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INTRODUCTION

This Serviee Manual is written to familihrize you with the maintenance of
your Mitsubishi S12A2 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 vour new engine
and learn how to serviee it before starting disassembly, inspeection and
. repair, and reassembly.

The description, illustrations and specifications contained in this manual are -
effective the serial numbers of the engines manufactured at the time this

manual was approved for printing.

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




SCOPE

This Service Manual covers the standsrd-
specification model of Mitsubishi S12A2

Diesel Engine and deseribes, group by
group, the specifications, maintenance
standards, adjustments, disassembly,

inspection and repair, and reassembly of
the engine.

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

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

The groups and their contents will be
found in "Table of Contents"” and the
contents of each group in the first page
of the group.

The operation and periodical maintenance
are described in OPERATION &
MAINTENANCE MANUAL, the component
parts and ordering of service parts in
PARTS CATALOGUE and the construction
and function in the various training
manuals.

NOTES, CAUTIONS snd WARNINGS

1.

2.

8.

"~ HOW TO USE THIS MANUAL

The parts read in the texts or s
in the illustrations are numbere
the disassembling sequence presec:
for each system or assembily.

The item to be inspected d
disassembly are indicated in |

in the disassembled view.

The maintenance standerds to
referred to for inspection and ref
gre indicated in easy-to-refer pass
of the texts and also in GROUP N
in a tabulated form.

. The sequence in which the parts

to be reassembled are shown in
form of, for example, @@~
(D below the assembled view.

Marks are used in this manual
emphasize important and crit
instruetions as shown below:

Tightening torque in "wet" conditic
indicated as [wet). {When indicatec
[wet], apply engine oil to thres
portion of a fastener. Unless indict
as such, the torque is to
considered in "dry" condition.

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

important and critical instructions.

conditions:

They are used for the {ollowing

........................ . An operating procedure, condition, eto.,
which is essential to highlight.

Operating procedures,
which if not strietly observed, will result

practices, etc.,

in damage to or destruction of engine.

Operating procedures,
which if not correctly followed, will

practices, ete.,

result in personal injury or loss of life,




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 e part, the
_ dimension to be attained at the time of
reassembly or the standard performance. lIts
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 ;'epaired.
SERVICE LIMIT .............. A part which has resched this limit must

be replaced.




TABLE OF CONTENTS

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

Group Contents Group No,
External views, Sectional views, Engine serial number location,
General Engine model and application codes, Specifications, Tips on 1
disassembly and reassembly '
Maintenance standards Maigtenance standerds, Tightening torque, Sealants and -
lubricants
Special 1o0ls Special tool list 3
. o Determining when to overhaul the engine, Testing the
Overhaul instructions compression pressure 4
Adjustments. bench test, 5
performance 1ests
Engine accessory removal and Removal and installation of turbochargers, air coolers, fuel 6
installation injection pumps, alternator, sterters, etc.,
Disassembly, inspection and reassembly of engine proper:
Eneine propet Cylinder heads, vaive mechanism, cylinder liners, pistons, 2
gin¢ prop connecting rods, Nywheel, timing gears, camshaft,
crankcase, crankshaft, main bearings
Diszssemnbtly and inspection of inlet & exhaust systems:
Inlet & exhaust systems Air cleaners, inlet manifolds & air coolers, exhaust 8
manifolds, air heater
Disassembly, inspection and reassembly of lubrication
Lubrication system system: 9
Oi! strainer, oil pump, relief valve, oil cooler, ofl filters
_ Disassembly, inspection and reassembly of cooling system:
Cooling system Water pump, thermostats, radiator, fan drive 10
‘ Disassembly, inspection and reassembly of fuel sysiem:
7 Fuel system Fuel fitiers, fuel injection nozzles, N
Woodward governor drive
) Disassembly, inspeclioﬁ and rcassembly of electrical system:
Electrical sysiem Starters, alternator 12
Disassembly, inspection and reassembly of air start systems:
Aijr start systems Air motor, air filter, distributor valve, starter valves, 13
magnetic valve
Workshop theory Precautions for disassembly and reassembly of genera! parts. "




GENERAL

LLGENE RAL ottt ittt st ensrasansannseussansananisivtnarannanas
1.1 S12A2 diesel engine — External views . ...........ccovivuiieneians asaeneas
1.2 S12A2 diesel engine — SECHONA] VIEWS  « + . e vnvnnneenennenatnenneneueneensn.
1.3 Engine serial numberlocation .............oiiuiniiiiiiiie it
14 Engine mode] and application COBES .. ... ... vueonetnei e

2 S PECIF I A TIONS oot i vtteneeneeoees e eaeeeessnnnsssessssosessnenneeennn

------------------------------------------------------------

----------------------------------------------------------




GENERAL

1. GENERAL

1.1 S12A2 diesel engine - External views

Turbocharger

Thermostat case : )
' Water outlet pipe

Air cooler
Ve
e T~ :‘ + Secondary fuel f
----- Fuel injection pt

Alternator

Ml oo 0 nn 002
‘ :-:1

Water pump Fuel feed pu

Governor

Vibration damper
Starter
Cil filler
Breather - = —— .

Nameplate \ o1 Primary fuel filter

Gl level gauge Pan 2008
Left side
Air cooler Water outlet pipe i
Fuel injection pump

Thermostat cas

Fuel feed pump

Oil cooler

l!’e.%'& Tra e ‘*\{;‘

Service meter

il e ; - NI A &
/'HLE! 1§l
lll"'zuuk«--a-s-_L

Bypass oil filte:
(option})

Ol filter

Mounting (front) 30091

Starter
Right side




GENERAL

1.2 S12A2 diesel engine - Sectional views =

Exhaust manifold
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“Qil filter
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Longitudinal view Of pump 300315




GENERAL

1.3 Engine serial number location

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

Example: Model Serial number
S12A2 20003

On the nameplate are also stamped the
rated output and speed. The numbers in
the illustration show eylinder numbers. -

1.4 Engine model and application codes

oo

5
r l { “T™ stands for turbocharged unit.

SO0
L

“TA"™ stands for turbocharged, aftercooled unit.

'“TK™ stands for turbocharged, intercooled unit. ; . o
: [ Not coded: Construction equipmeni '

P: Generator drive and general prime power

L: Locomotive drive
o
Application code | MP: Marine generator drive and marine
general prime power
. M: Marine propulsion

M————— Series code '_
- No. -df-cyﬁnders code
—— Sagamihara Machinery Works




2. SPECIFICATIONS

GENERAL

Mode! designation S1242
T ] TA ] TK
Type Water-cooled, 4-stroke cycie, turbocharged diesel
- wiaftercooler w/intercooter
No. of cylinders — arrangement 12-V
Combustion chamber type Direct injection
Valve mechanism Overhead
Cylinder bore x stroke ‘mm (in.) 150 x 160 (5.906 x 6.299)
s Piston displacement liter (cu in.) 33.93 (2070.58)
£ | Compression ratio 145 :1
© I Fusl Grade No. 2-D fuel oil (ASTM Specifications)
Firing order 1.12-5.8.3-10-6-7-2-1149
| Direction of rotation Counterclockwise as viewed from flywheel side
Overall length mm (in.)} 1808 (71.2)
Dimensions Ovenall width mm (in.) " 1365 (53.7)
Overall height mm (in.) 1562 (61.5)
Weight (dry) kg (Ib) 2850 (6284) 2920 (6439)
Cylinder liners Wet type
- | No. of piston rings Ct.:m.premun & - 2
5 Oil ring 1 (w/spring expander)
g Inlet valves Open SS‘ BT.DC.
2 | Valve timing Close 65° ABDC.
s Exhaust Open 65°BBDLC.
valves Close 55° ATD.C.
Engine support 4-point support
Starting system Electric-starter, air-motor or direct air starting
Air cleaner Type Paper element type or turbine silencer
5 ALF (1500/1800 e
f | Tuvochagers | Model T oo o) s i?%”m%’”’“f‘“ﬁ%ﬁi)
-g E specification) SMF (2100 rpm specification)
=3 No. of units 2
- -
Ajr cooler Laminated fin-plate type
e Type Pressure feed by gear pump
i . Specification Class CD oil (AP] Service Classification)
;é Engine ol %g‘(%‘fg_(;'ﬁ”) 120 (31.7), spprox.
% Type Gear pump
[} H : .
I | 350 B8 e Lo0p cnie 7.




GENERAL

Model designati S12A2
odel designation _ I 1 A l —
Type Main galiery pressure detecting type
Relief valve i
L’gffm?'(;‘_gﬁm“ 5 —7(71 — 100) [0.5 — 0.7}
.§ 0il covler Type Water-cooled multi-plate type
o
é Oil filter Type Cartridge type paper element
® -
5 DBYﬂ P’”ﬁlm‘ﬂ” Type Centrifugal
= : Type Piston valve with built-in electric contact points
Oil fiter alarm Valve opening pressure | 23 ~ 2.7 (32.7 - 38.4) [0.23 - 0.26]
kgf/cm? (psi) [MPa) Contact points close at 1.5 — 1.8 (21.3 - 25.6) [0.15 - 0..
Type : Forced circulation
Capacity (engine) liter (US. gal) | 80(21), approx. | 100 (26.4), approx.
Type Centrifugal
Water pump Delivery capacity 1000 Em} {at 1500 engine rpm)
liter (U.S. gal) 1100 (290.4) (at 1800 engine rpm)
Type ' Low edge cog belt B type (2-piece sst)
£ | Water pump belt Manufacturer . Mitsuboshi Belt
= QOutside circumference :
a mm (i) 1470 (57.8"]].
?; . Type ‘ . Wax
Thermostats ; '
& Vilve o o i
tmpmptﬁl‘,’:‘! ceP | 6542 (149 £3.6)and 71 £2 (159.8 £3.6)
Radiatar Type . . Plate fin or corrugated fin
Caoling fan Type ' ' Steel-blade, circular-are type with spider
Type ~ Low edge cog beit C type (3-piece set)
Fan belt Manufacturer Mitsubothi Beit
Outside circumference
mm (in.) ’ 1610 (63.39)
Model Bosch P type NP-PEGP
Manufacturer Diesel Kiki
I Pl outside diameter
€ Injection pump mmm?in.ﬂ) 12 (0.47)‘ |
‘:; le lead mm(in){ Right-hand 30(1.18), 35 (1.38) (timeriess specificatior
3 Cam lift mm (in) 12 (0.47)
= Model Bosch NP-FP/K-PS type
Feed pump Manufacturer Diesel Kiki
Cam lift mm (in.) - 4(0.d6)




éENERAL

N S512A2
Mode] designation T : TA ®
[Mechanical] [Hydraulic] [Electrical]
Governor Control system ) aﬂs {sﬁud Woodward PSG gaorgd;érghﬁgﬂ’
DYNA 1
Type Hole type
E Manufacturer Diese! Kiki
:5";. No. of spray holes 8
= - ,
- il Py Ao ;‘;z';::’,l 02700106 | 038 (0 10 155 (1300 rom s 3
‘ deg 0.28 (0.0110) x 158° (2100 rpm spec
: kgﬂm, d’m) [Ml’al . 220 (3128) [21.6)
Fucl filter ga‘;ee: :m;:yt;;e(%mda?; ?':l]ter)
Voltage-polarity 24-V — Negative (=) ground
"1 Model 0-23000-3230
Manufacturer Nikko Electric
Starter Typt - Pinion shift
Output V — 24 -6
No. of starters 2
Type 3-phase with silicon-rectifier {(add-on type)
Manufacturer Mitsubishi Electric
£ Output V— A 24 — 30
_:‘ Alternator g;::i;:: ?';n pm 1000, minimum (st 28V)
:: s rpm 5000, maximum (at 27V, 304)
- Regulated voltage V 28.0 < 29.0
Manufacturer ) Sawafuji Electric
Relpy | Operating valtage V 16, maximum
switch | Holding voltage V 8, maximum
Magnetic | Safety | Operating voltage V 3. maximum
switch coil
(b coil) | Holding voltage V 0.05-0.15
g:iflety Operating voltage V 10.5-11.5
(c coil) | Holding voltage  V 4, maximum




GENERAL

Mode designati : S1242
odel gest 101
il T TA [ X
Model 0501-16-0330
Manufacturer Sawafuji Electric
Voltage Y : _ 24 '
£ Operating voltage v 14, maximum
I3 Holding voitage \'4 ' 9, minimum
—= | Battery relay .
B | switch Rated coil current
= When attracting A 5.35
g When holding A 0.289
Contact capacity _
Continuous rating A 50
30-second rating A 1000
Type of circuit Earth fioat
Model KSM-20R-15C-2
. Manufacturer Kitagawa Kikai Works
Air«motor starting — .
2 Type Pinion shift
3 Nominal cutput  (PS) 10 at 9.5 kgf/em? (135.1 psi) [0.93 MPa)
43 . o Valve opensat  3° A.T.D.C.
] Air blow-in timing Valve closes a1 132° ATD.C.
o
= | Air pressure in ordinary '
= . 30(4
Z | Directair starting | U kef/ em? (psi) (MPa] #n 23]
Minimum starting air ;
ggme : 15 (213) [1.5]
fem? (psi) {MPa] =




(3) Lay down the

3. TIPS ON 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 besie 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 manua) esrefully 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 aid
reassembly.

$) Carefully c¢heck 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.

' (B)

3.2
{1

(2)
(3)

(4)

(5)

"GENERAL

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, etc.,
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 &
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 js 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. MAINTENANCE STANDARDS

Unit: n
r . Repair | Service
. - Nominal | Assembly standard T o
Cowp] | towecionpont | e | Gtandardcoarne)| o) i) |
_ _ . ' Lower or 15% higher | Check governor
Maximum rpm 5 — 10% higher !han Tated rpm | o rated pm setting.
Minimum rpm 600 — 650 rpm [

24 kgffem® (341 psi) [2.4 MPa]

19 kpf/cm® (270 psi)

Qil and water te

Compression pressure at 120 — 200 rpm, minimum | [1.9 MPa}, minimum | 20— 30°C
: (68 — 86°F)
57 kgf/em?® (71 — 100 psi) | 4 kgffem® (57 psi)
. {0.5 — 0.7 MPa] (at rated rpm) | [0.4 MP3], minimum. | Qil temperature
Lube oil pressure 3 60 ~ 70°C
2 - 3 kgffem?® (28 — 43 psi) 1 kgf/fem* (14 psi) (140 ~ 158°
[0.2 — 0.3 MPa] (at idling rpm) | [0.1 MPa] , minimum F
Inlet valve opens 11° BT.DC. Values are only |
Valve timing Inlet vaive closes 21" AB.DC. checking valve
(with 2.mm clear- Exhaust valve opens  21° B.B.DC. ?’“‘“5 t_‘“d arc di
5 | ance on valve side) Exhaust valve closes 11° AT.DC. ot from actu
5 +2° (crank angle) )
S 04
injet -
_ valves (0.016)
Valve clearance
(cold)
Exhaust 0.5
valves (0.020)
I | Varies according 1o
. . PR ] : spel:lﬂca e
Injection timing ‘| BT.D.C. | £!” (crank angle) | @ution ;ﬁa" on N
COVEl,
10-15 Measure sag at pc
Bt | 0 (3/8 - 5/8) indicated by arto
tensioﬂ wauf Pump lo -— 15
and altemator (3/8 - 5/8) CHo
Rocker bushing 32 32.000 - 32.040 32.100
Rockers inside digmeter | (1.26) K1.25984 — 1.26141) (1.26378)
Rocker shaft 32 31.991 ~ 31975 31.950
diameter (126) l(1:25949 ~ 1.25886) (1.25787)
Inlet 10 9.960 — 9,940 9.910
\t’alve vaives | (0.39) {(0.39213 — 0.39134) {0.39016)
stem
- dia- |Exhaust | 10 9.930 - 9.910 9.880
| Vaves | e |vaives | (039) |(039094 - 039016) (0.38898)
& Valve guide 10 10.000 - 10.015 10.060 | The same for both i
£ inside diameter | (0.39) {(0.39370 — 0.39429) (0.39606) | exhaust vatves.
ab
& Valve seat angle 30°
: 02--0.2 0.5
Valve sinkage (0.008 — -0.008) | (0.020)
Vale Tnlet 19323 25
and Seat | valves (6.0760 — 0.0878) | (0.098)
valves |width [Exhaun 1.70 — 2.00 23
valves (0.0669 — 0.0787) | (0.091)




MAINTENANCE STANDARDS

e AR
Unit: mm (in.)
G Insnection point Nominal | Assembly standard "i‘.’"‘?i’ s'l"i"i.i' Remarks
roup peclion po value | (standard clearance) (clel:;;nct) (el e;?;nce) mat
~ {Refacing is
Val . . 31-29 permissible
alve margin (0122 -0.114) |upto2.0
Valve S _ - {0.079).
scaty hu:i bor Intet 58 :
and inside dia- | VOves | (2.28) | (~0.07~ =0.13) - (minus) indicates
meter and ((-0.0028— ;
valves ;:l::ids:eat Exhausty 54 =0.0051)) interference.
e, | valves (2.13)
67.5 66.2
Free iength (2.657) (2.606)
f = [°, muximum
anp a3
Squrens 0o
Va]_vc “ length
springs
Length under 60.0 (2.362)
test farce/test 27 825%
force, mm (in.)/ | . {61.3£5%)
kgf (1bf) {N] 1272.625%]
g | valwe 0.5 (0.020),
e push- Runout maximum
8 | rods
=
3
L .
Cylinder | Warpage of 0.03 (0.0012), 0.07 —
heads | gasketed surface maximum (0.0028) Regrind slightly.
. 150 150.00 - 150.04 150.14
Inside diameter | (s91) | (59055 — 5.9071) (5.9110)
Out-of- ,| ©.02(0.0008),
roundness maximum
= 0.02 (0.0008),
Taper A
Cylinder maximum
liners Squareness with
respect to lower ?ﬁg:i;?l;?nou)'
face of flange
Protrusion of
cylinder liner 0.10-0.18
flange above {0.0039 - 0.0071)
gasketed surface
150 149.82 — 149.78 149.68 e ameter in
. . 82 - . X the direction
Pistons | Diameter (591) | (5.8984 — 5.8968) (5.8929) | 1ransverse 1o pin at
piston skirt,

13




MAINTENANCE STANDARDS

Unit: m
. Repair Service
. : Nominal | Assembly standard i i
Grove frspection point value | (standard clearance) (cl:;?;;ce) (cllel::la:lce] Remarks
Variance in weight "30g(1.] 0z), '
:erm:rfg mtnm . maximum
Pistons | Piston pin bore 58 58.002 — 58.012 58.020
diameter (2.28) (228354 — 2.28393) (2.28428)
) 0.38 — 0.89 '
Protrusion {0.0150 — 0.0350)
Cylindet | As.installed 1.8 N A .
gasker | thickness 0.071) (£0.004)
Pistons !
and ‘f}fmfpﬂ“"' ©.81 — 1.43)
;il‘l:fer P linder pead ((0.0319 — 0.0563))
(0.6 — 0.8) (2.0)
Top ((0.024 - 0.031)) (0.079)_| 1f gauge is not
Piston {600 Second 10.5-0.7) (2.0) | available, checl
rings {{0.020 - 0.028)) ({0.079)) | by placing ring
ot (0.5-0.7) (2.0) | anew cylinder
((0.220 — 0.028)) ((0.079)
Piston | Outside 58 $8.000 — 57.987 57970
pins | diameter (2.28) (228346 - 2.28295) (2.28228)
Small end bushing| 58 58.020 — 58.040 58.070
inside diameter | (2.28) |(2.28425 - 2.28503)) (2.28622)
£ C 0.0 (o.mﬁo) %
[=] % ! ————
g Bend and twist D( 160 3.9) I
£ Connect
£ .
5 |imgrod [cRAREY | Gu3) | 060-090) (1.00)
big tod widths) | 2 {(0.0236 — 0.0354)) ((0.0394))
Vuriance tn weight 40 g (1.4 o2),
mmenm:lu maximum
Mo | R WSRTIE |4 e
{ - ing ca
ps.
Thickness of
center:
STD 30 3.000 — 2.982 2.950 _
(0.118) |(0.11811 — 0.11740) (0.11614) il}eplacefeann
3.125 3.125 - 3.107 3.075 |1 ¥omncown |
Connect 0.25(-0.0098) |5123) |(0.12303 - 0.12232) (012106 | prbe LR
; 3.25 3.250 -3.232 3.200 { and use un
bearings | -0.50 (-0.0197) 1(3138) [(0.12795 - 0.12724) (0.12598) | bearings are if
3375 31375 - 3357 3325 | wombeyond
-0.73 (-0.0295) | (9133) |(0.13287 - 0.13217) (0.13091) | service Limit.
) 35 3.500 — 3.482 3.450
|-1.00(-0.0394) |5 138) [(0.13780 — 0.13709) (0.13583)
Face runout 0“.2. ,s‘i-m(odg: 10),
Flywheel
Radial runout 0'13- (0.0051),
maximum

14
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MAINTENANCE STANDARDS

Unit: mm (in.)

