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. Foreword

This service manual describes the specifications and the maintenance and adjustment procedures of the S6R-
Y1PTA Diesel Engine that has met the exhaust emission regulations of the Environmental Protection Agency
{EPA) of the United States. ‘

If the engine is carefully maintained it will deliver a long productive life and efficient performance marked by
power and economy.

Before you attempt to inspect, disassemble, or repair the engine, read this manual catefully to learn more about
the engine and how to care for it propetly. Take due care that the EPA exhaust emission regulations cannot be
satisfied unless the engine is repaired by the methods described in this manual and by using the designated
parts. All descriptions, illustrations, specifications and serial numbers in this manual are effective as of the date
printing of this manual.

The information contained in this manual applies to the engine model produced at the time of publication.
It should be noted that specifications and design may change due to improvements made thereafter.

Pub No, 99416-A1100




What This Marnual Covers

This service manual covers standard specifications for the S6R-Y1PTA Diesel Engine, and describes

@ Specifications

® Maintenance standards

® Adjustments

@ Disassembly, inspection and repair

& Reassembly

In addition to the Summary of Manual Contents, a short summary of contents is found on the first page of each
section of the manual.

Operation and periodical maintenance are described in the Operation & Maintenance Manual, component
parts and ordering of service parts are described in the Parts Catalogue. Construction and function of the
engine are described in the various training manuals.

{ACAUTION }

‘When changing parts, be sure to use our designated parts Unless our designated parts are used, the exhaust
emission regulations cannot be met.

Take care that the parts may be partly modified due to improvement, for example.

Work related to the exhaust emission regulations can be conducted only at our designated service factories.

How to Use This Manual

1. Parts in illustrations are numbered to correspond with references to these numbers in text.

2. Items or conditions to be inspected during disassembly are enclosed in a box in the disassembled views:
[ Clogged oil hole |

3. Maintenance standards for inspection and repair are described in text where they are relevant. For a quick
summary of maintenance standards refer to group 2 of this manual.

4. The sequence in which parts are to be reassembled 1s summarized below each assembled view.

®—+2—@—-Q—0

5. Tightening torque under wet conditions is indicated as “(wet)” in text, drawings, and tables. When so indicated
as (wet), apply engine oil 1o the threaded portion of the fastener. Unless indicated as such, the tightening
torque is to be assumed in the dry condition.

6.

Pay atiention to the special notes, cautions, and warmnings.




WORKSHOP THEORY

Notes, Cautions, and Warnings
Notes, cautions, and warnings are used in this manual to emphasize impértant or critical instructions or advice.

ﬂ WARNING [ tmeunrnen Operating procedures or practices which if ignored
could result in injury or loss of life. :

&CAUTION Ao B R N B e e PN RN R NS AT A RET BRI RS IR Operating procedllres or praCticeS Which if ignored

could result in damage to the engine.

NOTE .......................................................................... An opel-ating procedure‘ condinon‘ etc- that Will help
you work more efficiently.

Terms Used in This Manual................ Before you read this manual, note that the following special terms are
used in dimensional and other specifications.

Assembly Standard .............c.c........... Indicates the dimension of a part, the dimension to be attained at the
time of reassembly or the standard performance. The value is rounded
to the nearest whole number needed for inspection and is different from

the design value.
Nominal Value ..........ccccomnmenenncrcnrnnens Indicates the standard dimension of a part.
Repair Limit......coomiveninrnrnenreereeneans A part which has reached this limit must be repaired.
Service Limit .....ccovieeeceneeceneeisninins A part which has reached this limit must be replaced,

Standard Clearance .......c..occonennrrnass Indicates the clearance to be obtained between mating parts at reassembly.




Summary of Manual Contents

Group

Contents

1. General

2. Maintenance Standards
3. Special and Basic Tools
4. Overhaul Instructions

5. Adjustments, Bench Testing,
and Performance Tests

6. Engine Auxiliaries Removal
and Installation

7. Engine Main Parts

8. Inlet and Exhaust Systems

9. Lub:icatipn System

10. Cooling System

11. Fuel System

12. Electrical System

13. Workshop Tips

External views, engine serial number location, engine modet and
application codes, specifications, tips on disassembly and reassembly.

Maintenance standards, tightening torque, sealants and lubricants.
A list of special tools and basic tools required.
Determining when to overhaul the engine, testing compression pressure.

Adjustment of valve clearance and feel system priming, fuel injection
timing adjustment, bench testing and performance tests,

Removal and installation of turbochargers, air coolers, fuel injection
pumps, alternator, starters, etc.

Disassembly, inspection and reassembly of the engine proper, to include
cylinder heads, valve mechanisms, pistons, flywheel, timing gears,

camshaft, viscous damper, crankshaft.

Disassembly, inspection and reassembly of inlet and exhaust systems, 1o

- include air coolers, exhaust manifolds, and turbocharger.

Disassembly, inspection and reassembly of lubrication system, to include
the oil pump, relief valve, oil cooler, oil thermostats, oil filters, safety
valve and oil filter alarm.

Disassembly, inspection and reassembly of cooling system, to include
water pump, thermostats, and fan-drive.

Disassembly, inspection and reassembly of the fuel system, to include
fuel filters, fuel injection nozzles, fuel injection pump and fuel feed pump.

Disassembly, inspection and reassembly of electrical system, to include
starters and the alternator.

General precautions for disassembly and reassembly of parts: cil seals,
O-rings, bearings, lock plates and pins.
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GENERAL
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GENERAL

S6R-Y1PTA

Engine Type
Type Forced circulation type (pressure feed by gear pump) -
Engine ol Standard Class CD oil or class CF oil (API service classification)
NgImne ol
& Capacity (engine) liter (U.S.gal] | 92 [24.3}, approx.
Type Gear pump
Qil pump Delivery capacity . .
liter [U.S.gal] min 140 [83.2] (at 800 min"' engine)
Type Piston valve type
E 1 Relief valve Valve opening pressure
4O
Z MPa (kgficm?) {psi] | 46 (47) 167]
g . Water-cooled multi-plate type
.2 { Qil cooler T plate typ
B 11 coo ype (housed in the crankcase)
:g Full-flow oil filter { Type Cartridge type with paper element
= 1 Bypass oil filter | Type Cartridge type with paper element
Type Piston valve type, buill-in electric contact points
Oil filter alarm Lamp lighti.ng a.nd.valve opening| 003 3 “
pressure (differential pressure) [ 01575 (15757 2175 ]
MPa (kgf/cm?) [psi]
T Wax 1
Oil thermostat Vy:)e i X ype
alve opening temperature
PEMINg TeMPerale oo | 8010 84176 10 183]
C[°F]
Type Water cool:
Capacity {Engine) liter [U.5.gal] | 50 [13.2], approx.
Type Centrifugal
Water punip Delivery capacity . .
P e (U5 gal] | 800 [211.2] (at 1800 min* engine)
§ Water pump Type-No. of belts Low-edge cog “C” -2
P .
& | and alternator Quter circumference
2 | drive belts mm [in.] | 1333 [604]
é Type ° Wax type
Th ts Valve opening t t
ermosta) Ve Openig [EMpEratire | 7122 [159.843.6]
C{°Fl
Type Steel-blade, circular arc type
Cooling fan No. of biades 6
Outside diameter mm [in.] | 1010 [39.8]




GENERAL

Engine Type S6R-YIPTA
Model PS 6 type
Manufacturer Mitsubishi Heavy Industry
Injection pump Plunger outside dlamet;::;m in] 17 [0.67]
Plunger lead mm [in.] | Both-side 35 lead [1.38]
Cam lift mm [in.] | 15{0.59]
Model Bosch KD 227 type
Feed pump Manufacturer Bosch Automotive Systems Corporation
g Caim lift 1210.471
2 Type Electric governor actuator ProAct Model 1T
@ | Governor
E Manufacturer Woodward Governor Company
- Type Hole type
Manufacturer Bosch Automotive Systems Corporation
No. of spray orifice 10 '
Injection nozzles | Spray orifice inside diamctc:l:. $0.29 [0.0114]
mm [in.]
Spray angle 160°
Injection P‘ﬁ?’ﬂkgﬂcmz) [psi] | 343210 3481 (35010 355) [4978 10 5049
Fuel filter Type Cartridge type with paper element




GENERAL

Engine Type S6R-Y1PTA
Voltage polarity 24V- Negative (-) ground
Model 8-23000-6642
Manufacturer Nikko Electric Industry
Pinion mesh type Pinion shift (Reduction type}
Starter
Out put V-kW | 24.7.5
No. of starters i
Pinion/ring gear ratio 117182
Type 3-Phase with built-in 1C regulator
Manufacturer Mitsubishi Electric
Outpnt V-A | 24-30
cE.v Alternator Rated output :
% Generated min-t | 3000 (at 27V, 304)
:E Maximum speed min | 8000
g Regulator adjusting voltage V| 28.5£0.5
o -
Model 0-25000-5340
Manufacturer Nikko Electric Industry
Safery relay Nominal voltage V|24
(for starter Allowable temperature  °C [°F] | -30 to 40 [-22 10 104.0]
chattering) -
Rating Seconds 30
Allowed contact current A |- (momentasy)
50 (30 seconds)
Ground 2-wire system

1-7




GENERAL

3." Tips on Disassembly and Reassembly 3.2 Reassembly
This service manoal covers recommended (1) Wash all engine parts, except oil seals, O-rings,
procedures to be followed when servicing rubber seals, etc. in cleaning solvent and dry
Mitsubishi diesel engines. It also contains them with compressed air.
information on special tools required and basic .
safety precautions. (2) Use only the correct tools and instruments.
It is the responsibility of service personnel to be (3) Use only good quality lubricating oils and
familiar with these requirements, precautions and greases. Be sure to apply a coat of il, grease,
potential hazards and to discuss these points with ot sealant to parts as specified. (Refer to 3,
their foreman or supervisor. Group No. 2)
Study this manual carefully and observe the (4) Use a torque wrench to tighten parts when
following general precautions to prevent serious specified tightening torques are required.
personal injury and to avoid damage to the {Refer to 2, Group No.2)

engine, equipment and parts.
(5) Replace all gaskets and packing, Apply only

HCAUTION the proper amount of guick-drying cement to

Work related to the exhaust emission regulations gaskets or packets when required.

can be conducted only at our designated service
factories, /MCAUTION

When changing parts, be sure to use our
designated parts. Unless our designated parts are
used, the exhaust emission regulations cannot be

3.1 Disassembly

met.
(1) -U§e the correct tools and mstruments. Serious Work related to the exhaust emission regulations
injury or damage to the engine can result from can be conducted only at our designated service
using the wrong tools and instruments. factories.

(2) Use an overhaul stand or work bench if
necessary. Also, use assembly bins to keep the
engine parts in order of removal.

(3) Lay down disassembled or cleaned parts in the
order in which they were removed. This will
save you time at reassembly.

(4) Pay attention to the marks on assemblies,
components and parts for positions or directions.
Put-on your own marks, if necessary, to aid
reassembly. ‘

(5) Carefully check each part for faults during
removal or cleaning. Signs of abnormal wear
will tell if parts or assemblies are functioning

improperiy.

(6} When lifting or carrying heavy parts, get
someone to help you if the part is too awkward
for one person to handle, Use jacks and chain
blocks when necessary.
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MAINTENANCE STANDARDS

1. Maintenance Standards Table

Unit: mm [in.]

Assembly Servi
Grou Inspection Point Nominal Standards | Repair Limit fﬁ:ﬁe Remark
Clearance)} Ce
Maximum min” 5 to 10% higher than rated | Faulty if lower or 15% | Check governor
min! higher than rated min” | setting.
Minimam min* 600 to 650 min!
Compression pressure 1.81 (18.5) [263] Faulty if 1.27 (13) [185] | Oil and water temp.
MPa (kgficm?) [psi] { minimum (at 120 min) or less 20 to 30°C [68 to B6°F)|
[0.49 10 0.59 (5 to 6) [71 to | Faulty if 0.49 (5) [71] Oil temp.
Lube oil pressure §5.4](at rated min™) or less 60 to 70°C
MPa (kgf/cm?) [psi] |{0.20 to 0.29 (2 to 3) [28.5 to| Faulty if 0.10 (1) [14] {140 to 158°F]
42.7] or more (at idling) or less
= Inlet valve opens BTDC 14°
3 | Valve timing (with 2mm Inlet valve closes ABDC 12.5° Xgﬁ ariglrl‘: z ;gin
& | [0.08 in] clearance on valve | Exhaust valve opens BEDC 25.5° and “gi ferent fro n%
side, cold} Exhaust valve closes BTDC 5.5°AT are
o the actual ones.
+2° (crank angle)
Valve Inlet valves 0.6 [0.024]
clearance | Exhaust
(cold) valves 0.8 [0.031]
Varies according to
L +1° (crank specifications, Refer
Injection timing BIDC angle) to caution plate on
No.1 rocker cover.
36.000 to
Rocker
bushing inside | @36 [1.42] fl. 2;57243) ?f 2;339]
Rock diameter 1.4189]
ockers 35.966 1o
Rocker 35991 35.940
diameter 436 (1421 11416010 [1.4150]
1.4170]
994010
Valve stem 01053 9.960 9910 | The same 1o both
diameter 81010391 | 103913 to [0.3902) “;]“" and exhaut
0.3921] vawves.
Valves N 10.000 to "I‘he same for bo[h
g‘ ;{;Ii:;z gtudc 10 [0 39] 10.015 10.060 inlet and exhanst
g Siameter pLo10. {03937 to {0.3961] | yalves.
5 0.3943]
- Valve seat 30°
&5 angle S
021002 ‘?zth
Valve sinkage |0 [-0.0079 to | 1.0 [0.039] wi
: 0.0079] —
Valve seats 2.15102.45 =
and valves | Seat width 23100911 |[00840¢w0 | 2.8[0.110]
0.0965] _ Valve
281032 R"’iﬁ;“ﬁﬂe margHn
Valve margin  [3.0[0.12]1 |[0.110t0 E; s Valve  Vlve
0.126] [0.098]- seat angle Sinkage
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MAINTENANCE STANDARDS

Unit: mm [in.]

,Assembly .
. . Nominal Standards | Repair Limit Service
Group| Inspection Point Value (Standard | (Clearance) | Limit Remark
" | Clearance) (Clearance)
Cylinder head (-0.070 to
bore inside —0.130) . oo
Valve seats | . — (minus) indicates the
diameter and @60 [2.36] {[-0.0028 .
and valves valve seat to~0.0051]) valve is closed.
diameter :
Free length 73(2.87} 71 [2.80]
A 8=1.5° A=22
Squareness A= 19{0.075] [0.087]
d U L{=73 [2.874] over the
Valve length
springs . 66.0[2.598)/
28010 319N
Set length/ (29.45t0
Set force 32.55 kgf)
1[649to
71.8 Ibf]
Valve push . 0.5 [0.020]
rods Deflection or less
Flatness of ) 0.03
Cylinder K § 0.07 0.50 ,
gasketed sur [0.0012] Reface if necessary.
heads e . or less [0.0028] [0.0197] !
. 170,000 to
Inside 8170 170040 .| 170.200 170.500
diameter [6.69] [6.6020 10 | [6.7008] [6.7126]
g 6.6945]
£ 0.2
E Roundness [0.0008]
2 or less
) . .02
5 | Cylinder Cylindricity [0.0008]
liners or less
Perpendicularity
of flange 0.03
lower face to [0.0012]
linear axle or less
Protrusion of
cylinder liner 0.11 to 0.20
flange above {0.0043 to
gasketed 0.0078]
surface
169.76 to Measure diameter in
Qutside 6 169.80 169.66 the direction trans-
diameter 8170 [6.691 166835 to [6.6795] | verse to pin at piston
6.6850] skirt.
Variance in
. . +10g
i weight among
] pistons per 5?:;3 oz]
Pistons engine
70.002 to
Pin bore 70.M5 70.040
diameter #I0[276] 112756010 [2.7575]
2.7565]
014 0 0.65
Protrusion [0.0055 to
0.0256]
Cylinder . 1.7710 1.83
heéad As-installed | 18(0071] |[0.0697 1o
asket thickness 0.0720]
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MAINTENANCE STANDARDS

Unit: mm [in.]

Assembly Repair .
. i Nominal Standards Limit . Service
Group Inspection Point Value (Standard (Clear- Limit Remark
Clearance) ance}) {Clearance)
Piston and | Clearance (124 to0 1.99)
cylinder ?;;‘;iﬁﬂcl;'ﬁmr ([0.0488 to
head head 0.0783])
Top 0.6 to 0.8) (2.0)
S . E‘[)O;SO%(;(;)O'OE D 2;0(':;79]) If gage is not avaii-
. . eCon .6 to 0. . able, the general value
Piston rings | Gaps (10.024 0 0.031)) 10.079]) can be obtaincd at the
ol (0.3 10 0.45) 2.0) cylinder bore.
{[0.012 to 0.018]) ([0.0791)
69.987 to 70.000 69.970
Piston pins | Diameter @70 [2.76] [2.7554 10 [2.7547]
0.7559]
Bushing : 70.020 to 70.040 .
inside 70 [2.76] [2.7567 o Fg%)v]
diameter 2.7575] .
0.05/100
Bend and [0.0020/3.9] -
twist or less
End play 0.4t0 0.6 1.0
(crankpinand |67 [2.64] (0.4 to 0.6) (1.0)
Connecting | big-end widths) (10.016 10 0.024]) ([0.0394])
o rqu Variance in
5 weight among +30g [£1.06 ¢z]
:‘ connecting orless
= rods per
g engine
2 If gage is not avail-
= Big-end bore 131 15.16 [153 ]1'2370‘? 131.023 131.050 able, the peneral value
3 diameter #131 [5.16] 158 [5.1594) can be obtained at the
. 3.1585] cytinder
STD  |3.000[0.1181} | 2,957 to 2.970 2.930[0.1154] |Replace bearings if
[0.1164 to 0.1169] wom down to service
-0.25 3125 [0.1230] | 3.082 t0 3.095 3.055[0.1203] |limit. Regrind crank-
[-0.0098] 101213 10 01219 pins and use under-
Connecting | Thick- - 0.50 3.250 [0.1280] | 3.207 to 3.220 3.180 [0.1252] |beyond service limit.
rod bearing | ness of{[-0.0197) [0.1263 to (.1268)
center (-0.75  |3.375[0.1329] | 3.332t0 3.345 3.305 [0.1301]
[-0.0295] [0.131210 0.1317)] ‘
- 100 |3.500[0.1378) |3.457to 3.470 3.430 [0.1350]
[-0.0394] [0.1361 0 0.1366]
Face deflection 0.285 [0.0112]
. or less
Flywheel
Circular deflection 0.127 [0.0050]
or less .
. 89.987 t0 90.022
Ee“".“' case | 490 [3.54] [3.5428 0
Jearing 3.5442]
Jjournal
. inside | $9.987 to 100.022
njection 7 #100 [3.94] [3.9365 to
pimp diameter 393791
Accessory | Bearing 89.985 to 90.000
drive —I @90 [3.94] [3.5427 to-
Ootside , 3.5433]
utsi
: 99.985 to 100.000
diameter #100{394] |[3.936410
3.9370]




MAINTENANCE STANDARDS

Unit: mm [in.]

Assembly )
G ; . . Nominal Standards | Repair Limit | Service
roup nspection Point Value (Standard | (Clearance) Limit Remark
L Clearance) (Clearance)
Bearing 44988 to
45000
ST A2
Inside L7
diameter 49.988 to
50.000
97
Injection WO\ 1) 9680 10
pump 1.9685] N
Accessory 45.002 to
drive 45.013
Drive shaft 845 [1.77] (L7717 to
bearing 1.7722]
journal 50.002 to
outside 50 013
diameter @50 [1.97] (19 6'80 o
1.9690]
Radial deflection 0.5 {0.020) 1.5
Damper (at periphery) or less [0.0591 | Replace every 80060
Face deflection 0.5 [0.020] 1.5 service hours.
g ) or less [0.059]
0.12t0 0.18)
B 012100.18) 45 (©0.50) | Replace gears, if
g Bacldash ([00047t0 1 150118 | ((0.01971)| necess
E 0.0071])) . . -
£ 50.000 ¢
22 Idle gear shaft 50 02? 50.060
lz bushing inside | 850 [1.97} (LS 6'85 o 1 '9709]
Timing and diameter 1.9695] ’ Same as the front ail
front gears 49.950 to g":"e ?gie” front fan
Idle gear shaft | oo\ oo 49975 49.900 five idier
diameter ' [1.9665 to [1.9646]
1.9675]
Idle gear end E?620:)080tf ) {0.6)
play 0.016]) ([0.024])
9.197 to B
Cam lift (A-B) | 9.247 9.297 8.45
{0.3641] [0:3621 to (0.3327] 0
0.3660]
Camshaft
Deflection at center
bushing measured
. 0.05[0.002] | 0.08 .
Deflection or less [0.0031] with both endls sup-
ported. Repair or
replace, if necessary.




MAINTENANCE STANDARDS

Unit: mm [in.]

Assembly .
, , Nominal Standards | Repair Limit| Service
Group Inspection Point Value (Standard | (Clearance) |  Limit Remark
Clearance) (Clearance)
Journal 83.92to
diameter @84 [3.31] 83.94 83.87
[3.3039 10 [3.30204
3.3047)
Camshaft
Camshaft | bushing inside 84&03;2 84.10 Replace bushings and
diameter (as @84 [3.31] : : ; ream them, if neces-
: . [3.3071 to [3.3110]
instatled in 3.3085 sary.
crankcase) ; ]
(0.1010 0.25) .
End play 8 [0.3] ([0.0039 to (0.40)  |Replace thrust plate,
0.0098]) ([0.016]) |if necessary.
124930 to
Crankpin 124 950 124,890
diameter P23 (4921 | 14918510 | [4.9169]
49193}
. 139.930 to
Crankpin
. 139.950 139.890
Jd‘;:;“:tlcr S0 3511 ) 15509100 | [5.5075)
5.5098]
Center to
center 89.90 to
distance 90.10
between 90[3.54] [3.539 10
journal and 3.547]
é crankpin
= Parailelism 0.01
‘3 between [0.0004] 0.03
g journals and or less [0.0012]
ED crankpins at pin length
=
= Roundness
between 0(‘]0(:004 0.03
journals and (0.0004] | 16 0p12)
crankpins or less
Crankshaft
Cylindricity of 0.02 0.03
journals and [0.0008] . [{') 0012]
crankpins or less i
. . 681t07.0
Fillct radius of 7R [0.28] [0.268 to
Journals 0.276]
Hardness of
Jjournals and Hv>620
crankpins
Angularity +(°20
. 0.04 [0.0016] | 0.10 Repair or replace, if
Deflection or less [0.06039] necessary.
Replace thrust bearings
if worn down to repair
End play (0.30 10 (0.50) limit, Use oversize
(Width between| 66 [2.60] 0.50) ([0.0197]) | thrust plate if worn
web and thrust ([0.0118to0 +1.18 beyond repair limit.
bearings) 0.0197h) [+0.0465] |+0.25 [+0.0098],
+0.50 [+0.0197],
+0.75 [+0.0295]
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MAINTENANCE STANDARDS

Unit: mm [in.]

