosen retaining nut (1), remove the
nozzle tip and wash the needle
valve and body.

—{ A\ CAUTION |—

When pulling out the nozzle tip, be
careful not to damage its tip (A).

160

4 to 5 kgf-m
) 29 10 36 Ibr-f)
<3 (391049 N-m]

Increase
Decrease injection
injection CD pressure ) L%,
pressure

401149

s R
Good Large-angle After- Intermittent  Whirling
spray spray dribble spray spray
404932
Possible spray patterns 7N
401150!

i
300123

e e




Wash the nozzle tip in clean
kerosene. After washing, assemble
the needle valve and body in clean
diesel fuel. ‘

(c)

< /A cauTioN |—

The needle valve and body are finely
finished. Do not change  the
combination or set of the valve and
body. i

(d) Tighten the retaining nut to the

specified torque.
(e) If the spray pattern is still bad
after the nozzle has been adjusted
and cleaned, replace the 'nozzle

tip.

4.3 Reassembly

FUEL SYSTEM

{NOTE |-

— =J

New nozzle tips are coated with
vaseline for preservation. Be sure to
wash them two times, first -in
kerosene and then in diesel fuel to be
used, before assembling them.

1.75
(13
(17
6.5 0.5 kgf-m
(47 £3.6 Ibf-f1)
[64 £5 N-m)
405457
» (uaTe |
Reassembly sequence —{ NOTE |

@-0-C—-0—-@—-0—@-0

When installing the nozzle tip to the
nozzle holder, make sure that the
locating pin of the tip enters the
hole in the holder.
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FUEL SYSTEM

S.

HYDRAULIC GOVERNOR DRIVE

5.1 Disassembly and inspection

I Rotation

)

l 3

162

=

i 10

Q‘\

405458

@ PSG governor | Drive gear

(@ Bearing case : (® Ball bearing

(® Drive gear, ball bearing, snap ring Ball bearing

@ Shim ~ @ Oil seal

(® Injection pump drive gear (2 Ball bearing

® Thrust plate @® Drive case

(@ Drive shaft




5.2 Reassembly

FUEL SYSTEM

!
' X !
’ = &
0 —
8 - @
® 7L @
\ e
//
s '/‘
oA
\
—:@: /‘,/'.'
@)/ &/; )
o | y @ 9 © @
voe ® d 405459
Reassembly seguence
@0-@—®-4a
@—‘-*@—*@-r@*@
o-9—-@—0—
(1) Installing rubber ‘
After pressing the drive gear onto the
drive shaft, install pin and rubber.
405460
(2) Installing drive gear . \ ﬂz
Press the drive gear assembly into the ==
drive case. ! .
niaemonitl T ‘
e e
[ s SN
e 405461
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FUEL SYSTEM

6. HYDRAULIC GOVERNOR LINKAGE

Inspection

Rotation

l Rattle, wear

R:mle wear

o

405698

Replace the ball joints if they rattle
excessively or are badly worn. When
installing new ball joints, adjust them
to the dimensions shown and, after
adjusting the governor, seal the joints.

Unit: mm (in.)

98 (3.86)

405698
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7. ELECTRIC GOVERNOR LINKAGE

Inspection

FUEL SYSTEM

‘ Rattle, wear I

405700

Replace the ball joints if they rattle
excessively or are badly worn. When
installing new ball joints, adjust them to
the dimensions shown and, after adjusting
the governor, seal the joints.

Unit: mm (in.)

405701
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' ELECTRICAL SYSTEM

9

LDESCRIPTION ..o\t o e

CSTARTE R e e e
2.1 DISasSemMIblY e e e e e
2.2 Inspection and FePair . ... ... ... e e e
2.3 Reassembly .. ... e

3. ALTERNATOR .............. PRI '
3.1 Disassembly.............. JE

3.2 Inspection and repair ...... J
3.3 ReasSEMBIY L .. i e e e e e e




ELECTRICAL SYSTEM

1. DESCRIPTION

Alternator

2mm?
Ammeter Pilot lamp
i) -
Fuse box Smm
See? (40A,154)
Safety relay Filter alarm
Safety relay (for starter chattering)
°
2mm’

°

- -
P o
== \ -

2wert 2ref

\ 2mer
Smen?
Starter

Body ground

Smm?