. . Nominal | Assembly standard | RePeir | Service
Group Inspection point y limit lirnjt Remarks
value | (standard clearance) (clearance)|(clearance)
7 71.988 - 72.018
Drive case bore | (2.83) 1(2.83417 — 2.83535)
inside diameter 90 08 985 — 90.020
(3.54) ((3.89704 — 3.54409)
n 72.004 — 71.983
_ (2.83) [(2.83480 — 2.83397)
Diameter
90 90.005 — 89.980
‘A'cr;es- Beu (3.54) |(3.54350 - 3.54251)
drive anng 35 | 34985 35.003
_ (138) ((1.37736 ~ 1.37807)
Inside
dizmeter| 40 39.985 — 40,003
(1.57) [(1.57421 — 1.57492)
35 35.013 - 35.002
(138) |(1.37846 — 1.37803)
Drive shaft
diameter 40 40.013 — 40.002
(1.57) |(1.57531 — 1.57488)
Radial runout 0.5 (0.020), 1.5
Vibra- | (at periphery) maximum (0.059) Replace every
ton - 0.5 (0.020) 15 8060 hours
_ damper | Face runout maximum (0.059)
-3 (0.12 - 0.18) (0.30) | (0.50)
2 Backlath ((0.0047 — 0.0071)) |((0.0118)) |((0.0197y) | Repiace gears.
g Idier geas bushing | 50 50.000 — 50.025 50.060
2 | Timing |inade dismeter (1.97) {(1.96850 — 1.96948) (1.97086)
gears 1dier gear shaft 50 49,975 — 49,950 49.900
diameter (197) |(1.96752— 1.96653) (1.96456)
1dler gear end 53 0.2 — 0.4) (0.6)
play (2.09) | ((0.008 — 0.016)) |({0.024))
B
. 764 -1754 6.79
Cam lift (A-B) (0.3008 — 0.2968) (0.2673) A
T
0.05 (0.0020), 0.08 Jening mess
Runout maximum (0.0031) o o™
Repair or replace.
| No. 1 64 63.94 — 6392 63.87
Cam- ¢ | journal | (2.52) | (2.5173 - 2.5165) {2.5146)
shaft -
£ | No.2
£ |t 68 6794 — 6792 67.87
No.7 | (2.68) | (2.6748 — 2.6740) (2.6720)
journals
= No. 1 64 64.00 — 64.03 64.09
E — bushing | (2.52) | (2.5197 - 2.5209) (2.5232) Replace bushings and
S= [No.2 ream them if neces-
©% |t 68 68.00 — 68.03 68.00 | sary if worn beyond
£= | No.7 2.68) | (2.6772 — 2.6783) (2.6807) | service limit,
Z & | bushings
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, Unit: mr
Group Inspection point Nominal | Asembly standard Rl:r%‘::x Sfu'ﬁf' Remarks
) ) value (Slmdard Clumﬂ) (C]earmce) (Clﬂl’lnce)
Cam- {0.20 — 0.30) (0.40)
shat | Endplay ((0.0079 — 0.0118)) | ((0.0157)) Replace thrust
Crankpin 104 008 - 0.10 -0.14
diameter {4.09) | (-0.0031 — -0.0039)} (-0,0055)
, 130 -0.10--0.12 0.16 ;
Journal dismeter | (¢")9y |(.0,0039 ~ -0.0047) | (-0.0063) .
Center-to-center
distance between 80 (.05
journal and -1 (3.15) (£0.0020)
crankpin
Parallelism be- Runout: 0.01 0.03
tween journals (0.0004), maximum © 001 2)
and crankpins {over crankpin length)| *~"
Out-of-roundness :
Crank- | of journals and 0.01 {0.0004), 0.03
daft | o ’lpins maximum (0.0012)
Taper of journzls 0.01 (0.0004), 0.03
and crankpins maximum (0.0012)
i ' 0
Fillet radfus of 7.0
journals and -8‘2
E. Hardness of |
P journals and Hv > 620 % Hs> 75
4 crankpins
=
. mAnguurkm error pt‘ +0°20'
0.04 (0.0016), 0.10 ,
Runout muu':num ) (o_m39) lel’ or l'ephl
Replace thrust pl
. wom down to rej
End play 58 ©20-0365) | (0500 | (+0.0465) | e, e e
iournal -0.36 . t plate If wo
(ﬂ“"m)J (228) [((0.0079 — 0.01437))] ((0.0197)) (lcnnks;uﬂ mmﬂlg
ength +0.28, +(.50, +0.
(+0.0098, +0.01¢
+).0295%)
Thickness of !
Main center:
35 3.500 - 3.482 3.450
bearings |STD (0.138) |(0.13780 — 0.13709) (0.13583) | Replace bearin
3.625 3.625 — 3.607 3575 | g oown
-0.25(-0.0098) 5143) [(0.14272 — 0.14201) (0-14075) | ind < limit. R
3.750 3.750 -3.732 3.700 | and use undersi
-050-0.0197) [0128) [(0.14764 — 0.14693) (0.14567) mm% are i
3.875 3.875 — 3.857 3825 | wombeyo
0.75(-00295) |@1s3) ((0.15256 — 0.15256) (0.15059) { sevvice Limit.
4.000 4,000 — 3.982 3,950
-1.00(-0.83%4) 1(9157) (0.15748 - 0.15677) (0.15553)




MAINTENANCE STANDARDS

gl Unit: mm (in.)
. k. Repair Service
. Nominal | Assembly standard Ly g
Group Inspection point value | (standard clearance) (:.Ile::uatnu ) (clhe:rua:we) Remarks
Warpage of 0.05 {0.0020}, 0.20 -
%g_ Crank- | Basketed surface maximum (0.0079) Regrind slightly.
SE |G Main bearing 137 | 137.000 - 137.025 137.045
. bore diameter (5.39) [(5.39369 — 5.39467) (5.39546)
Drive and driven (0.10 — 0.20) (0.40)
gear backlash ((0.0039 — 0.0079)) ((0.0157))
i {0.35
m 77 (0.15 — 0.23) ((c_lqi.gu%»
case (3.03) |((0.0059 — 0.0091)) .
gfmp Gear end 88 ©.13-020) | (025
clearance in case | (3.46) | ((0.0051 - 0.0079)) |((0.0098))
. 33.960 — 33.944 33.920
g Shaft dismeter | .. 1(;33701 - 1.33638) (1.33543)
] Bushing inside | (!-34) | 34.000 — 34.025 34.055
a2 iameter (133858 — 1.33956) (1.34075)
£ :
- Vajve opening 89-93 .
2| S | prassure, kgffom? (126.6 - 1322) Adiust by means
% (psi) [MPa {0.87 —0.91] ol shims.
Safety Length under 50 (3.54)/
valve test force/test NLE_2158
tpring force, mm (in.)/ (496 — 51.8)
kgl (bf) N} [221 - 226}
Valve opening _
valve | ference, keffom’ [039 — 0.49]
(psi) [MPs] - .
Vaive opening : Contacts should
%L, pressure dif- (3337 _ 3'874 closeat 1.5 to 1.8
slarm | ference, keffem? 023 - 0.36 (21 10 26) [0.15 1o
(psi) [MPa] 0.18].
: Valve openin 50-7.0
Relief | o roscure, kgtfem? (711 - 93.5)
(psi) [MPa [0.49 —0.69]
Inside diameter 62 61.988 — 62.018
of pump case (2.44) |(2.44047 — 2.44165)
bore to which
the bearins outer 72 71 .988 n— 72.018
race is fitted (2.83) |(2.83417 — 2.83535)
E 62 62.004 — 61.983
£ | water ‘ (2.44) [(2.44110 — 2.44027)
= | pump (g Diameter! 73 72.004 — 71.983
£ nng| - (2.83) |(2.83480 — 2.83397)
S Inside 30 | 29.987 -30.003
diameter { (1.18) |{1.18059 — 1.18122)
Shaft bearing 30 | 3001130002
Youmnal dis- (1.18) |(1.18153 — 1.18118)
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MAINTENANCE STANDARDS

Unit: mm
: Repair Service
. . Nominal | Assembly standard i T
Group| . Inspection point limit limit Remarks
P p value | (standard clearance) ¢\ B0 o eat ey
Rattie in radial 0.010 — 0.025 0.045 ;
direction (0.00039 — 0,0008) (0.00177), g‘::‘f;’,‘:}’jﬁ;°
Rattle in axial 025 | bearing if it fails
direction (0.0098) | o rotate smooth
Water | vane front face
pump | g A (0.6 — 1.4)
.024 — 0.055
m’“;“‘m‘ ((0.024 — 0.055))
Vane rear face
clearance in (1.0)
pump case {(0.039))
Fulley bearing 52 51.961 — 52.009
diameter (2.05) | (2.04570 - 2.04759)
. op!| .52 52.004 — 51,983
mﬂon Beasi (2.05) | (2.04740 — 2.04657)
e o 3 | 1996720008
(0.79) | (0.78689 — 0.78752)
Shaft bearing 20 20.003 - 19.987
journal dizmeter | (0.79) | (0.78752 — 0.78689)
g
s Temperature at 65 or 71 £ 2°C
s which valve ? of %
% starts opening (149 of 159.8 £ 3.6 F)
=§ Thermo- Temperarare at Check at atmos-
tat i
S |° which valve lift %0 or 85 £ 2°C | pheric pressure.
is more than (176 or 185 +36°F) g
10 (0.39)
100 99,987 — 100.022
Bearing bore (3.94) | (3.93649 - 3.93787)
inside diameter 110 | 109.987- 110022
(433) | (433019 - 4.33157)
100 | 100.005 - 99.980
oD (3.94) | (3.93720 ~3.93621)
%) (15303090'005-1?392'33?)
Fm . 4.3 -4 3
drive | Besein8 40 | 39.985 - 40,003
b (157 | (1.57421 — 1.57492)
45 44,985 — 45.003
(1.77) | (1.77106 ~ 1.71177)
40 40.013 — 40.002
Shaft bearing (157) | (157531 ~ 1.57488)
journal diameter | 45 45.013 ~ 45,002
(1.77216 ~ L17173)




' MAINTENANCE STANDARDS

Unit: mm (in.)
. i Repair Service
i Nominal | Assembly standard Ly i
Group Inspection point value | (standard clearance) kcilel:?rn o] (dhe::; o) Remarks
Valve opening (232? zlég;ignn gzdguil?:fol?g&m’
pressre (21.6 MPa) 1221~ 226 Mba
Check spray per-
Fuel formance with 2
imjection hand tester [at fuel
nozzles s 3 155° oil temperature 20°C
pray angie or - (68" F)}.

' 158° Replace the nozzle
tip, if the spray
pattern is still bad
after washing in
clean fuel oil.

47 46.989 — 47.014
(1.85) { (1.84996 — 1.85004)
Case beating 80 79.988 — 80.018
bore inside . Y
diameter (3.15) | (3.14562 - 3.15031)

90 89.987 — 90.022
(3.54) | (3.54279 - 3.54417)

47 46.989 - 47.014
(1.85) | (1.84996 — 1.85094)
Cover bearing 52 61988 —62.018
bore inside : -
. dine aro (2.44) | (2.44047 — 2.44165)
& e 71.988 — 72.018
Y (2.83) | (2.83417 - 2.83535)
E 47 47.003 — 46.986
& (1.85) { (1.85051 — 1.84984)
(3.15) | (3.14976 — 3.14893)
Wood- 90 90.005 — 89.980
ward f?gse (3.54) | (3.54350 — 3.54251)
Bovemor | ings 0 | 19.987 - 20,003
ve . 0.79) | (0.78689 — 0.78752)
D 40 39.985 — 40.003
(1.85) | (1.57421 ~ 1.57492)
40 39.985 — 40.003
(1.85) | (157421 — 1.57492)
47 47.003 — 46.986
(1.85) | (1.8505] — 1.84984)
(2.44) | (2.44110 — 2.44027)
Fo] 72.004 — 71.983
Cover (2.83) | (2.83480 — 2.83397)
side 20 19.987 — 20,003
bearings | ©79) | (0.78689 - 0.78752)
D 30 29987 — 30.003
(1.18) | (1.18059 — 1.18122)
35 34.985 - 35.003
(1.38) | (1.37736 — 1.37807)
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MAINTENANCE STANDARDS

: . Repair | Service'
. L Nominal| Assembly standard ity e
Group Inspection point value | (standard clearance) (cljg:l;:tme) (clt.el:?al::cé} | Remarks
; Case | 20 20.011 ~ 20.002 -
b |side | 0.79) | (078783 ~ 0.78748)
. [ journal Cover| 20 20,611 — 20.002
« diamerer | gde | (0.79) | (0.78783 ~ 0.78748) _
g i Case | 40° 40.013 = 40.002 o
B | ool |l |sise | (185) | (157531 = 1.57488)
g | govenor {journal  [cover| 30 30.011 - 30,002
. |drve | dismeter |gde ((1.18) | (1.18153 - 1.18118)
: Case | 40 40.013 ~ 40.002
.,D,';',fn‘:“f' sde | (1.85) | (1.57531 ~ 1.57488)
journal  [Cover| 3§ 35013 ~ 35.002
diameter | 5ge | (1.38) | (137846 ~ 1.37803)
Diameter of - .
pinion shaft front | 19 (0.045 ~ 0.138) {0.25)
side and inside | (0.75) [((0.00177 - 0.00543)) ((0.0098))
diameter of metal
Diameter of
A 30 30.011 — 30.002
pinion shaft rear | (118) | (1.18153 ~ 1.18118)
Diameter of )
20 20.011 — 20.002
armature shaft
Front side (0.79) | (0.78783 — 0.78748)
Diameter of
10 | 10.007-10.001
armature shaft
Cear side (039) | (039398 - 0.39374)
§ Commutator 39 38
€ outside diameter (1.54) (1.50)
‘ [
F | Starter . [ Armature shaft : ‘ 0.05
g [ | distortion (0:0020)
& Runout of 0.015 (0.00059), 0.100
commutator maximum {0.00394)
Mica depth in » 0.5-0.8 0.2
commutator {0.020 — 0.031) {0.008)
- 20 13
Brush height ©.19) ©051)
Brush spring A _
tension (with (g:g - ?'10
kef (ibf) [N]
Armature end 02-05
play | . (0.008 - 0.024)
Pinion shaft end 0206
play (0.008 — 0.024)
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Unit: mm (in.)
: : : " Repair Service
. . Nominal | Assembly standard e i
Group inspection point ¥ limit timit Remarks
value | (standard clearance) (clearance) |(cl e)

Slip ring 408 —41.2 40.6
g outside diameter (1.606 — 1.622) (1.598)
[
& . 23 8 Up to wear limit
F | Amer | Brosh hegh ©31) ©31) | line
= Brush spring 320 — 440 200
& tension. (0.71 ~ 6.97) (0.44

gt (bf) [N] [3.14 —431] [1.96

: . 21.5 21.6-214 21
Disti. | Ve height (0.846) | (0.843-03843) | (0.83)
but -
§ v:lv:r Shaft clearznce 20 ((?(fgg 1 9.?29 n (0.300)
S inbuwshing | (0.79) T 000358y (@118
=
] Valve clearance 13 (((8&?,36; .0_'045) (0.100)
i mﬂ in valve guide (0.51) 0.00177)) ((0.00394))
: Valve spring 30 28
frec length (1.1B) (1.10)
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MAINTENANCE STANDARDS

2. TIGHTENING TORQUE

2.1 Important bolts and nuts

Width i i
Secured part or component di::h_“’;ﬁ h ?ﬁrgss —— Tlsm::;f worque . Rem:
Cylinder head 20-25 30 40 290 392 [Wet
Rocker shaft brackets 12-475 | 17 5 36 49
Main bearing caps 24-3 36 60 434 588 [Wet
Mazin bearing cap side bolts 16 -2 22 15 108 147 [Wet
Timing gear case 12-1.75 17 15 108 147
Oil pan 10-15 | 14 4 29 39
Mounting brackets 18 — 2.5 24 25 181 245
Connecting rod bearing caps 18-15 27 30 217 294 [Wet
Crankshaft pulley and damper 2-15 | 32 55 398 539
Flywheel 2-15 | 32 55 398 | 539 | [Wet
"| Exhaust manifolds 10-15 14 6-7 43 - 50 59 ~ 69
Idler gears 10--.1.28 14 4 29 39
Camshaft gear 30-15 | s0 30 217 294 | Lefth
Fuel injection pump drive gear 30-15 46 30 217 2594
Idler shaft 12175 17 55 40 54
Oil pump drive gear 27-15 41 30 217 294
Water pump pulley nut 24-15 36 25 181 - 245
Water pump impeller 2-15 - 20 145 196
Fue! injection pump coupling 12- 175 19 85-95 60 — 69 B3-93
Fuel injection pump coupling shaft 12-1.75 17 B8S5-95 60 - 69 8393
Gland (injection nozzle holder) 12-1.25 17 8 58 78
gi;;‘;‘t’;‘ nozzle holder set screw 16 - 1 22 4-5 29-36 | 39-49
_| Injection nozzie tip retaining nuts 19-1° 19 6-8 43 — 58 5978

Note: Coat threads of a fastener with engine oil if specified to be [Wet].



MAINTENANCE STANDARDS

2.2 General bolts and nuts

Screw thread Tightening torque
: With spring washer Without spring washer
Diameter Pitch

: kgf-m Ibfft Nm kgf'm Ibf-ft N-m
e 1.0 1.8 13 18 2.2 16 22
1.25 1.8 13 18 2.1 15 21
0 128 36 26 35 4.2 30 41
1.5 34 a8 33 40 29 39
i2 125 6.5 47 64 76 55 75
1.75 6.0 43 59 0 5 70
“ 1.5 10.4 75 102 122 | 88 120
20 08 7 % 11.5 83 113
16 15 158 114 155 186 138 182
20 15.0 108 147 17.6 127 173

18 1.5 229 . 166 225 26.9 195 264
2.5 207 150 203 244 176 239
20 1.5 297 215 291 . 366 265 359
- 2.5 27.7 200 272 338 244 331
- 1.5 393 284 385 485 asg 47
25 37.0 268 363 453 328 444
” 1.5 497 359 487 61.4 aa4 602
30 417 345 468 58.3 422 572
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3. SEALANTS AND LUBRICANTS

Group Application point Sealant or lubricant How to use
Cylinder head sealing caps Hermeseal S-2 Coat holes in crankcase
ThreeBond 1104 Coat top (joint) af each liner
Cylinder liners — ; -
Engine oil, soapy water Apply to rubber packings
| Front cover, oil pan and Coat joint surfaces only of
crankcase both sides of packi
Rear plate, gear case, oil pan HERDITE Coat threajoint surfaces
Engine proper and crankcase only of bpth sides of packin:
Crankcase taper plugs SEALOCK, LOCTITE Apply to threads
Crankcase sealing caps ThreeBond 1104
. Coat joint surfaces only of
Oil pan and crankcase HERDITE both sides of packing
Ol seals Engine oil Coat lip of each oil seal
Lubrication system | Oil pump | Cover and case ThreeBond 1104 Coat both sides of packing
Water Oil seal umt seal | Engine ofl Coat lip of inner seal
Cooling system pump '
Fan drive | Ofl seal Engine oil Coat lip of oil seal -
Taper plugs and cocks not .
Others precoated with ThreeBond Vulcanized seali Wrap threads with 2 turns of
thread sealants wling taps tape

24
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SPECIAL TOOLS

SPECIAL TOOL LIST

Toal name Part No. Shape Use
Nozzle remover 32591 - 00201 ' Injection nozzle removal
!
Valve spring pusher 33591 - 04500 Valve spring removal/
installation
Rocker bushing puller { 32591 - 02600 ’ Rocker bushing removal/
M -
400010
Valve guide cemover 36291 - 04200 Valve guide removal
400011 '
Valve guide and seal 32591 - 10300 Vaive guide and valve ste
instalier : seal installation
400012
Valve lapper 30091 - 08800 | / Valve lapping
400013
Ring pliers 45191 - 08400 Snap ring removaif
installation
400014
Oil filter wrench 34591 - 00100 Qil filter cartridge, fuel
filter cartridge and
COTTosion resistor
cartridge removal
401402 "I
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installer

Tool name - Part No. Use
Cylinder liner remover | 32591 - 04100 Cylinder liner removal
Connecting rod bushing | 37191 - 08000 Connecting rod bushing

removal/installation

! Piston ring tool

37191 - 03200

Piston ring removal/
installation

400017
* Idler bushing pulier 32591 - 02500 Idler bushing removal/
installation
400018
Piston installer 37191 - 07100 Piston installation
400018
Sleeve installer 32691 - 00510 Oil seal sleeve installation
400020
Installer guide 32691 - 00600 To be used in combination
with sleeve instalier for oil
E ” seal clesve installation
400021
Turning bar 32091 - 01500 Enging cranking
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Tool name

Part No.