Assembly Repair i
o Nominal Standards Limit | Service
Group Inspection Point Value (Standard (Clear- Limit Remark
Clearance) ance) |(Clearance)
STD 3.500 3467 o 3.480 3.425
{0.138] [0.1365 to 0.1370] [0.1348] Replace bearings if
.25 3.625 3,592 10 3.605 3.550 worn down to service
Thick- |[-0.0098]] [0.1427) {0.1414 t0 0.1419] [0.1398] limit. Regrind
# Main ness of |-0.50 3.750 3770 3.730 3.673 crankpins and use
g bearing center |[[0.0197] | [0.1478] [0. 1463 to 0.1469] [0.1447] undersize bearings if
o -0.95 31.875 3.842 10 3.855 3800 womn beyond service
| [-0.0295] {[D.1526] [0.1513 to 0.1518) {(.1496] limit.
5 “1.00 4.000 3.967 to 3.980 3.925
= [0.0394]] {0.1575) [0.1562 to 0.1567] [(0.1545)
Bb
Lﬁ Flatness of 0.1 J0.004] 0.2 )
gasketed or less [0.008] Reface if necessary.
surface
Crankcase
147.000 to
Main bearing . 147.025 147.035
bore diameter SUT 3TN 15 787410 [5.7888)
5.7884] .
Inside diameter of bearing- @36 ) 36.014
fitted housing section [1.4173] [1.4179]
Outside 236 35.847
diameter [1.4173] [1.4113]
Inside w24 24.0335
Bearing diameter [0.9449] [0.9462]
235 23.440
Length [0.9252] [0.9228]
Journal outside | #24 23.996
Shaft and .
% turbine diameter [0.9449] [0.9447]
wheel flecti ‘ 0.015
% Shaft deflection [0.0006]
£
o 0.05to0 0.20 . P
3. . : When piston ring is
[
Piston ring gap clearance 500%0729(]) to installed to the insert.
Clearance between shaft & {0.58 10 1.32)
turbine wheel and turbine ([0.0228 1o
housing (.0520hH
007510 0.135
Shaft end play [0.0030 to
0.0053]
Clearance between turbine ({)6733%}7] -22)
backplate and turbine wheel n()[.d480]) to




MAINTENANCE STANDARDS

Unit: mm [in.j

Assembly Repair .
) . Nominal Standards Limit Service
Group Inspection Point Value (Standard (Clear- Limit Remark
Clearance) ance) | (Clearance)
Oil pump gear {0.087 t0 0.316) (0.4)
gear backlash 0.0124}1) )
Drive and (011 to 0.23) 0.4
driven gear {[0.0043 to l('[o 31 61
backlash 0.0051)) :
Radical 460 {0.100t0 0.196) o clear
clear._mcc of [2.36] ([0.0039 to (0.35)
gear in case 0.0077]) ((0.0138])
(0.050100.114)
Oilpump | Cndclearance of | 340y 31 | (10,0020 10 E{’{-,"’gggsn
geats in case 0.0045]) .
24.947 10
Drive, driven and 24 960 24.900
shaft diameter [0.9822 1o [0.9803]
@25 0.9827]
Bushi [0.98) 25.000¢0
e 25.021 25.100
inside [0.9843 10 [0.9882]
diameter 0.9850]
E Val . 1.37£0.10 MPa
< Ve Opening (14.0+1.0 kgflem?)
o pressure [199:14 psi]
5 Safety —
-8 valve Sp}'mg instal- 67.2/384 N
o lation length/ (39.2 kegf)
E weight [86.4 1bf]
3
Pump idler gear-to-crank-shaft E?{)lgof-,ot; 8
Relief Opening 0.46 MPa (4.7 keficm?)
valve pressure [66.86 psi]
Temperature
at which 8010 84°C
valve starts [F76to 183°F]
oil opening :
Temperature
therm-os(at at which valve 95°C
tift is more [203°F]
than 11 mm
[0.47 in]
Lamp lighting 0.15*3% MPa 1 mm [0.04 in.) shim
Bypass and valve opening (s 43.3 kef/em?) changes [0.007 MPa]
alarm pressure (differ- 21 psi] (0.07 kgfem® [1 psil.
ential pressure} a ps ) )
. . , .26 .32
Piston cooling| Opening ?2-7 tt((; :? 3 k;dﬂ]:;z)
nozzie pressure [38.4 10 45 psi]
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MAINTENANCE STANDARDS

Unit: mm [in.]

Assembly .
] . Nominal Standards Repair Limit S“:“”Fe
Group Inspection Point Value (Standard (Clearance) Limit Remark
Clearance) (Clearance)
Bearing bore 79.988 to 80.018 £0.025
& 280 3.151 | (31491 t0 3.1503] [3.1506]
inside 89.987 10 90.022 90.025 Same as the bearing
diameter 89003:54) | 13 5428 10 3.5442] [3.5443] | cover
79.987 to 80.000
‘g" Outside #80[3.15] {3.1491 10 3.1496]
S | dizmeters £9.985 to 90.000
water pump |~ #0334 | 135437 10 3.5433)
Inside 39,988 to 40.000
40(1.
diameters | 240057 (i sras 10 1.5748)
Diameter of shaft 40.002 to 40.013 39.995
on which bearing | ¢40[1.57] | [1.5749to y
inner cace is fitted 1.5753] {1.5749]
Vare front 0.72 01410 1.3)
face clearance | [0.028] ([0.0060 to 0.0513)
Temperature 71£2°C
vaive o
operting [159.8+3.6°F]
Thermostat ] Temperature at
g xhlllc l:n‘;ilve hft 85°C Check at atmospheric
é {0.43 in.] [185°F] pressure.
w or more
5 99,987 to 100.022
= 987 to 100.
2 Bearingbore | 10 39| [3.9365 10 3.9379)
inside diameter 109.987 to 110.022
pHOM3Z ) 330016 43316)
99.985 1o 100.000
Outside 9 100{3.94] [3.9364 to 3.9370]
. 2 |diameters 109.985 to 110.000
Fendive | § # 11014.33]| 143301 10 4.3307]
m
44,988 10 45.000
Inside 245 (L77] | (1771210 17717
diameters 49.985 to 50.000
835011971 | [1.9679 10 1.9685]
45.002 to 45.013
stafibearing | 2> 0 L7 172y
journal diameter 50.002 to 50.013
830 [1.97) [ 1y 9686 1o 1.9690]
Measure deflection
by pushing belt
midway between
Tension of water pump and I0to 15 pulieys.
alternator drive belt [0.39 to 0.59] Approx. 98 to 147 N-m

(1010 15 kgf-m)
[22 10 33 1bf-it]

O




MAINTENANCE STANDARDS

Unit: mm [in.]

Assembly :
a Insoection Po Nominal | Standards |Repair Limit | Service
roup nspection Point Value (Standard | (Clearance) Limit Remark
Clearance) (Clearance)
Valve opening 34.32 10 34.81
pressure ?:9% (350) (350 to 335)
MPagkeficm?){psi) 1 14997 to 5050]
Check nozzle with a
hand tester (at fuel oil
Fuel temperature 20°C.
Injection [68°F7). Replace the
nozzle Spray cone 160° nozzle tip if the spray
angle pattern is still defec-
tive after washing in
clean fuel oil.
Tappet rolier
overall 062008
clearance [0.008]
Wear of plunger
contacting, 02
surface of [0.008]
tappet . .
E Camshaft 0.05 0.15 Repair bent camshaft
g\ deflection [0.0020] [0.0059] | or replace.
o Diameter of 34938 to Insert oversized
E camshaft at oil | #35 34963 34800 | oo it
seal contacting | [1.38] [1.37551 to. [1.3701] is exceeded
surface 1.37649] )
Camshaft thrust 0.02 t0 0.06
Fuel clearance [0.0008 to
injestion 0.024]
prmp Plunger spring - ) a=18
. . ¥ [0.071] Li=70.8 {2.79]
perpendicularity _5_ at the end
. A A =06
CPV spring & [0.024] | Lf=18 [0.71]
perpendicularity —l‘- at the end
Control rack 36
total stroke {1.42]
Control rack ?igfg Eﬁ? g0
sliding resistance or. less
Smii b::' Replace plunger assembly if injection characteristics value exceeds -5%
PIUNZEL 1 4t 17 {0.67) rack position.
and barrel .
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MAINTENANCE STANDARDS

Unit: mm fin.]

Assembly Servi
, ] Nominal Standards | Repair Limit| -ervice
Group Inspection Point Value (Standard | (Clearance) |, Ldmit Remark
Clearance) |- {Clearance)
Plug discharge poit,
apply air pressure of
Airtightness There shall be no air leakage (air bubbles) from 0.20 MPa (2.0 kgf/
test assembly. cm?) [28.5 psil to
suction port, and
immerse in diesel fuel.
Operate pump at 100
Feed pressure | Discharge start time: 20 seconds or less min"! and measure
£ discharge start time.
2 Operate pump at 60
E‘ Fuel feed to 100 st/min™' and
= . .
g | Pump Priming pump Discharge start: 30 strokes or less count the nurnher of

suction capacity

pumping operations
required for fuel to
reach the pump.

Feed rate

Feed rate: 1100 cm? [67 cu.in.J/15 sec. or more

Open valve on
discharge side, operate
pump at 500 min’

and measure the
amount of fuel fed

in 15 seconds.
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MAINTENANCE STANDARDS

Unit: mm [in.]

Assembly

. P - Service
. . N 1 Standards | R Limit o
Croup Inspection Point 3;?:;3 (Sa:‘;n;;r; (éll)::ranl:;; Limit Remark
Clearance) (Clearance)
Commutator
outside @43 [1.69] 242 [1.65]
diameter
Deflection of .06 [0.0024] 0.10
commutator or less [0.6039]
Mica depth in ?670?72'30 02
commutator '0 0354] [0.008]
Height of 220123
brushes {087 ©0091] 13[031]
Tension of 44,13 1923104903
brush springs | (4.5) (4.0t0 5.0 33]23 @0
N (kgf) [Ibf] [64.10} [9to 11]
. 14.
Diameter of 1145;2
armature shaft | g14 [0.55] (0.5 5'709 o
rear side 0.56102]
Diameter of 20'21052?
armature shaft | @20 [0.79)] o 79'33 0to
front side '0 79724]
é Diameter of 30:,%)3 lt ?
2= pinion shaft @30 [1.18] [ '18.1 18 to
E | Starter rear side 1.18153]
8 Diameter of
=) pinion shaft (181'3(;;:)0
front side and | ¢#19 [0.75] 940)
inside diame- ([0(')7_?: 51 ﬁt,?
ter of metal ’ b
19.000 1o
19.033 Q.25 Clearance between
Frontmetal 1 #1900.75] | (4 748010 [0.0098] | shaft and metal
0.7493]
19.000 0
. 19.033 0.25 Clearance between
Pinion 13 10.75) | 107480 0 [0.0098] | shaft and metal
0.7493]
14.000 to
Rear metal 14,027 Q.25 Clearance between
[0.5512 to f0.0098] | shaft and metal
0.5522) . .
Armature end 3')30?2(1?
play 0.028]
Pinion shaft ([)620?825
end play 0.031]




MAINTENANCE STANDARDS

Unit: mm [in.]

Ok

Assembly .
o Nominal | Standards i Repair Limit| Service
Inspection Point Value (Standard | (Clearance) Lirmt Remark
Cleararce) {Clearance)
Slip ring 3281t
. 33.2 324
o&ntmde 33[1.30] [1.291 to [1.276]
diameter 1.307]
Alternat .
. eMAOT | Brush height  |21.5{0.85] ?0(.)3 N | Upto wear timie
1)
2 Brush spring  |3.7 3.1t043 1.8
-E tension (380} (320 to 440) (180)
2 N (gf) [1bf} [0.84] [0.70 to 0.97] [0.40]
g Deflection when
= pressed with thumb:
101015 9810 147N
Alternator drive belt tension [0 40t 056 (1010 15 kgb)
Aty [22 10 33 1bf]
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MAINTENANCE STANDARDS

2. Tightening Torque Table

2.1 Important Bolts and Nuts

Thread Torque
Description Diameter x Pitch Remarks
(M-thread) N-m kgf-m Ibf-ft
mim [in.]
Cylinder head 22 x 2.5 [0.866 % 0.0984) 539 55 398 | [Wet] 2-step tightening method
Note (a)
Cylinder head nozzle glands 14x2.0[0.551 %0.0787] |69tc78 | 7to & {51058
(studs)
Rocker case 12x 12510472 x0.0492]7 108 11 80
Rocker shaft 14 % 2.0 [(.551 x 0.0787) 147 15 108
Rocker arm lock nuts 12 % 1.25 [0.472 x 0.0492] 64 6.5 47
Bridge lock nuts 10 x 1.25 [0.394 x 0.0492] 55 5.6 40
Camshaft gear (rear) 12x1.25 [0.472x0.0492) 176 17.9 129
Camshaft thrust plate 12x 1,25 [0.472x%0.0492) 59 6 43
Main bearing caps 24 % 3.0 [0.945 x 0.118] 490 50 362 [[Wet]
Hanger 12 % 1.25 [0.472 x 0.0492] 108 11 80
Piston cooling nozzle 12 % 1,75 [0.472 x 0.0689] 34 35 25 Note (b)
Timing gear case 116 x 1.5 [0.63 % 0.0591] 255 26 188  [With hand washer
Rear plate 12x1.25[0.472 x 0.0492]| 108 11 80 .
Oil pan 12 % 1.25 [0.472 x 0.0492] 59 6 43
Front mounting bracket 12 x 1.25 [0.472 % 0.0492] 108 11 80
Rear mounting bracket 16 % 1.5 [0.63 x 0.0591] 216 22 159
Connecting rod bearing caps 22 % 1.5 [0.866 x 0.0591] 339 53 398  |[Wet] 2-step tightening method
: Naote (c)
Flywheel 22 % 1.5 [0.866 x 0.0591] 5339 55 398 |[Wef]
Damper 22 % 1.5 [0.866 x 0.0591)] 490 50 362
Rear idle shaft 12x 1.25 [0.472 x 0.0492) 108 11 80
Rear idle shaft thruse plate 10 1.25 [6.394 » 0.0492) 29 3 22
Exhaust manifold V-clamp nuts | 6 x 1.0 [0.236 x 0.0394] 9 09 7
Injection purnp drive case 12 1.25 [0.472 x 0.0492]1 108 11 80
Injection pump gears (nuts) 30 x 1.5 [1.18 x 0.0591] 392 40 289
Oil pump 12 1.25 [0.472 % 0.0492] 108 11 80
Oil pump idler gear (nuts} 12 x 1.25 [0.472 x 0.0492]( 69 7 51 JApply Loctite 262 to
: screw threads
‘Water pump 12 % 1.25 [0.472 x 0.0492) 59 6 43
Water pump shaft pulley (nut) {24 x 1.5 [0.0945 x 0.0591] | 245 25 181
Fan drive camshaft gear (front) |14 X 1.5 [0.055]1 x 0.0591] | 176 179 129
Fan drive shaft gear (nut) 30> 1.5[1.18 x 0.0591] 392 40 289
Fan plate 12 % 1.25 [0.4720.0492]1 108 11 80
Air cooler 12x 1.25[0472x0.0492] | 108 11 80
Injection pump brackets 12 % 1.25 [0.472 x0.0492] | 108 i1 80
Injection pump 12x1.25[0472x0.0492] 108 11 80
Injection nozzle gland (nuts) |14 x 1.5 [0.551 x 0.0591) 98 10 T2
Injection nozzle chip (auts) 28x1.511.1 x0.0591] 177t0 | 1810 130t
196 20 145

2-14




MAINTENANCE STANDARDS

Thread Torque
Description Diameter X Pitch Remarks
' (M-thread) N'm kgf-m Ibf-ft
mm [in.]
Nozzle holder cap nuts 14x 1.5[0.551x0.0591] | 6910 | 7t08 51to
78 58
Injection nozzle set screw 14 % 1._5 [0551 x0.05911 | 341t0 | 35w 250
44 4.5 32
Injection nozzle inlet connector |16 x 1.5 [0.63 x 0.0591] 6410 | 6510 47 to
} 74 75 54
Injection pipes 18x 1.5[0.709 x 0.0391]| 49t0 |5to7? 3610
69 51 .
Fuel rack control lever B8x1.25[0315x0.0492]| 25 25 18 |2-step tightening method
Fuel filter air vent plug 8x1.25[0315%x0.0492] | 81010 [08101.0] 6107
Starter 12x 1.25 {0472 x0.0492)[ 59 .6 43
Turbocharger compressor wheel 1/2-20 UNF . . Apply Loctite No.962T to
(nut) (Left-handed thread) T |thread. Note (f)
. 98w | 1.0t 72t |Apply Moly Disulfide to
Turbocharger V-clamp 10.8 1 80 |throad.

Note: (a) Tighten the cylinder head bolts by the angle method in the following order:
(1) Tighten snug torque to 294 N-m (30 kgf-m) [217 Ibf-ft].
(2) Tum by 30°.
{3) Turn by another 30°, .
(4) Loosen all bolts, and then retighten them by the angle method. (2-step tightening)

(b} To tighten piston cooling nozzle, check valves, be sure to use a torque wrench. Tightening without
the use of a torque wrench can result in excessive tightening force, and this can cause valve
malfunctions and lead to seizing of pistons due to insufficient lubricating oil during engine operation.

(c) To tighten connecting rod caps according to the angle method, tighten to 245 N-m (25 kgf-m) {181
Ibf-ft], then turn each boit by 30°. After tightening all the bolts, turn each bolt again by 30° (total of
60° turn). :

(d) [Wet] indicates apply engine oil to the threads of the nuts and bolts.

(e) [2-step tightening method] indicates tightening to specified torque, loosen the bolts completely and
retighten again to the specified torque.

(f) Tighten the lock nut to torque of 69 N-m (7 kgf-m) [51 Ibf-ft] first, then loosen it completely.
Retighten the nut to a snug torque of 9.8 N-m (1 kgf-m} [7.2 Ibf-ft], then turn further by 90 + 3°.

—(ACAUTION)

Absolutely avoid Moly Disulfide sticking to the
contact surface of the compressor wheel rear face
and sleeve.
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MAINTENANCE STANDARDS

2.2 Fuel Injection Pump

"Thread Width . Tightenping torque
Mounted part Diameter x Pitch across Remarks
(M-thread) flats N-m kgf-m Ibf it
mm [in.] mm [in.]

M30x 1.5 Tighten in two

Valve holder D [1.18 X 0.059] 32{1.26] [235t0255| 241026 |174t0 188 steps.
. MI12x 1.25 :

Barrel bolt & [0.55 X 0.049] 19 [0.79] T8t083 | 80to85 | 58to6l
Flywheel mounting nut & ‘ [Ohgii):) ]0'29] 36 [1.42] 392 . 40 289 Note (a)
Laminated plate connecting] MI2x1.25
bolt @ [0.55 X 0.049] 17[0.67] | 103 t0 113 {10.5t0 11.5| 761083
Coupling shaft tightening Midx 1.5
bolt & [0.55 x 0.059] 22(0.87) (16710177 17t018 | 12310130
Rack set screw ® [()hgf : 5'339] 12 [0.47] 21 2.1 15
Deflector bolt [(%190:016%‘59] 12 {0.47] 41 4.2 30
Rear cover mounting M8x1.25
bolt ® [031 x 0.049] 12 {0.47] 21 21 I5
Front cover mounting 1 MBx1.2S8
boit @ [031x0049) | 1200471 | 2 21 15
Center bearing mounting M8 x 1.25
bolt @ {0.31 % 0.049] 12[0.47] {19.61021.6| 2.0t0 2.2 {14510 15.9
Drain plug @ [&172;01.6%159] 19 [0.75] 21 2.1 15
Feed pump mounting M6x 1.0
bolt [0.24 x 0.039] 10 [0.39] 8.8 0.9 6.5
Fuel inlet eyebolt @ [01‘;15‘1’[‘) 16;59] 1970751 | 3424 |35:04 | 2513
Fuel outlet check valve MI12x1.25
bolt @ [0.47 X 0.049] 19 [0.75] 34+4 35204 25+3
Lubricating oil inlet MI12x1.25
Lubricating oil return port | MI14x 1,25 '
eyebolt B [0.55 x 0.049] 19 [0.75] 344 35x04 25+3

Note: (a) Apply 2-step tightening method to the nut.

TS




MAINTENANCE STANDARDS

2.3 Fuel Feed Pump

Thread Widih Tightening torque
Mounted parnt Diameter x Pitch ACTOSS Remarks
(M-thread) flats N-m kgf-m Ibf ft
mm [in.] mm [in.]
Priming pump cap (D — — — — — Note (a)
Priming pump @ {oﬁéiz}dgg] 24[094] | 91044 | 401045 | 291033
M24 % 1.5
M26x 1.5
Plug @ [1.02x0059] | 270106 | 781088 | 8109 | 581065
Fuel inlet eyebolt & [0%[51‘:::)_529] 19[0.,79) | 151029 10.15t1003 | 1.1t0 22
Rack set screw © 105550657 | 1910791 | 151029 {0.151003 | 111022
| W

Note: (a) Refer to page 5-5 when retightening priming pump cap. Do not apply excessive tightening force to
prevent damage and overtightening.

@ @ ~ &
o Q

T
% ro @ @ (-
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MAINTENANCE STANDARDS

2.4 Turbocharger

Thread Width Tightening torque

Mounted part ' Diameter % Pitch{  across Remarks
{M-thread) flats N-m kgt'm Ibfft
mm [in.} mm [in.]
Turbine housing mounting 16X 1.5 14 ; Apply Moly
bolts [0.394x0059] | [0.551] [2161025:3) 221026 [I59510 IBBL) ;i e 1 thread
V-clamp mounting nut 980108 | 1.0w 11 | 72080 g}’sﬂf’ﬁg’i"t‘g thread
* Angle-of-turn method (refer to the
. explanation below) Apply Loctite t
Compressor wheel Left1/2UNF-20 | 24 [0.945] | * If not possible to use angle-of-turn thPP g octite to
tightening nut method, use torque method. read.
86.3t090.2| 8.81t09.2 |63.65066.54

Note: Left-handed threads.

Angle-of-turn tightening method for compressor
wheel nut (note: left-handed thread)

{1} Clean the threads of the lock nut and shaft to
remove oil and grease.

(2) Tighten the lock nut to torque T1, then loosen
the nut.

(3) Apply Loctite No. 962T to the threads of the
lock nut or shaft.

(4) Tighten the lock nut to torque T2,

(5) Further tighten the nut by angle 0.

T1=69 N-m (7 kgf-m) [51 Ibf-fij
T2=9.8 N-m (1kgf-m) [7.2 Ibf-fi]
6=90+3°

I S—

{1) When loosening or tightening the nut, do not
apply bending or pressing force on the shaft.

(2) Do not repeat the above tightening procedure
more than 10 times with the same nut.