Thermo-switch for
waler temperature

rise
Batteries Stop solenoid
N200 x 2 units

Smem’
Pressure switch for
oil pressure drop

Terminal block

300532 | ’

Wiring diagram
168

Starter switch )



2. STARTER

' 2.1 Disassembly

Surface roughness, burning,
abnormal wear, worn or

damaged gear

Worn or damaged gear,
bearing rotation

/ Worn or
damaged gear

ELECTRICAL SYSTEM

Brush dust buildup,
abnorma!l wear, brush
movement in holder

Worn or
damaged gear

405702

&N

[T 300 - JEs =2 2% B

Connect bar

Engage switch assembly, plate,
engage switch set bolt

Moving core ‘

Pinion case set bolts

Pinion stopper

Hook, clip f

Pinion clutch assembly

Lock plate, bolt

Center bracket, lever assembly

10
11
12
13
14
15
16
17
18

Shim, washer

Shaft

Shim, washer

Band assembly

Brush, set screw

Bolts, gear case

Armature assembly

Rear bracket, brush holder
Yoke assembly

169



ELECTRICAL SYSTEM

(1) Removing engage switch

(a) Remove the nuts from the M
terminals of the engage switch and
motor section.

(b) Remove the connect bar.

(c) Remove the engage switch set bolts.

(d) Pull out the engage switch in the
direction of arrow (A).

(e) Remove the moving core by moving

it in directions (1) and (2) of (A) in
that order.

(2) Removing pinion cluteh

(a) Remove the pinion case set bolt.
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(b)

{c)

(d)

(e)

(H

Remove the pinion case.

Press a pin into the hole (or groove)
of the stopper as shown in (A) and
remove the clip as shown in (B).

Push the stopper toward the pinion
side and remove the hooks (2 pes)
from the shaft.

Push up the lever and remove the
pinion clutch.

Straighten the lock plate and remove
the lever set bolt.
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. ELECTRICAL SYSTEM

(3) Removing shaft

(a) Remove the center bracket.

(b) Remove the shim and washer from
the shaft.

(ote) -
1 NOTE r

Be careful hot to lose the shim and
washer.

(¢) Remove the shaft.

(d) Remove the shim and washer.

(4) Disassembling motor section
(a) Remove the band assembly.
(b) Remove the brush set screws (4 pcs).

(e¢) Lift the brush spring and remove the
brush.
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'(d) Remove the bolts,

R
o |
|
|
|
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(e) Separate the gear case from the
armature.
Yoke & field
405292
‘ (f) Separate the rear bracket from the
yoke assembly. |
405293
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ELECTRICAL SYSTEM

2.2 Inspection and repair

(1) Armature

Hacksaw blade

(a) Testing armature coil for short
circuits

Test the armature for short circuits
on a growler. If the hacksaw blade
vibrates against the core, replace
the armature.

(b) Testing insulation resistance

405294
Testing armature for short circuits

Using a megger, test the insulation
resistance between the core and
coil. The resistance should be more
than 1 MQ. -

(e¢) Measuring commutator runout

Support the commutator in V-blocks,
and measure the runout with a dial
indicator. If the runout is in excess
of the service limit, replace the

armature.
' Unit: mm (in.)
Assembly Service
Item standard limit
Commutator 0.05 0.10
runout (0.0020) (0.0039) 1

Measuring commutator runout

(d) Measuring commutator diameter

If the commutator is out of round,
or worn, or if it has high mica, turn
it in a lathe. After turning, measure
the commutator diameter.

Unit: mm (in.)

Nominal Service
fem value limit
Commutator
diameter 40 (1.57) 38 (1.50)
&
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(2)
(a)

(b)

(3)

Field coil
Testing continuity

Using a tester, check for continuity
between the series coil terminal and
body. If there is no continuity,
replace the field coil.

Measuring insulation resistance

Using a megger, measure the
insulation resistance between the
coil terminal and body. To test,
remove the ground screw and keep
the terminal and body free. The
insulation resistance should be more
than 1 MQ.

Shaft

Using & dial indicator, measure the
runout of the shaft at its center.

Unit: mm (in.)

Assembly Service
Item standard limit
0.05 0.10
Shaft runout (0.0020) (0.0039)

(4)

Bearings

Using a micrometer, measure the inside
diameter of the bearings.

Unit: mm (in.)

ltem Nominal Se.rvi'ce
value limit
Front bearing 19 (0.75) 19.2 (0.756)
Center bearing 28 (1.10) 28.2(1.110)

ELECTRICAL SYSTEM
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ELECTRICAL SYSTEM

(5) Brushes and brush holders
(a) Testing insulation resistance

Using a megger, measure the
insulation resistance between the
positive (+) side holder (insulated)
and bracket. The insulation
resistance should be more than 1
MQ.

(b) Measuring brush spring tension

Using a spring gauge, measure the
tension of each brush spring.
Replace the spring if the tension is
in excess of the service limit.