Shape

Use

Compression gauge
adaptor

32591 -02200

Compression pressure
measurement

400023 .
Bearing installer 32591 - 03600 Water pump bearing
),: : installation
402930 :
Unit seal installer 37191 - 06300 Water pump unit seal
® installation
400025
il seal installer 32591 - 03200 Water pump oil seal
installation
401922
Thread cover 37191 - 06600 Water pump shaft
& installation
: 402931
Oil seal instalier 32591 -03100 Water pump and fan
drive oil seal instailation
‘ 402932

Compression gauge 33391 - 02100 Compression pressure
measurement
Socket 58309 - 73100 Removal/instailation of {

pulley cap nut
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Tool name Part No. Shape Use
Torque wrench 32191 - 03100
Adjustable wrench F9611 - 15000
| Socket wrench 32591 - 01100 Cylinder head bolt
. tightening -
2\
2
402933
Socket 32591 - 02800 Camshaft connector
! & : ‘| removaifinstallation
402934
Oil pump bushing 32691 - 02700 0il pump bushing removal/
puller S installation
. 402655
Starting valve 32591 - 01200 Starting valve removal
adaptor z
. 402835
Connector 32061 - 31700 Speeding testing
402938
Screw pin 32061 - 31800 - Speeding testing
402537
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Tool name Part No. Shape Use .
Bearing instalier 32691 - 04200 Fan drive bearing
installation
A
Q
400024
Bearing installer 32691 - 04300 Fan drive bearing
' installation
,402938‘
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1.
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b

DETERMINING WHEN TO OVERHAUL
THE ENGINE

Generslly, when to overhaul the engine
is to be determined by taking into
eonsidergtion & drop in eompression
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
oil pressure, hard starting and excessive
abnormal noise are alsc 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

() Hard starting
(g) Excessive abnormal noise

In most cases, these troubles oeccur
concurrently. Some of them are directly
caused by low compression pressure, but
others are not.
listed above, {b) and (f) are caused by

a fuel injeetion pump improperly
adjusted with respect to injection
quantity or injection timing, worn

Among the troubles

- injection pump plungers, faulty inj

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

The trouble to be considered g
most valid reason for overhauling
engine is (d) Excessive blowby th
breather due to worn cylinder 1
pistons, ete.; in actually detern
when to overhaul the engine,
reasonable to take this trouble
consideration in conjunction witl
other troubles.
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9. TESTING THE COMPRESSION r
PRESSURE

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

(2) Attach the adaptor (32591-02200) to
the cylinder, and connect a com-
pression geuge (33391-02100) to the
adaptor,

(3) Crank the engine by means of the
starter, 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) Be sure to measure the compres-
sion pressure on all cylinders. It
is not a good practice to
megsure the compression pressure
on two or three ecylinders 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 cheek
engine rpm at the time of
measuring the compression
pressure,

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

Assembly Repair
ltem standard limit
24 (341) 19 (270)
Compression pressure {24]. {19],
minimum maximum

Measure the compression pressure
with the engine running at 120 -200

rpm.
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{a)

(b)

A\ (cauTion]

It 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

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

Unit: mm (in.}

frem Assembly standard
Inlet valves 04
Valve clearance (0.016)
(A) (cold) Exhaust’ 0.5
valves (0.020)

YALVE CLEARANCEICGLD)
T PR (A
voudrC dem E,"w.{'.To.s— |
51282 e,
1.12-5.9-3-1009-7-2-
N SR

(o)

The bridge-to-valve rotator clearance
(B) should be more than 0.5 mm
(0.020 in.) after the front and rear
valve heights have been adjusted. If
the clearance is too small, grind the
bridge to obtain the specified
clearance.

(1) Inspecting valve clearance

(a) Inspect the valve clearance by the
firing order, by turning the
erankshaft (60°) in normal direction
at a time to bring the piston to its
top dead center on compression
stroke.

Firing order

S12A2 | 1-12-5-8-3-10—-6~7-2-11-4-9

{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.

() Insert & feeler gauge into between
the rocker arm and bridge cap, and
" inspect the valve clearance.




(2) Adjusting front and rear valve heights
by means of valve bridge

(@)

(b)

(e)

Before adjusting the valve
clearance, adjust the front and
rear valve heights by means of the
bridge (bring the Dbridge into
contact with the valves),

If the valve seets are worn, one
valve differs from the other in
height, producing some elearance
between its stem top and bridge to
change the valve clearance.

To adjust the valve height, loosen
the lock nut, and back off the
adjusting screw.

Then, hold the rocker arm by
finger, and slowly screw in the
adjusting serew until it. touches the
valve stem top. After making sure,
by looking into the hole in the
bridge, that the screw is in
contaet with the stem top, further
screw it in gbout 10° of turn, and
tighten the lock nut.

If the valve clearance between the
bridge and valve rotator is less than
0.5 mm (0.020 in.), the valve cotters
are apt to come off. Be sure to
maintain 0.5 mm (G.020 in.}) or more
clearancg between the two,

(3) Adjusting valve clearance

{a)

(®)

Insert & 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 gauge is slightly
gripped between the rocker arm
and bridge cap.

After adjusting the clearance,
tighten the Jock nut, and agsain
inspect the clearance, making sure
that it is eorrect.

ADJUSTMENTS, BENCH TEST, PERFORMANCE TESTS
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1.2 Fuel system priming

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

(1) Primary filter
{wire-element type)

{a) Loosen air vent plug (1) at the top
of the filter {by turning it about
1.5 rotations).

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

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

(2) -Secondary fuel filter
{paper-element type)

(a) Loosen air vent plﬁg (1) at the top
of the filter (by turning it about
1.5 rotations).

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

{c) Tighten the air vent plug when fuel
- flows from the vent hole without
bubbles. '

(3) Fuel injection pumps

(a) Loosen air vent plug (1) {by turning
it about 1.5 rotations).

(b) Operate the priming pump handle
(2).

(e) Tighten the air vent plug when fuel
flows from the vent hole without
bubbles. Loek the priming pump by
turning its handle clockwise while
pushing it down before tightening
the last vent plug. '
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A\ (caumon]

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

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

1.3 Fuel injeetion timing inspection —

and adjustment VALVE CLEARANTE(COLDH
4'" =g
[Right-hand fuel injection pump] 0 e .o.:i...

e e
¥ by 5 Tn Yo

(1) Fuel injection timing and indication

The injection timing is stamped 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 eaech
model of the engine varies according to
its output, speed and speecification,

(2) Bringing No. 1 piston to top dead
center oh eompression stroke

(a) Using turning bar (32091-01500) at

. the crankshaft pulley, turn the
erankshaft in  normel direction
(clockwise as viewed from the
front side of the engine).

{b) Stop cranking the engine when the
timing mark (1.6) on the vibration
damper is aligned with the pointer.

(¢} 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. '
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A\ (Caumon) —

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

(3) Inspecting fuel injection timing

(a) Once turn the crankshaft about 60°
- in reverse direction. Then, turn it
g little- at 'a- time in 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
pointer. Minus (-) mark on the
scale and BTDC on the caution
plate means "BEFORE"™ top dead
eenter,

(4) Adjusting fuel injection timing

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

{b) Loosen two coupling bolts (1), and
displace the injection pump 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 inspect the timing by crank-
ing the engine for verification.




{Left-hand fuel injection pump]

On this pump, the position where the
pointer is aligned with the index number
"7, 12" on the damper is top dead center
on compression stroke of No. 7 cylinder
pision. At this position, both inlet and
exhaust valves of that eylinder should
have clearance as specified. For the
subsequent steps, follow the procedure
outlined for the right-hand injection

pump.

1.4 No-load minimum (idling) speed and
maximum speed setting inspection and
adjustment

A\ (camon)

(a) No-load minimum ({idling) speed

and meaximum speed are set for
| each engine on the test bench at
the factory and the set bolts are
sealed. These settings are to be
inspected and adjusted at
Mitsubishi~authorized service shop
only.

(b) After authorized adjustment of
the governor, be sure to seal the
stoppers, making them appear as
if they were sealed at the
factory, if they were broken
during edjustment.

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

{d) when inspecting end adjusting
these settings, be on standby to
operate the engine stop lever
manually in the event of engine
overrun.

or inspection end adjustment, warm up
he engine thoroughly until the coolant
nd oil temperature rises to 70°C (158°F).
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ADJUSTMENTS, BENCH TEST, PERFORMANCE TESTS

Woodward PSG-type governor

(1) Inspecting and adjusting idling speed
setting

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

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

(2) Inspecting and adjusting no-load
maximum speed setting

(a) Move tﬁe speed control lever to
"maximum speed" position, and
measure the engine speed (rpm).

{b) 1f the maximum speed is out of the
: specified range, reset it by means
of governor set bolt (2).

(c) Manually 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) 1If the engine hunts, reset needle
valve {3). Open the needle valve by
turning it counterclockwise (2 to 3
rotations) 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 eclockwise until the
engine stops hunting.

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

{d) Seal each set boit.




ADJUSTMENTS, BENCH TEST, PERFORNANCE TESTS

Woodward 2301 and 2301A load sharing &
speed control deviees (for EG-3P
governors)

—

)

2301 LhAD Seakweg & SPUED CONTRGL

5 aaa a a

LI 4 8 + 8 .9

400812

(1) Adjusting idling 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 idling
speed,

(c) Make sure that the engine speed is
ebove the "minimum injection
quantity” position of econtrol rack
and is governed es was set by
"LOW IDLE SPEED" potentiometer,

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

'2) Adjusting speed setting (no-load rated
speed)

(a) Set "RATED SPEED" potentiometer
so that the engine runs at the

rated speed.

(b) If the engine speed fluctuates, reset
- N"GAIN" and "STABILITY" po-
tentiometers.
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(3) 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 pgained by
turning "STABILITY" potentiometer,
turn "GAIN" potentiometer
counterclockwise, Turn "GAIN"
potentiometer clockwise if low-
_piteh hunting oecurs.

To obtain the optimum performance,
turn "GAIN" potentiometer as
clockwise ns possible, and stop

turning it just before the engine
lacks stability,

Barber-Colman Dyna l1-type governor
(1) Adjusting speed setting

{a) Turn the power source switch OFF,
and stop the engine.

(b} Remove top covel; from the
controller, and make sure that the
potentiometers are set as follows:

"A" potentiometer. . 3 o'clock position
"GAIN" potentiometer

. . 9 o'cloek position

"D" potentiometer. . 10 o'clock position

"I" potentiometer . . 8 o'clock position

"L" potentiometer. . 10 o'elock position

(set at factory)




(e)

(d)

(e)

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

Turn "SPEED" potentiometer within
20 rotations until the desired
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 rack set boit.

(2) Correeting hunting

(a)

(b)

(e)

"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 counterclockwise until hunting
stops. A failure to stop hunting
will result in & damage to the
actuator.

If the actuator f{fails to gain
stability (hunting does not stop),
slowly turn "GAIN" potentiometer
counterclockwise. If the actuator is
in stable condition, slow]y turn
"GAIN" potentiometer clockwise
until hunting occurs; then, slowly
turn it counterclockwise until
hunting stops.

After setting "GAIN," "A" and "D"
potentiometers, turn the
source switech OFF and, when the
engine speed is reduced to about
1/2, egain turn the power source
switeh ON. If the engine speed
overshoots (jumps up beyond) the
setting, turn TI" potentiometer
counterclockwise. If the time
required to restore to the set
speed is too long, turn "I" po-
tentiometer clockwise. Repeat this
operation with the engine running
under no-load condition.

-

power
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(d) When "A,” "D, "DROOP" and

, "GAIN™ potentiometers are adjusted,
the set speed will slightly vary.
Set the speed 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
mlml .

RSUV-type governor

(1) Inspecting and adjusting idling speed
setting

(a) Make sure that stop lever (1) is in
~ "idling" position, and measure the ®
engine speed (rpm). :

(b) If the idling speed is out of the
specified range, reset the "idling"
position of stop lever.

(2) Inspecting and adjusting no-load
maximum speed setting

(a) Move the speed control lever (2)
until it touches maximum stopper
bolt (3). .

A\ (caumon)

There is a possibility of the engine
overrunning in some maximum stopper
bolt position. With this possibility
kept in mind, operate the control
levers while observing the engine

rpm.

-

(b) Measure the engine rpm. If it is out
of the specified range, reset the
speed control lever by repositioning
its maximum stopper bolt.




()

Make sure that the engine will
neither stall nor hunt even if the
speed control lever is quickly
moved from "maximum speed" to
"minimum speed” position.

(3) Adjusting idling sub-spring (correcting
hunting)

(a)

(b)

If

— A\(camon]

If the engine hunts during idling
run, reset idling sub-spring (4) at
the rear side of governor. Set this
spring so that it does neither push
tension lever nor be apart from
it inside the governor.

If the engine still hunts after the
idling sub-spring has been reset,
inspeet the control rack for
binding. Y ' .

the idling sub-spring is over-

corrected, the no-load maximum speed
will fluctuate, possibly causing the
engine to overrun,

(c)

(d)

If the engine hunts during no-load
maximum speed operation, it is an
indication that the tension of main
spring is weak. In such a case,
tighten the adjusting secrew of
swivel lever to increase the tension
of mein spring. Do not over-tighten
this screw; over-tightening will
narrow the accuracy of speed
regulation, causing the engine to
bunt when idling. Set the screw

within the specified  speed

regulation range.

Seal each set bolt.

ADJUSTMENTS, BENCH TEST, PERFORMANCE TESTS
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1.5 Belt inspection and adjusiment —

Apply thumb pressure to the belt midway
between the pulieys to inspect the belt
tension. If the tension is incorrect, make
an adjustment by means of adjusting

Adjusting bolts

b

bolts.
Unit: mm (in.) -
[tem Assembly standard
Fan 1015
Belt tension (/8 -38)
Water pump 10-15
and alternator (3/8 - 5/8)

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) Inspect 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
lubrieating oil to ecirculate 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.}

() After the engine starts, let it idle
under no-load condition by operating
the speed control lever. P

O
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.
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(1)

(2)

(3)

(4

(5)

(6)
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Lubrieating oil pressure: It should be
5 to 7 kgf/fem? (71 to 100 psi) {490
to 686 kPa) at rated speed or 2 to 3
kgf/em2 (28 to 43 psi) [196 to 294
kPa] at idling speed.

Coolant temperature: It should be
70°C to B5°C (158°F to 185°F).

Lubricating oil temperature: It should
be 60°C to T0°C (140°F to 158°F)
when measured in oil pan.

Leakage of oil, coolant and fuel,
especially oil leakage from turbo-
charger lubricating oil pipe con-
nections.

Knoeking: It should die away as the
coolant temperature rises. No other
defects should be noted.

Exhaust eolor aﬁd abnormal smell

2.3 Bench test (dynamometer test) con-
ditions )
Step Speed (rpm) Load (PS) | Time (rnin.)
1 600 — 650 No-load 5
2 1000 No-load 5
3 1200 No-load 10
4 | Rated (varies | 25% 10
5 ::i:g:s:;lg to specifi- S 0% 10
6 75% 30
7 100% 20

1)
2)
3)

Inspection and adjustment after bench
test

Retightening of cylinder head bolts
Adjustment of valve clearance

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 Test items
(1)
(2)

(3)

Fuel consumption test
No-load maximum speed test

No-load minimum speed test

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
8 minimum speed to which the
engine rpm can be quickly dropped
from the maximum rpm without
stalling.

(b) The no-load minimum speed is

specified to be 600 to 650 rpm.

(4) Others
During the performance test, inspect
- for leakage of pgases, coolant,

lubricating oil and fuel, noise or
hunting.
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ENGINE ACCESSORY REMOVAL AND INSTA.LLATION
This section explains the procedures and
tips for removal and installation of the

accessories - the preliminary process to
go through for overhauling the engine.

1. PREPARATORY STEPS

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

{b) Loosen the water pump and oil
cooler drain cocks and drain
coolant. ;

(e) " Loosen the ocil pan drain plug, and
drain engine oil.
{Oil eapacity: 100 liters (26.4 US.
gal.), approx.)

— AR —

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

2. 'ENGINE ACCESSORY REMOVAL

(1) Removing fan drive

{a) Unserew fan mounting bolts{l), and
remove fan (2).

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

(e) Loosen bracket mounting bolts (4)
and back off belt tension adjusting
bolt (5) to slacken V-belt (6).

(d) Unscrew bracket mounting bolts and
remove V-belt and fan drive (7).

(e) Remove crankshaft pulley (8) and
vibration damper (9).

(f) Disconnect water pipe (10).
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{2) Removing turbochargers‘.

(a)

{b)

()

Disconneet turbocharger lubricating
oil pipes (1) and drain pipes (2).

Unserew bolts (3) connecting air
ducts (4) and air coolers.

Remove air ducts, exhaust pipe and
turbochargers (5).

(3) Removing thermostat cases and water
pipes

{a)-

{b)

{e)

Remove water pipe connecting
couplings (1) (at three places).

Removing thermostat cases (2) with
water pipes.

Remove water outlet pipes (3) by
unscrewing bolts.

(4) Removing exhsust manifolds

(a)

{b)

(¢)

Remove joints (2) by removing
couplings (1).

Remove exhaust mainfolds (3) (4)
and gaskets (5) by unserewing
bolts.

Remove exhaust mainfolds (6) and

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

gaskets.

ENGINE ACCESSORY REMOVAL AND INSTALLATION




ENGINE ACCESSORY REMOVAL AND INSTALLATION'
i
(5) Removing air coolers
(a) Remove fuel pipe clamps (1).

(b} Disconnect water pipe {(2).

(¢) Remove air coolers (3).

Before reinoving each air cooler,
drain coolant from the cooler by
opening drain cock at rear water

pipe.
[Air cooler weight: 54 kg (119 1b)
Bpprox.] '

(6) Removing fuel pipes and fuel leak-off
pipes

Disconnect and remove fuel pipes (1)
(12 pes) and fuel leak-off pipes (2) (2

pes).
A\(cauion]

Be sure to attach rubber caps to
openings of the injection pumps and
nozzle holders from ~which fuel
injection pipes were disconnected to
prevent dust from getting ingide the
fuel system.

(7) Removing fuel filters .
(a) Disconnect fuel pipes (1).

(b) Remove fuel filters (3) by
unscrewing mounting boits (2).




{8) Removing left-hand and right-han&
fuel injection pumps

(a)

(b)

{c)

)

Disconnect oil pipes (1) from each
pump.

Remove coupling cover (2) from the
pump.

Loosen bolts (3) securing the
coupling to the shaft sufficiently.

Unscrew bolts (4) securing the pump
to the engine. Remove pump (5)
complete with the coupling by
prying it toward the front side of
the engine with a bar.

[Weight: 25 kg (55 1b), approx.]

(9) Removing oil filters and oil cooler

(a)

(b)

(c)
(d)

Disconneect harness (1) for the oil
filter alarm.

Using oil filter wrench
(34591-00100), remove oil filters (2)

(4 pes).
Disconneet oil pipe (3).

Remove oil cooler (5) by unscrewing
mounting bolts (4).

Before removing oil filter (2), make a
hole in the bottom of the filter to

drain oil.

ENGINE ACCESSORY REMOVAL AND INSTALLATION
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10) Removing bypass oil filter

(a)
(b)

Disconneect oil pipes (1).

Remove bypass oil filter (2) and
bracket (3).
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(11) Removing air breather
(a) Disconnect oil drain pipe (1).

(b} Remove air breather (2) by
unserewing mounting bolts.

(12) Removing oil filler

.Remove oil filler (1} by unscrewing
bolts.

(13) Removing water pump
(a) Drain coolant from the water pump
by loosening drain valve (1).

(b) Disconnect lubricating oil pipes
(2)-

(c) Remove water pump (4) by
unscrewing bolts (3).

(14) Removihg alternator

(a) Disconnect harness (1), and loosen
bolt (2) for belt adjusting boss.

(b) Remove belt (4) and alternator (S).
by unscrewing nut (3).
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i

(15) Removing starters

Disconneet harness (1), and remove
starter (3) by unscrewing nuts (2).
[Weight: 15.5 kg (34.2 1b), approx.]

(16) Removing Woodwsrd governor

{a) Remove lubricating oil pipes (1) and
oil filter (2) for Woodward
governor. —

(b) Remove Woodward govet;nor (3) by
unscrewing mounting nuts. '

3. ENGINE ACCESSORY INSTALLATION

o install the engine accessories, use
“*everse of the removal procedures. After
installing them, service as follows:

{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) Install the fuel injection pumps as
follows. After installing the fuel
injection pumps, be sure to inspect
and adjust the injection timing.
(Refer to- 1.3, Group No. 5.)

57




ENGINE ACCESSORY REMOVAL AND INSTALLATION

Fuel Injection Pump Installation
{Right-hand injection pump]

(a) Turn the crankshaft in normal
direction to align the index number
r], 6" on the vibration damper with
the pointer.

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

(¢} Once turn the crankshaft about 60°
in reverse direction. Then, turn it
a little at a time in normal
direction to align the timing mark
on the damper with tlie pointer.

Verify the injection timing by
referring to the caution plate
attached to the No. 1 rocker cover.

(d) Install the coupling to the injection : ‘
pump, and align pointer (1) on the / @‘
pump case with mark (2) on the ‘ = /
coupling, 3

(e) Fit the key of drive shaft into the
keyway of coupling, and push in
the injection pump toward the
drive case. Tighten bolt (3)
securing the coupling to the
specified torque.

5. m
61,5 — 68.7 Ibf-ft)
833 - 93.2 N.m)

(N Connect the fuel pipes and oil pipes
to the injection pump, and install
the control link.