{3} Do not use the nut if it has dints or burrs on
the seating surface.
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2.5 Standard Bolts and Nuts

Thread Width across Strength classification
Diameter x Pitch, flats, 7T 10.9
mm [in.] mm [in.] Nm | kefm | Ibfft | Nm | kgfm | Ibff
pm | (m
g .’I}
g
=
g M& x 1.25[0.31 x 0.049] 12 [0.47] 17 1.7 12 3¢ 3.1 22
@ | M10x 1.25[0.39 x 0.049]| 14 [0.55] 33 34 25 60 6.1 44
% M12x 1.251047 x 0.04%]| 17]0.67) 60 6.1 - 44 108 11.0 80
% Midx 1.5[0.55 x 0.059} 22 [0.87] 97 99 72 176 17.9 129
E MI16x 1.5[0.63 % 0.059] 24 [0.94] 145 14.8 107 262 26.7 193
'E. M18x 1.5 [0.71 % 0.059] 2711.06] 210 214 155 378 385 | 278
§ M20x 1.5 [0.79 x 0.039] 30(1.18] 291 297 215 524 534 386
M22x 1.5 [0.87 x 0.059] 32[1.26] 385 39.3 284 694 70.8 512
M24x 1.5[094 x 0.059] 36[1.42] 437 497 359 878 89.5 647
M27x 1.5[1.06 % 0.039] — 738 753 544 1328 135.5 980

(m |

3

g

§ MI10x 1.5{0.39 x 0.059] 14 [0.55] 32 33 24 58 59 43

§ M12x 1.75 [047 x 0.069]1 17 [0.67] 57 58 42 102 104 15

2 | M14x 2 [0.55 x 0.079] 22[0.87] 93 9.5 69 167 17.0 123

é MI16x 2 [0.63 x 0.079] 24 [0.94] 133 14.2 103~ 251 25.6 185

'% Mi8x 2.5{0.71 x 0.098] 2711.06] 154 15.8 143 350 357 258

2 | M20x 2.5 [0.79 x 0.098] 30[t.18] 272 277 200 489 499 361
M22x 2.5[0.87 x 0.098] 32[1.26] 363 37.0 268 653 66.6 482
M24x 3 [0.94 % 0.12] 36 [1.42] 468 477 345 843 86.0 622
M27x 3 [1.06 x 0.12] — 686 70.0 506 1236 126.0 911

Remarks: (a) This table lists the tightening torque for the standard nuts and bolts,
(b) The numerical values in this table are for when using spring washers.
(¢) This table shows the standard values with a maximusmn tolerance value of +10%.
(d) Except for special tables, tightening torque should be done using this table.
(¢) Don’t apply oil to screws (Dry). '
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2.6 Standard Eyebolts
Threads Width across Strength classification
Diameter X Pitch, flats, 4T
mm [in.} mm [in.] N-m kef-m Ibf-ft
M8 x1.25[0.31 % 0,049 12 [047] 81 0.820.1 5.8:0.72
Mi0x1.25[0.3% x 3.049] 14 [0.55] 1542 1.5+0.2 10.8+1.45
M12 x1.25 [0.47 % 0.049] 17 [0.67] 25+3 25203 18.1£2.17
M14 % 1.5 [0.55 x 0.059] 19 [0.75] 3414 3.540.4 25.3+2.89
M16x 1.5 [0.63 x 0.059] 22 [0.87] 44+5 4.5+0.5 32,5362
MI18 x1.5[0.71 x 0.059] — 7445 7.510.5 54.2+3.62
M20x1.50.79 x0.055] 27 [1.06] 98+10 10.0£1.0 72.3£7.23
M22 x 1.5 [(0.87 x 0.059] 32 [1.26] 147£15 150515 | 10854108
M24 x1.5 [0.94 x 0.059] — 226120 23.0x2.0 166.3+£14.5
(Dry)
2.7 Standard Union Nuts
. . Widih across
N-omlnal Cap nut size flats Nom kef-m b ft
Diameter mm [in.] ;
mm [in.]
63 M14x 1.5 [0.55 x 0.059]{ 19[0.75] 39 4 29
80 M16x 1.5[0.63 x0,059]] 22[0.87) 49 5 36
100 M20x1.5[0.79x0.0591( 27[1.06] 78 8 58
120 M22x1.5[0.837 x0.059]11 30[1.18] 98 10 72
150 M27x 1.5[1.06x0059]| 32[1.26] 157 16 116
180 M30x 1.5[1.18x0.059]| 36[1.42] 196 20 145
200 M30x I5[1.[18x0059] 36([142] 196 20 145
220 M33x15[1.30x 0.059]| 41[1.61] 245 25 181
254 M36x1.5[1.42x0.059)( 41[1.61] 294 30 217
(Dry; maximum tolerance value of + 10%)
2.8 High-pressure Fuel Injection Pipes
Cap nut size mm [in.] N-m kgf-m Ibf it
MI12x 1.5 [0.49 x 0.059] 39+5 4+0.5 29136
M4 x 1.5 [0.55 x 0.059] 49+5 5+0.5 36+3.6
MI18x 1.5[0.71 x 0.039) 59+1 6x1.0 43172

(Dry)




3. Sealants and Lubricants Table

MAINTENANCE STANDARDS

Group Application point Sealant or lubricant How to use
Cylinder head sealing caps Hermeseal 5-2 or Hermelock 510] Coat holes in crankcase, Note (a)
Water outlet connectors G G O-ring ioint
(Rocker case) rease rease O-ring join
Cylinder liners Engine oil Grease O-ring joint
il
Front cover, oil pan, and Herdite Coat three-face-mating portions
crankcase
Rear plate, gear case, ofl pan, Herdite Coat three-face-mating portions
and crankcase
Seal-lock, Loctite
Engine main Crankcase taper plugs (made by Three Bond) Apply to threads
parts Crankcase sealing cap Three Bond 1211 Coat holes in crankcase
. . Coat joint portions only on
Oil pan and crankcase Herdite both sides of packing
Qil seals Engine oil Coat lip of each oil seal
Rear plate, timing gear case Coat both sides of packing,
and crankcase Three Bond 1211 Note (b)
Front cover and crankcase Three Bond 1211 Coat both sides of packing, Note (b}
Fan drive case and fan plate | Three Bond 1211 Coat both sides of packing, Note (b)
. Apply to areas around tappet
ket hr 1211
Cylinder head gas Three Bond chambers, Note (b), c)
Water Oil seal Engine oil Coat lip of inner seal
Cooling systemn pump Unit seal LLC solution (antifreeze) Coat floating seat
Fan drive | Oil seal Engine oil Coat lip of each oil seal
Between the ele- | Shin-Etsu Chemical Co., Ltd | _. y
Inlet system Air cooler | ment and the KE45-W or a similar sealant P']; i:e giap between the element
both side of plate] or lubricant, and the plate. .
Taper plugs and cocks not Wrap threads with 2 rounds of
Others precoated with Three Bond Seal tape tape. Do not seal tape on hot
thread sealants. exhaust parts.

Note: (a) When the use of Hermeseal §-2 or Hermelock 510 is specified, be sure to use the designated liquid sealant
manufactured by Japan Hermetic Co., Ltd.
(b) Never use ThreeBond 1121 at locations where the use of ThreeBond 1211 is specified.
{c) For the method of applying a sealer to cylinder gaskets, refer to page 7-13.
(d) Seal-lock is a coating agent that also provides a sealing function. Mec-coat is a coating sealer with scaling and
locking functions. (manufacturer: ThrecBond)}
{e) ThrecBond 1211 or 1121 may be used to hold O-rings in place (fall prevention).
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SPECIAL AND BASIC TOOLS

1. Special Tool List
Tool name Part No. Shape Use

Rocker bushing tool 37591-02600 Rocker bushing installation/

Eye nut 3759102400 Cylinder head lifting

Valve spring pusher 33591-04500 Valve spring removal/
installation

Valve guide remover 33591-04300 Valve guide removal

Valve guide and seal 37191-01500 Valve guide and valve

installer stem seal installation

Valve lapper 30091-08800 Valve lapping

Ring pliers 45191-08400 Snap ring removal/
installation
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SPECIALAND BASIC TOOLS

Tool name Part No. Use
Cylinder liner remover| 37591-04100 Cylinder liner removal
Piston ring tool 37191-03200 Piston ring removal/installation
Idler bushing puller 32591-02500 Front idle bushing removal/
installation
Piston installer 37191-07100 Piston installation

Connecting rod bushing

3759101010 Connecting rod bushing
installer removal/finstallation
Gage adaptor 37591- 02200 Compression pressure
measurement
Compression gage 33391-02100 Compression pressure
measwement
Socket 58309-73100 For removal/installation of

fandrive shaft gear, coupling,
injection pump gear, and water
pump shaft pulley nut.




SPECIALAND BASIC TOOLS

Tool name Part No. Use
Torque wrench 32191-03100 Measuring range, 0 to 539 N-m
(0 to 55 kgf-m) [0 to 398 Ibfft]
Piston remover MM321420 Piston lifting
Water pump pliers 37591-03100 For water pump cover snap ring
Impelier remover 37591-03200 M Water pump impeller removal
3 8 L) :
) 3 ]
Adjustable wrench F9611-15000 Width across flats 20 mm
’ {0.79 in.] or less
Nozzle tester 1 83091-03301 Nozzle opening pressure
measurement
Socket 37591-03500 | Square 19 % 27 mm {0.75 x
i i 1.06 in.] width across flats
Valve seat puller 32591-04200 Valve seat removal
E
gﬁ Iy @i @ﬂ
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SPECIALAND BASIC TOOLS

Tool name Part No. Shape Use
Pliers . 49160-90301 Snap ring (F3200-04500)
removal/installation
Tool box 40160-90501 75%203x360 mm

{2.95%7.99%14.17 in.]

Front seal installer
assembly

37591-05010

Front oil seal installation

Rear seal installer 37791-06010 Rear oil seal installation

assembly

Projection plate 37598-09201 Crankcase counter bore depth
measurement

Head bolt plate 37598-08900 Head-bolt tightening through an
angle

Head bolt spacer 37558-09100 Spacer used for tightening liner

: pusher with head bolt

Valve seat cutter shaft | 37591-06400 Valve seat contact surface
adjustment

Valve seat cutter 37591-06430




SPECIALAND BASIC TOOLS

Tool name

Part No.

Shape

Use

Liner pusher

37591-06200

Bolt

37591-06300

Liner retainment

Extension bar

37591-03600

Male 19 x Female 19 [0.748 x
0.748 in.]

Cylinder grinder

37591-07010

For correction of right/left depth
of liner shelf in cranckase

32691-04300

Adapter 37591-04300 For removal of main bearing cap
‘ M20 x M10{0.787 x 0.394 in.]
" Qil seal installer 32591-03100 For installation of fan drive oil
seal
Bearing installer 32691-04200 For press-fitting of fan drive
bearing
Bearing installer




*SPECIALAND BASIC TOOLS

Fuel injection pump
Tool name " Part No.
Pump assembly stand | 48291-00100

Use

For disassembly and reassembly
of pump

Plunger spring 43291-00200 For removal of plunger spring
compression jig
Plunger holder 48291-00301 For removal of plunger spring

(6 holders required for P36, and
8 holders of PS8)

Carn thrust ejector 48291-00400 For measurement of camshaft

thruast clearance

Stopper plate 48291-00500 Square = 11 mm [0.43 in.] For prevention of damage to
pinion and rack during barrel

W installation

injection coupling 37591-06100 Injection pump coupling
gage 49'25 [1.94] connection
48.75[1.92)
Sleeve installer 48202-02301 For installation of oversized
@ sleeve on camshaft
Turbocharger
Tool name Part No. Shape Use
Pliers 49160-90101 Snap ring (49162-23200)
% removal/installation
Pliers 49160-90110 : Snap ring (49129-23100)
%y removal/installation
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SPECIALAND BASIC TOOLS

Tool name Part No. Use
Nozzle remover 33591-10101 | Injection nozzle removal
Rachet handle 3719103300 For socket

Oil filter wrench

32591-22100

Oil filter and fuel hiter
installation/removal




SPECIAL AND BASIC TOOLS

2. Basic Tool List

BBE8O8S

B 9 10 11 1213

14

18

@ =
19 20 21

No. Tool pame Part No. Remarks
— | Tool set 32591-00012 Inciudes parts No. 1 through 23
1 Open-end wrench F9600-07008 Width across flats: 7 % 8 jam {0.28 % 0.31 in.]
2 Open-end wrench F9600-10012 ‘Width across flats: 10 x 12 mm [0.39 x 0.47 in.}
3 Open-end wrench F9600-14017 Width across flats: 14 x 17 mm [0.55 X 0.67 in.]
4 Open-end wrench Fo600-19022 Width across flats: 19 X 22 mm [0.75 x 0.87 in.]
5 Open-end wrench F9600-24027 Width across flats: 24 x 27 mm [0.9 x 1.06 in.]
6 Open-end wrench F9600-30032 Width across flats: 30 x 32 mm [1.18 x 1.26 in.]
7 Open-end wrench F9600-36041 Width across flats: 36 x 41 mm [1.42 x 1.61 in.}
8 Socket F9614-17000 Width across flats: 17 mm {0.67 in.]

‘ 9 Socket F9614-22000 Width across flats: 22 mm {0.87 in.]

f 10 | Socket F9614-24000 Width across flats: 24 mm {0.95 in]
11 | Socket F9614-27000 Width across flats: 27 mm {1.06 in.]
12 | Socket F9614-30000 ‘Width across flats: 30 mm [1.18 in.]
13 | Socket F9614-32000 Width across flats: 32 mm [1.26 in.]
14 | Extension bar F9615-25000 12.7 [0.50 in]- square drive, L=250 mm {9.84 in.}
15 | Universal joint F9617-10000 12.7 [0.50 in.}J- square drive, L=75 mm [2.95 in.]
16 | Slide handle F9618-30000 12.7 [0.50 in.]- square drive, L=300 mm [11.81 in.]
17 | Pliers F9630-15000 L=150 mm {5.91 in.}
18 | Thickness gages 30091-06501 gf’;&’gﬂgﬁ‘fé ?rﬂ“ mm [0.002 in.] to
19 | Socket 33491-13500 Width across flats: 36 mm [1.42 in.)
20 | Grease pump 64309-15300 Capacity: 0.08 £ [0.0211 U.S. galions)
21 | Adapter 33491-03600 19.15 x 12.7 mm [0.75 x 0.500 in.} square drive
22 | Screwdriver 91267-00201 Slotted and Phillips ends

352 mm [13.9in.] (L) 146 [5.75 in.](W)

23 | Tool box MC420083 82 mm [3.23 in.] (H),weight capacity:

Tkg[1541b] or less
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OVERHAUL INSTRUCTIONS

1. Determination of Overhaul Timing

(A CAUTION —

‘When changing parts, be sure to use our designated parts. Unless our designated parts are used, the exhaust
emission regulations cannot be met,
Work related to the exhaust emission regulations can be conducted only at our designated service factories.

In most cases the engine should be overhauled when the engine’s compression pressure is low. Other factors
that indicate an engine overhaul is required are as follows:

(a) Reduced power
(b) Increased fuel consumption
(c) Increased engine oil consumption
{d) Increased blOW-b).' gas volume through the breather due to abrasion at the cylinder liner and the piston ring
(e} Gas leakage due to poorly adjusted seating of the suction and the discharge valves
() Starting problems
{g) Increased noise from engine parts
(h) Abnormal color of exhaust gas from engine after warm-up
Any one or a combination of these symptoms may indicate that engine overhaul is requiréd; they may also
indicate other problems of non-related causes. Of the items listed above some directly relate to deterioration of
the engine while others do not. Items (b) and (f) are more likely to be affected substantially by
* Injection volume of the fuel injection pump
. ‘Fuel injection timing
® Abrasion at the plunger

Fitting of the injeétion nozzle

* Condition of electrical equipment: battery, staster, or alternator.

Item (d) above, however, requires special consideration because decreased pressure due to abrasion at the
cylinder liner and the piston ring is one of the most obvious signs that the engine requires overhanling.

The most effective way to make a determination is by testing the compression pressure; other factors are to be
considered secondarily.




2. Testing the Compression Pressure

(1) Remove the injection nozzle from the cylinder
where the compression pressure is to be
measured.

(2) Attach the compression gage adapter &) (3759-
02200) to the cylinder and connect compression
gage ® (35A91-03100) to the adaptor.

(3) Crank the engine with the starter, then read the
compression gage indication while the engine
is ranning at the specified speed.

(4) If the compression pressure is lower than the
repair limit, overhau! the engine.

- (ACAUTION}—

(a) Measure the compression pressure on all
cylinders. It is not a good practice to measure
the compression pressure on only two or
three cylinders, then make a judgment about
the compression on the remaining cylinders.

{b) Compression pressure varies with changes
in engine speed.

Check engine speed when measuring
COMPIESSION pressure.

{c) When cranking the engine using starter, cut

the fuel.

Unit:MPa (kgf/em?) [psi]
Item Assembly Standard[ Repair Limit

Compression | 1.8 (18.5){263] 1.27 (13.0) {185]
pressure Of more or less

NOTE |
| NOTE |

Measure the compression pressure with the
engine running at 120 min™.

(/ACAUTION |-

It is important to periodically measure the

compression pressure and know its change.

(a) The compression pressure will be slightly
higher in a new or overhauled engine.

{b) The compression pressure will decrease to

~ the assembly standard with the run-in of the

piston rings and valve seats.

(¢) The compression pressure will drop

OVERHAUL INSTRUCTIONS

gradually with the wear of these parts.
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ADJUSTMENTS, BENCH TESTING, AND PERFORMANGE TESTS

1. Adjustments

1.1 Valve Clearance

Valve clearance should be inspected and adjusted

when the engine is cold. )
Unit: mm [in.]

Item Assembly Standard
Inlet valves 0.6 [0.024]
Valve clearance Fxhaust
1
(A) valos 0.8 [0.031]
(NOTE)— — =
. ' Ay PRGHT
(a) The bridge-to-valve rotator clearance (B) 1 o,
should be more than 1.5 mm [0.059 in] after ; ,..,JI!{ |
the front and rear valve heights have been ok v \‘f"‘“mm

adjusted. If the clearance is too small, grind
the bridge to obtain the specified clearance.
(b) The inlet valve is on the left and the exhaust
valve on the right when you are facing the

N e
VALVE CLEARANCE{GOED}

KeT FUTE-A (Z¥PLRN)

INLET, EXHAUS
ot L L ey %6

[s] FIRIHG-0=DEH o)

cylinder head. lm:?tili;;ﬁ Siino '

(c) The valve clearance standard is also N
indicated on the caution plate on the rocker
cover of cylinder No. 1.

(1) Inspecting valve clearance

(a) Inspect the valve clearance in the firing order

by turning the crankshaft (120°) in the RUN position CRANK position

direction of normal rotation to bring the piston
to top dead center of the compression stroke.

Firing order
| Cylinder No. | 125-3-6-2-4
(WOTE)}—

Note these points when using the turning gear

(a) Loosen bolts @) and @. Remove the plate
@ from the slot of the shaft @.

Push the shaft @ until it reaches its limit.

(b) Make the shaft @ turn by rotating it with
the socket ® and the ratchet handle ®).

{c) After completing the turn, pull out the shaft
@. Insert the plate @ into the slot of the
shaft @. Tighten the bolts D and @.
Check and be sure the plate @ is inserted
into the slot of the shaft @.

Injection firing intervall 0° -120° -240° -360° -480° - 600° |

Set the turning gear at the run time condition
before you start the engine.
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(b)

(c)

ADJUSTMENTS, BENCH TESTING, AND PERFORMANCE TESTS

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

Insert a feeler gage in between the rocker arm
and bridge cap, and inspect the valve
clearance.

(2) Adjusting front and rear valve heights by the
valve bridge

(a)

)

()

Before adjusting the valve clearance, adjust
the front and rear valve heights by means of
the bridge (bring the bridge into contact with
the valves). If the valve seats are worn, valve
heights will differ, cansing variations between
stem tops and bridges.

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

Holding the rocker arm with your fingers,
slowly screw in the adjusting screw until it
touches the valve stem top. After looking into
the hole of the bridge to check that the screw
is in contact with the stem top, turn the screw
about 10° of one turn, and tighten the lock
nut. '

( NOTE)

If the valve clearance between the bridge and
valve rotator is less than specified, the vaive
cotters may come off. Be sure to maintain the
clearance of the specified valve or more.

T NI

(3) Adjusting valve clearance

(a_)

(b

Insert a feeler gage between the rocker arm
and bridge cap, then adjust the clearance by
turning the screw in either direction to the
extent that the gage is gripped slightly
between the rocker arm and bridge cap.

After adjusting the clearance, tighten the lock
nut. Inspect the clearance again and make sure
that it is correct.

Screwing for
10°

53 N-m
(5.6 kgi-m)
[40 Ibf-f]




ADJUSTMENTS, BENCH TESTING, AND PERFORMANCE TESTS

1.2 Fuel System Priming

First prime the fuel filters, then prime the fuel
injection pumps.

(1} Fuel filter

(a) Loosen the vent plug D by turning it about
1.5 rotations.

(b) Unlock the priming pump handie @ by
turning it counterclockwise. QOperate the

priming pump by moving the handle up and

down.

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

(2) Fuel injection pumps

(a) Loosen the air vent plug (D by turning it about
2 rotations.

(b} Operate the priming pump handle @.

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

"NOTE |
{ NOTE |

(2) H the 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) Use a cloth to wipe off fuel spilled from the
vent holes.
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ADJUSTMENTS, BENCH TESTING, AND PERFORMANCE TESTS

(3) Tightening priming pump cap -
Position

where hand-
tightening
becomes
suddenly -
rFO-_I-E\ heavy
Mark the priming pump cap in this position to
facilitate the following procedure. -

{a) Tighten the priming pump cap by hand, and
stop turning immediately after the tightening
force suddenly increases.

Head section or
head packing
can become
damaged when
overtightened
{6=120"or
more)

(b) After step (a), further turn the priming pump

A Fuel feed pump
cap by 90° + 10° using a wrench.

—{NOTE }

After tightening the priming pump cap, check that
the priming pump head packing is not projecting.

/ACAUTION

Be sure to tighten the priming pump cap
according to the specified angle (0 = 90° + 10°).
If the priming pump cap is not tightened firmly,
engine operations can result in the wear of .
intemnal threads. This can cause the priming pump
cap to eject and fuel to flow out.

If the priming pump cap is tightened with
excessive force (0 = 120° or more), the head
section of the priming pump can become
damaged.

(BCATTION)———— '

(a) If the head packing is projecting, check that
it is not damaged. Loosen the air vent plug Head packing
of the fuel injection pump, and retighten the
priming pump cap.

(b) If the head packing is broken due to
projection, change the priming pump or fuel
feed pump.

g

Cross section of priming pump
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1.3 Fuel Injection Timing
(1) Fuel injection timing and indication

The injection timing is stamped on the caution plate
attached to the No. ! rocker cover. Be sure to verify
the timing by referring to this caution plate. The
injection timing for each engine model varies
according to its outpul, speed, and specifications.

(2) Confirming the position of the No. 1 piston’s top
dead center on the compression stroke

(a) Use the ratchet handle to turn in the normal
direction.