Unit: kgf (ll-)f) IN}

Item Nominal Service
value limit
Brush spring 14 (3.1) 1.0(2.2
tension (13.7) [9.8]

(¢) Measuring brush height

Replace the brush if the height is
in excess of the service limit.

Unit: mm (in.)

Assembly Service
ltem standard limit
Brush height 20 (0.79) 14 (0.55)

(6) Overrunning clutch

The clutch is in good condition if it
rotates freely in the direction of arrow
when turned by hand. The cluteh slipping
torque should be 6 to 8 kgf-em (0.4 to
0.6 1bf-ft) [0.6 to 0.8 N-m}.

Check the pinion teeth for wear or
damage. Replace the pinion if damaged.
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2.3 Reassembly

ELECTRICAL SYSTEM

165 10 225 kgf-cm

(12 to 16 Ibf-f1)
165 to 225 kef-cm [16 10 22 N-m]

(12 to0 16 bl ft)
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Apply grease

Apply oil
Thrust gap: 0.1 t0 0.3 mm
(0.004 10 0.012 in.)

405302

Reassembly sequence

@-0-E-0-3-G--0~0-0-0~-0—e—-0—-0-0—-0—-0

Suggestions
(1) Installing pinion case

First tighten the pinion case set bolt
(through bolt securing the pinion case to
the rear bracket). This will facilitate
reassembling work.

Pinion case

.\
‘\ Center bracket

405283
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ELECTRICAL SYSTEM

(2) Installing brushes

When tightening the set screw of the
brushes, cross the lead-in wires,

Inspection after reassembly
Measuring and adjusting pinion gap _

Energize the engage switch to cause the
pinion to be shifted. Under this
condition, measure the clearance
between the pinion and pinion case, or
the clearance between the pinion and
pinion stopper.

(a) Put switch (S1) in the circuit
between the C terminal of the
switch and battery. Put switeh (S2)
in the circuit between the M
terminals of the switch and motor.

(b) Close switch (S1) and switeh (S2) in
that order.

(¢) After the pinion has shifted, open
switeh (S2).

(d) Push the pinion back lightly.

(e) Under this condition, measure the

gap.
Unit: mm (in.)
Item Assembly standard
Pinion gap 1 to 2 (0.04 t0 0.08)

To adjust the gap, put or remove the
adjusting plate from the switeh.
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ELECTRICAL SYSTEM

3. ALTERNATOR

‘ 3.1 Disassembly

®

*3)

Rotation

Dirty or burned slip ring
contact surface, worn oil seal
contact surface of shaft

} 405703
(@ Nut, washer ® Stator Regulator assembly
@ Pulley assembly (6 Bracket assembly ® Rectifier assembly
® Bracket assembly (D Terminal set Nut set

@ Rotor assembly

{LScavmon }-
When undoing the soldered

connections of lead wires extending
from the stator coil, using a
soldering iron, make it quiekly by
gripping the wires with a needle-nose
pliers to prevent heating the diode
rectifier.
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ELECTRICAL SYSTEM

3.2 Inspection and repair

(1) Stator

(a)

Testing stator coil for open circuits

If there is no continuity among
four lead wires, replace the stator.

(b) Testing stator coil for grounding

If there is continuity between the
coil and core, replace the stator.

(2) Rotor

(a)

(b)

(c)

Testing rotor coil for open circuits

If there is no continuity between
the slip rings, replace the rotor.

Testing rotor coil for grounding

If there is continuity between the
slip rings and shaft (or core),
replace the rotor.

Measuring slip ring outside
diameter

Using a calipers, measure the
outside diameter of each slip ring.
If the diameter exceeds the Service
limit, replace the slip ring.

Unit: mm (in.)

Item Nominal Sgrvjce
value llmﬂ

Slip ring outside 41 40.4
diameter (1.61) (1.59)
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(3) Brushes and brush springs

(a) Wear of brushes

Unit: mm (in.)

ELECTRICAL SYSTEM

Pl

1
Unit: mm tin.) I

Wear limit line

Assembly Service
ftem standard limit
; 23 8
Brush height (091) (0.31)

(b) Brush spring tension
Unit: kgf (Ibf) [N]

Assembi Service
ltem standar limit
5 _ 0.32100.44 0.20
rush spring (0.7t01.0) 0.4)
tension (3 to 4} (2]
(4) Diodes

(a) Main diode

If there is continuity between the
lead-in wire of diode and the heat
sink in both direction (in case of

infinity), or if there is no
. continuity, replace the rectifier
assembly.