[Left-hand fuel injection pump]

(a) To install this pump, align the index
number "7, 12" on the damper with
the pointer. At this position, make
sure that both inlet and exhaust
valves of No. 7 eylinder piston is
at top dead center on compression
stroke. .
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ENGINE PROPER
i

1. CYLINDER HEADS AND VALVE MECHANISM

1.1 Disassembly

Wear, clogged oil hole |

\,Q
\Q

@>, & K4
| . Sory %‘\@ \\&
&@* Q--@@ f @\c
T NG 7/,
| 2 <@ N | XX C 4
Corrosion - & N,
S e SR
[Wear, uomdonhole| ‘ ‘w

Worn cam contact a

ouudin;mrflee

| Wom stem or flce corTosion,
damage, carbon eposit

Cracks,

deterjoration

@ Rocker cover

@ Cylmder head bolt

49 valve bridge

@ Fuel lesk-off pipe @D Snap ring @ Cylinder head bolt
@ Fuel pipe 42 Washer @ Cylinder head

@ Nut, washer ® Rocker @ Valve cotter

® Injection nozzle gland 39 Rocker shaft @@ valve rotator

® Injection nozzle ¢® Rocker shaft bracket @ Vvalve spring

@ Packing @ Vvalve pushrod & valve

Adjusting screw Q@ Tappet @ Cylinder head gast
Bolt J9 Valve bridge cap



ENGINE PROPER

(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.

£\ [camon]

Be careful not to let pipe clamp
bolts and nuts fall. :

{2) Removing fuel injection nozzles

(a) Using injection nozzle remover (A)
(32591-00201), remove each
injection nozzle. Take out the
gasket left behind in the eylinder
head. ' :

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

(3) Removing rocker shaft assemblies

(a) Loosen the adjusting serew of each
rocker about one rotation in
advance.

(b} Loosen the small-diameter rocker
bracket mounting bolt about five
rotations first; then remove the
large-diameter bolt securing the
evlinder head and rocker brgcket
with a torque wrench.

(c) Remove each rocker shaft assembly.
‘ Keep the shaft assembly and
mounting bolts in & set.

Be carefu! not to drop small parts
such as bridge caps, bracket O-rings
into crankcase through pushrod holes.

'4) Disessembling 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.

€3




ENGINE.PROPER

(5) Removing cylinder head assemblies

Each cylinder head is located relative
to the crankecase with dowel pins. Lift
the head off the crankcase asiant.
[Cylinder head weight: 29 kg (64 1b),
approx.]

— A\[caumon)

Be vcareful 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.

If the valves are to be reused, do
not change combination of the valve
seat and valve guide.

(7) Removing studs, connectors, etc.

Do not remove the following parts from
the cylinder head unless ebsolutely
necessary. lf 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. *

(a) Stud for injection nozzle holder
(b) Connector for fuel injection pipe
(¢) Connector for fuel leak-off pipe

Do not remove bridge guide (d) except
when replacing the valve guide.
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(b) For subsequent steps,- follow the
procedure outlined for the right-
hand injection pump. .

[Adjusting injection quantities of left-hand
and right-hand injection pumps]

(a) To adjust, push in the racks of the
pumps all the way to non-injection
position, and turn the adjusting rod
of the linkage of left-hand
injeetion pump.

(b) After adjusting, tighten the lock nut
of adjusting rod and seal it by
passing a wire.

When turning the adjusting rod for
- adjustment, make sure that the rack
¢ glides smoothly without any sign of
" binding. U the rack fails to move
smoothly, the governor will not
funection properly.

59




ENGINE PROPER

1.2 Inspection and repair

Rockers, rocker bushings and rocker
shafts -

j (1} Measuring rocker bushing -inside
7 diameter and rocker shaft diameter

If the measurement exceeds the Service
limit, replace the bushing and/or shaft.

Unit: mm (in.)
Nominal | Assembly Service
Iem value standard limit 400052
32.000 Measuring rocker bushing and rocker shaft
Rocker bushing -~ 32,040 | 32.100
inside diameter | (1.25984 1(1.26378)
32 - 1.26141) :
(126) |31.99 .
Rocker shaft -~ 31975 | 31950
diameter . [(125949 |{1.25787)
-—‘1.25886)]
{2) Replacing rocker bushings : - Align oil holes.

Using rocker bushing puller (A) '
{32591-02600), ~ remove the rocker

bushings (worn) for replacement.

{a) Press & new bushing into the rocker
from the internally chamfered side

of the bore, ° o
N
* - ¥ » \
(b) Align the oil holes in the bushing Remomal iiation "
and rocker. 4029
Replacing rocker bushing

(e) After installing the bushing, measure
its inside diamitoe&g to make sure
at it 1 . mm . {1.26
tﬂp.OOIST i':.)_ag ¢ Q

If the diameter is out of this
tolerance, refinish it to 32 *8-040
mm (1.26 *J90157  in.) 3.25" by

reaming.
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Valve guides and valve stems

(1) Measuring valve stem diameter eand
valve guide inside diameter

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,

Unit: mm (in.) _ o ' 4
em Nominal bly | Service Measuring valve stem
value standard limit
9.960
- 9940 9910
vaee | (039213 ((0.39016)
stem — 0.39134)
diameter 9.930
Ex- 10 -9910 | 9.880
haust (0.39) [(0.39094 |(0.38398)
-0.39016)|
10.000
i Valve g\}ide - 10015 | 10.060
inside diameter (0.39370 | (0.39606)
- 0.39429) )
(2) Replacing valve guides and stem seals . B
(a) Using valve guide remover (A)
(36291-04200), remove the valve
guide (worn) for replacement.
Be sure to use new stem seals at.the
time of reassembly.
(b) Using valve guide and seal installer 7

a new

(B) (32591-10300), install Removing ﬁ]w guide

guide slowly with a press.
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A\ [caumon] ——— TR
’ ) ) Y
" (a) As-installed depth is specified for §l§
the valve guide; be sure to use ® %_‘s
the vave guide and seal installer - §=§
to .secure this depth. : i Valve guide §. &Q Stem seal
w . "
' S . N B
(b} Do not apply any oil or sealant to = Ly ) ] P
the surface of stem seal that £l N By Cypmderhead §§ EE :
comes in contact with the valve E — 1 \ _:«__g ;_E
guide. When installing the stem =N NN N P
seal, coat the seal rubbing - N 400919
surface of the stem with engine Installing valve guide and stem seal
oil to insure initial lubrication of
the stem seal lip. '
Valves and valve seats
(1) Inspeecting valve face
Coat the valve face lightly with red
lead and, uwsing valve lapper (A)
(30091-08800), inspect the valve contact
with its seat. If the contaet is not
wniform, or if the valve is defective or
the Repair limit is exceeded, repair or
replace the valve and valve seat.
{a) Inspect the valve face after
inspecting or replacing the valve
guide.
(b) When pressing the valve coated
with red lead into the ‘'valve
seat, do not rotate the valve.
. Unit: mm (in.)
Assembly Repair
Ttem standard limit |
Angle 30° R 400059
. 02— 02 05 Valve contact with its seat
Valve | VaIve sinkage | o ook _ .0.008)| (0.020)
seat Indet 1.93-2.23 2.5
. ® 1(0.0760—0.0878){ (0.098)
Widthy 1.70-2.00 33
|[Exhaust : .
(0.0669—0.0787) (0.091)
. 31-29 2.0(0.079)
Valve margin (0.122 — 0.114) | by refacing
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(2) Refacing valves

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

(a)

(b)

. of 30°,

Set & valve refacer at an angle

Grind the valve stock to a
minimum. If the margin seems to
exceed the Repair limit by
grinding, replace the valve.

(3) Refacing valve seats

(8)

(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.

Valve seat width ‘ —1

- Valve sinkage

Refacing valve

t

()

(b)

{e)

Cut or grind the velve seat only
as necessary for refacing.

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

Replace the valve seat if the
valve sinkage exceeds the Repair
limit after refacing.

Refacing valve seat

Valvemr
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(4) Replacing valve seats

i {a) Weld a stud or the like to the
valve seat. Insert a shaft into the
valve guide hole from the upper
side of eylinder head, and drive
the seat off the head as shown.

— A\(caumon)

When welding the stud, be eareful Stud or the like -
not to permit spatters to come in '

contact with the -machined surfaces -
of eylinder head. Removing valve seat .

(b) Before inserting a new valve seet,
measure the inside diameter of
eylinder head bore and the outside
diameter of the seat to make sure
that clearance (fit) between the
two i within the Standard
clearance. ' :

Unit: mm (in.) M .
40.03 1 1240.0012 4ro+0.03 0 20000127 60"
: Nomina Standard 50¢s4u 2.1375" maq @.287 )
tem value clearance Secat outside diameter - Seat outside diameter
Cylinder head [\~ | 58 207 #se3igenloln  eeglaeas oy
bore inside (2.28) - <013 Exhaust Injet 401001
e:la‘?:e‘t:;t %rllﬁ ” (-0.0028 Valve seat dimensions
de digmgtgg Exh.ust (2.13) *--0.005.1)
(c) Chill the valve seat in liguid
nitrogen [about -170°C (-274°F)]
more than 4 minutes with the
eylinder head kept at normal
temperature, or heat the eylinder
head to 80°C to 100°C (176°F to
212°F) with the valve seat chilled
in ether or aleohol containing dry
ice,
(d) Using the installer, install the valve

Installing valve seat
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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

replaced.

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

(a) Do not permit the compound to : 4
come in contact with the valve - Coating valve with lapping compound
stem.

Lapping compound

(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
smount of engine oil will
facilitate coating.

(b) Using - valve lapper (A)
(30091-08800), lap the valve in the
seat. To lap, raise the valve off
the seat, and then rotate the valve
only a part of turn and strike it
against the seat.

(c) Wash off the compbund with diesel
- fuel.

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

[ ] ﬂ

Lapping valve in valve seat

(e) .Check the valve face for contact.

Valve bridges and bridge caps

Check the clearance between the bridge
and the rotator (cotter).

(1) If the clearance is less than 0.5 mm
(0.020 in.), check the valve stem top *
o=

||

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

= N H =

&4

(2) Check the bridge cap for condition, Checking bridge-to-rofator clearance
and replace a badly worn cap.




Valve springs
Measuring squareness and free length

Measure the free length and squareness
of each valve spring., If the free length
or sguareness exceeds the Service limit,

replace the spring. Unit: mm (in.)

Item Assembly standard | Service limit

Free length 67.5 (2.657) 66.2 (2.606)

A é '
asl5
Squareness If {0.059) over -
S the length

# = 1°, maximum

Length under 60.0 (2.362)/

test force/test 27.8+5%

force, mm (in.)/ (61325%)

kgf (ibf) [N] [272.6+5%]

l'appets and valve pushrods

1) Inspecting cam contact face of
tappets

Replace the tappets if their cam
contact faces are abnormally worn.

)) Inspecting valve pushrods for runout

If the runout exceeds the Assembly
standard, replace the pushrods.

Unit: mm (ir.)

ltem Assembly standard
Pushrod runout 0.5 (0.020),
maximum

ENGINE PROPER

o

[{(C

AT

Ftee length

!

/e

Measuring valve spring

O

Bad Bad

Cam contact face of tappet

I T

400069

Measuring valve pushrod runout

7
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Cylinder heads
(1) Measuring gasketed surface warpage

Measure warpage onh each head with &
straightedge and a feeler gauge. If the
warpasge exceeds the Repair limit,
reface the gasketed surface with a

surface grinder. ' Unit: mm (in.)
Assembly il
ttem standard Repair limit A
Cylinder head 0.03 Measuring cylinder head gasketed surface »
gasketed surface (0.0012), (0%00;8} * :
warpage maximum )

{2) Inspecting water directors

Check each water director for | ' 5
corrosion, and replace it if necessary. ar O
Using a soft hammer, drive a new @ <Q

director into the cylinder head until it Section A-A | 0D o‘\
measures 1.0 mm (G.04 in.) sinking from ©
the gasketed surface of the head, with

its window positioned as shown. IF C] O
Section B-B

Installing water directors
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(1} Installing cylinder head gaskets

(a) Clean the gasketed surfaces of
cylinder head and crankcase
thoroughly with a solvent or de-
greasing solution.

(b) Place the gaskets on the crankcase,
making sure that dowe] pins enter
their holes in the gaskets,

A\(caumon]

Do not apply any sealant to the
gaskets.

(2) Reassembling cylinder heads

(a) Coat the valve stems with engine
oil, and insert them into the valve
guides.

(b) Install the valve springs and
rotators to the valve guides.
Compress each valve spring with
valve spring = pusher (A)
(33591-04500), and install the valve
cotters to the valve stem.

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

(3) Installing eylinder head assemblies

Place the head assembly on the
crankease with the dowel pins entering
their holes. Coat the threads of
eylinder head bolts with engine oil,
insert the Dbolts (except one for
securing the head and rocker bracket)
into the head assembly and tighten the
eylinder head bolts temporarily.
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| A\ [caumon] —

Before installing the cylinder head
assembly, measure the protrusion of
each piston, making sure that the
protrusion is correct. (Refer to (4),
Pistons, 2.2, Group No. 7.)

4) Installing valve bridges and caps

(a) Coat the bridge guides with engine
oil, and install the bridges to the
guides with the adjusting screw
positioned 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 let them fall into .
the crankecase through pushrod
holes.

5) Instelling tappets end pushrods

Coat the tappets with engine oil, and
carefully place them on the camshaft.
After that, install the pushrods.

3) Installing rocker shaft assemblies

(a) Align the notch of rocker shaft
with the bolt hole of rocker shaft
bracket, and insert the bolt into
the bolt hole.

(b) Insert the long bolt for securing the
head and rocker bracket with O-
ring through the bolt hole of the
rocker bracket into the cylinder
head.

401012 401403
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A\[caumon]

() Move the rocker arm up and
down 10 make sure that the
arm is free.

{(b) While tightening the bracket
mounting bolts temporarily,
install the bracket in place so
that rocker tip comes in
contact with bridge cap
evenly.

(¢) 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

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

(8) Installing injection nozzle assemblies

(a) Install the nozzle assembly to the
cylinder head, and connect the
injection pipe and leak-off pipe to
the assembly.

(b) Tighten the nozzle gland nut to the - Sealing
specified torque. washe: .}
(noTe]
{a) When connecting the leak-off g
pipe, be sure to install the @
sealing washer to the connection
of the pipe. 8 kgf-m
pipe (58 1bi-ft)
() When installing each nozzle [78 Nom}
assembly, be sure to install the
gasket. ' ‘

(9) Adjusting valve clearance

Refer to 1.1, Group No. 5f
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2. CYLINDER LINERS, PISTONS AND CONN.I‘.:.CTING RODS

i

i 2.1 Disassembly

ENGIEN PROPER

I

Scratches, wear on inside
surface, rusting on outside
surface

Damage

ng.r, scratches, damage l

Scretches, cracks, damage,
wear, carbon depesits on
outside surface

out of

Scratches, seizure, wiping

f ovetlay on both sides A“(D

Damaged threads

402080

@ Bolt

Connecting rod cap
® Connecting rod bearing
@ Connecting rod bearing

(® Top compression ring
(® Second compression ring

@ Oil ring
(® Snap ring

® Piston pin

@@ Piston

@ Connecting rod

@ Connecting rod bushing
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(1) Removing connecting rod caps

Unscrew the cap bolts, and remove the

cap. _

(a) Be careful neither to drop the
besrings into the oil pan nor to
damage them.

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

(2) Preparatory step for removing pistons

Remove ali ecarbon deposits from the
upper areas of cylinder liner with cloth
ot oil paper. Carbon deposits, if any,
will make it difficult to pull the piston
upward.

(3) Removing pistons
{Pistons for right bank cylinders)

(a) Bring the piston assembly (from
which the connecting rod bearing
cap has been removed) to top dead
center by turning the crankshaft.

(b) Turn the crankshaft in reverse
direction until the crankpin comes
off the connecting rod and the
joint of the rod is visible in the
inspection hole on the side of

- erankcase.

78




(e} Cover turning bar (A) (32091-01500)
with protective cloth. Put the tip
of the bar under the bottom end of

connecting rod big end, and pry up’

the piston assembly just a little by
making use of the crankpin as a
fulerum.

———— /\[cavmon)

Do not insert the turning bar
excessively, or the piston assembly
cannot be removed. Insert the bar so
that it protrudes about 20 mm (0.79
in.) from the bottom end of the big
end.

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

the bar to raise the piston

assembly.

———— /\(caumon]

ENGINE PROPER

Raise the piston assembly carefully -
so that the connecting rod will not
interfere with the piston ecooling oil
jet nozzle.

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

———— A\ (caurion]

Lower the piston slowly and
carefully, or the oil ring will suffer
damage.

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

(g) Hold the piston pin portion of the
piston by hands, and lift the piston
assembly off the liner.
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{Pistons for left bank cylinders] g

The procedure is the same as that for
removing the pistons for right bank

cylinders, the only difference being | o ;
that the position of crankpin and the ! ~.4 Pointer !
direction of ecrankshaft rotation for : A ) ’_‘,_;_ ]
removing pistons are reverse. - -
| AN &
| mimbe;  Crankpin

[Use of piston remover]

(a) Bring a piston assembly to be
removed to top dead center by
turning the crankshaft,

(b) Attach piston remover (A) to the
top of the piston. Grip the handle
of the remover, and lift the piston
off the liner.

(4) Removing piston rings from piston

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

($) Removing piston pin from piston

(a) Using ring pliers (A) (45191-08400),
remove the snap rings. '

(b) Remove the piston pin to separate
the piston from the connecting rod.

{e) If it is difficult to pull out the pin,
heat the piston with e piston
heater or in hot water to expand
the pin bore. "
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2.2 Inspection and repair

! Cylinder liners ,
(1) Measuring ecylinder liner inside
diameter

Measure the inside diameter of each
liner in two direetions, parallel and
transverse to the piston pin, at three
positions, top (ridged area), middie and
bottom as shown. If the measurements
exceed the Service limit, replace the

liner,
Unit: mm (in.) J
Nominal | Assembly | Service & Transverse 1 Unit:
ltem value sumdnrg limit = piston pin ° Paratiel to mm {in
150.00 a1R pion e

Cylinder liner 150 | —150.04 | 150.14 g 21 ! !

inside diametes | (S91) | (59055 | (59110) cie ( N
; . - 590071 Si= LW 8

e
O
X

401027
Cylinder liner measuring diagram

(2) Measuring cylinder liner protrusion

Measure protrusion of each liner at its
flange with a dial gauge as shown. If
the protrusion 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.)
Jtem Assembly standard
i i trusion at 0.10-0.18 ‘ : X . :
g::l‘;ed" tiner protrusion (0.0039 — 0.0071) Measuring cylinder liner protrusion

A\[casnon)

If the protrusion is less than the
Assembly standard, the gasket fails
to exert sufficient sealing forece
around the bore, causing exhaust gas
leakage.
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(a)

(b)

(2)

@

Clean the gasketed surfaces of
erankcase and the top of the
liners.

Secure the -top of the liner
uniformly at two -places with
clamps and bolts (M20 x 2.5).

Set up the dial gauge at the top of
the liner, and set the gauge
pointer to zero (0).

Measure the protrusion at four
places on the top of the liner.
Take the average from the four
measurements.

-{3) "Replacing cylinder liners

{a)

(b)

Using cylinder liner remover (A}
(32591-04100), remove the cylinder
liner from the crankcase for
replacement.

Attach rubber packings to a new .
cylinder liner, and carefully insert
the liner into the bore of the
crankecase.

Coat the joints of cylinder liner and
crankcase with ThreeBond 1104.
When inserting the liner, coat the
rubber packings with engine oil or
soapy water to prevent them from
twisting. :

A\[cavmon) ——




(c) After inserting the liner into the
bore, lightly tap on its top, using
installer, to rest its flange in the
counterbore formed of the
erankecase. After resting the liner,
lightly tap on it several times,
making sure that it is properly
installed.

(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
protrusion of each liner is within
the Assembly standard range.

Pistons

Cheek the ecombustion chamber and
inside surfaces of piston bosses.
Replace the piston if any abnormality
is found.

1) Measuring piston diameter

(a) Using a micrometer, measure the
diameter of each piston in the
direction transverse to the piston
pin, at the position shown. If the
diameter exceeds the Service limit,
replace the piston. If any pistons
have to be replaced, select. new
pistons so that the variance in
weight among pistons per engine is
within the Assembly standard.

Unit: mm (in.)

ENGINE PROPER

401032

&

30 mm
(1.18in.)

401033

Measuring piston diameter

ftem Nominal | Assembly Service
value standard limit

149.82

Piston : 150 — 149.78 149.68

diameter (5.91) (5.8984 (5.8929)
— 5.8968)

Variance in

weight among _ (fﬁ goz] _

pistons per n;a m om

engine

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

Piston weight

Part number

IZD Engine front

Mark indicating
engine front cide

401034

Piston weight stamp location
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(2) Inspeeting piston ring grooves

Check the piston ring grooves for wear
and damage, and replace the piston if
necessary. |

g / Ni-Resist insert

~_—— Top ring groove

Cheek Ni-Resist insert for cracks.
Replace the piston if the insert is
cracked.

~—— Second ring groot

=——— (il ring groove

(3} Measuring piston pin bore diameter

Using a caliper gauge or eylinder
gauge, measure the piston pin bore
diameter. If the diemeter exceeds the
Service limit, replace the piston.

Unit: mm (in.)