(b) Stop turning when the timing mark (1+6) on
the torsional vibration damper is aligned with
the pointer.

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

/A CAUTION

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

(3) Inspecting fuel injection timing

(a) Turn the crankshaft once about 60° in the
reverse direction. Turn it a little at a time in
the normal direction to align the timing mark
@ on the pump drive coupling with the
pointer D on the pump case.
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ADJUSTMENTS, BENCH TESTING, AND PERFORMANCE TESTS

(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
caution plate means “BEFORE” top dead
center.

(4) Adjusting fuel injection timing

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

{(b) Loosen two coupling (laminated plate) bolts
@, and displace the injection pump to align
pointer @ on the pump case with timing mark
@ on the flywheel. Then, tighten one bolt to
the specified torque and, after turning the
crankshaft, similarly tighten the other,

{c) Again inspect the timing by cranking the
engine for verification.

1.4 Idling Speed and Maximum Speed
Setting Inspection and Adjustment

[ACAUTION)

103 to 113 N-m
(10,5 to 11.5 kgf-m)
[76 to 83 Ibf-ft]

{ NOTE )

—A\CAUTION}
(a) No-load minimum (idling) speed and
maximum speed are set for each engine on
the test bench at the factory and the set bolts
are sealed. These settings must be checked
and adjusted at our designated service shop.

(b) After authorized adjustment of the govemor,
which has to be effected by breaking the
seals, be sure to re-seal all visible stoppers,
making them appear as if they were sealed
at the factory,

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

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

=)
For inspection and adjustment, warm up the
engine thoroughly until the coolant and oil
temperature rises to 70°C [158°F] or higher,
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1.5 Inspecting and Adjusting Water Pump
and Alternator Drive Belt

With your thumb apply pressure 98 to 147 N (10
to 15 kgf) {22 to 33 Ibf] approx. to the belt
midway between the pulleys to insoect the belt
tension, If the tension is incorrect, adjust it using
adjusting bolt @ and turnbuckle ®.

Unit: mm [in.]

Item Assembly Standard

Water pump belt defiection 10to 15 [22 to 33.1]
Alternator belt deflection 10to 1512210 33.17

[ NOTE)

(Wbl
Be sure the drive belt tension is not excessively
tight.

5-8
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ADJUSTMENTS, BENCH TESTING, AND PERFORMANCE TESTS

2. Bench Testing

An overhauled engine should be tested for
performance on a dynamometer. This test is also for
breaking in the major running parts of the engine,
To test the engine, follow the procedures described
below:

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) Turp the SP trimmer fully to the left.

(3) Crank the engine with the starter for about 10
seconds to permit lubricating oil to circulate
through the engine. For this cranking, do not
supply fuel to the engine, placing the stop lever
in stop position.

(4) While operating the starter to crank the engine,
slowly turmn the SP trimmer to the right. After the
engine starts, set the SP trimmer so that the engine
operates at specified idling speed.

2.2 Inspection After Starting Up

After starting up the engine, check the following
points. If you find anything wrong, immediately stop
the engine, then investigate the cause.

(1) Lubricating oil pressure should be 0.49 to 0.59
MPa (5 to 6 kgffcm?) [71 o 85 psi} at rated speed
or over 0,20 to 0.29 MPa (2 to 3 kgf/cm?) [28 to
43 psi] at idling speed.

(2) Coolant temperature should be 70 to 90 °C [158
to 194 °F],

(3) Lubricating oil temperature should be in the range
of 70 to 110°C [158 to 230°F] when measured in
the oil pan.

(4) Check for leakage of oil, coolant, fuel, especially
oil leakage from oil pipe connections for

turbocharger lubrication.

(5) Knocking should die away as coolant temperature
rises. No other defective noise should be heard.

(6) Check for exhaust color and abnormal odors.

2.3 Bench Testing (Dynamometer)
Conditions

Here is a sammary table of bench testing conditions.

Step Speed Load (kW(P%))| Time (min.)
(min™)

1 Idling No load

2 1000 No Ioad

3 1200 No load 10
4 25% 10
5 f;atedd(‘varies 50% 10
o |tmanon |5
7 100% 20

Rated speed: Varies according to specifications,

2.4 Inspection and Adjustments After
Bench Testing -

(a) Adjusting valve clearance
(b} Adjusting injection timing

{c) Re-tightening external bolts and nuts
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ADJUSTMENTS, BENCH TESTING, AND PEARFORMANCE TESTS

3. Performance Tests
There are various performance test procedures, and here the procedures for “Earth moving machinery
Engines, Part 1 : Test code of net power (JIS D 0006-1)" and “Earth moving machinery Engines, Part 2
standard format of specifications and tests methods of diesel engines (JIS D 0006-2)" are described. Other
test items may be required on application. Engine performance is judged with integrated test results.

3.1 Engine Equipment Condition
Engine must be equipped with such standard auxiliaries as cooling fan, air cleaner and alternator.

3.2 Tests and Their Purposes

(1) Operation load test

Conduct this test to evaluate engine output, torque, fuel consumption rate and governor performance under
various load conditions.

(2) Continuous load test
Operate the engine continuously for 10 hours at 90% load (continuous load application) of nominal net
brake power while engine speed is maintained at revolutions corresponding to the nominal brake power. In
this test, evaluate fuel consumption rate and operating condition and confirm continuous engine operation.
(3) No-load minimum idle speed test
Conduct this test to confirm that t,he engine can operate stably at the specified no-load minimum idle
speeds.
3.3 Other Inspections

During performance testing, inspect for leakage of gases, coolant, lubricating oil, or fuel, and for noise or
hunting. Make adjustment, as needed. .

3.4 Adjustment Engine Qutput

Diesel engine output is affected by atmospheric pressure, temperature, and humldlty Therefore, the engine
output should be set for standard atmospheric conditions.

(1) Standard atmospheric conditions
Base temperature 798 K (25°C) [77°F]

Atmospheric pressure 100 kPa {750 mmHg]
Atmospheric vapor pressure | 99 kPa [743 mmHg]
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ADJUSTMENTS, BENCH TESTING, AND PERFORMANCE TESTS

(2) Calculation of corrected power

Multiply the measured brake power or torque by the calculated diesel engine correction factor (see below)
to obtained a corrected value.

Corrected output = Correction factor (i) x Measured brake power

* Atmospheric conditions for test
Temperature (T): 283 K (10°C) [50°F1 = T = 313 K (40°C) [104°F]
Dry atmospheric pressure (Pd): 80 kPa (600 mmHg) £ Pd £ 110 kPa (825 mmHg)

(3) Calculation of correction factor (o)

fa: Atmospheric factor  fm: Engine factor

(a) Calculation of atmospheric factor (fa)

@ Natural aspiration engine and engine with mechanically driven air charger

e 99 5. T yos
fa=(5)°Cagg)

@ Turbocharged engine without air cooler (after cooler) or with air-to-air cooler

299 vz T i
fa=(5q 0" " (555)

@ Turbocharged engine with air-to-liquid cooler

= 99 0.7 , l 0.7
fa-(Pd) (398’

(b) Calculation of engine factor (fm)

fm=0.036qc - 1.14

® ge (Corrected fuel supply volume) =9

_ (z) x (Fuel flow rate g/s) ‘

1= {Stroke volume £} x (Engine idle speed min™)
z = 120000 (4-cycle engine}

r: Ratio of pressure at turbocharger or air cooler to atmospheric pressure
(r = 1 for natural aspiration engine)

@ Applicable range of engine factor (fm)
37.2 £ qc £ 65 mg/({-cycle)
* qc £37.2 mg/(f-cycle) : fm = 0.2 (Constant)
* 65 mg/(f-cycle)<qgc :fin=12 (Constant)

(c) Range of correction equation use
The range of correction factor (cic) use is as follows: 0.9 ac £ 1.1.

If this range is exceeded, indicate the corrected value and record the test conditions on the test record sheet.
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ENGINE AUXILIARY REMOVAL AND {NSTALLATION

This section explains the procedures and tips for
removal and installation of the auxiliaries — the
preliminary process to go through for overhauling
the engine,

1. Preparation

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

{b) Loosen the drain cocks, on the left rear side
- of crankcase, and drain coolant.

(c) Loosen the oil pan drain plug, and drain
engine oil.

Oil capacity: approx. 82 liters [21.7 U.S. gal]
(oil pan)
approx. 92 liters [24.3 U.S, gal)
{entire engine)

— D

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

2. Engine Auxiliary Removal
(1) Removing fan

Unscrew fan mounting bolts, and remove fan @),
plate @, friction rubber 3 and spacer @.

(2) Removing turbocharger

(a) Disconnect turbocharger lubricating oil pipe
@ and drain pipe @.

(b) Remove turbocharger @ and exhaust pipe @
as a set.

6-2




(3) Removing air cooler
(a) Disconnect water pipes (D.

(b) Remove air cooler @ and air cooler cover @
as a set.

{4) Removing thermostat case

Remove water bypass pipe D and water pipe @,
then remove thermostat case 3.

(5) Removing exhaust manifolds
(a) Remove couplings Pand joints @.

(b) Unscrew the bolts securing manifolds, and
remove the manifolds @@ and gaskets &,

{ NOTE }

When installing the manifolds, place each gasket
with its side marked as “MANIFOLD” facing
the manifold.

(c) Remove manifold 6.

(6) Removing water pump
(a) Remove belt cover (D.

(b) Loosen the tension pulley, then remove water
pump drive belt @.

() Remove water pump @ by unscrewing
mounting bolts,

ENGINE AUXILIARY REMOVAL AND INSTALLATION
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ENGINE AUXILIARY REMOVAL AND INSTALLATION

(7} Removing tension pulley

Remove the tension pulley mounting bolts, and
remove tension pulley M.

(8) Removing breather

Remove breather (D by unscrewing mounting
bolts.

(9) Removing oil filler

Remove oil filler D by unscrewing mounting
. boles.

(10) Removing fuel filters
(a) Disconnect fuel pipes D and @.

(b) Remove fuel filter @ and filter bracket (3.
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(11) Removing oil fillers
(a) Disconnect harness (D for the oil filter alarm.

(b) Remove oil filter element @ and by-pass oil
filter element & .

{c) Remove oil filter bracket (9 by unscrewing
mounting bolts.

(12) Removing actuator

Before disconnecting the control linkage, mark
the seal attachment locations.

(a) Disconnect link @ between actuator @ and
cancel lever A@.

(b) Disconnect link ® between cancel lever B@
* and injection pump control rack ®.

{c) Unscrew four bolts @, and remove actuator
® and proact plate @ as a set.

(d) Unscrew four bolts (D, and separate actuator
from proact plate @.

(13) Disconnecting fuel pipes

Remove clamps, then disconnect fuel pipes (D
(6 pcs).

(ACAUTION)
RGNkl

Be sure to fit rubber caps to the openings of
injection pump and nozzle inlet connectors to
prevent dust from getting inside the fuel system.

ENGINE AUXILIARY REMOVAL AND INSTALLATION
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ENGINE AUXILIARY REMOVAL AND INSTALLATION

(14) Removing fuel leak-off pipes

Remove the mounting bolts and eyebolts from fuel
leak-off pipes @, @, @, and @, and dismount the
fuel leak-off pipes.

(15) Removing fuel injection pump

(a)
(b)
(cj
(d)

(&)

Disconnect lubrication oil pipe @.
Remove coupling cover @.
Unscrew nut @ securing the coupling.

Unscrew bolts @ securing injection pup &
to the engine. Remove the pump complete
with coupling by prying it toward the front
side of the engine with a bar {Weight: 60 kg
[132.3 IbT].

Remove bracket ® by unscrewing mounting
bolts.

(16) Removing oil cooler

Remove oil cooler @) and cover @ as a set.

(17) Removing alternator

(@)
(b)

6-6

Remove belt cover (D,

Disconnect harness. Remove alternator
mounting bracket @ and belt adjusting
turnbuckle 3, and take off alternator @.




ENGINE AUXILIARY REMOVAL AND INSTALLATION

(18) Removing starter

Disconnect harness (D and remove starter @ by
unscrewing mounting bolts.

(19) Removing stop solenoid
(a) Remove ball joint (D and cut linkage.
(b} Remove bolt @ to remove stop solenoid @ .
(c) Remove rubber cushion @ and spacer &.

(d) Remove solenoid bracket &.

(e) Remove bolt (D to remove lever bracket &.
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ENGINE AUXILIARY REMOVAL AND INSTALLATION

3. Engine Auxiliary Installation

—{/ACAUTION}}

When changing parts, be sure to use our
designated parts. Unless our designated parts are
used, the exhaust emission regulations cannot be
met,

To install the engine auxiliaries, use reverse of the
removal procedures. After installing them, service
them 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) After installing the fuel injection pump,

inspect and adjust the injection timing. (Refer
to 1.3, Group No. 5.)
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ENGINE AUXILIARY REMOVAL AND INSTALLATION

Fuel Injection Pump Installation

(a) Turn the crankshaft in normal direction to
align No.1-6 timing mark on the torsional
viscous damper with the pointer on the engine.

{b) Make sure that the inlet and exhaust valve
rocker arms are not being pushed up by their
pushrods.

{c) Tuwn the crankshaft in reverse direction about
60° once, the slowly turn it in normal direction
until the timing mark on the damper is aligned
with the pointer.

— NOTE }

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

(d) Before installing the injection pump, align
mark @ on the flywheel with pointer 3 on
the pump case.

(e) Loosen the securing bolt ® and install the
pump drive-side coupling @ half-way to the
drive shaft.
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ENGINE AUXILIARY REMOVAL AND INSTALLATION

(f) Place the injection pump proper on the
bracket, and temporarily tighten boits @).

(2) Connect the fuel pipe and lubrication oil pipes
to the pump.

{h) Temporarily tighten coupling nuts & (2
locations). ‘

(i} Using injection coupling gage (A) (37591-
06100), adjust the clearance between the
flywheel and coupling,.

1} Insert the side of the gage marked with “GO”
to determine clearance (B) between the
flywheel and coupling, then tighten the bolt.

2) Make sure the side of the gage marked with
“NO GO does not enter the gap. Only the
side marked with “GO"” should fit into the
gap.

(Clearance between flywheel and coupling:
49+0.25 mm [1.93+0.010 in.])

3} If the inspection in step 2) shows that the
clearance is not 49+0.25 mm [1.93x0.010
in.], loosen_the bolt and readjust the
clearance.

(j) After firmly tightening pump mounting bolt
@, check to make sure pointer (D on the pump
case end face is aligned with line @ on the
coupling. Then, tighten two connecting nuts
® to the specified torgue.

(k) Tighten coupling shaft tightening bolt ® to
the specified torque.

{ ACAUTION)

Tighten the bolts of the coupling evenly to the
specified torque to ensure secure mounting,

If the bolts are tightened with excessive force or
insufficient force, parts damage and/or incorrect
injection timing can result.

108 Nm ®
(11 kgf-m)
[79.6 Ibf:fi]
@ 6710177 N
1030 13Nm g (1710 18 kgf.m)
10.5to 11.5 kgf-m) [123 to 130 Ibf-fi]

[72.3 to 83.2 Ibfi]

Bolt

@\g’:@ 2 @“Bm
0
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ENGINE AUXILIARY REMOVAL AND INSTALLATION

(2) Installing actuator link

56 mm ‘65 mm 'l
{2.201in.] [2.56in.]

(@)
®
©

G

(e

Check that actuator output shaft (D is set to “0" (no injection side).
Install throttle lever & at an angle of 35°, as indicated in the diagram.

Adjust the length of link (3 to 65 mm {2.56 in.], and install it to injection pump contorol rack @ and
cancel lever B (5).

Adjust cancel lever A ® with adjusting bolt @ so that the center of the link mounting hole of control
rack @ is positioned 56 mm [2.20 in.] from the end surface of the injection pump.

With the parts installed as described in steps (a) through (d), connect link & to throttle lever & and
cancel lever A @).

{ NOTE}

Engage the threads of the rod ends and ball joints 8 mm [0.315 in.] or more.

= =)

(f) Check that the rack stroke is approximately 2 mm [0.08 in.] when cancel lever B ® is pulled fully to the

stop side,
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ENGINE AUXILIARY REMOVAL AND INSTALLATION

(3) Adjusting and checking stop solenoid

[RUN-ON solenoid]
{Adjusting)
{a) Deenergize (or extend) solenoid 7).

(b) Adjust with rod @ so that the gap between
follower @ of the cancel lever B and stop
lever (3 becomes 0.5 to 1.0 mm [0.020 to
0.039 in.].

{ NOTE }-

A=)
Engage the threads of the rod ends and ball joints

8 mm [0.315 in.] or more.

{Checking)
{(a) Energize (or contract) solenoid .

(b) Idle the engine.
{c) Deenergize (or extend) solenoid (7).

(d) Check that the engine stops completely.
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4. Adjusting Governor Controller

(A CAUTION)

When changing parts, be sure to use our
designated parts. Unless our designated parts are
used, the exhanst emission regulations cannot be
met.

Work related to the exhaust emission regulations
can be conducted only at our designated service
factories.

4.1 Wiring Controller

(1) Wire the controller as shown on the wiring
diagram.
Prepare a switch box or the like so that the
contract inputs to terminals 17 to 23 can be
turned on and off during operation.

(2) Have the contacts of terminals 17 to 23 set as
shown in the table right before the start of
operation.

(3) Connect the shield wires of the actuator, rotation
pickup, and boost sensor to the ground terminal
of the controller.

4.2 Imitial Settings of Controller

Do not change the initial set values unless
otherwise required.

ENGINE AUXILIARY REMOVAL AND INSTALLATION

25 © }
1= Power
24] ®
E—I — Runv/stop 7
22— | Self-diagnosis demand
37 ] Remote tting enabled
21| | et socd st
20— |~ Dynamics change Discrete
19— |—{ Speed setting: Accelerate [ output
E-———{ |— Speed setting: Decelerate
24-1 |1 1dle/rated rotation
_12—{ +— Droap/isochronous J
Initial
Contact No. Name contact | Remarks
oondition
16  |Droopfisochronous | Open
operation change ‘
Idle/rated rotation [Open |Rated
17 change rotation in
closed
condition
Speed setting:  |Open |Deceleration
18 Decelerate in closed
condition
: Speed setting: | Open {Acceleration
19 Accelerate in closed
condition
© |Dynamics Open |Rated
20 change rotation in
open
condition
Remote speed | Open
2] setting enabled
(ON/OFF)
27 Self-diagnosis | Open
demand
Run/stop Open |Run in
23 closed
condition
C O

n_e @ n

\

Shield ground position
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ENGINE AUXILIARY REMOVAL AND INSTALLATION

4.3 Adjusting Governor during Idling

(1} Turn the Idle/Rated Rotation selector switch
to “Idle” and the Dynamics selector switch to
“Idle Rotation Setting”,

(2} Tum the Run/Stop selector switch to “Run”,
and start the engine.

{3) Adjusting hunting

When hunting or rotational fluctuation occurs,
adjust the control parametets of the controller
as described below.

(a) Press the numeric key “2” of the handy
programmer to select “MENU 2” of the
control parameters. -

(b} Press the arrow key <« or P to show “Alt
Gain A" in the window.

(c) Adjust the value of “Alt Gain A” with the
key Aoero that hunting or rotational
fluctuation is eliminated.

Key A: Value slowly increases in small
increments

Keyv Value slowly decreases in small
increments

Key A Value rapidly increases in large
increments

Keyv: Value rapidly decreases in large
- increments

Set “Alt Gain A” to 0.025.
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ENGINE AUXILIARY REMOVAL AND INSTALLATION

The value of “Alt Gain A" is related to hunting

and rotational fluctuation as follows:

When the value of “Alt Gain A” is large,
, hunting increases, and rotational fluctuation
‘ decreases.

When the value of “Alt Gain A” is small,

hunting decreases, and rotational fluctuation

increases.

If hunting is not eliminated by the adjusting

procedure described in the previous step,
adjust it as described below. N‘W’
(a) Press the arrow key o orp to select “Alt
Window Width” or “Alt Gain Ratio”. E '
@ Value shown

(b) Adjust with the key /o or 7 .
The values of “Alt Window Width” and “Alt A Wi Wi
Gain Ratio” are related to hunting as follows: A0mm
When the value of “Alt Window Width” is \

large, hunting decreases.

When the value of “Alt Window Width” is
small, hunting increases.

‘When the value of “Alt Gain Ratio” is small,
hunting decreases.

‘When the value of “Alt Gain Ratio” is large,
hunting increases.

Set 1o this

[«
N
value
]
[+]

(NOTE |

When the value of “Alt Gain Ratio” is too small,
response 15 too poor for the engine to start.

Set “Alt Window Width” to 80 tpm (min).
Set “Alt Gain Ratio” to 4.0.

{(d) After completing the adjusting procedure, ST ILENANTN ¢
press the SAVE key to store the set values. @ [z"Z"‘El
| L]
I}

HOER DD

o=

I
N\, o

A\
Y

S/
g

N NN
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ENGINE MAIN PARTS

1. Cylinder Heads and Valve Mechanism

1.1 Disassembly

[fF it

Cracks, oil leaks,
deteriotation

! Cracks, damage,
| scale deposits

S §

= ~2
°®
. 8 Contact,
%@ worm
Wo | i
rn O O | Womn, clogged oil hole ]
@ [Worn stem or face, damaged,

5 cofrosion, carbon deposit

Fatigue, breakage

.} Worn cam contact face
or sliding surface

Cracks, damage,
deterioration, rubber
parts cracked

Disassembly sequence

(D Rocker cover

® Fuel inlet connector pipe
@ Mut, washer

@ Injection nozzle gland
® Injection nozzle

@ Spacer

@ Rockershaft

@ Bridge cap

@ Valve bridge

@ Pushrod

® Rocker case

(@ Water outlet connector
® Cylinder head bolt

{@ Cylinder head

@ Inlet port packing

& Gasket
@ O-ring
Adjusting screw
@ Bolt
{ Rocker
{ACAUTION |-

When changing parts, be sure to use our
designated parts. Unless our designated parts are
used, the exhaust emission regulations cannot be
met.
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@ Valve coiter

@ Valve rotator

@ Valve spring

@ Stem seal

@ Valve

® Cpylinder head gasket
@ Tappet




{1} Removing fuel injection nozzle

(a} Remove the fuel inlet connector pipe (D and
the nozzle gland @.

(b} Use the nozzle remover @ (33591-10101),
to remove the fuel injection nozzle assembly.
Take out the gasket (Dleft behind in the
cylinder head.

(c) Putaway the fuel injection nozzle and the inlet

connector pipe where you can find them later.
Do not damage the nozzle tip.

(2) Removing the rockershaft assemblies
(2) Loosen the adjusting screw () of each rocker.

{b) Keep the shaft assembly and monnting bolts
together as a set.

(3) Disassembling rockershaft assemblies

Arrange the disassembied rockers in the order
removed, 50 you can install them in that order at

- reassembly. This will ensure the same rockershaft
clearance as before.

(4) Removing the valve bridge
Remove the valve bridge and bridge cap.