(b) Auxiliary diode

If there is continuity between the
lead-in wires of the diode (in case
of infinity), or if there is no
continuity, replace the heat sink
assembly.

L 230081
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i
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ELECTRICAL SYSTEM

3.3 Reassemby

13.5 to 16.5 kgf-m
(98 10 119 Ibf-ft)
(132 t0 162 N-m]

™

@ Terminal set
(0 Nut set

) W . S

2

403389

Reassembly sequence

(1) Installing spring

When putting spring in the groove of the
rear bearing, position its buldged portion
at the deepest part of the groove.

(2) Holding brush for installing rotor

Push the brush into the holder, and hold
it there, using a piece of wire as shown.
Then, install the rotor. Be sure to
rer.ove the wire after installing the
rotor.

(3) Tightening pulley nut

Tighten the pulley nut to 13.5 to 16.5
kgf'm (98 to 119 Ibf-ft) [132 to 162
N-ml.
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AIR START SYSTEM

1. DESCRIPTION
N
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2. AIR MOTOR

. ‘2.1 Disassembly and reassembly

AIR START SYSTEM

ring from the rotor.

Do not remove the rotor adjusting

for

Reassembling sequence

&

or
parts

Wash and inspect the air motor parts
wear
defective

damage. Replace the
if any. The cluteh

assembly and pinion assembly should be
replaced as an assembly.
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® Bolt ® Gear case, needle roller (8 Cylinder upper cover
@ Pinion case bearing @ Ball bearing
® Cluteh assembly Snap ring @® Rotor adjusting ring
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AIR START SYSTEM

3. AIR FILTER

Inspection

Wash element in diesel

fuel every S00 hours

'
e Drain water every S0 hoursJ
400304

4. OILER
Inspection

Qil filler

Check oil level every 10 hours or daily
Use turbine oil #90 to #140

400305
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5. AIR TANK

‘ Inspection

AIR START SYSTEM

Check safety valve for C,
operation every 250 hours

Relief pressure: 9.9 kgf/cm?
(141 psi) {1.0 MPa}

Check air pressure every
10 hours or daily

6 10 10 kgf/cm?

(85 to 142 psi)

10.6 to 1.0 MPa]

Drain water every
50 hours







WORKSHOP THEORY

1. PRECAUTIONS FOR DISASSEMBLY AND REASSEMBLY

....................... 190
Ll O SealsS i e e e 190
L2 TS - o oo et et e e e e e 191
1.3 Beamings .. i el e e e e e e e 191
1.4 LocK pPlates . ... e e e e e et e 192
1.5 Split pins and SPring Pins . . ... ... . i i e e 192




WORKSHOP THEORY

1. PRECAUTIONS FOR DISASSEMBLY AND REASSEMBLY

1.1 Oil seals

When

installing oil seals, carefully

observe the following points:

Driving oil seals into housings

(a)

(b)

(c)

Make sure that seal lip is not
damaged, and position it correctly
with respect to oil compartment.

Apply a small amount of grease to
the surface of oil seal to be fitted
into housing bore.

Using a tool of the type shown to
guide seal lip, drive oil seal
squarely. Never give any hammer
blows directly to oil seal since this
will damage the seal, resulting in oil
leakage.

Driving oil seals onto shafts

(a)

(b)

190

Apply a thin coat of grease to oil
seal lip. .

Use an oil seal guide of the type
shown when driving oil seal over
stepped portion, splines, threads or
keyway to prevent damage to seal

lip.

400247A
Qil seal driver
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Oil seal guide
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WORKSHOP THEORY

1..2 O-rings

‘ Use an O-ring guide of the type shown < PY
when installing O-ring over stepped )= T )

portion, splines, threads or keyway to " [
Za

prevent damage to the ring. Apply a thin
i
:
I
|

coat of grease to O-ring.

T

-

400249A

O-ring guide

1.3 Bearings

(1) When installing a rolling bearing, be i
sure to give a push to the race, Z 7 i
inner or outer, by which the bearing HTT

: . . L/
is fitted. Be sure to use a bearing 1 /// <:

driver of the type shown. ( i JM 7]7
/

400250A

Bearing driver

. (2) Use a press whenever possible to
minimize shock to bearing and to
assure proper installation.

I
1 B

| N1y
kS

L
400251A

Bearing installation by a press
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WORKSHOP THEORY

1.4 Lock plates

Bend lock plate against one of the flats
of nut or bolt head as shown.

1.5 Split pins and spring pins

Generally, split pins are to be replaced
and bent properly at the time of
disassembly. Drive each spring pin into
position so that it may not get out of
place after subsequent installation of
parts has been completed.
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