Item Nominal | Assembly | Service
value standard limit
58.002
Piston pin bore 58 - 58012 58.020
diameter (2:28) [(2.28354 (2.28425)
—2.28393)

~ (4) Measuring piston protrusion

Measure protrusion of each piston and,
if it is not within the Assembly
standard range, inspect the various
parts for clearance.

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

(b) Set up the dial gauge at the top of
erankcase, and set the gauge
pointer to zero (0). Measuring piston protrusion

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




Unit: mm (in.)

ENGINE PROPER

Assembly stand
ltem (Smndard clearance)
. . 0.38 - 0.89
Piston protrusion (0.0150 — 0.0350)
As-installed thickness of 18201
cylinder head gasket (0.071 £ 0.004)
Clearance between piston top (0.8] — 1.43)
and cylinder head ((0.0319 — 0.0563))

A\(cavmon)
Keeping the piston protrusion within
the Assembly standard range is
important not only for engine
performance but also for prevention
of interference of the valves with
the pistons.

Piston rings

(1) Measuring gaps

cylinder liner, and measure the gap of
each ring. If the gap of any ring
exceeds the Service limit, replace all
rings as e set.

i
P
Place the rings in a new or master i
[
|
|

Inside diameter of master eylinder liner:
150 ¢ 0 mm (5.91 = 0 in.).

(a} Using & piston, place the piston
ring in the liner by pushing it
squarely. .

lo

NI AR AR

|

A AN

400105!

[ —

Measuring piston ring gap

(b) The oversizes of piston rings are
0.50 mm (0.020 in.), 0.75 mm
(0.030 in.) and 1.00 mm (0.039

il
Unit: mm (in.)
ftem ool oy
Top | (0034~ 0031)
paon 11| Second ! (0,030 - 0028) | 0.679)
Ol | (oodoo gﬁgza)
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Piston pins
Measuring piston pin diameter

Using a micrometer, measure the out-
side diameter of each piston pin. If the
outside diameter exceeds the Service
limit, replace the pin.

Unit: mm (in.)

Nominal Assembly Service
lem value standard limit
58.000
Piston pin out- 58 — 57987 5§7.970
side diameter {2.28) | (2.28346 {2.28228)
— 2.28295)

Connecting rods, connecting rod bearings

and small-end bushings

(1) Measuring small-end bushing inside
diameter

Using a eylinder gauge, measure the
inside diameter of each bushing. If the
inside diameter exceeds the Service
limit, replace the bushing. :

Unit: mm (in.)
Nominal[ Assembly Service
ltem value standard limit
§ 58.020
Connectingrod | 53 | - 33040 S8O70
i 28622
inside diameter (2.28) (_22282;25504 ) (2.28622)

{2) Replacing connecting rod small-end
bushings

(a) Using connecting rod bushing
insteller (A) (37191-08000), remove
the bushing, as shown, for re-
placement.

() When installing a new bushing, align
oil holes in the bushing and

econnecting rod.

Al

4

Measuring connecting rod small-end bush:
inside diameter’

'Removal Installation

4

Replacing connecting rod small-end bust




(e} After installing the bhshing, finish

its inside diameter to 58 18848
mm (2.28 3308037 in.) L,8§ and its
parallelism with respect to the
big-end bearing to 0.05 mm (0.0020
in.) by reaming.

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

(3) Inspecting econnecting rods for bend
and twist ' ‘

{e) Measure "C" gnd "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.

(vore)

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 crankpin in
diameter into the big end bore, and
measure the heights "A" and "B" of

ENGINE PROPER

the bar.
Unit: mm {in.)
Item Assembly standard
Connecting rod bend and 0.05/100 (0.0020/3.9),
twist (C/D maximum

401040
c 005 (0.0020) Unit: mm (ta.)
¢ 10009 ¢ 0.08 (0.0020)
T T1wen
4
Twist
400110
Inspecting connecting rod
o
c !
I. ¥ ‘
1
i
I
A B
NAS |
Bo i
77 ‘ 400111

Inspecting connecting rod installed to piston
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(4) Inspecting connecting rod big-end
bearings

Inspect each bearing shell for wiped
overlay, scratching, seizure, pitting and
other defects. If any of these defeets
is present, repiace the shell.

(5) Measuring connecting rod end play

~ instali the connecting rod to its
crankpin, and tighten its cap bolts to
the specified torque. Then, using a

feeler pauge, measure the end play. If -

the end play exceeds the Service limit,
replace the conneecting rod.

Unit: mm (in.)
: . Standard ,
Item Nominal | clearance | Service

value [Nominal) limit

Connecting rod
L N

ecting .13 . : 0394
r:_id]and crank- x2 ) — 0.0354) (0.0394)
2

(6) Varianee in weight among connecting
rods per engine

When replacing connecting rods,” make
sure that the variance in weight emong
connecting rods per engine is within
the Assembly standard shown below.

Item - Astembly standard
Variance in weight among 40 ¢ (1.4 oz),
connecting rods per engine maximum

Wiped
overlay
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(7) Measuring connecting rod big-end boré
diameter

Measure the bore in two positions,
front and rear, and in two directions.
If the diemeter exceeds the Service
limit, repiace the connecting rod.

Unit: mm (in.)

Item Nominal | Assembly Service
& value standard limit

110.000
Comnectingrod | 110 | _'1)0.022 { 110.047 - - - .
b'xg-e::le bore (433) | (433070 (4.33255) Measuring connecting rod big-end bore diameter
diameter —-433157)

.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.)
Nominal | Assembly | Service
Item value standard lirnit
) 20 3.00382 . 400115
X -2 2.950 . . . :
Standard ©.118) [(0.11811 (0.11614) Measuring connecting rod bearing thickness
‘a -0.11740)
£ 3.125
2 | 025 3125 —3.107 3.075
< |(-0.0098) (0.12303)|(0.12303 (0.12106)
2 - 0.12232)
] 3.250
= | =050 325 [ -3.232 3.200
£ |{~0.0197) |(0.12795)}(0.12795 {0.12598)
= ~0.12724)
i 3375
€| 075 3375 | —3.357 3,325
5 (-0.0295) [{0.13287)1(0.13287 (0.13091)
: -0.13217)
3.500
~1.00 35 - 3.482 3.450
(=0.0394) (0.138) |(0.13780 {0.13583)
- 0.1370%)
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 {~0.0285 in.)
ﬂl‘ld -1-00 mm (-0D0394 il'l.)-
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2.3 Reassembly

Reassembling sequence

R i S

|
i

(1) Reassembling pistons on connecting , 4  Part No,
rods . 4 \Pi::o;: weight 34
. . - 1 . .l 2
(a) Heat the piston with a piston heater Q €9_ @_ (
or in hot water. Camshaft [ G
‘ al - - View |
(b) Coat the piston pin with engine oil, ,,,fj,{‘;;‘ 'l Muk m/d’mm . M,O::;::
and insert it into position through marks \\./ |\ engine front side
the connecting rod. ' ‘
(¢) Install the connecting rod to the
piston with the matching marks on

its big end on the side of the
camshaft.

(d) Using 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.

Position the ends of both snap rings
at the bottom of pin bore.
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(2) Installing piston rings

(a) Using piston ring tool (37191-03200), : =~ é
install the piston rings to the Up mark
piston. - o Top compression ring

_— A Second compression ring

Top piston ring is marked "RN" and —— Od ring

second piston ring "R" near the gap Coll spring

on the side to be up when installed ‘

on the piston. If the ring is installed 401045

with this mark down, excessive oil . Piston and piston rings

consumption or overheating will

oceur.

(b) Install the oil ring with its gap
positioned at 180° to that of coil
spring. '

—

3) Prepsratory steps for installing pistons

(a) Pistons for right bank cylinders

Turn the crankshaft in normal
direction until the number (stamped
on the damper) of a cylinder to
whieh the piston is to be installed
is at the position of approx. 50°
pbefore top dead center.

401870

(b) Pistons for left bank ecylinders , !

Turn the crankshaft in normajl
direction until the number of a
cylinder to which the piston is to
be installed is at the position of
about 50° after top dead center.
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{¢) Clean the cylinder liner bore
surface and crankpin by wiping
with cloth, and coat it with engine
oil.

(4) Installing connecting rod bearing
upper shells

Install the upper shell of the bearing in
the rod by fitting its locking lip in the
recess 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.

(5} Inserting pistons

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

A\(caumon]

(a) Make sure that the arrow of mark
F on the top of piston points
forward.

(b) When putting the connecting rod
in the liner, keep it away from
the oil jet nozzle by observing
the rod through. the inspection
hole of crankcase.
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(b) Coat the piston rings with engine’
oil, and position the ring gaps as
shown. .

Gap of oil ring
400127

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

liner.

{e) Be careful not to get your little
finger pinched between the oil
ring and cylinder liner,

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

402988
ring. :

(d) After making sure that the piston
ring gaps are positioned properly,
coat the rings with engine oil, and
clamp them, using piston installer
(A) (37181-07100). At this time,
coat the inside surface of the
installer with engine oil.

403001

(e) Lightly tap on the piston head with
a soft hammer to insert the piston
into the cylinder liner. If the
piston will not go into the liner,
move the big end of connecting rod
back and forth through the
inspection hole of crankcase.
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(f)

Make sure the upper shell of the
bearing is properly positioned in
the connecting tod big end, by

inserting the hand through the’

inspection hole of crankecase.

If the bearing shell is slightly out
of place, repositin it by pushing it
up by the hand.

(6) Installing connecting rod cap bolts

(a)

(b}

{c)

——— A\(camion]

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

Coat the threads of cap bolts and
the inside surface of lower shells
of connecting rod bearings with
engine oil.

Install each 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 of bolts with

engine oil, and ughten the bolts

temporarily.

Wwith cap bolts tightened
temporarily, touch the joint
between the cap and rod, making
sure that the cap is normally held
in place, and tighten the bolts to
the specified torque.




(d

(e)

{1

Temporarily tighten the cap bolts of

the rod installed later, and press it
squarely toward the rod already
installed by tapping. Move the big
end of this rod in the thrust
direction, making sure that it has
correct end play.

Tighten the cap bolts to the
specified torque.

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
cr)ankpin. (Refer to 2.2, Group No.
7-I

ENGINE PROPER

403005
@] —_—

30 kgim (217 1bf-f1)
{294 N-m] (Wer) 403006
[
i
f
403007 |

(vore)

Before installing the oylinder head,
measure the protrusion of piston,
making sure that it is correct. (Refer
to (4), Pistons, 2.2, Group No. 7.)

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

3.1 Disassembly

Flywheel side

Rough bearing rotation,
damaged seal

Ciogged oil hole

Spalled, pitted or worn
distorted or worn keyw

@ 0il pan

@ 0Oil strainer, oil pipe,
oil pump

@® Flywheel

@ Oil seal retainer, oil
seal

® Timing gear case

Thrust plate

(@ Idler gear

Fuel injection pump
drive gear

@ Accessory drive

@@ Camshaft gear
@) Thrust plate

¢ Camshaft )
43 Idler gear shaft
(9 Rear plate
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Yibration damper side

| Damage, deterioration |

[ Worn belt g:roc;vuJ

403000

@® Pulley (for fan) . G Pulley {for water pump)
@® vibration damper 48 Front cover, oil seal

(1) Removing flywheel
(a) Attach a sling to the flywheel.

(b) Unscrew the mounting bolts.

(¢) Serew jacking bolts [M12 x 1.75)
inte the holes in the flywheel
uniformly, and remove the flywheel.
[Flywheel weight: 75 kg (165 Ib),
approx.] '

————— A\[caumon]

(a) When rerhoving the flywheel, be
careful not to drop or bump it
against & hard object.

(b) The ring gear is shrinkage-fitted
to the flywheel. Do not remove
the gear except when it has to
be replaced.
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(2) Removing oil seal retainer

(a)

Unserew the mounting nuts.

(b). Screw jacking bolts (2 - M10 x 1.5)

into the holes in- the retainer
uniformly, and remove the retainer,
being careful not to damage the oil
segl.

(3) Removing accessory drive cover for
Woodward governor

(a)
{b)

Unscrew the mounting bolts.

Screw jacking bolts (2 - M8 x 1.25)
into the holes in the cover
uniformly, and remove the cover,
be;?g careful not to damage the oil
seal.

(4) Removing timing gear case

(a) Attach slings to the timing gear

(b)

¢ase.

Unserew the mounting bolts, and
remove the timing pear case.

[Timing gear case weight: 100 kg
(221 1), approx.] : .

(5) Mesasuring backlash and end play

Measure the backlash and end play of
each gear to obtain the data for parts
replacement.

(Refer to 3.2, Group No. 7.)




(6) Removing idler gears (left and right)

Align the pointer with the mark for top
dead center on compression stroke of
No. 1 eylinder. Unscrew thrust plate
mounting bolts, and remove the gear.

(7) Removing fuel injection pump drive
gears (left and right)

Straighten the lock washer of nut
securing the gear, unscrew the nut and,
using a puller, remove the gear.

(8) Removing accessory drives (left and
right) -

Unserew bolts and nuts securing the
drive to the rear plate, and remove the
drive.

9) Removing camshaft pgears (left and
right)

Straighten the lock washer of nut
(having left-hand threads) securing the
gear. Unscrew the nut with socket
(32591-02800), and remove the gear
with a puller.

ENGINE PROPER
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(10) Removing camshafts (left and right)' ;

Unscrew the thrust plate mounting |
bolts, and pull out the camshaft from !
the crankecase.

A\(cavmon] ————

when pulling the camshaft, support it
with & bar-like tool inserted through
the inspection hole of crankease to
prevent damage to the cam surfaces
and bushings. :

(11) Removing front cover
(a) Unscrew the mounting bolts.

(b) Screw jacking bolts (2 - M10 x 1.5)
into the holes in the cover
uniformly, and remove the cover,
being careful not to damage the oil

. seal.

The front cover is to be removed
with the pointer. Before removing the
cover, mark the pointer installation
position,

1.2 Inspection ﬁnd repair
Flywheel and ring gear

Measuring flywheel face and Tadial
runouts '

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. Measuring flywheel runouts
Unit: mm (in.) ,
Item Assembly standard
Face runout 0.28 (0.0110), maximum
Flywheei
Radial runout 0.13 (0.0051), maximum
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Accessory drives !
(1) Check the bearing for smooth

rotation. Replace the bearing if it
rotates erratically or hums.

(2) Check the fit of drive shaft in the 7
bearing, and replace an excessively : @

worn part,
(3) Check the fit of the bearing in the : . @
drive case, and replace an . 40302

excessively worn part.

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

Usit: mm (in.)

Nominal Assembly
Item value standard
71.988 — 72.018
Drive case bore |2 22 | (2.83417 — 2.63535)
inside diameter 89.985 - 90.020
90 (354) | (354271 — 3.54409)
72.004 — 71.983
72(2.83) | ¢ 83480 ~ 2.83397)
Diameter 90.005 — 89.980
. 90(3.54) | (3754350 — 3.54251)-
Bearing 34.985 — 35.003
msdge |2 U981 (1137736 - 137807)
diameter 39.985 — 40,003
W57 | (15742) - 1.57492)
35.013 — 35.002
Drive shaft 35 (1.38) | (137846 — 1.37803)
diameter 40.013 — 40,002
40 (157 | (1.57531 — 1.57488)
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"Vibration damper and crankshaft pulley

(1) Inspecting vibration damper

(a) Visually inspect exterior for torn, ‘|
swelling and cracks around bolt [
hole of dise and leakage of silicone
(damping) fluid.

{b) With the damper installed to the
engine, measure the radial and face
runouts of the inertia mass of the
damper by turning the crankshaft Measuring damper runouts
slowly, with a dial gauge set up on ‘
the periphery of the damper
shown. If the runouts exceed the
Service limit, replace the damper.

The damper should be replsced
every 8000 operating hours even if
there is no evidence of defects.

Unit: mm {in.}

Assembly Service

Item standard limit

Radial
Vibration | runout 0.5 (0.020), 1.5

axim 0.059
damper Face runout m um ( )

(2) Inspecting crankshaft pulley

Inspect the V-belt groove for wear.
Wrap & new belt around the pulley, _L
pressing it in the groove as far as it : =

goes, and see if the top surface of the \"7 T

belt is above the top of the pulley. = | |16 mm (0.063 in.), minim

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 eround, it 400
is not necessary to replace the pulley. Inspecting V-belt groove in crankshaft pulle:

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




Timing gears
Measuring' backlash

Set wp a dial gauge so that it contaots
with the piteh circle of the gear and
move one gear back and forth to
measure the backlash between the
gears. ‘If the dial gauge is not
available, measure the backlash by
inserting a feeler gauge between the
teeth of the gears. U the backlash
exceeds the Service limit, replace a

woOrn gear. Unit: mm (in)

Standard Repair Service
ftem clearance li::it limit
Tim 0'10218 0 0.50
iming gear -0, 30 .
‘backizsh (0.0047 | (0.0138) | (0.0197)
- 0.0071)

(wore]

Temporarily tighten the bolts and
nuts securing the Jeft and right.
accessory drives &t eight places
before measuring timing  gear

ENGINE PROPER

backlash.

Idler gears, idler gear bushings and idler
gear shafts

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

If the diameter exceeds the Service
limit, replace the bushing or shaft
whichever is worn. :

Unit: mm (in.)

8/__0\ 403023

Item Nominal | Assembly | Service
value standard limit
50,000
Idler gear bushing - 50.025 50.060 -
inside diameter (1.96850 {1.97086)
50 - 1.96948)
1197 [29973
| Idler gear shaft —49.950 | 49.900
diameter (196752  [{1.96456)
— 1.96653)

ADDYE2

Measuring idler gear bushing and shaft
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(2) Measuring idler gear end play

Measure the end play with a feeler
gauge or a dial gauge. If the end piay
exceeds the Repair limit, replace the

thrust plate.
Unit: mm (in.)
Standard Repai
Item clearance lirrl:i? '
0204 0.6
dler gear end play | 0 053 ~ 0.016) | (0.024)

(3) Replacing idler gear bushings

(a) Using idler bushing puller (A)
(32591-02500), remove the existing
bushing. :

(b) Install a new bushing to the gear by
pressing it from the large gear side

until the end face of the bushing Q
is flush with that of gear boss. ]

(¢) After installing the bushing, make
sure that its inside diameter is Replacing idler gear bushing
within the Assembly standard. If it :
is less than the Assembly standard,
ream the bush to the inside
diameter of 50%§025 mm (1.97
4-8.00098 in.) 1.58

v

Cemshafts and camshaft bushings

(1) Measuring cam lift

Using a micrometer, measure the A
diameters "A" and "B" on each cam to
determine the loss in cam lift. If the
cam lift is less than the Serviece limit,
replace the camshaft.

Unit: mm (in.)

Assembly Service
liem standard limit

_ 764 — 7.54 6.73
Cam lift (A - B) 14 3008 — 02068) (0.2673)

Measuring cam lift
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(2) Measuring camshaft runout

If the runout exceeds the Repair limit, - _ |
streighten the camshaft by means of a .
press, or replace it with 2 new one.

A\ [caumion] .

Set up a dial gauge on the camshaft,
and turn the camshaft. Take one half ! L
(1/2) of the gasuge indication as the
rupout. . - 400753
Mecasuring camshaft runout
Unit: mm (in.)
Assembly Repair
ftem standard limit
0.05 (0.0020), 0.08
Camahaft umowt | (0.0031)

(3) Mensuring camshaft journal diemeter -

Using & micrometer, measure each
camshaft journal in two directions at
right angles to each other. If the

diameter exceeds the Service limit,
replace the camshaft. _
Unit: mm (in.)
Item Nominal | Assembly | Service
value standard limit
63.94
No.1 64 ~63.92 63.87 Measuring camshaft journal diameter
(2.52) [ (2.5173 {2.5146)
Camshaft - 2.5165)
journal 5794
et I
demeler | No2 | gg | Zé792 | 6787
No7| (268) |(26748 |(26720)
) - 2.6740)
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(4) Measuring camshaft bushing inside i
diameter

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

Unit: mm (in.}
Item Nominal | Assembly | Service '
value standard limirt
“'m ) - - - -
No.1 64 - 6403 64.09 Measuring camshaft bushing inside diam
Camshaft | | (3.52) |(2.5197 | (2.5232)
bushjng - 2.5209)
inside N
< - 68.00
diameter | No.2 & laan | e
2 26772 {2.6807)
No.7 - 2.6783)

(5) Meésuring camshaft end play

Using a dial gauge, measure the end
play of camshaft to which the camshaft
gear is installed. If the end play
exceeds the Service limit, replace the
thrust plate.

Unit: mm {in.)

Standard Service
clearance limit

0.20 - 030 0.40
Camshaft end play | (6 0975 — .01 18)[(0.0157)

Item

(6) Replacing camshaft bushings

Install the bushings in the ecrankecase,
and secure them in place with set
screws. Before tightening the screws,
make sure that the serew holes in the
bushings and crankcase are aligned and
that the oil holes in the bushings are
aligned with those leading to the oil
gallery in the crankcase.

Sealing washer

Reptacing camshaft bushings
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3.3 Reassembly

ENGINE PROPER

Reassembling sequence
-0-E~-B—-0-0-0—~0-0-0-0—-0-0-0--P—2—0
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(1) Installing front cover and pointer

(a) Install the oil 'seal to the f{ront
cover. E

(b) Apply sealant (HERDITE) to the
front cover mounting surface of
erankease, and place the packing in
position. Apply the same sealant to
the packing, and install the front

cover and pointer.
(e) Replace the.dowel pins if worn, or

if the front cover has been
replaced.