—{ NOTE

Do not drop the bridge cap or other parts into the
crankcase through the push rod hole.

ENGINE MAIN PARTS
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(5) Removing the rocker case

(a) Remove the snap ring of the water outlet
connector. Slide the connector (D) towards the
snap ring.

{(b) Unscrew the rocker case mounting bolts, then
remove the rocker case @ from the cylinder
head.

(6) Removing c¢ylinder head assemblies

(a) Each cylinder head is located relative to the
crankcase with the dowel pins. Use the eye
nat @ (37591-02400) to lift the head off the

crankcase.

l Cylinder head weight: approx. 35kg [77 1b]. ]

Do not damage the cylinder head or crankcase
surfaces when you remove the gasket with a
screwdriver or other tool.

{b) Remove the cylinder gasket.

{7) Removing valves and valve épﬁngs

Use a valve spring pusher @ (33591-04500) to
compress the valve spring squarely, then remove the
valve cotters.

— NOTE }

If the valves can be reused, place identification
marks to indicate the installation locations. Do
not change the original combinations of valve
seat and valve guide during reassembly.
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(8) Removing studs, guides, etc.

Do not remove the nozzle gland mounting studs (@)
or the bridge guide @ from the cylinder head unless
absolutely necessary. If any of these parts have been
removed, apply thread ashesive to the threads when
installing it of a new part 1o the cylinder head.

1.2 Inspection and Repair
Rocker Bushings and Rockershaft

(1) Measuring rocker bushing inside diameter and
rockershaft diameter

If the measurement exceeds the service limit, replace
the bushing or shaft.

Unit: mm {in.]

Item Nominal | Assembly Service
Value Standard Limit

Rocker bushing | 36 [36.000t036.040( 36.090

inside diameter | [1.42] [1.41732 t0 |[1.42086]
1.41889]
Rockershaft P36 (3596610 35.991] 35.940

diameter [1.42] [1.41598 to |[1.41496]
1.41697]

(2) Replacing rocker bushings

Use the rocker bushing tool & (37591-02600) to
remove the rocker bushings for replacement.

—{ NOTE }

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

{b) Align the ¢il holes in the bushing and rocker.

(c) After installing the bushing, measure its
inside diameter to make sure that it is
#36°5% mm [142*0% in.]. If the diameter
is not within this tolerance, refinish to
standard tolerance by reaming (360 mm
[1.42°0"in.] 0.8 Ra).
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Measuring

Aeasy Measuring .
directions Measuring

P‘?i“[ — directions

Y

Measuring rocker bushing and rockershaft

Bushing joint mark 45°

Align holes

Chamfered side

Installation

Replacing the rocker bushing
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Valve Guide and Valve Stems

{1) Measuring valve stem diameter and valve guide
inside diameter

The valve guide wears more rapidly at its ends than
at any other location. Measure the inside diameter

Measuring

Measuring
directions,

of the guide at its ends in two directions. If the service points
limit is exceeded, replace the guide. -
EA
Unit: mm [in.] -
Measuring valve stems
It Nominal | Assembly Service
em Value Standard Limit
Valve stem 810  [9.940t09.960( 9.910 Measuring
e s [039] | (03913410 |{0.39016) directions
‘ 0.39213j -
. @10 [10.000to 10.015 10.060
Valve guide
inside ig:liame ter [0.39] [0.39370t0 |[0.39606] .
0.39429] Measuring

(2) Replacing valve guides and stem seals
(a} Use the valve guide remover ® (33591-

04300) to remove the valve guide for
replacement.
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(b) Use the valve guide seal installer ® (37191-
01500) to install slowly a new guide with a
press.

MACAUTION

() The installation depth for the valve guide is
specified, so that use the valve guide seal
installer to secure the correct depth.

{b) Da not apply any oil or sealant to the surface
of the stem seal that contacts with the valve
guide. When installing the stem seal, apply
lub oil to valve stem to ensure initial
lubrication of the stem seal lip.

(c) Use a new stem seal, whenever removed.

Valves and Valve Seats
(1} Inspecting the valve face

Coat the valve face lightly with red lead. Use the
valve lapper @ (30091-08800) to inspect the valve
contact with its seat. If the contact is not uniform,
or if the valve is defective, or if the repair limit is
exceeded, repair or replace the valve and valve seat.

{ NOTE ﬁ'

(a) Inspect the valve face after the inspection or
replacement of the valve guide.

(b) When you press the valve coated with red
lead into the valve seat, do not rotate the
valve.

ENGINE MAIN PARTS

I~ N [ N
§ “: S
N N - N
= ) §\ Valve
= %L _\§ Cylinder R guide
o N N
' ¢ N
E &
g \
& N

NN

Installing valve guide and stem seal

Bad

Valve contact with its seat
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Unit: mm [in.]

Assembly Repair
Irem Standard Limit
Angle 30°
Valve 02t00.2 1.0
Valve seat | sinkage | [-0.008 to 0.008] [0.039]
2451w 245 2.8
Wi
WGth 1 0846 10 0.095)|  [0.110]
Valve 281032 2.5 [0.0981
margin [0.110t0 0.126] | by refacing

(2) Refacing the valve face

If the valve face is excessively worn, reface it
with a valve re-facer.

(NOTE |
1 NOTE

(a) Set a valve refacer at an angle of 3(0°.

(b) Grind the valve as little as possible. If the
margin seems to exceed the repair limit as a
result of grinding, replace the valve.

(3) Refacing valve seats

(a) Use the valve seat cutter & (37591-06400,
37591-06430) or valve seat grinder to reface
the valve seat. After refacing, grind the seat
lightly using #400 grade sandpaper inserted
between the cutter and valve seat.

(b) Lap the valve in the valve seat.

{ NOTE }

(a) Cutor grind the valve seat only as needed
for refacing.

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

(c) Replace the valve seat if the valve sinkage
exceeds the repair limit after refacing.
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Valve seat angle

[
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I Valve margin

Valve sinkage
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(4) Replacing valve seats

{a) (i) Weld astud to the valve seat. Insert a shaft
into the valve guide holder from the upper
side of the cylinder head. Drive the seat
off the head as shown.

{NOTE )
{ NOTE |

When you weld the stud, do not permit splatter
to come in contact with the machined surfaces
of the eylinder head. '

(ii) Use the valve seat puller (32591-04200)
to remove valve seats.

(b) Before inserting 2 new valve seat, measure
the inside diameter of the cylinder head bore
and the outside diameter of the seat to make
sure that clearance (fit) is within the clearance

standards.
- Unit: mm [in.]
Ite Nominal Standard
m Value Clearance
Cylinder head
bore inside —0.070 to -0.130
diameter and w60 [2.36] [-0.00276 1o
valve seat . -0.00512]
outside diameter
J| NOTE ‘,

A minus {-) indicates interference.

(¢} Chill the valve seat in liquid nitrogen
(about -170°C ([-274°F])) for more than 4
minutes with the cylinder head kept at normal
temperature, or heat the cylinder head to 80
to 100°C [176 to 212°F] with the valve seat
chilled in either ether or alcohol containing

dry ice.

{d) Use the Installer to install the valve seat.

ENGINE MAIN PARTS

Stud, ete.

Removing a valve seat

Removing a valve seat (Using valve seat puller)

]

6| &

2)[0.31
! | 111.6“3“’0
(04573

Bore inside
diameter

#60'0™" 19236 11051 1
Seal outside diameter
0T 0 92,36 £ 082 |

Unit: mm [in.]

¥\
36
0.14;

Apply same ditnensions
for inlet and exhaust

Valve seat dimensions

Installing a valve seat
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{5) Lapping valves in valve seais

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

{a) Coat the valve face lightly with 2 lapping
compound.
{ NOTE

()
(b)

(©

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

Use a compound of 120 to 150 mesh for
initial lapping and a compound finer than
200 mesh for finish lapping.

Mixing the compound with a small amount
of engine oil will facilitate coating,

(®)

(©

(d)

(e)

7-10

Use the valve lapper & (30091-08800) to lap
the valve in the seat. To lap, raise the valve
off the seat, then rotate the valve only a partial
turn and strike it against the seat,

Wash off the compound with diesel fuel.

Coat the valve face with engine oil, then {ap
the valve again.

Check the valve face for contact.

Lapping compound

Coating valve with lapping compound

Lapping a valve in its valve seat




{6) Measuring valve spring perpendicularity and free

length

Measure the free length and perpendicularity of each

valve spring. If the free length or perpendicularity

exceeds the service limit, replace the spring.

Unit: mm [in.]

Item Assembly Standard | Service Limit
Free length 13[2.871 71 [2.807
6=15% 1 4=22 [0.087)
g A=19 at the
Perpendicularity A [0.075] end
- L=73
Lf [2.87
i {2.87]
Set length/set 66.0 [2.6)/
force 289 to 319
mm [in.}/ (29.45 to0 32.55)
N (kgf) [Ibf] [64.9 to 71.8]

ENGINE MAIN PARTS

(7) Checking bridge-to-rotator clearance

(a) If the clearance is less than 1.5 mm [0.059
in.], check the valve stem top for cupping.
When the stem top is badly cupped, replace
the valve to obtain more than 1.5 mm [0.059
in.] clearance.

(b} Check the condition of the bridge cap.
Replace it if it is excessively worn.

Perpendicularity

"

|
{(a

fECHAGGT

T

(

Free length

\

Measuring a valve spring perpendicularity and free length

Bridge cap
Bridge
1.5 mm [ 1.5 mm
[0.059 in.& ! i[0.059 in.]
Or more " T MOre
[
Rotator

Checking bridge-to-rotator clearance
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Tappets and Poshrods
(1) Inspecting cam contact faces of tappets

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

(2) Measuring valve pushrods deflection

If the deflection exceeds the assembly standard,
replace the pushrods.
Unit: mm fin.]

Good

Bad

Bad

Tappet cam contact face

Ttem Assembly Standard
Pushrod deflection 0.5G [0.0207 or less
Cylinder Head

(1) Measuring head gasket flatness of surface

Use a straight edge and feeler gages to measure
warping on each cylinder head. If warping exceeds
the repair limit, reface the gasket surface with a
surface grinder.

Units: mm [in.]

r

]

T

Measuring valve pushrod deflection

Tte Assembly Repair Service
m Standard Limit Limit
0.03 0.07 0.50
Flatness [0.0012] {0.0028] {0.0197]
or less
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1.3 Reassembly

To reassemble, follow the reverse of disassembly
) !
/

(1) Installing tappets

Coat the tappets with engine oil and make them seat
softly on the camshaft.

Insert tappets coated with engine oil into the tappet
holes and place them softly on the camshaft.

(2) Installing cylinder head gaskets

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

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

"« Application of liquid gasket

Apply a thin coat of ThreeBond 1211 (37594-
01300) around tappet holes and oil passage holes
on both sides of the head gasket. Install the gasket
before the iiquid gasket dries.

Do not apply an excessive amount of liquid
gasket, since it can press the head gasket O-ring
and cause deformation, Do not allow liquid
gasket to adhere around the bore; otherwise, gas
leakage can occux.

Before installation, be sure to wipe off oil and
grease from the bottom face of the cylinder head,
the top face of the crankcase and the head gasket.

The diagrams on the right show the areas and
amounts of liquid gasket application.

—{ NOTE }

(a) Apply liquid gasket (37594-01300) to areas
5 to 8 mm [0.197 to 0.315 in.] from the
periphery of the head gasket.

(b) Liquid gasket should be applied to areas
indicated in the diagrams on the right.

(c) Apply liquid gasket to both sides of the head
gasket. Spread the liquid gasket with a finger
to a thickness of 0.2 to 0.5 mm [0.0079 to
0.0197 in.].

{(d) Scctions @ and ® are very close to O-rings.
Make sure there is no large amount of liquid
gasket on the edge at these sections.

(c) Install the cylinder head gasket by aligning
holes with the-dowel pins.

ENGINE MAIN PARTS

Coat tappet
with engine oil

~40

Replace cylinder
head gasket

10 mm Do not allow

[0.394 in.) (_ liquid gasket
in this areas.

5t 8 mm

[0.197 to

0.315in.]

Application of liquid gasket on head-facing side

Do not allow
liquid gasket
in this area.

10 mm

[0.394 in.]

Application of liquid gasket on crankcase-facing side
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(3) Reassembling the cylinder heads

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

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

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

(4) Installing cylinder head assemblies

(a) Install eve nut @ (37591-02400} on the stud
bolt. Attach a shackle and wire rope to the
eye nut and lift the cylinder head assembly.
Align the holes on the cylinder head with the
dowel pins, and keep the head assembly
slightly lifted. Coat engine oil with the threads
of the head bolts and the bolt seats, and instali
the bolts into the head assembly.

(b) Tighten the cylinder head bolts with the
specified torque in the order shown in the
drawing.

7-14

Coat with
engine oil

539 N-m (55 kgf-m)
[378 1bf-fi]
[Wet]

Head bolt tightening sequence




» Tightening cylinder head bolts based on angle-
of-turn procedure

{a) Place the head bolt plate (&) (37598-08900)
on the cylinder head.

{b) Tighten each head bolt to 294 N-m (30 kgf-m)
(217 Ibf ft] torque (initial torque).

(c) The head bolt plate has graduations at 30°
intervals, Place a veference point mark on each
head bolt.

(d) Turn each head bolt by 30°. After tightening
all bolts, turn each bolt again by 30° (total of
60° tumn).

(5) Installing the rocker case

(a) Insert the water outlet connector fully into the
rocker case. '

(b) Install the rocker case so that it meets the
dowel pins.

{c) Tighten the rocker case mounting bolts to the
specified torque,

{d) Insert the water outlet connector by sliding it
from the next rocker case after coating the O-
ring with grease. Install the spap ring.

(6) Installing valve bridges and caps

{a) Coat the bridge guides with engire oil, then
install the bridges to the guides with the
adjusting screw positioned on the exhaust
manifold side.

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

ENGINE MAIN PARTS

Coat with
engine oil
(threads and

Head bolt tightening by turn angle method

108 N-m
(11 kgf-m)
[79.6 1bfft]

Coat bridge
guide with
engine oil

7-15




ENGINE MAIN PARTS

(7) Instaliing rockershaft assemblies

(a) Install the spacer to the rocker shaft and mount
the rockers on both sides.

(b) Align the pin hole of the rocker shaft with the
positioning pin, and install the rocker shaft
assembly to the rocker case.

/ACAUTION

(a) Move the rocker arm up and down to make
sure that the arm is free. ‘

(b) While tightening the bracket mounting bolts
temporarily, install the bracket in place so
the rocker tip ¢omes in contact with the
bridge caps evenly.

(c) Tighten the long bolt securing the head and
rocker bracket first, then tighten the short
bolt to the specified torque.

(8) Installing injection nozzle assemblies

(a) Disconnect the fuel inlet connector pipe from
the nozzle assemblies.

(b) Install three O-rings to the nozzle and coat
with grease.

(c) Coat the gasket with grease then install the
gasket to the nozzle. Insert the nozzle
assembly into the cylinder head. Watch the
center of the connector installation hole.

(d) Tighten the fuel inlet connector pipe to the
specified torque.

(e) Tighten nozzle giland mounting nut to the
specified torque.

147 N-m (15 kgf'm)

[108.5 Ibf-fi] Space;r 0Oil path

Z
B
! / Rocker casej ;Oil path {clearance)

Shaft

98 N-m (10 kgf-m) [70 lbfi:fll]

uf ——————-3

Spherical

face on B~

lower side :
64t 74 N-m g Coat O-ring
(6.5 to 7.5 kgf-m) 7 with grease
[47 to 54 Ibfft] Coat gasket
Fuel inlet connecto

{ NOTE }

(a) Maintain equal distances between the fuel
inlet connector pipe and and the cylinder
head before tightening to the specified
torque,

{b) Be sure to install the gasket when installing
the nozzle assemblies.
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ACAUTION

met.

When changing parts, be sure to use our
designated parts. Unless our designated parts are
used, the exhaust emission regulations cannot be

(9) Adjusting valve clearance

Refer to section 1.1, Group No. 5.

ENGINE MAIN PARTS
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2. Cylinder Liners, Pistons and Connecting Rods

2.1 Disassembly |

Scratches, womn inside
surface, rusting on
outside surface

. Scratches, cracks, womn,
carbon deposits on
outside surface

‘Worn, scraiches,
discoloration on
inside surface

Cracks, Tronk
clogged oil d're a z?ge,
hole istortion

™ Scratches, seizure, wiping
out of overlay on both sides

[Damaged threads |

Disassembly sequence

d Bolt ’ & Second compression ring @ Piston

@& Connecting rod cap ® Oil ring ' @ Connecting rod

@ Connecting rod bearing (lower) @ Snapring @ Connecting rod bushing

@ ‘Top compression ring @ Piston pin @ Connecting rod bearing (upper)
{ACAUTION |-

When changing parts, be sure to use our
designated parts. Unless our designated parts are
used, the exhaust emission regulations cannot be
met.
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(1) Removing connecting rod caps

Unscrew the cap bolts from the inspection window,
then remove the cap.

—{ NOTE }

(@) Do not damage the bearings or drop them
into the oil pan.

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

ENGINE MAIN PARTS

(2) Preparation before removing pistons

Use a cloth or oil paper to remove all carbon deposits
from the upper areas of the cylinder liner. If any
carbon deposits are present, this will make it difficult
to pull a piston up.

(3) Removing pistons (By the use of a bar)

(a) Turn the crankshaft to bring the piston
assembly (from which the connecting rod cap
has been removed ) to top dead center.

Pointer
- Cylinder No.
| stamped here
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(b) Turn the crankshaft in normal direction until
the crank pin comes off the connecting rod
and the joint of the rod is visible in the
inspection hole on the side of the crankcase.

/Bolt hole

Crankpin
—
(c) Cover the turning bar ® with a cloth to protect
it. Put the tip of the bar under the bottom of
the big-end of the connecting rod, then pry
up the piston assembly a small amount by Wrap this end in

making use of the crank pin as a fulcrum. rag or vinyl hose.

{ AACAUTION )

If you force the turning bar, you may not be able 10 to 20 mm

to remove the piston assembly. Insert the bar so [0.39t0 0.79 in.] .
it protrudes abont 10 to 20 mm [0.39 to 0.79 in.] Fulcrum rises
mm from the bottom end of the big-end.

{d) Tum the crankshaft in reverse direction just
a little at a time to raise the crank pin (fulcrum)
while pushing down on the outer end of the
bar to raise the piston assembly.

( ACAUTION ) )

Raise the piston assembly carefully so that the :
connecting rod will not interfere with the oil jet
nozzle for piston cooling.
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(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,

To avoid damage to the oil ring, lower the piston
slowly and carefully. Do not rotate the piston.

ENGINE MAIN PARTS

()

(&

While holding the compression ring portion
of the piston with your hands, carefully pull
the piston from the cylinder lirer, then rest its
skirt on the top of the crankcase.

With your hands holding the piston pin portion
of the piston, lift the piston assembly off the
liner.

~Oil ring

Om]

| T F LI TLTIS LTI N

, /
o%\ A
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{4) Using the piston remover

(a)

(b}

Turn the crankshaft to bring the piston
assembly to be removed to 50° before top dead
center.

Attach piston remover @ (MM321420) to the
top of the piston. Grip the handle of the
remover, then 1ift the piston and the
connecting rod off the liner.

" (5) Removing the piston ring

Use the piston ring tool @ (37191-03200) 1o remove
the piston rings.

(6) Removing piston pins from a piston

(a)

(b)

(<)

7-22

Use ring pliers ® (45191-08400) to remove
the snap rings.

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

If it is difficult to pull out the pin, heat the
piston with a piston heater or in hot water to
expand the pin bore.




2.2 Inspection and Repair
Cylinder Liners
(1) Measuring cylinder liner inside diameter

Measure the inside diameter of each liner in two
directions, parallel and transverse to the piston pin,
at three positions, top (weared position), middle and
low. If measurements exceed the service limit, replace

the liner.
Unit: mm [in.]

Itern Nominal Assembty Service
Value Standard Limit
Cylinder 8170 170.000 to 170.500
liner inside {6.69] 170.040 [6.7126])
diameter [6.6929 to
6.6945]

(2) Measuring cylinder liner protrusion

Measure the protrusion of each liner at its flange with
dial gage as shown. If the protrusion is not within
the assembly standards, change the position of the
liner relative to its bore, or use the liner in another

bore. )
Unit: mm {in.§

ENGINE MAIN PARTS

Measuring cylinder liner

Measuring points Measuring directions
= ~Transverse to piston
= in
= pn Parallel to
Ty L .
— 4 A piston pin
g3 | +7 =T
e O&J

L8

Cylinder liner measuring diagram

Item Assembly Standard
Cylinder liner protrusion 0.11t00.20
at flange [0.0043 to 0.0079]
i ACAUTION l,

If the protrusion is less than the assembly
standard, the gasket will fail to seal the bore
resulting in gas leakage.

Measuring cylinder liner protrusion
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@ When cylinder head has just been removed

{a) Clean the gasketed surface of the crankcase
and the top of the liners.

(b} Secure the top of the liner uniformly at four .
places with liner pusher @ (37591-06200) and |
bolt @ (37591-06300). : f

Head bolt

{ NOTE }-

Use the head bolt spacers © (37598-09100)
when tightening the line pushers using head bolts.

{c) Setupthe dial gage at the top of the crankcase,
then set the gage pointer to O (zero).

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

(e} If the average is less than the assembly
standard, insert a shim under the collar of the
cylinder liner.

e When cylinder liner is replaced (See section (3).}

(2} Remove the cylinder liner, and study the
cylinder liner contacting surface of the
crankcase.

(b) If the cylinder liner contacts the crankcase
only on one side, use a grinder (37591-07010)
to grind the surface to keep the differences of
depth in four directions A, B, C and D within
0.05 mm [0.0020 in.].

(c) Measure the ridge depth of the crankcase.
Since the top surface of the crankcase may be
slightly distorted, use projection plate @ -
(37598-09201) to obtain accurate
nieasurements.

Ridge depth

(d) Measure at four locations A, B, Cand D, and -
obtain the average.

~ (e) Measure the thickness (standard measure-
ment: 15 mm [0.591 in.]) of the projection
plate using a micrometer. Subtract the pro-
jection plate thickness from the measured
ridge depth to obtain the actual ridge depth
from the top surface of the crankcase.

Unit: mm [in.]

Item Assembly Standard

Crankcasc ridge depth | 1475 [0.551 92720
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Measure the thickness of the cylinder liner
collar.
Unit: mum {in.]

Item Assembly Standard
Thickness of cylinder +0.20 +0.0079
liner collar 14,1016 [0-551+0.0063]

(g)

(h)

Subtract the crankcase ridge depth from the
cylinder finer collar thickness. This value is
the cylinder liner projection.

If the value is less than the assembly standard,
insert a shim under the collar of the cylinder
liner.

e Measuring step height of cylinder liner collar

(a)

(b)

Place a dial gage on the rim of the liner collar,
and set the indicator to 0 (zero).

Measure the cylinder liner protrusion at four
locations, and obtain the average.

Unit: mm [in.]