(d) Tighten the front cover mounting
bolts uniformly.

(e) Make sure that the lower end of
front cover is flush with the
bottom of crankease. Cut off the
excess of the packing neatly along
the edge of the cover. -

(When the pointer has been out of
place)

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

(2) Installing pulley and vibration damper

(&) Tighten the pulley and damper

mounting bolts to the ' specified 55 kgf-m
torgue. ?9& ibf ft)
539 N:m]

() Inspect the damper for radial and

face runouts.
(Refer to 3.2, Group No. 7.
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(3) Installing rear plate

(a) Apply sealant (HERDITE) to the rear
plate mounting surface of erank-
case, and place the packing in
position. Apply the same sealant to
the packing, and install the rear
plate to the crankcase.

(b) Replace the dowel pins if worn, or
if the rear plate has been
replaced.

{c) Make sure that the lower end of
rear plate is flush with the bottom
of crankcase. Cut off the excess
of the packing neatly along the
edge of the plate.

(4) Cranking engine

Turn the crankshaft to bring No. 1

cylinder piston to top dead center on
eompression stroke.

(5) Installing idler gear shafts (left
and right)

(a} Drive in the idler gear shaft, using
a guide bolt.

(b) Tighten the idler .gear shaft
mounting bolts to the specified
torque. .

8) Installing camshafts (left and

right)

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

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

ENGINE PROPER

5.5 kgf-m
{39.8 Ibf-ft)
(53.9 N-m|
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(7} Installing camshaft gears

Using socket (32591-02800), tighten the
nut to the specified torque, and bend
the loek washer against the flat of the
nut.

(8) Installing accessory drives

Attach the packing and O-ring to the
mounting flange of drive case, and
install the case to the rear plate.

(9) Installing fuel injection pump drive
gears .

(a) Attach the injection pump drive
gear to the drive shaft fitted with
woodruff key by aligning the
matching mark with that on the
camshaft gear.

{b) Tighten the nut to the specified
torque, and bend the lock washer
against the flat of the nut.

(c) Align the matching marks on the
timing gears as shown at right.

(270.235)

Timing gear train (as seen from flywheel sid:
(Aligning the matching marks with No. 1 cy:
piston at top dead center on compression su
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{10) Installing idler gears

(a) Install the idler gear by aligning its
matching mark with that on the
crenkshaft gear gnd injection pump
drive gear, and install the thrust
plate.

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

(11) Inspecting and adjusting timing gears'
after installation,

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

(Inspecting ‘timing gear backlﬁsh end. end

play)

After installing the timing gears,
inspect the backlash between the gears
in mesh and the end play of each gear.
(Refer to 3.2, Group No. 7.)

Inspecting valve timing)

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

Using & 2 mm (0.08 in,) feeler gauge,
add 2 mm (0.08 in,) clearance to the
inlet and exhaust wvalves of No. 1
eylinder. Then, insert a2 0.05 mm
(0.0020 in.) feeler gauge into between
the top of bridge cap and rocker, and
slowly turn the crankshaft, trying to
find s position where the feelsr gsauge
is firmly pgripped {(the valve starts
opening) and a Dposition where the
gauge is just ungripped (the valve
starts closing). Check to make sure
that these positions eoincide with the
angular positions shown in the valve
timing diagram with 2 mm (0.08 in.)
clearance added to valves.

ENGINE PROPER

A 403014

401087

Valve timing diagram with 2mm (0.08 in.)
clearance added to valves

m
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(12) Installing timing gear case

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

(b) Tighten the gear case mounting
bolts umiformly to the specified
torque.

(13) Installing accessory drive cover for
Woodward governor

Install the drive cover to which idler
gear and driven gear are installed to
the drive case.

(14) Installing oil seal retainer

Install the oil seal to the retainer, and
install the retainer to the gear case,
being careful not to fold or damage the
seal lip.

(15) Installing flywheel

(a) Install the flywheel, making sure
that the dowel pins enter
their holes.

{(b) Coat the threads of flywheel
mounting bolts with MOLYKOTE,
and tighten the bolts to the
specified torque.

(e¢) Inspect the face and radial runouts
of the flywheel. .
(Refer to 3.2, Group No. 7.)

112
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(16) lnsialling oil pump gnd oil strainer |

Measure the backlash between
erankshaft gear and oil pump drive
gear. If the backlash is too small,
adjust it by fitting shims to the pump
gear mounting face.

(Refer to 3.2, Group No. 7 for backlash
specifieation.)

403043

(17) Instelling oil pan

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

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

(30 Ibf-f1)
[39 N-m] . 403044

113




ENGINE PROPER

4. CRANKCASE, CRANKSHAFT AND MAIN BEARINGS

4.1 Disaszembly

Scale deposit, damage, cracks,
clogged oil holes

Scratching or wear on inside
and outside surfacey

Q D .
i
Q . Spalled, pitted or worn teeth,
Scratching, corresion or wiped ' abnormal tooth contact
overlay on inside and outside Q

surfaces Q Q | @ i

Scoring, cracks, pitting, clogged \ ‘\\ —®&
oil holes, woar '

&
¢ &=
<

@
Scratching, corrosion or wiped ';;\ J %%
overiay on Inside and outside M
surfaces % Y 4 @
@
Fi
Q@ Side bolt ® Crankshaft . (D Thrust plate
@ Bolt % Sleeve d2 0il jet nozzle

® Main bearing cap @ Oil slinger ' @9 Crankcase
@ Main bearing (lower shell) (@ Crankshaft gear :
® Thrust plate i

Main bearing (upper shell)
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(1) Turping erankcase upside down

Using & chain block and shackles, lay
the erankease on its side. Then, attach
wire ropes to the crankecase, and turn
it upside down.

[Crankecsse &and  erankshaft  weight:
1010 kg (2230 Ib), approx.]

(2) Removing main bearing caps

(a) Unscrew the cap bolts and side
bolts. Using a cap remover, remove
the main bearing caps.

(b), Remove the thrust plates from the .
"No. 7 bearing cap, being careful
not to damage the thrust plates.

(3) Removing crankshaft

(8) Remove the upper halves of
thrust plates while rotating the
erankshaft slowly.

(b} Carefully lift the crankshaft off the
crankcase, keeping it horizontal.-

(4) Removing oil jet nozzles

Remove the nozzles only when their oil
holes are clogged or defective.
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4.2 Inspection and repair

Crankshaft

(1) Measuring crankpin and journal dia-
meters

(a) Using a micrometer, measure the
crankpin and journal diameters. If
the diameter exceeds 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.)L

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

{(¢) If the -1.00 mm (0.03%4 inJ)
undersize journals and crankpins
exceed the Repair limit, replace
the crankshaft.

. Unit: mm {in.)
Nominal| Assembl Repair
Item value standnn{ limit

-0.08 . P,
Crankpin 104 -<0.10 | -0.14 Measuring journal diameter
diameter (4.09) | (<0.0031 (~0.0055)

— -0.0039) :
130 -o._:]ou 0.16
Journai diameter | (5'42) | (0.0030 | (-0.0063)
- =0.0047)

Out-of-round-

0.01 0.03
ness and taper
of crankpins (0.0004), (0.0012)
and journals maximum

70 %

-0.2
Fillet radius 0
©0276_9 100>

Hardness Hv> 620

(2) Grinding crankshaft

If the crankshaft is refinished in
compliance with any grinding dimension
of the undersizes and the bearings are
replaced by the undersize ones, it is
not necessary to check the bearing
contact pattern.
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Crankshaft refinishing dimensions

ENGINE PROPER

LE

Unit: mm (in.)

Undersize Finishing dimension g‘;‘rﬂ'}m Taper
0.25 (0.0098) 103.67 — 103.65 (4.0815 - 4.0807)
0.50 (0.0197) 103.42 — 103.40 (4.0716 — 4.0709)
Crankpin diameters
0.75 (0.0295) 103.17 — 103.15 (4.0618 — 4.0610)
1,00 (0.0394) | 102.92 — 102.90 (4.0520 — 4.0512) 0.01 0.01

Journal diameters

0.25(0.0098) | 129,65 — 129.63 (5.1043 — 5.1035) | maximum | maximum

(0.0004), (D.0004).

0.50 (0.0197) | 129.40 — 129.38 (5.0945 — 5.0937)

0.75(0.0295) | 129.15 — 129.13 (5.0846 — 5.0838)

1.00 (0.0394) | 128.90 — 12B.88 {5.0748 — 5.0740)

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. After grinding, finish the
journals and erankpins to 0.8S to 1.0S,
i W A

(3) Measuring crankshaft end play

(a)

(b}

Install the thrust plates in position,
and secure the bearing cap. Under
this condition, measure the end
play. 1If the end play exceeds the
Standard clearance, replace the
thrust plates.

If the end play still exceeds the
Repair limit even after new thrust
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, pgains
the purpose.

TR 58 43.03 mm
\ (2.28 *399124n)

e I

R
4030532

Measuring thrust bearing journal length

Measuring crankshaft end play
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Unit: mm (in.)
Standard Repair
Item clearance limit

0.20 —0.365
Crankshaft end play 0.50
(°.m79 (0.0197) -~

- 001437 |
Crankshaft journal grinding dimensions for
oversize thrust plates Unit: mm (in)
Oversizes for | Oversizes for
ltem ournal or journal and Tolerance
thrust plates thrust plates
Standard size - 58 2.28)
+).25 (+0,0098) 58.25 58.50 +0.03
oversize 2.2933) (2.3031) 0
+0.30 (+0.0197) 58.50 $9.00 (*0-0082,
oversige ~, (2.3031) 2.3228) 0
+0.75 (+0.0295) 58.75 $9.50
oversize (23130) {234215)

(4) Measuring crankshaft runout

Support the crankshaft on its journals
in V-blocks, and measure the runout at
the center journal, using a dial gauge.
Depending on the amount of runout,
repair the crankshaft by grinding or
straightening with a press. If the
runout exceeds the Repair limit,
replace the crankshaft.

Unit: mm (in.)

40
liem ‘:::’:32’ !l":“";“ Measuring crankshaft runout
0.04 (0.0016), 0.10
Crankshaft runout maximom {0.0039)
(5) Replacing oil seal sleeve
. Front cover
Replace the sleeve as follows if it is ‘ Ol seal
pitted, scratched or distorted to such
an extent of causing oil leakege. 62.5 mm ‘ A
(2461 in.) il seal sk
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(Removing sleeve)

Give hammer blows to the sleeve at
three places by holding & chisel at
right angles to the sleeve surface and,
when the sleeve loses tension, remove
it from the crankshaft.

——— A\(Caumion]

Be careful not to damage the 403085
crankshaft by the chisel.

(Installing sleeve)

Coat the inside surface of a new
sleeve with oil or MOLYKOTE, and
install the sleeve, using a sleeve

installer,
Tool name Part number
Sleeve instalier 3269100510
Installer guide 32691.00600 ) . 03056

(6) Replecing rear oil seal slinger

If the slinger is pitted, scratched or Stinge: h
distorted to such an extent as to cause ‘ Retainer
oll leakage, replace it with a new one :
as follows:
\on-a:
Bring slinger into full
face contact with gear.
| o

(Removing slinger)

Using e gear puller, remove the
slinger from the crankshaft.
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(Installing slinger)

'Fit the- slinger heated above 110°C
(230°F) to the tip of the installer.
Press the slinger until it touches the
gear.

If the installer gets fast halfway, give
the blows of a copper hammer to the
center or shoulder of the installer.
Coat the seal lip with engine oil.

(7) Replacing (removing) crankshaft gear
(Removing the gear)

Using gear puller, remove the gear from
the crankshaft.

(Nore]

Do not remove the gear by driving
with 8 hammer. :

(Installing gear)

(a) Measure the diameter of crankshaft

. and the inside diameter of
crankshaft gear to make sure that
the fit is 0.106 to 0.171 mm
{0.00417 to 0.00673 in.).

(b) Heat the gear up to 180 to 200°C
(356 to 392°F).

(e) Drive the gear onto the crankshaft
by giving light blows of a copper
hammer to the end face of the
geer, making sure that the
erankshaft dowel pin enters the
noteh in the gear.
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Main bearings
(1) Inspection

Inspect each bearing shell for abnormal ) )
contact, scratching, corrosion, wiped f Ecdfiﬂ:legr-l:m“m“-
overlay and other defects. Also check \ VP 4
for a sign of poor seating in the bore

of the crankcase or bearing cap.

(2) Measuring bearing thickness

Using & ball-point type micrometer,
measure the center of each bearing
shell, 1If the thickness exceeds the
Service limit on any of the upper and
lower shells, replace the wper and
lower shells as a set.

Unit: mm {in.)

Jtem Nominal { Assemnbly |  Service
value standard jimit

35 3.5:?082 3.450
. - 3.4 .
Standard | (5'y3p) | (0.13780 | (0.13583)
- 0.13709)

3.625
025 3.625 | —3.607 3575
(-0.0098) | (0.14272){ (0.14272 | (0.14075)

~0.14201)

3.750
=0.50 3.750 | —3.732 3.700
(-0.0197) | (D.14764)| (0.14764 (0.14567)

‘ — 0.14693)

3875

-0.75 3875 | - 3.857 3.825

(0.0295) | (0.15256)| (0.15256 | (0.15059)
- 0.15185)

4.000
-1.00 4.000 | - 3982 3.950
{(-0.0394) ;| (0.15748)] (0.15748 (0.15551)
—0.15677)

(note)

Faur undersizes are available for the -
main 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.).

400115

Main bearing thickness (center portion)
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(3) Replaéing main bearings

If the thickness exceeds the Service
limit, either replace the main bearings
as above, or refinish the crankshaft and
use  undersize  bearings. If the
crankshaft is refinished in compliance
with any of the undersizes, it is not
necessary to check the bearing
contaet pattern,

Crankcase

(1) Measuring gasketed surface warpage

Measure warpage with a straightedge
and feeler gauge. If the warpage
exceeds the Assembly standerd, reface
the gasketed surfaces with a surface

grinder.
Unit: mm (in.)
Item Assembly standard | Repair limit
Crankcase gasketed | 0.05 (0.0020), 0.20 Measuring crankcase gasketed surfaces
wurface warpage maximum (0.0079)

Do not grind the erankcase more than !
are necessary for removing warpage
to prevent the piston protrusion from
exceeding the Assembly standard.
(Refer to (4), Pistons, 2.2, Group No.
7.)

(2) Measuring main bearing bore diameter

Secure each bearing cap to the

specified torque, and measure the bore

diameter in the criss-cross direetions.
Unit: mm {in.)

Item Nominal | Assembly | Service
value standard limit
_ 137.000
Main bearing’ 137 ~ 137025 | 137.045
bore diameter {539) (539369 {5.39546)
— 539467
Measuring main bearing bore diamete




4.3 Reassembly

ENGINE PROPER

1
=

I - Qgﬂ

3 @

Reassembling sequence

@-@—0—~Gr-0—-@0—0—-0-0
®—0-@—

(1) Installing main beerings

(a) Install each upper shell of main
bearing in the erankcase by fitting
its locking lip in the recess. The
oil holes in the bearings and
crankcese 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 dry it by applying a
blast of pressure air.

After washiné the crankshaft, make
sure that the oil holes are clean and
free from dirt or foreign matter.
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{3) Replacing main bearings

If the thickness exceeds the Service
limit, either replace the main bearings
as above, or refinish the crankshaft and
use undersize bearings. If the
crankshaft is refinished in compliance
with any of the undersizes, it is not
necessary to check the bearing
contact pattern.

Crankease

(1) Measuring gasketed surface warpage

Measure warpage with a straightedge
and feeler gauge. If the werpage
exceeds the Assembly standard, reface
the gasketed surfaces with & surface

grinder.
Unit: mm (in.)
Item Assembly standard | Repair limit
Crankcase gasketed | 0.05 (0.0020), 0.20 Measuring crankcase gasketed surfaces
sarface warpage maximum (0.0079)

(voTE)

Do not grind the crankcase more than
are necessary for removing warpage
to prevent the piston protrusion from
exceeding the Assembly standard.
(Refer to (4), Pistons, 2.2, Group No.

7.)
{2) Measuring main bearing bore diameter
Secure each bearing cap to the
specified torque, and measure the bore
diameter in the criss-cross directions. ?28‘53{"'?;‘]‘3‘ Tof f1)
Unit: mm (in.) - } w ’
Nominal | Assembly | Service N ‘
Item value | sundard | limit /. AN ?
_ 137.000 g ‘,\ 7
Main bearing 137 | - 137025 | 137.045 L \\
bore diameter (539) |(5.39369 | (5.39546) - A
— 5.39467 AN =N [0

Measuring main bearing bore diameter

1

122




(5) Installing bearing cap bolts

(a) Temporarily tighten bearing cap
coated with engine oil. Tighten
left and right bolts alternately to
the specifed torque. '

(b) Tighten left and right side bolts
alternately to the specified torque.

(c) Make sure that the crankshaft
rotates smoothly.

(6) Measuring crankshaft end play

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

{b) After tightening the No.7 cap bolts,

make sure that the end play is
correct.

{c) Again make sure that all cap bolts
and side bolts are tightened to the
specified torque. (Refer to 4.2,
Group 7.) '

ENGINE PROPER

X y ;
60 kgt
St AR (s,
(108 Ibf-F) k‘ #7588 Nom)(Wen)
el N
.?%) \ Q >
= N ) 403089
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INLET & EXHAUST SYSTEMS

1. DESCRIPTION

"Air cooler

a
2. PAPER-ELEMENT TYPE AIR CLEANERS
Disassembly and inspection
Clean eiement when dust indicator (§) shows red
or every 150 houss .
/—\ Replace element every 1000 hoors
. «
wing nut ® wing nut ®) Air cleaner body
Cover @ Element ® Dust indicator

128




INLET & EXHAUST SYSTEMS

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 MANIFOLDS AND AIR COOLERS
3.1 Disassembly

403071
@D Air duet @ Packing @ Inlet manifold cover
@ Water pipe, packing (® Spacer ® Element, gasket
Bolts Bolt ® Inlet manifold
3.2 Inspection
(1) Cleaning air eoolers
(&) Remove dirt buildup from the air
cooler by directing pressure air of
3 to 5 kgf/em? (43 to 71 psi) [0.3 .
to 0.5 MPa] maximum in the ;
direction opposite to the air flow. |
Then, inspect the cooler for |
ecorrosion and cracks. _
403145 |
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INLET & EXHAUST SYSTEMS ' '

(b) Wash the fresh-water or sea-water
pipes in water and caustic soda or
soda lime, and remove scale
deposits by inserting 2 3 mm (1/8
in.) diameter bar into each pipe.

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

(2) Inspecting air coolers for airtightness

Immerse the air cooler in water, and
apply pressure air of 6 kgf/em2 (85 psi)
(0.6 MPa) to the coolant side to
inspect for air leakage.

A\[caumion) —————

Fresh-water type air cooler differs
from sea-water type gir cooler in
construction and material. With this
kept in mind, carefully handle the air
cooler.
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4, EXHAUST MANIFOLDS

Disassembly Bnd inspection

] Crldu. damage, distortion |

403072
® 0il pipe @ Drain pipe (@ Flexible joint
@ Exhaust pipe (5 Gasket (8 Exhaust manifold
Turbocharger © Coupling (9 Gasket

(a) Place each gasket with "TOP"
mark on the exhaust manifold
side.

(b) If any of the gaskets has to be
replaced, replace gll gaskets at a
time.

5. AIR HEATER
Inspeetion

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

position.
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(b) Cheek to make sure that the indicator Unit: C
takes 45 to 55 seconds to glow red Item | Assembly standan
after the starter switeh is turned to ndicator = 2
HEAT position. If the indicator glows _ :
red too early or it fails to glow red, Resistance | 27 eater | 01352107
check the indicator and air heater Battery relay 64 = 5%
for short or open cireuit. The ohmie switch :

values of the air heater circuit
components are as shown below:

) (c) Replace the battery relay switeh if

°. the resistance measured by touching
tester prods to the positive (+) and
negative (~) terminals of the switch .
is out of the Assembly standard.

(Note]

To measure the resistance, touch the
black (negative) prod to the positive
(+) terminal of the switch and the
red (positive) prod to the negative (-) : '
terminal. : : ' :
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. LUBRICATION SYSTEM

1. DESCRIPTION

Bypass oil filter

Water pump
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LUBRICATION SYSTEM

2. OIL PUMP, OIL STRAINER AND SAFETY VALVE

2.1 Disassembly

ra—

1

"Wurn or damaged gear tee_th]

Replace packing

[ Wash strainer with dissel fue) i clogged |

. 403074
@ Support Safety valve assembly Pump drive gear

@ Plate (7 Nut, washer Pump driven gear

Oil strainer - (8 Oil pump gear Bushing

@ Oil strainer pipe (8) Shim Bushing

® Oil pipe (0 Oil pump cover Oil pump case
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2.2 Inspection
(1) Measuring oil pump‘gear backlash

- If the backlash exceeds the Service
limit, replace the gears. ) .
Unit: mm (in.)
Standard Service
clearance limit

0.10
Oil pump gear —0.20 0.40

backlash {0.0039 (0.0157)
- 0.0079)

Item

(2) Measuring pump gear tip clearance

Using a feeler gauge, measure the

clearance. If the clearance exceeds the

Service limit, replace the gears or case
whichever is badly worn.

Unit: mm (in.)

’ Item Nominal | Standard | Se_rvice

value clearance limit

0.15
Pump gear 77 -023 035

tip ciearance (3.03) | (0.0059 (0.0138)
— 0.0091)

Ll

(3) Messuring pump gear end clearance

Using & dial gauge, measure the
clearance. If the clearance exceeds the
Service limit, replace the gears or case
whichever is badly worn.

Unit: mm (in.)

hem Nominal | Standard Service
value clearance limit

0.13
Pump gear end 88 -020 | 025

) 0.0051 | (0.0098 ‘
clesrance (3.46) (—0 0079) ( ) Measuring pump gear end clearance

{4) Measuring drive and driven gear shaft _

and bushing diameters Unit: mn
Item Nominal | Assembly | Serv
(a) Check gear teeth, and replace gears value | standard lim

if defective. - - | 33.960
- ~ 3394 335
{b) If the diameter exceeds the Service Shaft diameter (133701 1(1.33:

limit, replace the gears. 34 |— 133638)
‘ ushing 439 34503815 34.(
Bushing inside - 34, .
diameter (1338588 | (134
— 1.33956)




(5) Replacing oil pump bushings

(a) Use oil pump bushing puller (A)
(32681-02700) to remove and install

the bushings. :

(p) After pressing 2 new bushing into
position, finish its inside .diameter
to 34H7 +0.025 mm (1.34 +0.00098
in.) 1.68. 0 o

o

When pressing the bushings, position
their joints as shown.

(6) Inspecting safety valve

Measure the valve opening pressure. If
the pressure is higher or lower than
the Assembly standard, increase or
decrease the thickness of shim inserted
between the spring and spring eap nut,
2 mm (0.08 in,) thickness of shim will
vary the opressure by about 1
kgf/em? (14.2 psi) [6.1 MPal

" LUBRICATION SYSTEM

@ ,

Rmovﬂg Installation 403077
Repilacing oil pump bushing

Item Assembly standard 403079
. 89-93
Safety valve opening pressure -
kgf/em® (psi) [MPa U[%f’s'g - é:?l.%)
Safety valve spring length 9'?02(_5334 1}{" 5
under test force/test force (49.6 — 51.8)
mm (in.)/kgf (ibf) [N] [221 — 230]
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(7) Adjusting backlash between crankshaft ,
geer and oil pump drive gear ;

After installing the pump to the ;
crankecase, measure the backlash. If the L
backlash exceeds the Assembly
standard, insert shim (32635-00900)
[thickness: 1 mm (0.04 in.)] between the
pump mount and crankease.

Unit: mm (in.)

Item Assembly standard
Backlash between crankshaft 0.12-0.18
gear and oil pump drive gear (0.0047 — 6.0071)|
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L " LUBRICATION SYSTEM

2.3 Reassembly

30 kegf-m
(217 1bi1)
[294 N'm}

403080

Reassembling sequence
G—-0-2-0

®-0-®

Coat the pump parts with engine oil
before installing them.

@—@
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LUBRICATION SYSTEM

1
3. OIL COOLER, OIL FILTERS, OIL FILTER ALARM AND RELIEF VALVE

3.1 Disassembly

| Weak, broken or worn sp

| Replace Q-ring

[ Clogging. rupture, cracks |

" Cracks, distortion ] ‘

- e o o -

Clogging, cracks
Replace every 250 hours
L. Cock for selector filter
(D Oil filter (cartridge type) (@ Relief valve sleeve O-ring
(2) Bypass valve Pin
Q) Oil filter alarm Cock
(4) Washer 0il cooler case
() Drain cock Gasket
(6) Relief valve plug Qil cooler elemer
@ O-ring _ {4 Packing Oil cooler cover
140




LUBRICATION SYSTEM

3.2 Inspection
(1) Inspecting oil cooler element

‘ Check the element for rupture or
eracks by epplying 15 kgf/em2 (213 psi)
[1.5 MPa] pressure air to the element.
Replace the element if it shows a sign
of leakage.

. (2) Inspecting bypass valve

Measure the valve opening pressure
end, if it exceeds the Assembly
standard, replace the valve.

Unit: kgf/em? (psi) {MPa)

Item Assembly standard
Pressure difference across 40-50
bypass valve that makes it (57-71)
open {04 - 0.5]

(3) Inspecting oil filter

When replacing the paper element,
sample about 500 em3 (31 eu in.) of oil
and check for presence of metal
particles. If any metal particles eare
found, unfold the pleats of the element,
and check the color and shape of the
particles trapped in the pleats to
locate the cause.

401130

(4) Inspecting oil filter alarm

(8) Using a tester, test the alarm 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.
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LUBRICATION SYSTEM

(b) If the valve opening pressure is out
of the Assembly standard, adjust it
by inserting shims, 1 mm (0.D04 in.)
thickness of shim corresponds to a
change in _ pressure of 0.07
kgf/em? (1.00 psi) [6.9 kPal

Unit: kgffem? (psi) [MPa]

Item Assembly standard
Pressure difference across 23-2.17
oil filter alarm that make (32.7 - 38.4}
its valve open ' [0.23-0.26
Pressure difference across - 15~-18
oil filter alarm that makes (213 - 25.6)
its contacts close [0.15-0.18]

(5) Measuring relief valve pressure

(a) Remove the taper plug on the lower ;
side of oil cooler, and attach a

pressure gauge.

(b) Warm up the engine until the oil
temperature rises to 7T0°C to 8%0°C
(158°F to 194°F).

(c) Measure the oil pressure at idling
speed and at maximum speed.

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

Item Assembly standard
Relief valve opening $—-7(71-100)
Pressure [0.5-0.7]
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LUBRICATION SYSVEM

3.3 Reassembly

. Q{ @ Section B-B

403083

iIReassembling sequence
a-a8-0-8-0-6--0-0-c—-0-0~0-0—-0-0~—-0—-0—-—-0-0

A\ (Swmon)

Replace packings and O-rings during
reassembly.
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LUBRICATION SYSTEM

4. BYPASS TYPE OIL FILTER

4.1 Disassembly

[Clean every 250 hour;,

@ Nut, spring washer ® spiit pin Nozzle

@ Cover, O-ring (@ Pipe, support Metal, spring pin

(® Nut, washer (® Rotor body Metal

@ Rotor cover, O-ring (9 Spindle, washer Plug, O-ring, spring, valv
(® Ring i Key Body ‘
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LUBRICATION SYSTEM

4.2 Inspecfion

(1) If the cover assembly, body and
bushings are badly worn, replace
them as an assembly.

(2) Disessemble the rotor, and wash it in
diesel fuel with a soft brush.

(3) After washing, direect 3 to 5
kgf/em? (43 to 71 psi) [0.3 to 0.5
MPa) pressure air to air dry. Clean
the nozzle port of the pipe

thoroughly.
‘4.3 Reassembly
LT
’ I
- - Repuace Oring_|
— — "] l_—@
O— -
n () _’\Lh
© - v
' — o L —e
a— # g Ll Ifr_]glgl
400281
Reassembling sequence

G-0-@—-Q0—-@—0—-0—~D—0—~0-0-0—-3—0~0
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QOO LING SYSTEM

1. COOLING SYSTEM WITH RADIATOR

Ol coaler Alftercoaler (right}
. .
Thermostat w— d —— ]——ﬂ
' m\ 1 | |-Water jacker
PR | !
\ .-._ * l-l--l' 1T — 1T -:1 f Mi
' O NN A Ol ‘
l = gy
1 o —— — —"T~Water outlet p
l [ N : | o | I-_q- [r— l'—ljl
] 5l | b e | |
— | ‘
V= '
| W / ‘ l .
b \ lip—
Water bypass pipe
Water pump " Aftercoaler (left) 30

2. COOLING SYSTEM WITH REMOTE WATER SUPPLY

Oil coaler Intercooler (right) .
\_— /J l_.1
oY — —

1 ——— !
L Y '
_I—._—l! | Water jacke
L]

{ rfr-—1 — —~— r—ﬂ'thl/l"/?
_L' ) b b bt by :
" .k 3 Fresh wate
:\H-'-ﬂ“m
m e W o W e W e | I_—‘lj' e e
' ['t_—-l’&-—l’b_l'h__-l’i—d‘ [
i i
\___Bhp)
d Fredch water
| I
C ==

N
Water pump Intercooler (left) %




CODLING SYSTEM

3. WATER PUMP AND TENSION PULLEY
3.1 Disassembly

J@
\
'.:\.
IRy
Corrosion, cracks,
darnage
Carrosion, featheri
fue to rubbing
]
2
| j o
Worn, damaged, or i
dereriorated lip @
:‘g:iloxdamn;ed
403084
Nut, lock washer - () Snap ring ' @ Snap ring
water pump puliey, key (8 Ball bearing Ball bearing
Water pump cover, packing Water pump shaft Tension pulley
1mpeller Ball bearing 09 Ball bearing
Unit seal Qil seal {9 Shaft
Spacer Water pump ecase
Oil seal Grease fitting
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COOLING SYSTEM

{1) Inspecting water pump on engine

"Touech the drain port located at the
bottom of the pump with the finger. If
the port is oozing water, inspeet the
unit seal for condition. If it is oozing
oil, the oil sea]l would be defeetive.

(2) Removing water pump shaft

Remove the snap ring for the front
bearing. Using a press or soft hammer,
drive out the pump shaft complete with
the bearing toward the pulley side.

——— A\(caumon]

Be careful not to damage the water
pump ~ shaft end impeller during
removal of the impeller from the
shaft.

3.2 Inspection ;

Water pump

Measure the inside diameter of the
pump case bore to which the bearing
outer race is fitted and the diameter
of the pump shaft on which the bearing
inner race is fitted, Replace the
bearing, case or shaft whichever is
badly worn or damaged.




COOLING SYSTEM

" Unit: mm (in.)

Nominal Assembly
Item vaiue standard
Inside diameter of 61.988 — 62.018
pump cae bore to] - &9 | (2.44047 — 224165)
which the bearing [, ., o\ | 71.988 — 72.018
outer race is fitted | 72 (2:83) | 5 93417 _ 2783535)
| 62.004 — 61.983
Dismeter L) | (244110 - 2.44027)
, 72.004 — 71,983
Bearing| 172283 (9 53450 — 2.83307)
Inside 29.987 — 30.003
diameter | 30 (1-18) | (1 '18050 — 1.18122)
Diameter of pump
the bearing inner %1 (118153 = 1.18118)
race is fitted

Tension pulley

Measure the inside diameter of the -
pulley bore to which the bearing outer
rece is fitted and the diameter of the
shaft on which the bearing inner race
is fitted. Replace the bearing, pulley
or shaft whichever is badly worn or

damaged.
Unit: mm (in.)
Nominal Assembly
Item value standard
Inside diameter of

pulley to which 51.96] — 52,009
bearing outer race 52(2.05) (2.04570 — 2.04759)
is fitted

Diameter {52 (2.05) (2.5&2%:3.16327)

Tnside 19.987 ~ 20,003
dismeter [200079) | (578689 — 0.78752)

Diamneter of shaft
: . 20.003 — 19.987

Bearing

inner race is fitted
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COOLING SYSTEM

3.3 Reassembly

) ) 13
] )
- \:\\ I
@ T
/, /
l \
[l
\@
: \ [2?9?};“1 {]145
) m
25 kgf-m (181 1bf-ft)
[245 N-m] ]
(3
Dl |
y s
4
Reassembling sequence

ooal L

B—B~O—-0—-B—0
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{1} Using oil | seal installer (A)
(32591-03200), press in the oil seal.

(2) Using wnit seal installer (B)
(37191-06300), press in the unit seal.
Be sure to replace the unit seal if it
has been removed during disassembly.

(3) Attach thread cover (C) (37191-06600)

' to the pump shaft complete with ball
bearing. Using installer (D)
(32591-03600), press the pump shaft
into the pump case.

4) Using oil seal insteller (E)
(32591-03100), press in the outer oil
seal into the pump case.

COOLING SYSTEM

[~

4a308)

403090
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COOLING SYSTEM

4. THERMOSTATS

4.1 Disassembly

.sune
T
sden

L
mpeggu at which L-J Temperature at wh
. ‘ -
® 11°C_(159'.82g ' 63°C (149°F
. i -
3 A ar
Case cover @ Thermostat
Packing @ Thermostat case
4.2 Inspeection
Place the thermostat in a water tub,
and test it for thermostatic aetion by
heating the tub to raise the water
temperature, If the valve (fails to
operate properly, replace the
thermostat. _
Assembly standard
Item
A B 40
Temperature at which| 65 ¢ 2°C 71£2°C
valve starts opening | (149 + 3.6°F)|(159.8 £ 3.6°F)
Temperature at which| 80 £ 2°C 85 +2°C
valve opens fully (176 £3.6°F)| (185 £3.6°F)
Valve lift 10 mm (0.39 in.), minimum |




bOOLING SYSTEM

(a) Stir the water in the tub with a
stick to meintain its temperature
uniform during test. ;

Valve lift mm {in)

{b) Be sure to place the thermostat
in correet position by
ascertaining the valve opening
temperature stamped on its O 5T w13 asi:mz
mounting flange at resssembly. (149 £3.6) (159.8 £3.6) (176 £3.6)(185 £ 3.6)

Thermostat performance curve

5. RADIATOR

Inspeetion
i Cndu. deterioration
o ;
- S
.
- )
O
Dirt buildup on fins. scale and @
rust collected in water passage o LM deteioration J
-]
403082
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COOLING SYSTEM

6. FAN DRIVE
6.1 Disassembly

(Pressure-lubricated type)

" [Cracks, deterionation, wear|

cr“ Breakage, distortion |
@ Fen ® Pulley, sleeve, key
Spacer % Oil seal,
(8 Flexible pipe Snap ring
Flexible pipe (2 Sealing cap
Adjusting bolt, nut 4 Shaft
(@ Bolt, spring washer, plain washer 44 Ball bearing, spacer
@ Belt d® Bracket

@® Cap nut, O-ring

—— A\(caumon]

If any one of the fan blades is
broken, the fan vibrates excessively,
making the opposite- blade fragile.
With this kept in mind, carefully
inspect each blade for cracks and
distortion.

156




COOLING SYSTEM

6.2 Inspection

Measure the inside diameter of the
bracket to which the bearing outer
race is fitted and the diameter of the
shaft on which the bearing inner race
is fitted. Replace the bearing, shaft or
bracket whichever is badly worn or

damaged. Unit: mm (in.)
Nominal Assemnbly
Ttem value standard
Inside diameter of | 10 99,987 — 100.022
bracket bore o7 O 1100(3.94)| (393649 - 3.93787)
which bearin 100.987 — 110.022

outer race is fitted | 110 (4.33) (433019 — 4.33157)

100,005 — 99,980
100 3-94)| (3 93720 — 3.93621)

110.005 — 109.980
110(433)} (433090 — 432991)

39.985 — 40.003
Inside QAT (157421 — 1.57492)|

diameter 44,985 — 45.003
SAID | (1.97106 - 1.71177)

, 40.013 - 40.002
Diameter of shaft | 40(157) -
on which bearing (157531 — 1.57488)

inner race is fitted 45 (1 z)) (}4757-(2112 : ?57%273)

Dizmeter

Bearing
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COOLING SYSTEM

6.3 Reassemb;y

Coat with oil

30 kef-m
(217 1bf-£1)
[294 N-m]

A P
D @ = 3)
- T &
-] "5‘.
11
-
re | SEMTT
2%
Y
r,;&“.
. (=2 L“ ““‘
T4 o T | et
{ e Liaels
F\-‘
6 kgf'm
{43 Ibf-ft)
4

Reassembling sequence

@—-@TM—@—-@—@-'@-'@—'@‘-CD

BB~

158




COOLING SYSTEM

(1) Using bearing installer (A) f
(32691-04200), press the bearing onto
the shaft. .

403005
(2) Press the shaft into the bracket.
Using bearing installer (B)
(32691-04300), press the bearings to
the shaft and bracket.
403096

{3) Using oil seal installer (C)
(32591-03100), press the oil seal into
the bracket,
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FUEL SYSTEM

L DESCRIPTION ittt ittt ittt ae s i e i aa it

D

CFUEL FILTERS i i ettt i e e it s

2.1 Disassembly and inspection ................ A
2.2 Reassembly . ... e et

LFUEL INJECTION NOZZLES .. ..ttt it ce it i n i nas

3.1 Disassembly ... it a4 ae et iae s e e
3.2 Inspectionand adjustiMeNt ... ... vcucveernrtannnr et reararttt et
3.3 ReassemblY ...ttt et ettt e

.WOODWARD GOVERNOR DRIVE .. ... .. it e i

4] Disassembly ... ... et
- 1L o T3
43 Reassembly ............... e e e et




. FUEL SYSTEM

1. DESCRIPTION

Retumn pipe

Fuel feed pr

Secondary fuel filtey Fusl injection pump 1 Primary fue! filter
From fuel tank )
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FUEL SYSTEM

2. FUEL FILTERS

2.1 Disassembly and inspection
(Cartridge type)

Change every 1000 himﬂ
D | Drzin moisture and sediment
every 50 hours
401146
(® Plug, gasket ® Cartridge filter Filter bracket
{Wire-element type)
Turn 1 or 2 times daily or
every 10 hours
@
[Cracks, damaged threads |
| & D
! g
] 5 Wath i - e
| . (Wash every 1000 hours| wﬂommdu&nmt
' 400291
(D Plug, gasket (€ Element
@ Bolt, spring washer, plain washer (@ Rod, O-ring
Flange, filter case, packing (8) Ring, washer, handle
@) Washer, nut (9) bolt, gasket

(®) Plate assembly, collar, O-ring - d9 Cover




FUEL SYSTEM

2.2 Reassembly
(Cartridge type)

. To install cartridge, coat its gasket with

. ail. After bringing gauket into contact
with sealing surface of bracket, hand-
tighten cartridge 1/2 to 3/4 tum.

Reassembling sequence

KB ()
(Wire—element type)

®-"-—-— Q _® ‘
o1 L 0
| —— )
[Replace packing | ®
\ :
fia.sbr
' (19.6 Nem]
- . ()
W§:==—®
4
Reassembling sequence . B A' wmn]_
B~ P-D~B—O—D—-D-0—-D After installing the fuel filter on

engine, start the engine, and m:
sure that the filters are free fi
fuel leakage.
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3. FUEI-, INJECTION NOZZLES
3.1 Disassembly

FUEL SYSTEM

(I)
wmmo
Carbon deposits,
doueg spray hol ) \Vur damag
@ "
401148
(@ Inlet connector, gasket (® Pushrod
Cap nut, gasket ® Retaining nut
Adjusting serew (@D Nozzle tip
@ Nozzle spring ® Nozzle holder
3.2 Inspection and adjustment
(1) Injection pressure
(8) 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
which fuel injection beings.
Unit: kgf/em? (psi) [MPa)
Assembly Adjusting
lem standard limit 300518 |
Injection pressure 220 225230
(valve opening (3 128]) {3200 - 3271)
pressure [21.6 [22.) - 22.6)

—— ATEIE——

During injection testing never attempt
to touch the spray hole of injection

nozzle.
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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 &

4 - 5 kgf-m
(29 - 36 Ibf
{39 - 49 N

screwdriver, n
h.“'“’.

(¢c) After completing the adjustment, uupgecum'.o'naj pressuse.
tighten the ecap nut to the pressure 3

specified torque.

(d) Recheck the injection pressure,
making sure that it is correet. . ' A

(2) Spray pattern

(a) At the time of testing the injection
pressure, inspect esch nozzle for

clogged spray hole and fuel leaks u
from the hole. Also examine spray > - 4'7

pattern. If the nozzle is faulty, .

[ I

wash or replace the nozzlg tip. Good I e After  [ntermittemt Whis
spray pray dribble spnay P
(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 155 or Possible spray patterns

158 degrees, 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

{(g) 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 the hand.

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

—— A\[camon)

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




FUEL SYSTEM

i

() Wash the nozzle tip in clean '[
gasoline. After washing, assemble
the needle valve and body in clean
diesel fuel.

A\ (caumon]

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

300163

(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.
[(woTe]

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

3.3 Reassembly

4 ~ 5 kef-m
(29 ~ 36 ibf-f1)
[39 - 49 N-m)

@

6

=

@

®
—®
@'—'—"__tr K (42 - gskﬁ}-ﬂflt)

[59 - 78 N'-m]

401151

Reassembling sequence

P—0-—0—-0—-0—0—0
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- FUEL SYSTEM

4. WOODWARD GOVERNOR DRIVE

4.1 Disassembly

(@ Woodward governor, nut, Ball bearing -

@) Drive case, packing
washer, packing (D Driven gear Ball bearing, snap
@ Drive cover, packing, @ Ball bearing Washer, snap ring
oil seal . (® Fuel injection pump Drive shaft, drive
Ball bearing, snap ring drive gear, nut, gear, rubber, pin
Idler gear washer, key

Ball bearing, snap ring 0D Ball bearing, snap ring
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4.2 Inspection

Rotate each bearing to check for
rotation. Replace the bearing if its
rotation is not smooth.