Item Assembly Standard

Cylinder kiner step height

0.2+0.04 [0.008+0.0016]

(©}

If the average is less than the assembly
standard or if the protrusion has sectional
chipping, replace the cylinder liner. (See
section 3.}

#® Inserting cylinder liner shim

(a)

Remove the cylinder liner. Insert a shim
between the cylinder liner and crankcase.

From the table below, select the appropriate shim
thickness that achieves the largest protrusion
within the assembly standard range.

- NOTE )

Thickness of shim Part No.
0.05 mm [0.0020 in.] 37507-12510
0.10 mm [0.0039 in.] 37507-12500
0.15 mm [0.0059 in.] 37507-12520

ENGINE MAIN PARTS

|

Y

v,
\‘\\\\ﬁ /

Measuring height of liner collar

Inserting cylinder liner shim
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(a) Clean the gasketed surface of the crankcase
and the top of the liners.

(b) Secure the top of the liner uniformly at two
places with the clamps and bolts (M22 x 2.5
mm [0.87 x 0.098 in.]).

(c) Setup thedial gage at the top of the crankcase,
then set the gage pointer to 0 (zero}.

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

(3) Replacing cylinder finers

(a) Use the cylinder liner remover A (37591-
04100) to remove the cylinder liner from the
crankcase for replacement.

(b) Attach O-rings to the new cylinder liner, then
carefully insert the liner into the bore of the
crankcase.

{ ACAUTION |

Before you insert the Iiner, coat the O-rings with
engine oil to prevent them from twisting.
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{c) After inserting the liner into the bore, lightly
tap it on the top with the installer so it rests
on its flange in the counterbore formed by the
crankcase. After seating the liner, tap on it
several times more to secure the proper
seating.

’ NOTE }

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

{b) Check each liner to be sure its protrusion is
within assembly standards.

Pistons

Check the combustion chamber and inside surfaces
of the piston bosses. Replace the piston if any defects
are found.

MCAUTION |}

When changing parts, be sure to use our
designated parts. Unless our designated parts are
used, the exhaust emission regulations cannot be
met.

(1) Measuring piston diameter

{a) Using a micrometer, measure the diameter of
each piston in the transverse direction 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 the variance in weight
among pistons per engine is within assembly

standards.
Upit: mm (in.]
Item Nominal| - Assembly Service
Value Standard Limit
Piston 8170 [169.76 to 169.80| 169.66
diameter [6.69} [6.68851t0 | [6.6793]
6.6850]
Weight variance +10 g [+0.35 0z]
among pistons or less

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

ENGINE MAIN PARTS

‘ 30 mm
7 [1.18 in.]

Measuring
points

]l

Measuring piston diameter

Part number

Direction mark Piston weight

Piston weight stamp location
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(2) Inspecting piston ring grooves

Check the piston ring grooves for wear and damage,
then replace the piston if necessary. Check the Ni-
resist insert for cracks. Replace the piston if the insert
is cracked.

(3) Measuring piston pin bore diameter

Using calipers or a cylinder gage, measure the piston
pin bore diameter. If the diameter exceeds the service
limit, replace the piston.

Unit: mm {in.]

Ttem Nominal[ Assembly Service
Value Standard Limit
Piston pin @70 | 700021070.015{ 70.040
bore [2.76} {2.75598 w0 3[2.75747]
diameter 2.75649)

(4) Measuring piston protrusion
. Measure the protrusion of each piston. If it is not
within standards for piston protrusion measurement,

inspect the clearance of the parts.

(a) Measure the top dead center of the pistons
with a dial gage.

(b) Setup the dial gage at the top of the crankcase.
Set the gage pointer to 0 (zero).
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(c) Measure the protrusion at four places on the
piston head. Average the four measurements
to determine the protrusion. Subtract the
piston protrusion from the thickness of the
cylinder head gasket (as installed) to
determine the clearance between the piston
top and cylinder head.

Unit; mm [in.]

Item Assembly Standard
Piston protrusion 0.14100.64
P [0.0055 to 0.0252}
Installed thickness of 1.77w01.83
cylinder head gasket [0.0697 to0 0.0720]
Clearance between piston i.24 10 1,99
top and cylinder head [0.0488 to 0.0783]

— (GeAUTIoN)

Keep the piston protrusion with assembly
standard range to maintain high engine
performance and to prevent the valves from
interfering with the piston.

Piston Rings
(1) Measuring piston 1ing gaps

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

Master cylinder liner inside diameter : 170 + 0 mun
[6.70+0 in.]

ENGINE MAIN PARTS
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Measuring piston ring gap
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™ —{ NOTE )
Use a piston to place the piston ring in the liner
by pushing it squarely.

Unit: mm [in.]

Standard Service
Ttem Clearance Limit
Top 0.6t00.8
[0.024 to 0.031]
Piston ring 0.6t0 0.8 20
gaps Second | 10 0241000311 | (0.079]
. 0310 0.45
ol [0.012 t0 0.018]

Piston Pins
(1) Measuring piston pin diameter

Using a micrometer, measure the outside diameter
of each piston pin. If the outside diameter exceeds
the service limit, replace the pin.

Unit: mm {in.]

Ttem Nominal | Assembly Service

Value Standard Limit

Piston pin outside| @70 6938; ;(5); ?0000 69.970
diameter [2.76] 27554] {2.7547)

Connecting Rods, Connecting
Rod Bearings, and small-end Bushings

(1) Measuring small-end bushing inside diameter

Using a cylinder gage, measure the inside diameter
of each bushing. If the inside diameter exceeds the
service limit, replace the bushing.

Unit: min [in.]

Item Nominal
Value

Connecting rod @70
bushing inside [2.76}
diameter

Assembly Service
Standard Lirnit

70.0201070.040 70.070
[2.7567 0 | [2.7587]
2.7575)
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(2) Replacing conunecting rod small-end bushings

(2) Use a connecting rod small-end bushing
instatler @ (37591-01010) to remove the
bushing for replacement as shown.

(b} When installing a new bushing, align the oil
holes in the bushing and connecting rod.

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

(3) Inspecting connecting rods for bend and twist.

(a) Measure C and £. If the measurement at C is
larger than 0.05 [0.0020 in.] mm per 100 mm
[3.9 in.] of #; straighten the rod with a press.

-{ NOTE | —

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

ENGINE MAIN PARTS

Installation

Removal

Unit mm [in.]

€ _005[0.0020§
Z ST100(39]

£
C -__-a'
100 [3.9]

<205 0.0020
Connecting rod twist

3

Connecting rod bend

Inspecting connecting rod
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(b) To inspect the rod installed to the piston, place

%
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|
1

the piston on a surface plate, insert a round Y’D}\
bar the same diameter as the crank pin into CI_ g
the big-end bore, then measure heights (A) \ \
and (B) of the bar.
Unit: mm [in.] A B
Hem Assembly Standard
b
Connecting rod bend and | 0.05/100 [0.0020/3.9) | iR
twist (C/D) or less 3 ~\\
R

Inspecting connecting rod installed on piston

(4) Inspecting connecting rod big-end bearings

Inspect each bearing shell for flaking, scratching,
seizure, pitting and other defects. If any defect is

found, replace the shell.
Flaking

{5) Measuring connecting rod end play

Install the connecting rod to its crank pin, then tighten
its cap boits to the specified torque. Use a feeler gage
to measure the end play. If the end play exceeds the
service limit, replace the connecting rod.

Unit: mm [in.]

fem | Nominal | Sundad | g

Value (Non!ina]} Limit

. . .6 )
Connecting 67 ([)04()[;,60t0 L0 Measuring connecting rod end play

rod end play*| [2.64] 0.024] [0.039]

*Widths of connecting rod and crank pin
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(6) Variance weight difference of connecting rods
per engine

When replacing connecting rods, make sure that the
weight difference of connecting rods per engine is
within the assembly standards below.

Unit: mm {in.}

Item Assembly Standard
Variance in weight among +30 g [+1.06 0z.]
connecting rods per engine or less

(7) Measuring connecting rod big-end bore diameter

Measure the connecting rod big-end bore diameter
in directions A, B and C and at front and rear positions
@ and @, as shown in the diagram. To obtain the
Roundness valve, substract the smallest measured
value from the largest measured value,
If the diameter exceeds the service limit, replace the
connecting rod.

Unit: mm [in.]

Nominal| Assembly| Service |Roundness

ENGINE MAIN PARTS

g

Front Rear

M .
Measuring casunng

directions -

Item Value | Standard | Limit Sfmf
. 131.000 to
f;“;’f“ﬁ;ﬁﬁ 131 | 131.025 | 131.050] 0.100
rod bie [5.16] {[5.1547 to [5.159441 |[0.0039]
bore diameter 5.15851

(8) Inspecting serration on connecting rod big-end
bore

Inspect the serration on connecting rod big-end bore
by conducting a Magnalux (magnetic particie) test.
If cracking or damage is found, replace the
connecting rod.

Measuring connecting rod big-end bore diameter
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(9) Measuring connecting rod bearing thickness

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

Unit: mm {in.]

Nominal | Assembly | Service
Value Standard Limit

3.000 |2.957to 29704 2.930
[0.1181] [% llllfi‘;]m [0.1154] Measuring connecting rod bearing thickness
.25 3.125 |3.082103.095] 3.055
{-0.0098)( [0.1230] | [0.1213t0 |{0.1203]
0.1219]

Connecting | -0.50 3250 (3207w 3.220| 3.180
rod bearing | [-0.0197]| 10.1280] | {0.1263t0 | [0.1252]
thickness 0.1268)
-0.75 3.375 (3332103345 3305
[[0.0295)] 10.1329] | {0.1312¢0 | [0.1301] |
0.1317]
-1.00 3300 (3457103470 3430
[-0.0394]| [0.1378] | [0.1361t0 | [0.1350]
0.1366]

{ NOTE }

Four sizes are available for the connecting rod
bearings (see column 2 of the table above).




2.3 Reassembly

Reassembly is done in the reverse order of
disassembly.

(1) Reassembling pistons on connecting rods

(2) The piston pin is clearance-fitted to the piston.
To facilitate pin insertion, heat the piston with
a piston heater or in hot water.

(b) Coat the piston pin with engine oil, then insert
it in position through the connecting rod.

{c¢) Install the connecting rod to the piston with
the matching marks on the big-end on the
camshaft side,

(d) Usethe ring pliers @ (45191-08400) to install
the snap rings in the grooves of the pistons.
Make sure that the rings are not fatigued and
that they fit in the grooves properly.

{ NOTE }-

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

(2) Installing piston fings
(a) Use the piston ring tool (37191-03200) to
install the piston rings on the piston.

{ ACAUTION }—

The top piston ting and second piston ring are
marked “RH", and the oil ring is marked “R”
near the gap on the side. Install the rings with
these marks upside down. If not, excessive oil
consumption and overheating will result.

ENGINE MAIN PARTS

Piston

Up mark
__ (] Top compression ring

Secomd cornpression

= &, Oil ring

Coil spring

Piston and piston rings
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(b) Install the oil ring with its gap positioned at
180° to the coil spring joint.

(3) Preparation before installing pistons

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

(b) Clean the cylinder liner bore surface and crank
pin by wiping with a cloth, then coat it with
engine oil.
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(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
0il. Make sure the oil holes in the rod and bearing
are aligned.

(5) Inserting pistons

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

Make sure the arrow mark “CAM” on top of the
piston points the camshaft side.

When placing the connecting rod in the liner,
keep it away from the oil jet nozzle by observing
the rod through the inspection hole of the
crankcase. And do not rotate the piston.

{b) Coat the piston rings with engine oil, then
position the ring gaps away from the axis of
piston pin and antithrust direction.

ENGINE MAIN PARTS

Lug groove
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(c) With your hands, hold the compression ring
portion of the piston, then carefully insert the
piston into the cylinder liner.

{ NOTE }

(2) Do not pinch your finger between the oil ring
and cylinder liner.

{b) Slowly insert the piston to avoid damaging
it.

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

oil. ; ;
O

)

ToyTTeTTT

{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 the connecting rod back
and forth through the crankcase inspection
hole.
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®

By inserting your hand through the crankcase
inspection hole, make sure that the upper sheli
of the bearing is properly positioned in the
big-end of the connecting rod.

(6) Installing connecting rod cap bolts

(a)

()

(©

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

Place the connecting rod bearing on the
connecting rod cap fitting with its lug in the
lug groove. Coat the threads of the cap bolts
and the inside surface of the lower shells of
the connecting rod bearing with engine oil.

Install each cap in position. With your hand,
hold the upper end of the cap, then tighten
the bolt at the lower end first. This will
prevent the cap from dropping into the oil pan.
Coat the threads of the bolts with engine oil,
then tighten the bolts temporarily.

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

ENGINE MAIN PARTS
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(d) Install the other connecting rod to the
crankpin. Temporarily tighten the cap bolts
of the rod installed later, then press it squarely
toward the rod already installed by tapping.
Move the big-end of this rod in the thrust
direction. Make sure that the rod has correct
end play.

(e) After tightening the connecting rod cap
mounting bolts to the specified torque, loosen
them completely, then tighten to the specified
torque again. (2-step tightening method)

{ NOTE }

To tighten connecting rod cap bolts according to
the angle method, tighten to 245 N-m (25 kgf:m)
(181 Ibf-fit], then turn each bolt by 30°. After
tightening all the bolts, turn each bolt again by
30° (total of 60° turn).

(f) Use afeeler gage to measure the end play of
the connecting rod. Make sure that the end
play is equal on both top and bottom sides of
the crank pin.

—{ A CAUTION)

Before installing the cylinder head, measure the
protrusion of piston. Make sure that the
measurement is correct.
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3. Damper

3.1 Disassembly

Worn lip, damage,
deterioration

I Wom belt groove ]

lTZtacks, oi! leakage

Cracks, defective
dowel pin holes

Disassembly sequence

@ Damper
@ Pulley (water pump and altemmator drive)
(@ Froni cover, oil seal
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(1) Removing the damper

(a) Attach a sling to-the damper. Unscrew the
damper mounting bolts.

(by To remove the damper, install two jack bolts
(M12 x 1.25 - 40 mm [(.47 x 0.049 - 1.57
in.]} in bolt holes and screw the bolts evenly
while lifting the damper.

r Weight : approx. 50 kg [110 Ib] J

(2) Removing crankshaft puliey (water pump &
alternator drive)

Screw in two jack bolts (M10x 1.25 - 120 mm [0.394

% 0.049 — 4,72 in.]} evenly to remove the crankshaft
pulley.

(3) Removing front cover

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

3.2 Inspection and Re]-Jair
(1) Damper inspection

(a) Check the damper for external cracks,
. swelling and cracking of the polished plate,

silicon oil leaks, paint discoloration due to

heat, and loss of overlay.
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(b) Measure damper circular and face runout.
With the damper instalied on the engine, place I/ \{j k
dial gages on the periphery and side face near r—
the periphery, and turn the crankshaft slowly
to measure runout. If the measured value
exceeds the service limit, replace the damper.
The damper should be replaced every 8,000
operating hours even if there is no sign of L -
abnormality.

Unit: mm [in.]

Measuring damper runout

liem Assembly Standard | Service Limit
Circutlar ranout 0.5 [0.020] 1.5
{at periphery) or less [0.039]
0.5 [0.020] 1.5
Face runout or less {0.059]

(2) Inspecting crankshaft pulley
Check the V-belt groove of the pulley for wear.
To evaluate wear, wind a new V-belt tightly __L
around the pulley and check if the outer surface
of the belt is above the outer edge of the groove.

If the outer surface of the belt extends from the
outer edge of the groove (and the amount of
extension is the same for all belts if the pulley
- has two or more grooves), it is not necessary to
replace the pulley.
If the outer surface of the belt is below the outer -
edge of the pulley by 1.6 mm [0.063 in.] or Checking V-belt groove for wear
more, replace the pulley.

1.6 mm [0.063 in] or more
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3.3 Reassembly
(1) Installing front cover

(a) Apply engine oil to the lip section of the oil
seal. Install the oil seal in the front cover,
making sure that the oil seal is flush with the
end face of the oil seal installation hole of the
front cover.

(b) Apply sealant (Herdite) to the front cover
packing mounting surface of the crankcase,
position the packing on the surface, then apply
sealant on the packing. Install the front cover.

(c) If the dowel pins are worn or the cover has
been replaced, install new dowel pins.

(d) Tighten the case mounting bolts evenly.

(&) Check to make sure the bottom surfaces of
the front cover and crankcase are flush.
Carefully remove excess packing protrusion
from the joined surfaces.

. (When the pointer was removed or dislocated

accidentally) _

To determine the top dead center of No. 1 piston in
compression stroke, bring the mark on the fiywheel
to the position where it is at the equal distances from
the two marks punched on the timing gear case. When
these mark are positioned at the equal distance from
one another, No. | and No. 6 pistons are at the top
dead center.

(2) Installing pulley and torsional damper

Tighten the pulley and damper mounting bolts
to the specified torque.
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4. Flywheel, Timing Gears and Camshaft '

4.1 Disassembly

[ Clogged oil hole, worn

Flaking or
worn

Rough bearing rotation,
damaged seal

N
@@ Is
] 9 uy g Cracks, defective dowel
3 % pin holes, damaged of
gear, wom
e—A* g
=2 ’y ; Damaged threads
Cracks, damaged & ~a
dowel pil’l the Wom ]ip, damage,
deterioration
Disassembly sequence
@ Oilpan @ Idier shait
@ Qil strainer, oil pipe, oil pum; @ Camshaft gear
@ Flywheel ; @ Thrust plate
@ Injection pump accessory drive : @ Camshaft
® Timing gear case, oil seal @ Rear plate
©& Thrust plate @ Nozzle plate
@ Idler gear
(A CAUTION L
—{ACAUTION |

When changing parts, be sure to use our
designated parts. Unless our designated parts are
used, the exhaust emission regulations cannot be
met.
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(1) Removing flywheel
(a) Attach a sting on the flywheel.
(b} Remove the flywheel mounting balts.

(¢) Install two jack bolts (64362-68500: M12 x
1.25 mm [0.47 x 0.049 in.]) in the holes
provided for flywheel removal, and screw the
bolts evenly to remove the flywheel.

| Weight: approx. 140 kg [309 1b] |

ACAUTION :

{a) When you move the flywheel, do not drop it
or bump it against a hard object.

{b) The ring gear is bolted to the flywheel. Do
not remove the ring gear from the flywheel
except when it has to be replaced.

{2) Removing injection pump accessory drive

Remove the mounting bolts from the injection pump
accessory drive case. Remove the injection pump
accessory drive. Be careful not to damage the gear
teeth.

(3) Removing timing gear case
(a) Attach slings to the timing gear case.
(b) Unscrew the timing gear case mounting bolts.

{c) Remove the timing gear case by lifting it up
until it separates from the dowel pin. Do not
damage the oil seal.

In this step, be sure to keep the timing gear case
suspended, and be careful not to damage the oil seal.

{ Weight: approx. 88 kg [194 Ib]

(4) Measuring backlash and end play

Measure the backlash and end play of each gear to
obtain the data for parts replacement.
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(5) Removing idler gear

Align the pointer with the mark “3” for top dead
center of piston No. 1 in compression stroke. Remove
the thrust plate mounting bolts, and remove the idler
pear.

{6) Removing the idler shaft
Remove the idler shaft mounting bolts. Install two
jack bolts (M10 > 1.25 mm [0.39 % 0.049 in.]) in the

holes provided for shaft removal, and screw the bolts
evenly to remove the idler shaft.

(7) Removing camshaft gear

Unscrew the camshaft gear mounting boits, then
remove the camshaft gear.

{8) Removing camshaft

Remove the thrust plate mounting bolts. Remove the
camshaft from the crankcase.

Camshaft weight: approx. 32 kg [71 Ib] I

~+ ACAUTION }—

When pulling out the camshaft, support it with a
bar inserted through the camshaft inspection
window of the crankcase to prevent damaging
the cam surfaces and bushings.
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4.2 Inspection and Repair
Flywheel and Ring Gear
Measuring the flywheel face and circular deflections.

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

Unit: mam (in.]

Assembly

feem Standard
Flywheel Face ranout (0285 [0.0112] or less
Circular runout 0.127 {0.0050] or less

Injection Pump Drive Diameter and Inside
Diameter of Bearings

Remove nut (1) using socket (58309-73100).

Inspect each bearing.-for smooth rotation. Replace
the bearing if its rotation is not smooth.

Inspect the fit of the beéring inner race on the drive
shaft. Replace excessively worn parts.

Inspect the fit of the bearing outer race in the drive
case. Replace excessively worn parts.

Inspect the drive shaft and oil seal. Replace any
defective part.
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Unit: mm (in.)

Nominal Assembly
Value Standard

90 (3.5 85.987 o 90.022
Case bearing 890 (3.34] [3.5428 to

bore inside 3.5442]
diamter 99.987 10 100.022
p100 [3.94] [3.9365 to
3.9379]

89.985 to 90.000
@90 [3.54] [3.5427 to

Outside 3.5433]
diameter 99.985 to 100,000
100 [3.94] [3.9364 to
3.9370]

44.988 to 45.000
843 [1.77] [1.7712 to

Inside 1.7717]

diameter 49,988 to 50.000
@50 [1.97] [1.9680 to
1.9685]

45.002 to 45.013
: 845 [1.77] [1.7717 to
Drive shaft 1.7722]

bearing diameter 50,002 to 50.013
#50 [1.97] [1.9686 to
1.9690]

ltem

Bearing

Timing Gears: Measuring Backlash

To measure the backlash between the gears, setup a
dial gage so that it contacts the pitch circle of the
gear to measure. If a dial gage is not available,
measure the backlash by inserting a feeler gage
between the gear teeth. If the backlash exceeds the
service limit, replace the worn gear.

Unit: mm [in.]

Standard s Service
fem | Clearance |RepairLimit = “pjmi :
Timing | 0.12t00.18 | 030 0.50 Measuring timing gear backlash
gear 0004710 | [00118] | [0.0197]
backlash | 0.0071]
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Idier Gears, Idler Gear Bushing, and Idler
Gear Shafts

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

If the diameter exceeds the service Limit, replace
the bushing or shaft if either is worn.
Unit: mm [in.]

it Norminal Assembly Service
em Value Standard Limit
Idler. gear, 50 50,000 to 50.025 50.060
bushing [1.97] [1.9685 to [1.9709]
inside dia. ) 1.9695] )
e t0 RO o
shaft dia. 11.97] 1.9675] [1.9646]

(2) Measuring idler gear end play

Measure the end play with a feeler gage or a dial
gage. If the end play exceeds the repair limit, replace
the thrust plate.

Unit: mm [in.]
Ttem Standard Clearance | Service Limit
Idler gear end 02t004 0.6
play [0.008 to 0.016] {0.024]

(3) Replacing idler bushings

(a) Use an idler bushing puller @ (32591-02500)
to remove the existing bushing.

(b) Install a new bushing to the gear by pressing -

it until the end face of the bushing 1 mm [0.04
mm] recessed from that of the gear boss.