Check the fit of bearings on the drive
shaft, idler gear and driven gear.
Replace the shaft or  bearings
whichever are badly worn.

Check the fit of bearings in the drive
case and drive cover, and replace a
worn part, if any. :

Check the drive shaft and oil seal for
defect, and replace them if necessary.

FUEL SYSTEM

Unit: mm (in.)
Nominai Assemnbly Nominal Assembly
Ttem value standard _ Tiem value standard
47 46.989 — 47,014 20 19.987 — 20.003
Inside diameters of | (185) |(1.84996 — 1.85004) 1 (0.79) |(0.7B689 — 0.78752)
case bores to which Inside
. 80 79.988 — 80.018 || £ | Cover | 4 30 - | 29.987-30003 |
bearing outer races | 315y 10314913 —3.15031)| | E | sige | 2% (1.18) ((1.18059 — 1.18122)
are fitted & meters
90 89.987 — 90.022 35 34,985 — 35.003
(3.54) |(3.54279 - 3.54417) (1.38) (137736 — 1.37807)
47 46.989 — 47.014 Diameters of |Case | 20 20.011 — 20.002
Inside diameters of {1.85) [(1.84996 — 1.85094) :Il.lu"r:hngear'on side | (0.79) |[(0.78783 — 0.78748)
cover bores to which [ 62 61988 — 62.018 | | inner races as |Cover| 20 20.011 - 20.002
bwtzlns :uter races | (2.44) |(2.44047 — 2.44165) | | fitted side -| (0.79) |[(0.78783 — 0.78748)
o B oo a9 | amier o cue | do | 013 —s0002
B\ -~ M1 idlergearon |sde | (1.57) {(1.57531 - 1.57488)
47 47.003 — 46,986 || which bearing
(1.85) {(1.85051 — 1,84984) | | inner races are Coverl 30 30.011 — 30.002
Ouiside n 30,004 — 79983 fitted side | (1.18) [(1.18153 - 1.18118)
G | (315) |(3.14976 — 3.14893) | [ Diameters of ICase | 40 40.013 — 40.002
drive shaft on |side | (1.57) }(1.57531 ~ 1.57488)
90 90.005 — 89.980 || which bearing
Case (3.54) ((3.54350 — 3.54251)| | inner races are [Coverl 35 35.013 — 35,002
side 20 “19.987 — 20.003 fitted ade | (138) 1{137846 — 137803)
N (0.79)  |(0.78689 — 0.78752)
g side 40 39.985 — 40.003
& arers | (157) [(1.57421 — 1.57492)
[--]
40 39.985 — 40.003
(1.57) 1(1.57421 — 1.57492)
47 47.003 — 46.986
(1.85) [(1.85051 — 1.84984)
Cover | Q1% ™62 | 62,004 — 61983
side |pioers | (244) [(244110 — 2.44027)
) 72.004 — 71.983
(2.83) 1(2.83480 - 2.83397)
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4.3 Reassembly

o~}
»

B,

an

O
[7%)
v (S

@

T 1)

o A .
i ) _// —
Backiaah: | S5k Z 008 mo TR r-— ,

{294 Nem]

Reassembling sequence
Q-~0—-8-0—-2—0 :
O—-—~0——0—-0— —
(1) Installing rubber

After pressing drive gear onto the
drive shaft, install pin and rubber. .

(2) -Installing drive gear s

Press the drive gear assembly into the
drive ecase.
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ELECTRICAL SYSTEM
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2.1 Disassembly ... e e e et a s 173
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. ALTERNATOR T I 183
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ELECTRICAL SYSTEM

1. DESCRIPTION

Pilot lamp .
. Ammeter
'*Gil filter atarm 22
. ON 1.5 20.3 kgffem? 5 ma 1547 S mm?
(21.3 £4.3 3pn) 2 mm?
; [0.15 £ 0.03 MPa] mm
\ Bypass vaive . Fuse box
‘2.5 202 fem 2
13562 I.Egr } Smom Oil pressure gauge
' [0.25 £0.02 MPa) Starrer switch y
' a *Unit
: *Alternator
! 24V -~ 25A

(0il pressure drop)

ON 1.5 0,15 kgffem?
(213X 2113 psl)
[0.15 £0.015 MPa}

OFF ON + 0.3 kgf/cm?

MV - 15A

I Wi

(4.3 psi) [0.03 MPa}),
Remarks: (2) The circuit shown above is for standard model The circuit varies fro
the engine 10 another.

maximuym
*Thermo switch
(water temp, rise)
‘ , ON 95 %
{b) Wiring involved in the circuit is 1o be prepared in field.

{c) Items bearing astezisk (*) belong to the engine. Items bearing no mark are to be supplied individually,

Wiring diagram
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ELECTRICAL SYSTEM

2. STARTERS

2.1 Disassembly

Buildup of brush dust,
uneven wear, brush
moverment in holder

Surface roughness, burning, grooved-
wear, worn o7 damaged pear

[_Wom or damaged pinion
403102
(D Magnetic switeh assembly (6 Center bracket
@ Rear bracket (@ Lever assembly
@ Brush holder assembly @® Front bracket
@ Yoke assembly Pinion case
(5 Armature assembly 0 Pinion clutch assembly
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ELECTRICAL SYSTEM

(1) Disconnect lead wire, and remove
magnetic switch assembly.

(2) Unscrew through boits and brush
holder attaching screws, and remove
rear bracket.

(3) Remove brushes from brush holder
assembly, and remove yoke.

(4) Pull out armature assembly.
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{ELECTRICAL SYSTEM

(5) Remove center bracket.

403107

(6) Remove Jever pin, inner housing and
shift lever from pinion case.

o

(7) Using a jig, remove pinion stopper, Unit: mm (in.)
and remove overrunning ciutch from '
pinicn shaft.

Bolt M5 _4p 20 ©.79)
7(0.28)

Unit: mm (n.)

=l [
To remove pinion shaft bearing for 10 (0.39) -T
replacement, use a bearing pulier of

37 (1.46)

the type shown,

Support

5 (0.20) ap
403110

Pinion shaft bearing puller

! N
pt———— 120 (4.72) ——oi
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ELECTRICAL SYSTEM _ i

2.2 Inspection and repair
Magnetic switch
(1) Testing magnetic switch coil

(a) Test the pressure coil and holding
coil for open circuit. The coils
are open-circuited if there is no
continuity between the terminal
"M" of magnetic switch and the
case.

(Resistance: 1.16 ohms, approx.)

4

(b} Apply a voltage of 24 volts between :
the terminal "M" of magnetie
switch and the case., Under this
condition, push in the plunger by
hand. The plunger should be
attracted when the hand is
released.

(2) Testing magnetic switch contact points

Measure the load current flowing
through the starter. If the voltage drop
between the terminals "B" and "M"
exceeds 0.3 volt per 100 amperes of
current, polish or repiace the contact

points.
A\[cwmon)

If the starter switech is turned to
OFF during voltage measurement, the
battery voltage is directly applied to
the voltmeter and damage it. With
this kept in mind, be sure to turn
the starter switeh to ON before
measuring the voltage and turn it to
OFF after measuring the voltage.

—*—L—'A\ICAUT'ONJ'

Under no circumstances should only
the magnetic switch be tested.
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ELECYTRICAL SYSTEM

Armature
(1) Inspecting armature shaft for runout

Measure the runout with e dial geuge.
If the runout exceeds the Assembly
standard, vrepair or replace the
armature.

Unit: 1"nm {in.)
Assembly
standard

Armature shaft runout (0%330)

Item
403114

(2) Inspecting commutator

(a) Check the eommutator surface for
condition. If the surface is rough,
polish it with #400 to #600
sandpaper. _ r

Also check the commutator for
runout with a dial gauge. Replace
the commutator if the runout

execeeds the Serviee limit.
403115

Unit: mm (in.}

ﬁAsumbly Service
Item standard limit

0.015 . 0.100
Commutator runout (0.00059) (0.00394)

(b) Measuring mica depth
Improper
undercutting

/\

Using & depth gauge, measure the
depth of each mica undercut. If
the depth exceeds the Repair limit, Bad
recondition the mica.

&

Unit: mm (in.)

- Assembly Repair
fem standard Timit

05 - 0.8 mm
{0.020 ~ 0.031 in.)

Commutator mica 05-08 0.2 03118
depth (0.020 - 0.031) | (0.008)
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ELECTRICAL SYSTEM

(3) Testing armature

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

(b} If there is continuity between the
commutator and shaft, teplace the
armature. .

Field coil
(1) Testing for open circuits

If there is no continuity between the
terminal "M" of field coil and the
brush-side lead wire, replace the field
coil. _
(Shunt coil resistance: 4.3
approx.)

ohms,

(2) If there is continuity between the
field coil and yoke, replace the field

coil.

To test, remove the negative (-)
terminal of shunt coil from the yoke.

Overrunning ecluteh

The clutch is in good condition if it
‘rotates freely in one direction when

turned by hand.

Check the pinion teeth for wear or
damage, and replace the pinion if they
are damaged.

——— A\(cauion]

Do not immerse the overrunning
cluteh in cleaning solvent when
cleaning the clutch. This will cause
grease to flow out from inside the
_clutch, resulting in seizure of clutch
parts.
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Brushes

(1) Inspecting for wear

ELECTRICAL SYSTEM

|
;

Unit: mm {in.)

Unit: mm (in.) g
Assembly Service TE E
Item standard limit l P
. 20 13
Brush height (0.78) 0.51) J
(2) Testing brush spring tension 400236
Unit: kgf (Ibf) N]
1tem _ Assembly standard
’ 4.0-5.0
Brush spring tension (8.8—11 .0}
[39.2 — 49.0
2.3 Reassembly
i O
)
0
P ey 4
- RO T e
[
[_Coat pinion with ol ]
403120

Reassembling sequence

-0-0-Q0—-—~0—~0—-3—0—0
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ELECTRICAL SYSTEM

(1) Install center bracket, overrunning —
eluteh and pinion stopper to pinion : -
shaft, and insert the shaft into ' e -—n
position by tapping with a plastic o,
hammer. ‘ W . ry
Ny -

(2) Install shift lever and pinion shaft to
front bracket by aligning matehing
mark on shift lever,

(3) Install armature and yoke to center
bracket, making sure that dowel pm
enters its hole.

(4) Install brushes and brush holders.
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Install positive (+) side brush and
negative (-) side brush as shown.

{5) Install rear bracket to yoke by
aligning matching marks, secure brush
holders with bolts, and tighten
through bolts.

(6) Measure the end play of armature. 1If
the end play exceeds the Assembly
standard, adjust it on the rear side.

Test the motor to make sure that the
voltage and current- ere below 24
volts and 90 smperes respectively.

Unit: mm (in.)
Ttem Assembly standard
Armature end play (0 O%g : 3-824)

(7) Liberally coat internal gear with
grease, ang install pinion shaft to the

gear.

ELECTRICAL SYSTEM

Positive (+)
side bruzh

- 403127
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ELECTRICAL SYSTEM

Measure the end play of pinion shaft.

(8)
If the end play exceeds the Assembly
standard, adjust it on the internal
gear side.
Unit: mm {in.)
Ttem Assembly standard
Pinjon shaft end play 0.2 -06
P (0.008 — 0.024)
(9) Install magnetic switch. Apply a

voltage of 24 volts between the
terminals "C" and "E," connect lead
wite and energize the circuit
between --the terminals "M" and "E"
(within 1 second). After the pinion

‘has shifted, measure how much the

pinion returns. If the measurement is
not 1.5 to 5 mm (0.06 to 0.20 in.),
make an adjustment by means of
magnetie switeh adjusting screw. -

{10) Secure lead wire.
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f ' : ELECTRICAL SYSTEM

3. ALTERNATOR

3.1 Disassembly

‘ : Dirty or burned slip rings,
‘@ @ worn oil seal contact
sutface of shaft

| Brush movement |
® 403132
(1) Set screw (® Stator
@ Front bracket assembly (€ Rear bracket
@ Pulley assembly _ (D Regulator assembly
@ Rotor assembly Rectifier assembly

——— A\(caumion] ———

When undoing the soldered
connections of lead wires extending
from the stator coil, wusing a
soldering iron, make it quickly 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) Testing rotor coil for open eircuits

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

(b) Testing rotor coil for grounding

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

(¢) Measure 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.)

Assembly Service

rem standard fimit

Slip ring outside 40.8 - 41.2 40.6
diameter (1.606 — 1.622)] (1.598)
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(3) Brushes and brush springs

{a) Wear of brushes

Unit: mm (in.)
Assembly Service
Item standard limit
. 23 8
Brush height (X2} (0.31)
(b) Brush spring tension
Unit: gf Qbf) [N]
Assembly Service |
Item standard limit
320 — 440. 200

Brush spring tension (0.71 - 09 (0.44]

314-431) | [196

(4) Diodes

{a)

(b)

Main diode

If there is continuity between the

diode lead wire and heat sink in
both directions, replace the
rectifier assembly.

Auxiliary diode

If the diode is short- or open-
circuited, replace the heat sink
assembly.

ELECTRICAL SYSTEM

Es

o%

j’, Wear limit line
400238

White line

o Current

400240
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ELECTRICAL SYSTEM

3.3 Reassembly

=y
-4
\@

13.5 - 16,5 kgf-m
(97.6 ~ 119.3 Ib[-f1) ) - =
{1324 - 1618 N-m]

Reassembling sequence
-
Q@ '

(1) Tightening pulley nut

Tighten the nut to 13.5 to 16.5 kgf-m,
(97.6 to 119.3 Ibf-ft) [132.4 to 161.8
N+m] torque.

(2) Holding brush for installing rotor

Push the brush into the holder, and

hold it there, using a piece of wire as

shown at right. Then, install the rotor. .
Be sure to remove the wire after

installing the rotor.
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AlIR START SYSTEMS

1.

AIR MOTOR SYSTEM

Air flter

Ait moetor -
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"2. AIR MOTOR

2.1 Disassembly and reassembly

AlIR START SYSTEMS

G & @ © @ @ @@ ® 2 @

@
DG ® o 6 @ O
400203
Bolt ® Gear case, needie roller (@{® Ball bearing
Pinion case bearing @» Rotor adjusting ring
Clutch assembly @ Bolt, washer G Vane
Gear case cover D Drive gear 49 Cylinder lower cover
Driven' gear @ Upper cover @ Cylinder
Bearing 4 Bearing retaining nut @) Dowel pin
Oil seal @ Rotor @ Ball bearing
Nut @ Cylinder upper cover
2.2 Inspection

ring from the rotor.

Do not remove the rotor adjusting

Reassembling sequence

@--8—-0—-o—-0—-8-6—-6—-0-8—0—-0-0—-@—

B—=B=-D—QD—~C—

Wash and inspect the air motor parts
for wear or damage. Replace the
defective parts if any. The elutch
assembly and pinion assembly should be
replaced as an assembly.

®
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AIR START SYSTEMS

3. AIR FILTER

Inspection
Wash element in dicsel
“ fuel every 500 hours
Sy _ < 4
[ Drain water every 50 hours
4. OILER
Inspection ’

ll

Check ofl level every
10 hours or dafly
Use turbine oil
#90 - #140

190




AIR START SYSTEMS

5. AIR TANK (FOR AIR MOTOR SYSTEM)

Inspection
Ewvery 250 hours, check
nrety valve for operation
ef preswure: 9.9 kgf/em?
(140 8 psi) [0.97 MPa] }
E 10k dajly,
~— ehv:u'y ours or
?S k;:l‘;'(:mls {135 pd) - -
- L]
Every 50 houn,
@ drain watez
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AIR START SYSTEMS

6.

DIRECT AIR START SYSTEM

t
¢
i

TR T
L Lol

L_JU

Starter va!

7. DISTRIBUTOR VALVE

7.1 Disassembly

(D Stud, spring washer, nut (3 Snap ring
@ Case cover ® Distributor shaft
(@ Bushing

@® Packing

@ Loek pin, distributor valve

(® Distributor case



7.2 Inspeetion

(1) Measuring distributor valve height

If the height exceeds the Service limit; -

replace the valve.

Unit: mm (in.)

It Nominal | Assembly | Service
€m value standard imit
Distributor 215 2"[} :gsa 214 1 9
valve height ©.846) |08 sy | OB

(2) Measuring distributor shaft clearance

in bushing

Measure the diameter of the shaft and

the inside diameter of the bushing to
determine the clearance.
clearance exceeds the Service limit,

replace the bushing.

Unit: mm (in.j

If the

AIR START SYSTEMS

Item Nominal Standard Service
value clearance fimit
. 0.050
i cewance (02'?9) (0—()((;'09'.'l (ooo??g 1)
shaft cl . 0019 .
in bushing — 0.00358)

400242

(3) Check valve lock pin and replace it if

worn excessively.

7.3 Resssembly

With No. 1 cylinder piston at
TDC on compression stroke

Resmssembling sequence

E—T—=@—0—-3—-0—-0—0
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AIR START SYSTEMS

(noTE]

(a) Stake the loek pin end in such a
manner as to prevent it from
interfering with the inside
surface of the case.

(b) When reassembling and installing
the distributor valve, be sure to
align the matching marks. If the
marks are not aligned, the valve
timing (at which the air is biown
into the cylinders) could be off
by 360° resulting in a failure to
start the engine.

Top dead center of No.1 (Na. 6) cylinder
1 -
¥

Top dead center of
No. 3 (No. 4) cylinder

STARTER VALVES

8.1 Disassembly

Starting air blow-in timing {(crank angh
diagram ‘

| Wotn or damaged seat |

@ Eye bolt, gasket, air pipe
Retaining serew, packing
@ Nut '

@ Retainer, valve spring, washer

Starter valve
Packing
@ Starter velve guide

To remove starter valve from
eylinder head, remove retaining
screw, attach starting adaptor (A)
(32591-01200) to the threaded portion
of starter valve and, using nozzle
remover, pull out the valve.

184

Nozzle romover

[

- Starter valve




8.2 Inspection
(1) Measuring starter valve clearance in
guide ;.
Using a micrometer, measure the

clearence. If the clearance exceeds the
Service limit, replace the parts,

Unit: mm (in.)

AIR START SYSTEMS

(2) Measuring valve spring free length

Using & calipers, measure the free
length. If the free length exceeds the
Service limit, replace the spring. .

Unit: mm (in.)

Assembly Service
ftem standard |  limit
Valve spring free iength (l??s) (12.130)

8.3 Reassembly

e Nominal | Standard | Service
. value clearance Lmit 403141
‘ 0.016
Gewane 021 |@oooe (O beo4)
guide ' (-'o.oom) i

15 kpf'm
e (mﬁuf-m
[147 Nem)

rCmt valve with peue—]

403142

Reassembling sequence
&=~~~ —~@—0—20-0
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AlR START SYSTEMS

3. MAGNETIC VALVE
Inspection

l Defective seat, broken wire

10. AIR FILTER

Inspection
Wash element in diese
fuel every 500 hours
ac
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AIR START SYSTEMS

11. AIR TANK (FOR DIRECT AIR START SYSTEM)

Inspection
m&ggﬂm Every 10 hours or lhily
’ 30 ksffﬂn; “21 Pll) =
. [2.9 - 2
~—
Every 250 hours, check
safety valve for mk;?;m 5
Relief presqure: 3 cm
(455 pi) {3.1 MPa]
1
403144
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WORKSHOP THEORY

1. PRECAUTIONS FOR DISASSEMBLY AND REASSEMBLY

1.1 0il seals

When installing oil seals, carefully
observe the following points:

(1) Driving oil seals into housings

(a) Make sure that seal lip is not
damaged, and position it correctly
with respect to oil compartment.

(b) Apply a small amount of grease to
the surface of oil seal to be fitted
into housing bore.

{e) 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 sesl, resulting in
oil leakage.

(2) Driving oil seals onto shafts

(a) Apply a thin coat of grease to oil
seal lip.

(b) Use &n oil seal guide of the type
shown when driving oil seal over
stepped portion, splines, threads or
keyway to prevent damage to seal
lip.

200

7

¥
f

Oil seal driver

Oil seal guide



WORKSHOP THEORY

1.2 O-rings

Use an O-ring guide of the type shown
when installing O-ring over stepped : | -
portion, splines, threads or keyway to

prevent damage to the ring. Apply a %! i T\

thin coat of grease to O-ring.

400249

O-ring guide

1.3 Bearings

(1) When installing a rolling bearing, be .
sure to give & push to the race, 1@
inner or outer, by which the bearing
Is fitted. Be sure to use a bearing
driver of the type shown. '

400250

Bearing driver

(2) Use a press whenever possible to
minimize shock to bearing and to
assure proper installation.

400261
Bearing installation by a press
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WORKSHOP THEORY

1.4 Lock plates |

i ] 1
Bend lock plate against one of the E @

flats of nut or bolt head as shown.
Wrong

Right Right

' @
Right Wrong
. Rig!
400

Bending lock plates

1.5 Split pins and spring pins

Generally, split pins are to be replaced
at the time of disassembly. Insert the
pin fully and spread it properly. Drive
each spring pin into position so that it
may not get out of place after
subsequent installation of parts has
been compieted. ‘
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