(c¢) After installing the bushing, be sure its inside
diameter is within the assembly standard. Ifit
is less than assembly standard, ream the bush-
ing to the inside diameter of g50°3% mm
[1.97 *3909%8 in } 0.4Ra.
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Camshafis and Camshaft Bushings
(1) Measuring cam lift

Use a micrometer to measure the diameters of “A”
and “B” on each cam to determine the loss in cam
lift. If the cam lift is less than the service limit, replace
the camshaft.

Unit: mm [in.]

ENGINE MAIN PARTS

.-

(2) Measuring camshaft deflection

If the runout exceeds the repair limit, straighten the
camshaft with a press, or replace it with a new one.

ACAUTION | —

Set up a dial gage on the camshaft, then tarn the
camshaft. Take one-half of the gage indication
as the deflection,

Unit; mm [in.]

Item Assembly Standard | Repair Limit
Camshaft deflection | 0.05 [0.0020] or less | 0.08 [0.0031]

Item Assembly Standard | Service Limit
. 9.197109.297 845 Measuring cam lift
Camlift (A-B} 1101 100.3660] | [0.3327)

(3) Measuring camshaft journal diameter

Use a micrometer to 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
Camshaft 84 83921083.94 | - 8387
journal - [3.31] [3.3039 to {3.3031]
diameter ) 3.3047) 3.3047]

Measuring camshaft deflection

Measuring camshaft journal diameter
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{4) Measuring camshaft bushing inside diameter

Use a cyliﬁder gage to measure the inside diameter
of the camshaft bushings fitted to the crankcase. If
the inside diameter exceeds the service limit, replace

the bushings.
Unit: mm [in.]

I Nominal Assembly Service
tem Value Standard Limit
CamE;haft 084 £4.000 to 84.035 84.10
bushing (3.31] {3.3071 to [3.3110]
inside dia. ’ 3.3085] )

(5) Measuring camshaft end play

Use a dial gage to measure the end play of the
camshaft to which the camshaft gear is installed. If
the end play exceeds the service limit, replace the

thrust plate.
Unit: mm [in.]

Item Standard Clearance | Service Limit
Camshaft end 0.10to 0.25 0.40
play [0.0039 to 0.0098] [0.016]
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directions

Measuring cam shaft inside diameter
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(6) Replacing camshaft bushings

Install the bushings in the crankcase, then secure them

in place with the set screws,

Before tightening the screws, make sure that the
screw holes in the bushings and crankcase are aligned
and that the cil holes in the bushings are aligned with
those leading to the oil gallery in the crankcase.

Install the wide bushing at the rearmost journal
correctly,

ENGINE MAIN PARTS

Sealing washer

Replacing a camshaft bushing

Longer Shorter Shorter Longer

11}

Vi bt

il

Set screw

(Front bearing side) (Rear bearing side)

Rearmost bearing
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4.3 Reassembly

(1) Installing rear plate -

(a) Apply sealant (Herdite) to the rear plate
mounting surface of crankcase, then place the
packing in position. Apply the same sealant
to the packing, then install the rear plate.

(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.

{2} Cranking engine

(a) Install bolts to the damper mounting holes
(M22 x 1.5 mm [0.87 x 0.059 in.]).

(b) Put the bar to the crankshaft, using the
crankshaft pulley mounting bolts, and turn the

crankshaft to bring No. 1 cylinder piston to
top dead center on compression stroke.

(3) Installing idler gear shaft

(a) Drive in the idler gear shaft, ising a guide
bolt.

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

(4) Installing camshafis

(a) Iﬁsert the camshaft into the crankcase, then
install the thrust plate.

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

(c) Make sure that the camshaft rotates smoothly.
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{11 kef-m)
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(11 kgf-m)
[79.6 Ibf-£t]

(6 kgf-m)
[43.4 Ibf-fi]




(5) Installing camshaft gear

{a} "Install the camshaft gear to the camshaft with
the dowel pin entering its hole.

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

(c) Make sure that the camshaft rotates smoothly.

(6} Installing fuel injection pump accessory drive

(a) Install the injection pump drive gear to the
drive shaft, and tighten the mounting nut to
the specified torque.

(b) Fit the O-ring to the mounting flange of drive
case, and install the case to the rear plate.

(c) Tighten the drive case mounting bolts to the
specified torgue.

{7) Installing idler gear

(a) Install the idler gear by aligning #s matching
mark with those on the crankshaft gear,
injection pump gear and camshaft gear, and
install the thrust plate.

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

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

ENGINE MAIN PARTS

(17.9 kgf-m)
{129 Ibf-fi]

Injection
pump gear

Timing gear train
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(8) Inspecting and adjusting timing gears after
installation

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

Inspecting Timing Gear Backlash and End Play

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

Inspecting Valve Timing

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

Using a feeler gage 2 mm [0.08 in.] thick, add 2
mm [0.08 in.] clearance to the inlet and exhaust
valves of the No. 1 cylinder. Then insert a feeler
gage 0.05 mm [0.0019 in.] thick between the
bridge cap and rocker. Slowly turm the crankshaft
to find the position where the feeler gage is firmly
gripped (the valve starts closing). Check that
these positions coincide with the angular
positions shown in the valve timing diagram with
2 mm [0.08 in.] clearance added to the valves.

9) Installing timing gear case
(a) Coatthe oil seal lip with engine oil, and insert

the seal into the bore of timing gear case until
it is flush with the end face of the case.
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(D Inlet valve
opens

(@ Inlet valve
closes

(@ Exhaust valve
opens

@ Exhaust
valve closes

Bottom dead center

Valve timing diagram
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@
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Bottom dead center

Valve timing diagram with 2 mm [0.08 in_]
clearance added to valves

Clearance: Approx. 1 mm [0.04 in.]

—l——
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Timing gear case ~

Oil seal—"]




ENGINE MAIN PARTS

(b) Apply sealant (Herdite) to the timing gear case
surface. Place the packing in position. Apply
the sealant on the placed packing. Cut off the
excess of the packing neatly along the bottom
surface of the crankcase.

(c) Replace the dowel pins if womn, or if the gear
case has been replaced.

(26 kgf-m)
(d) Tighten the gear case mounting bolis evenly (188 Ibf fi]
to the specified torque.
(16} Installing the flywheel \\\k
(a) Install the flywheel. Check that the dowel pins 3
enter their holes.
/ ’ )
(b) Coat the threads and the bolt bearing surface N _
of the flywheel mounting bolts with engine o 539 N'm
oil, then the bolts to the specified torque. g {55 kgf-m)
Inspect the face and circular deflections of the \ | [400 Ibi ft]

flywheel. (Refer to 3.2, Group No. 7.) 75 {Wet)

(11) Installing the pick-up

(a) Using the tuming gear, rotate the engine until
one tooth of the ring gear aligns with the
center of the pick-up.

(b) Gently screw the pick-up. When the tip of the
pick-up contacts the tooth of the ring gear,
unscrew the pick-up slightly by tuming 1 turn
and secure it in position using the lock nut.

{ACAUTION)

When changing parts, be sure to use our
designated parts. Unless our designated parts are
used, the exhaust emission regulations cannot be
met,

Ring gear
{182 teeth]

~—

(12) Installing oil pump and oil strainer
Measure the backlash between crankshaft gear and

oil pump drive gear, and if it is not enough, make a
shim adjustment.

[79.6 Ibf-ft}
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(13} Installing oil pan

(a) Apply sealant (Hetdite) to the separated
portions (4 locations) of oil pan packing, and

place the packing on the oil pan.

(b) Install the oil pan to the crankcase by screwing
two guide bolts,

(c)} Tighten the oil pan mouating bolts uniformly
to the specified torque.

59 N-m =
{6 kef-m) 7
[43.4 Ibf-fi]
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5. Crankcase, Crankshaft, and Main Bearings

5.1 Disassembly

Scale deposit, damage,
cracks, clogged oil holes

Scratching on both
sides, worn

Check valve
movement

Scratching on both sides, corrosion,
wiping cut of overlay

®

Wiping out of overlay,

Scratching, cracks, nicking, worn. tooth contact

clogged il hole, wom

Scratching on both sides,
corrosion, wiping out of
overlay

Disassembly sequence

D Bolt ® Crankshaft. @ Thrust plate
@& Main bearing cap ® Slinger #® Check valve
@ Main bearing (lower shell) @ Crankshaft gear @ Piston cooling nozzle

@ Thrust plate ® Main bearing {upper shell) @ Crankcase
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(1) Tuming the crankcase upside down

Use a block and tackle to lay the crankcase on 1is
side. Attach wire ropes to the crankcase, then tum
it upside down.

Crankcase and crankshaft weight:
Approx. 1045 kg [2304 Ib]

(2} Removing the main bearing caps -

(a) Remove the main bearing cap bolts, and
remove the main bearing cap by using the
combination of sliding hammer (33591-
10101) and adapter (37591-04300) or a crane
and eyebolt (M10 x 1.25 mm [0.394 x 0.0492

in.]).
. {b) Remove the thrust plates from the No. 7
bearing cap. Do not damage the thrust plates.
(3) Removing the crankshaft

(a) Remove the upper halves of the thrust plates
while rotating the crankshaft slowly.

{(b) Carefully lift the crankshaft off the crankcase,
keeping it horizontal.

(c) Remove the rear haives of the thrust plates in
the upper left of the crankcase.
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{4) Removing the piston cooling nozzles

Do not remove the nozzles unless such defects as oil
hole clogging are observed.

NOTE

ENGINE MAIN PARTS

(=)

Tighten the piston cooling nozzle to the specified
torque when reassembling.

5.2 Inspection and Repair
Crankshaft
(1) Measuring crankpin and journal diameters

(a) Using a micrometer, measure the crankpin and
journal diameters. If the diameter exceeds the
repair limit, grind them to the next lower size:
-0.25 mm [-0.0098 in.], -0.5 mm [-0.0197 in ],
A0.75 mm [-0.0295 in.], or -1.00 mm [-0.0394
in.).

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

(c) If the -1.00 mm [-0.0394 in.] undersize

journals and crankpins exceed the repair limit,
replace the crankshaft.

Unit: mm [in.]

ke Nominal Assembly Repair
m value Standard Limit
Crank @125 |124.930 to 124.950] 124.890
pin diameter [4.92] [4.9185 10 4.9193 | [4.9169]
Joumal @140  |139.930 to 139.950| 139.890
diameter [5.51] [5.5001 to 3.5098] | [5.5075]
Diameter
Roundness difference i 0%3?2
0.01 [0.0004] or less| (000121
Pin, lin- I_)iametcr 0
jOl.lI'ﬂﬂ.l g’gcil;}' difference [0 03'32]
. ) 0.02 [0.0008] or less| -
Fillet TR 6.8 t0 7.0
radius [0.28] [0.268 to 0.276]
Hardness Hv > 620

34 N-m
(3.5 kgf-m)
(25.3 Ibffi]

Measuring crankpin diameter

Measuring journal diameter
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Grinding dimensions for an undersize
crankshaft .
Unit: mm [in.]

Undersize g ﬂ:ﬁ;ﬁ,gn Roundness |Cylindricity
124,68 1o
0.23 124,70
{0.0098] | [4.9087 to
4.9094]
12443 10
0.50 124,45
[0.0197] | (4.3988 to
Crankpin 4.8996)
diameter 124.18 to
0.75 124,20
{0.0295] | [4.8890 to
4.3898]
123.93 t0
1.00 123.95 . ,
[0.0394] | [4.8791 o | Diameter | Diameter
48799] difference | difference
- 0.0 0.02
139.68 to (0.0004) | {0.0008)
0.25 139.7} or less or less
[0.0098] | [5.4992¢0
5.5000]
138.43 to
0.50 139.45
[0.0197] | [5.48%4 t0
Journal 5.49011
diameter 139.18 to
0.75 139.20
[0.0295] | [5.4795to
5.4803]
13393 10
1.00 138,95
{0.0394] { [5.4697 t0
5.4705)

(2) Grinding the crankshaft

If the crankshaft is refinished in compliance with any
grinding dimensions of the undersizes of the main
bearing and the connecting rod bearing, and if the
bearings are replaced by undersized bearings, it is
not necessary to check the bearing contact pattern.

When grinding the crankpins and journals, be sure
to produce the same fillet radius as the original. They
should have a hardness of 620 (Vickers Hardness
Number). If necessary, re-harden the crankpins and
journals, and inspect them for cracks by conducting
a Magnalux (magnetic particle) test. After grinding,
finish the journals and crankpins to 0.2Ra.
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(3) Measuring crankshaft end play

(a) Install the thrust plates in position, then secure
the bearing cap. Under this condition, measure
the end play. If the end play exceeds the
standard clearance, replace the thrust bearings.

(b) TIf the end play still exceeds the repair limit
even after the new thrust bearings have been
installed, replace the bearings with the next
oversize bearings. There ace three sizes for
the thrust bearings:

+ 0.25 mm {+0.0098 in.]

+ 0.50 mm [+0.0197 in.]

+0.75 mm [+0.0295 in.}
Generally the rear journal is likely to wear more
rapidly than the front journal. This means that

replacement of the rear thrust bearings will generally
be sufficient.

Unit: mm [in]
Itemn Standard Clearance Service Limit
Crankshaft end 0.30 t0 0.50 0.50
play [0.0118 to 0.0197] [0.0197

Crankshaft Journal Grinding Dimensions for

Oversize Thrust Plates
Unit: mm [in.]
Oversizes .
QOversizes fo
Item for Journal Journal andr Tolerance
or Thrust Thrust Pl
Plates st Plates
0.25 66.25
{0.0098]1 0.8 [2.6083} 6650
050 66.50 am | 0P
[0.0197] 08 | [2.6181] J 00012
0.75 66.75 67.50 [o™" ]
[0.0295] 0.8 [2.6279]

ENGINE MAIN PARTS

66 +g'mmm [2.60*8’“0‘2 in.]
R7
102 m)
R7
—— w2t

Measuring thrust bearing journal length

Measuring crankshaft end play
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(4) Measuring crankshaft runout

Support the crankshaft on its journals in V-blocks,
then measure the ranout at the center journal with a
dial gage. Depending on the amount of deflection,
repair the ctankshaft by grinding or straightening with
a press. If the runout exceeds the repair limit, replace

the crankshaft.
Unit: mm {in.]

Item Assembly Standard | Repair Limit

Crankshaft
deflection

0.04 [0.0016] or less | 0.10 [0.0039]

{(5) Replacing the oil seal slinger

Replace the slinger if it is pitted, scratched, or
distorted enough to cause oil leaks.

Removing the Slinger

Use a gear puller to remove the slinger from the
crankshaft.
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Front cover Timing gear case
Qil seal

Oil seal slinger |

Front slinger Rear slinger
H




Installing the slingers

() Identify the front slinger and the rear slinger,
and pay attention to their attitudes.

{ NOTE }

Be sure to install the front and rear slingers to
the front and rear sides of crankshaft respectively,
or oil leakage will occur.

{b) Use a slinger installer to install the slinger
heated above 110°C [230°F] to the crankshaft
until it contacts the gear.

If the slinger has not stopped before it contacts
the gear, tap the center or choulder of the
installer with a copper hammer,

(6) Replacing the crankshaft gear
Removing the Gear

Use a gear puller to remove the gear from the
crankshaft.

{ NOTE |—

Do not remove the gear by hitting it with a
hammer.

ENGINE MAIN PARTS

Kentification mark
(37425-08201)

46.5m
{1.83in.]

Front view

Identification mark
(37111-14200)
—

Bring slinger into
full face contact

with gear. Rear view

Y

7-65




ENGINE MAIN PARTS

{(Installing the Gear)

(a) Before installing the crankshaft gear, measure
the inside diameter of the crankshaft gear to
be sure that the fit is 0.0106 to 0.17! mm
[0.0042 to 0.0067 in.].

(b} Heat the gear to the range 180 to 200°C [356
to 392°F].

{c} Drive the rear crankshaft gear onto the
crankshaft by tapping the end face of the gear
lightly with a copper harnmer. Be sure the
crankshaft dowel pin enters the notch in the
gear.

(NOTE |
{ NOTE

{a) Install the gear to the crankshaft until it
touches the collar.

{b) Do not mistake the direction of gear
installation.

Main Bearing

(1) Inspecting main bearing shell

Inspect each bearing shell for abnormal contact such
as scratching, cormosion, wiped overlay, etc. Also

check for signs of poor seating in the bore of the
crankcase or metal cap.
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(2) Measuring bearing thickness

Use 2 ball point micrometer to measure the center of
each bearing shell. If the thickness exceeds the
service limit on any of the upper or lower shells,
replace the upper and lower shells as a set.

Unit: mm [in.]

Nominal| Assembly |Service
Value Standard | Limit

STD | 3.500 | 3.467 t0 3.480 | 3.425
[0.138] | 10.1365 to 0.1370]| [0.1348]
, 025 | 3.625 | 3.592t03.605 | 3.550
Mam 10 00098)| [0.0427) | [0.1414 to 0.1419]] 10,1398]
bearing " 5o | 3750 | 3T703TH | 3.675
thickness | 00197]| 0.1476] | [0.1463 to 0.1469]] [0.1447]
(center) | 575 | 3.875 | 3.842 103855 | 3.800
(0.0295] | [0.1526} { [0.1513 to 0.1518]] [0.1496]
-1.00 | 4.000 | 3.967 t03.980 | 3.925
(003941} [0.1575) | [0.1562 10 0.1567]) [0.1545]

Itern

(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 metal
contact pattern.

Crankcase

{1} Measuring gasketed surface warpage

Measure warpage with a straight edge and feeler
gage. If the warpage exceeds the assembly standard,
reface the gasketed surfaces with a surface grinder.

Unit: mm [in.]

ENGINE MAIN PARTS

Measuring main bearing thickness

Itemn Assembly Standard | Repair Limit

Crankcase
gasketed surface | 0.1 [0.004] or less | (.2 [0.0079]

warpage

Measuring crankcase gasketed surfaces
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{ NOTE }

=)

Do not grind the crankcase more than necessary
to remove warpage. Excessive grinding can
cause the piston protrusion to exceed assembly
standard.

{2) Measuring main bearing bore diameter

Secure the end bearing cap to the specified torque,
and measure the bore diameter in the cross direction.

Unit: mm [in.]

490 Nem (50 kgf-m )
[360 Ibf-ft] [Wet

I Nominal Assembly Service
tem Value Standard Limit
a‘:i'.' 6147 |147.000 10 147.025 | 147.035

aNg | [579] {[5.7874 10 5.7884] | [5.7888]
bore dia.

7-68

Measuring main bearing bore diameter




ENGINE MAIN PARTS

5.3 Reassembly
(1) Installing the main bearing

{a) Install each upper shell of the main bearing
in the crankcase by fitting its locking lip in
the recess. The oil holes in the bearing and
crankcase will be aligned when the bearing
are installed in this way.

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

(2) Installing thrust plates

(a) Install the thrust plates to the No. 7 bearing
seat of the crankcase, with the oil groove side
of the plates facing out.

Qil grooves

(b} After installing the crankshaft, install the inner
thrust plate with the oil groove facing inside
the crankcase,

(3) Installing the crankshaft

(a) Wash the crankshaft with cleaning solvent,
and dry it by air blow.

- NOTE }

After washing the crankshaft, make sure that the
oil holes are clean and not clogged.

(b) Hold the crankshaft horizontally with a hoist,
then carefully put it on the crankcase,

(c) Lightly coat the journals with engine oil.
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(4) Installing main bearing caps

(a)

(b)

(©)

(@

(e}

Fit the lower shell of the bearing to each
bearing cap.

Install the thrust bearings to the No. 7 bearing
cap, with the oil groove side of the bearing
facing out.

From the front side of the crankcase, bearings
No. 1 to No. 7 are stamped on the caps. Install
the caps with these numbers on the front of
the crankcase.

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

Use a soft haminer to drive in the bearing caps
evenly.

(5) Installing bearing cap bolts

(a}

(b}

Temporarily tighten the bearing cap coated
with engine oil. Tighten the four bolts
alternately to the specified torque.

Make sure that the crankshaft rotates
smoothly.

(6) Measuring crankshaft end play

(a)

(b)

(©
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Tighten No. 1 through No. 6 bearing cap bolts
and side bolts to the specified torque, with
the No. 7 bearing cap bolt temporarily
tightened, then measure the end play.

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

Confirm that all cap bolts are tightened to the
specified torque.

l

“FRONT" mark

(50 kgf-m)
[360 Ibf-ft] (Wet)
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1. Description

«—{nlet
~---Exhaust

Exhaust

Exhaust pipe

Inlet air

Turboch .
urbocharger Cylinder

Air cooler
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2. Air Cooler

2.1 Disassembly

Fill space between element and
plates with SHINETSU Chemical-
make stlicone sealing compound
KE45-W or equivalent.

N

Replace packing |

R4

When you instalk ele- \ (zjlean eler_nem every
ment, apply Three Bond 000 service hours

#1360 to the thread - /@(’ :
) &y

Disassembly sequence

@ Bolt ' @ Bolt ® Packing
@ Packing @ Element ® Afr cooler case
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2.2 Inspection
(1) Cleaning air coolers

(a) Remove dirt built up from the air cooler by
directing high pressure air of 0.3 to 0.5 MPa
(3 to Skgffem?) [43 to 71 psi] (maximum) in
the direction opposite to air flow. Inspect the
cooler for corrosion and cracks.

(b) Wash the fresh water or salt water pipes in
water and caustic soda lime, then remove scale
deposits.

(2) Inspecting air coolers for air tightness

Immerse the air cooler in water, then apply high
pressure air of 0.4 MPa (4 kgf/cm?) [57 psi] to the
coolant side to inspect for air leaks.

( AACAUTION]}

A fresh water air cooler differs from a salt water
type in construction and material. Keep this in
mind when you handle a cooler.
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3. Exhaust Manifold

3.1 Disassembly and Inspection

[Cracks, damage, distonjonJ

Disassembly sequence

@ Coupling @ Exhaust manifold
@ Exhaust manifold ® Gasket
(@ Flexible joint

(ACAUTION — { }

—ACAUTION } { NOTE } .

When changing parts, be sure to use our {a) Place each gasket with the “MANIFOLD”
designated parts. Unless our designated parts are mark on the exhaust manifold side.
used, the exhaust emission regulations cannot be (b) If the gasket requires replacement, replace
met. all the cylinder together.

4. Pre-Cleaner

4.1 Washing the Pre-Cleaner

(1) Remove the pre-cleaner from the silencer, and

hand-wash with a mild detergent. il =
{2) Rinse the pre-cleaner with clean water. ¥y i~ detergent
(3) After drying thoroughly, reinstall the pre- [} 2 g

cleaner in the silencer. ’ Water g

{cleaning) insi
(———\N OTE Tt \{Z {rinsing)
. oA )=
If the pre-cleaner is cracked or damaged, replace. P \%\
{drying)
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5. Turbocharger (TF15)

5.1 Disassembly 1

Vane distortion, damage, rubbing
contact on back face and gas

erosion
Rubbing Rubbing contact with
contact with turbine wheel, cracks
COmpressor and distortion
wheel

"% [Rubbing contact
with turbine wheel}
and damage T

Vane distortion, damage, rubbing
contact on back face, gas erosion
and damage to ring grooves

Damage to bearing bore, gas erosion

~_ and distortion of turbine side flange

Disassembly sequence

@ V-clamp {@ Flinger sleeve @ Turbine housing
@ Compressor cover @ Piston ring @ Shaft & turbine wheel
@ Diffuser @ O-ring €D Piston ring
@ O-ring @ Oil deflector @ Turbine backplate
® O-ring - @ Thrust ring (compressor side) @ Bearing (compressor side)
® Lock nut . @ Thrust bearing @ Snap ting (compressor side)
(@ Compressor wheel @® Thrust ring (turbine side) & Snapring (turbine side)
® Snapring @ Bolt @& Bearing (turbine side)
@ Insert @® Lock plate @ Snapring (turbine side)

@ Bearing housing

—{ACAUTION }— , { ACAUTION)

When changing parts, be sure to use our Carefully handle the compressor wheel and
designated parts. Unless our designated parts are turbine wheel during disassembly and assembly,
used, the exhaust emission regulations cannot be since vanes can easily bend when dropped or hit.
met,
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(1) Preparing for disassembly

Mount the turbine housing @& on a vice by clamping
at the flange.

ACAUTION

Clamp the flange securely to prevent the turbine
housing from loosening or moving during work.

(2) Removing the compressor cover

—{ ACAUTION }—

The compressor cover @, bearing housing &
and twrbine housing {@ must be re-assembled in
correct orientation. Therefore, put alignment
marks with a punch or marker.

(a) Loosen the V-clamp (D using a socket wrench.

(b) Lightly tap around the compressor cover @
with a soft-faced hammer to remove the cover,

(3) Removing the diffuser

(a) Lightly tap around the diffuser @ with a soft-
faced hammer to remove the diffuser.

(b Remove O-ring @, B from the bearing housing
@.

{4} Removing the compressor wheel

(A\CAUTION)

Note that lock nut & has left-hand threads.

(a) While holding the boss of the shafi & turbine
wheel @), remove the lock nut ® fastening
the compressor wheel @).

INLET AND EXHAUST SYSTEMS
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(b) While holding the turbine wheel with one
hand, turn the compressor wheel @ lightly
with the other hand and remove.

(5) Removing the snap ring

Put a thumb on the snap ring to prevent it from
flying out in case the pliers lose grip.

Using the snap ring pliers @ (49160-90101), remove
the snap ring &.

(6) Removing the insert and oil deflector

(a} Using two screwdrivers, gently pry out fhe
insert & from the bearing housing @.

(b) Separate the flinger sleeve { together with
the piston ring @) from the insert @. .

(¢) Remove the following parts from the bearing
housing @ . :
(@ O-ring
@@ 0Oil deflector
@ Thrust ring (compressor side)
{® Thrust bearing
{® Thrust ring (turbine side)

(7} Removing the shaft & turbine wheel
(a) Remove the bolts {) and lock plates {®.

{b) While gripping the shaft of the shaft & turbine
wheel @ with one hand, hold the bearing
housing @ with the other hand and slowly
remove the shaft & turbine wheel from the
tarbine housing .




(¢c) ‘Turm over the bearing housing @ (so the
turbine wheel faces up), and place it on the
compressor cover. Then, remove the
following pants.

@ Shaft & turbine wheel

@ Piston ring

@ Turbine backplate

@ Bearing (compressor side)

(8) Removing the snap ring and bearing

{ ACAUTION | —

(a) Use the snap ring pliers (49160-90110) to
remove the snap rings @, @ and @.

(b) Carefully remove the snap ring, making sure
not to damage the inside surface of the
bearing house or the seal (turbine side) of
the piston ring.

Place the bearing housing ¢ on a workbench with
the compressor side facing up. Then, remove the
following parts.

@ Snap ring (compressor side)

@ Snap ring

@ Bearing } (turbine side)

@ Snap ring

INLET AND EXHAUST SYSTEMS
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3.2 Cleaning

Cleaning

Blasting machine are commonly used o clean
turbocharger parts by specialized service shops. If a
blasting machine is not available, follow the
procedures described below for effective cleaning.

When using a shot blasting machine, do not blast
on parts in the section marked -X in the diagram
on the right. Also do not blast on either surface
of the compressor wheel or the shaft of the shaft
& turbine wheel. :

ACAUTION -

When using a commercial neutral detergent,
make sure it is not corrosive.

(1) Visually inspect parts before cleaning. Check for
any scorching or scuffing marks which may wash
off during cleaning.

(2} Place removed parts in an incombustible solvent
(Cleaner T-30 manufactured by Daido Chemical

Industries, etc.) to remove oil and carbon.

deposits. Do not place O-rings, bearings or thrust
bearing in the solvent.

(3) Blow compressed air onto the inside and outside
surfaces.

8-10
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Use microwave cleaning device together
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(4) Using a plastic scrubber or hard brush, remove
the carbon deposits thoroughly.

ACAUTION

Be careful not to damage the pans.

When using a shot blasting machine, be sure to
cover the surfaces of the compressor wheel or
the ring groove to avoid damaging the surface
parts.

(5) Blow fresh compressed air again onto inside and
outside surfaces.

Coat the moving parts with engine oil.
Remove rust from the screw thread, shaft and
rings if present by puffing. Never use a file.
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5.3 Inspection

(ACAUTION -

When changing parts, be sure to use our
designated parts. Unless our designated parts are
used, the exhaust emission regulations cannot be
met.

(1) Measuring inside diameter of bearing-fitted
section

If the measured diameter exceeds the service limit,

replace the bearing housing.

Unit: mm [in.]

] Service
tem Limit
Inside diameter of bearing-fitted 36.014 [1.4179]
section of housing - i

(2) Measuring bearing outside diameter

If the measured diameter is less than the service limit,
replace the bearing.
Unit: mm [in.]

Service
Limit

35.847 [1.4113]

Item

Bearing outside diameter

(3) Measuring bearing inside diameter

If the measured diameter exceeds the service limit,
replace the bearing.
- Unit: mm [in.]

I Service
tem Limit
Bearing inside diameter 240335 [0.9462]

(4) Measuring bearing length

If the measured leagth is less than the service limit,
replace the bearing.
Unit: mm [in.]

1 Service
tem Limit
Bearing length 23.440 [0.9228]

8-12
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{ACAUTION)

When changing parts, be sure to use our
designated parts. Unless our designated parts are
used, the exhaust emission regulations cannot be
met.

(5) Measuring journal diameter of the shaft & turbine
wheel

If the measured diameter is less than the service limit,
replace the shaft & turbine wheel.

Unit: mm {in.]

Service
Tem Limit
Shaft journal diameter 23.996 [(1.9447]

{6) Measuring shaft deflection
(a) Set a dial gage at a location next to the
threaded section of the shaft, and measure

shaft deflection.

(T orminn
ACAUTION

INLET AND EXHAUST SYSTEMS

ey

If the shaft is bent, replace. Do not attempt to
correct the bend.

If the deviation indicated by the dial gage’

exceeds the service limit, replace the shaft &
turbine wheel,

{b) If the surface of the shaft journal is rough,
mount the shaft on a lathe, and gently polish
the surface using #400 sandpaper and engine

oil while rotating at 300-600 min™'.
Unit: mm [in.]
Service
Item Limit
Shaft deflection 0.015 [0.0006]

{7} Measuring piston ring end gap

Instaill a new piston ring squarely in the ingert, then
. measure the piston ring end gap.
If the end gap deviates from the assembly standard,
replace the insert.

Unit: mm [in.]

Ring end gap

. 0.05 10 0.20
Ring end gap [0.0020 1o 0.0079]
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5.4 Reassembly

]

VLT

| Reassembly sequence |

B->Q->@ -0 -B@-B -0 >V-B-D-F->B->V-B

@%@j

(A CAUTION |-
When changing parts, be sure to use our
designated parts. Unless our designated parts are
used, the exhaust emission regulations cannot be
met.

( ACAUTION}

(a) Replace the following parts once
disassembled.
@ Piston ring
@ Piston ring
@ O-ring
® O-ring
@ O-ring

(b) After installing the overhauled turbocharger
on the engine, crank the engine with the
starter to send lubricating oil to the moving
parts in the turbocharger.

8-14 -
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—{A\CAUTION)

If vanes are damaged or cracked, do not reuse
the part. ‘

If only one vane is slightly bent or scratched, the
part can be reused. However, do not attempt to
correct the bend.
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(1) Installing the shaft & turbine wheel and bearing

{a) Install the following parts.
@ Bearing housing
@ Snap ring
@ Bearing } (turbine side)
@ Snap ring
@D Snap ring (compressor side)

{ ACAUTION)

(2) Use the snap ring pliers (49160-90110) to
install the snap ring. After installing the snap
ring, rotate the ring with a finger to make
sure it rotates smoothly.

{(b) Apply engine oil to the outside and inside
surfaces of the bearing before installation.

(b} Place the bearing housing @ on the compressor
cover @, and install the turbine backplate @.

(¢) Insert the piston ring @) into the groove on the
shaft & turbine wheel €.

Y.arge space
Small space

Ring end gap

(d) When installing the shaft & turbine wheel @
mounted with the piston ring in the bearing
housing @, position the ring on the shaft as
shown in the drawing, and insert the shaft &
turbine wheel @ while rotating.
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(A CAUTION)

(a) Do not expand the piston ring excessively
or twist the ends when installing on the shaft
& turbine wheel.

(b) After installing the piston ring in the ring
groove, apply Moly Disulfide to the ring
before assembly.

(c) Do not apply excessive force without
centering the shaft properly during the
installation of the shafi & turbine wheel.

(e) After installing the shaft & turbine wheel D,
hotd the shaft end and turn over the assembly
so the compressor side faces up.

Then, install the bearing & on the compressor
- side.

After the assembly is completed, mount the

bearing housing @ on the turbine housing @

and fasten the bolt 0P temporarily.

(2) Installing the thrust bearing
Apply engine oil to both sides of the thrust ring (®
and thrust bearing (.

To install the thrust bearing, align the notch to the
groove pin.

{3) Installing the C-ring

Apply grease to the O-ring @, and install.
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(4) Installing the oil deflector

Apply engine oil to both sides of the thrust ring (@,
and install. Then, install the oil deflector @ with the
baffle facing down.

(5) Assembling the insert sub-assembly

(a) Install the following patts to the insert ().
@ Flinger sleeve
(D Piston ring
@ Insert

: ACAUTION

{a) Do not expand the piston ring excessively
or twist the ends when installing on the
flinger sleeve.

(b} Apply Moly Disulfide to the piston ring
instalied on the flinger sleeve, then install
on the insert carefully so as to avoid piston
ring damage. .

(b) After installing the above parts, install the sub-
assembly in the bearing housing @.
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(6) Installing the snap ring

With the tapered face facing up, install the snap ring
in the bearing housing @ using the snap ring pliers
@ (49160-90101).

[ ACAUTION)

(a) Be sure to install the snap ring in the correct
attitude.

{b) Lightly drive both ends of the snap ring,
using a screwdriver and hammer to securely
insert the ring into the groove on the bearing
housing.

(¢) Make sure the screwdriver does not hit the
bearing housing when driving the snap ring
with the screwdriver and hammer.

(7) Measuring clearance between the turbine wheel
and turbine housing

Set a dial gage on the end face of the shaft & turbine
wheel 0. Read the dial gage indication while moving
the shaft & turbine wheel in the axial direction.

If the dial gage indication deviates from the assembly
standard, disassemble and locate the cause of the
problem.

Unit: mm [in.]

Standard
Clearance

Ttem

Clearance between shaft & mirbine 0.58t0 1.32
wheel and turbine housing [0.0228 to 0.0520]

{8) Installing the compressor wheel

Install the compressor wheel ®. Tighten the lock

nut ® to the specified torque.

*  Lock nut tightening method
Tighten the lock nut to torque of 69 N-m (7 kgf-m)
[51 ibf-ft] first, then loosen it completely. Apply
Loctite No. 962T to the threads. Retighten the nut
to a smug torque of 9.8 N-m (1 kgf-m) [7.2 Ibfft],
then turn further by 90+3°.
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(9) Measuring play of the shaft & turbine wheel in
the axial direction

Set a dial gage on the end face of the shaft & turbine
wheel @.

Measure the amount of play while moving the
compressor wheel (D) in the axial direction.

If the measured amount of play deviates from the
standard value, disassemble and locate the cause of
the problem.

Unit: mm {in.]

Assembly

ltem Standard

Play of shaft & turbine wheel 0.075 to 0.135
in axial direction [0.0030 to 0.0053]

(10) Measuring clearance between the turbine
backplate and the back side of the turbine wheel

Remove the turbine housing from the bearing housing
@ . Install the compressor cover ), and conduct the”
following measurement.

Using feeler gages, measure clearance between the
turbine backplate @ and the back side of the wrbine
wheel.

— (A CAUTION}

Be sure to use two feeler gages, and take the
measurement at vane tips.

*  If the measured clearance deviates from the assembly
standard, disassemble and locate the cause of the
problem.

" Unit: mm [in.]

Standard
Item Clearance
Clearance between turbine
. 0.78to 1.22
baclfplate and back side of [0.0307 to 0.0480]
turbine wheel :
(11) Installing the turbine housing 21.6t025.5 N-m

(2.2 to 2.6 kgf-m)
(a) Check the mounting direction of the turbine [15.93 to 18.811bft]
housing (@, then install on the bearing housing

®.

(b) Apply Moly Disulfide to the threads of the
bolt @D, install lock plate @ and tighten the
bolt.
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(12) Installing the diffuser

() Apply grease to the O-ring ®, @ and install
the bearing housing @.

(b) Install the diffuser @.

(13) Installing the compressor cover

Check the mounting direction of the compressor
cover (D, then install.

(14) Installing the V-clamp
Install the V-clamp (D to the compressor cover @

and tap around it with a soft-faced hammer for more
than 3 times and tighten to the specified torque.
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LUBRICATION SYSTEM I

1. Description

r Rocker shaft Turbocha[rgcr

Piston Qamshaft

Oil thermostat

Piston cooling nozzle

Fan drive Oil cooler

Timing gear

Water pump /

LS
. = N, ™ Fuel injection
! ﬁ: \]K pump
. é{ 3
Crankshaft : / Oi{ strainer ‘ Ol pump
Filter bypass .
. ! Bypass oil filter '
Relief valve Oil filter Safety valve
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2. Oil Pump and Safety Valve

2.1 Disassembly

LUBRICATION SYSTEM

Worn or chipped 8
Cracks, other gear teeth
damage 3 ® D
Worn PP
3
g
QA R
,] 5y
Cracks, other {
damage /D
Replace O-ring Q®
3 Q’I @% /\a/:'“ Worn
| g & l Worn or chipped
D ,""E @ g u 3 N gear teeth
o Q—A @
gfg Replace O-ring @—
Cracks Weak, broken or
WOIn Spring
Cracks, clogged strainer
Wash in diesel fuel
Disassembly sequence
@ Support @ Drive gear @ Idler gear
@ Oil pipe ® Oil pump gear D Bushing
@ Oil strainer @ Driven gear @® Pump case
@ Safety valve @ Nut
® Pump cover @ Spindle
® Bushing @ Bushing
l‘ NOTE |

Before i'cmoving the pears, measure the backlash
of each pair of gears. If the measurement exceeds

the service limit, replace the gears.
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2.2 Inspection
(1) Inspecting oil pump gear backlash

If the backlash exceeds the service limit, replace the
gears.

Unit: mm [in.]
Tt Standard Service
em Clearance Limit
Backlash between oil [ 0.087 to 0.316 04
pump gear and idler {0.0034 10 o D 16]
gear 0.0124] )

{2) Measuring pump gear tip clearance

Use a feeler gage, measure the tip clearance. If the
clearance exceeds the service limit, replace the gears
or case, whichever is badly worn.

Unit: mim [in.]

(3) Measuring pump gear end clearance

lte Nominal Standard Service
m Value Clearance Limit
Pump gear 0.100100.196 | 1P
. ¢ 60 clearance:
radial [0.0032 to
[2.36] 0.35 . -
clearance 0.00771 (0.0138] Measuring pump gear radial clearance

Using a dial gage, measure the end clearance. If the
clearance exceeds the service limit, replace the gears
or case, whichever is badly wom.

Unit: mm [in.]

e Nominal Standard Service
m Value Clearance Limit
Sl B
¢ [1.34] 0020101 16 60og)
clearance 0.0045] )
Measuring pump gear end clearance

(4) Measuring drive and driven gear shaft and Unit: mm {in.]

bushing diameters

Ii Nominal Assembtly Service
: ‘ tem Value ‘Standard Limit
() Che:kfthe: gear teeth. Replace gears if they — YT T R
are delective diameter [09822t0 | 14 ggo3
& o 825 10.9827) :
(b) If the l:limeter exceeds the service limit, Bushing | . [098] [B5000w25021] o
replace the gears. inside 09843t | oo
diameter 0.98511 )
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(5) Measuring spindle diameter and idler gear
bushing inside diameter

Measure the diameter of the spindle and the inside
diameter of the bushing to determine the clearance.
If the clearance exceeds the service limit, replace the

bushing. .
Unit; mm [in.]
I Nominal Assembly Service
tem Value Standard Limit
Spindle 24,947 to 24.960 24.900
diameter (0982210 | 15 6503)
%25 0.9827] )
_Bughmg [0.98] 125.00t025.021 25100
inside [0.9843 to [0.9882]
diameter (1.9851] ’

(6) Replacing oil pump bushings

(a) Use oil pump bushing tool & to remove the
bushings for removal, If it is difficult to
remove the bushings, replace the bushings and
related parts as an assembly.

Removal Installation

Replacing oil pump case bushing

- (b) The press-in depths of the bushings are as Pump cover Pump case Idler gear
shown at right. —_
&
o=
{c) After installing each bushings, ream its inside 10004 5 -
diameter to 25H7*2%" mm [0.98H7 3% in]. [0.20]
1{0.041 -_|
[0.04]}
1 [0.04] .
{0.04]
Unit: mm [in.]
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(d) When installing the bushings to the pump case
and pump cover, align the bushing ends with
oil grooves. :

(7) Inspecting the safety valve

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

Assembly
Item Standard
Safety valve 1.37+0.10 MPa

opening pressure (14.0£1.0 kgffom?) [199+14]

Safety valve spring

| length under test 67.2 [2.64Y/
forceftest force, 384 (39.2) [86.4]
mm [in.}/N (kgf) {Ibf]

{(8) Adjusting backlash between crankshaft gear and
oil purop idler gear

After installing' the oil pump to the crankcase,
measure the backlash. If the measurement exceeds
the assembly standard, adjust the backlash by
inserting shimi(s).

Unit: mm [in.]

Item Assembly Standard
Backlz%sh between oil 0.12 16 0.18
pump idler gear and

haft gear {0.6047 to0 0.0071]

9-6
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2.3 Reassembly

Backlash:
0.087 t0 0.316 mm
[0.0034 to 0.0124 in.] ® (gear)

69 N.m
(7 kgf-m)
{50.6 1bf-ft]
=T ==
U U

33-_':6.7 N-m
(3.40.68 kgf-m)
[24.59+6. 67 Ibf. ft]

After degreasing nut { and Backlash:
spindle (% apply Loctite 262 to 01110023 mm
their threads and tighten them to (0.0043 to 0.0091 in.]
the specified torque. . Section A-A

[ Reassembly sequence |

®*®9®ﬁ®ﬁ®%®%@%®
BB -0

NOTE -
{ NOTE

Coat the pump parts with engine oil before
installing them. Apply a thick coat of engine oil
to the threads and seating faces of nuts (except
for flange nuts) and bolts when thightening them,
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3. Relief Valve

3.1 Disassembly
!
To turbocharger Pressure adjusting shim
| LE )
:gjé‘__ 222
— _ [P {
@ ZZ, - - l
N 4’:-/ i o > (]
) o
® ) R
' L P T
To main gallery N \
)
o Normal pressure —— _,_,_f.'_
i ‘ High pressure ==~ (
Disassembly sequence
@ Oil pipe, O-ring @ Spring ® Sleeve
@ Stopper @& Relief valve ® Plate

3.2 Inspection

- (1) Measuring relief valve pressure

(a) Remove the taper plug (PT 1/8) at the upper
of oil filter bracket, and attach a pressure

gauge.

(b) 'Warm up the engine until the oil temperature
rises to 70 to 90°C [158 to 194°F].

{c) Measure the o1l pressure at idling speed and
at maximum speed.

Testing relief valve setting

(d) If the relief valve setting is below the
Assembly standard, remove the oil pipe, and
adjust the setting by inserting shims into

between the oil pipe and spring.
Unit: MPa (kgf/cm?) [psi]
Item Assembly Standard
Set pressure 0.491t00.64 (510 6.5)
(at maximum speed) [71.1t0 92.4]
Relief valve opening 0.46 (4.7) [66.86)
pressure
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(NOTE |
i NOTE

The measured oil pressure might be above the
set pressure when oil temperature is low, but it
returns to the set pressure when oil temperature
rises.

(e) Ifthe setting does not vary after the adjustment
has been made, replace the relief valve and
spring. '

3.3 Reassembly

Reassembly is the reverse procedure of disassembly.

Install new O-rings during reassembly.

LUBRICATION SYSTEM
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4. 0il Cooler and Oil Thermostat

4.1 Disassembly

Holes clogged, crackingl

Replace O-ring

Replace packing

(ECATTON————

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

4.2 Inspection

{1) Inspecting oil cooler element

Test the oil path with compressed air of 1.47 MPa
(15 kgficm?) [213 psi] for damage or cracks in
the element. If there is any leakage, replace the
element.




(2) Inspecting oil thermostat

{a) Inspect the oil thermostat seal for deterioration
and cracks. If any are found, replace the seal.

(b) Refer to the drawing on the right that shows
the correct direction for seal installation.

{¢) Operation testing

Immerse the thermostat in a oil tub, and test it for
thermostat action by heating the tube to raise the oil
temperature. In the test, measure the temperature at
which the valves starts opening and that at which the
valve lift is more than 10 mm [0.39 in.]. If these
temperature measurements are out of the assembly
standard, replace the thermostat.

Unit: °C [°F]
Item Assembly Standard

Temperature at which valve 801084
starts opening ’ [176 to 183]
Temperature at which valve 95
lift reaches 10 mm [0.39 in.]

[203]
Or more :

1 NOTE p'

(a) Stir the water in the tub with a stick to
maintain even temperatures uniform during
test.

(b) At reassembly, confirm the valve opening
temperature stamped on its mounting flange.

LUBRICATION SYSTEM

-Installing direction r ’_@
'—\‘_‘H_-
o .

[:&,/ =

Thermostat

Installing seal for thermostat

4.3 Reassembly
(1) Replace new packing and O-rings for reassembly.
(2) Before reassembly, clean the vil paths of the oil

filter bracket, etc. by flushing them with oil and
blowing them with air.
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5. Qil Filters and Qil Filter Alarm

5.1 Disassembly

Full-flow filter

Clogging, cracks
Every 250 service hours,
replace

Bypass filter

Disassembly sequence

@ Oil filter (cartridge type) @ Oil filter alarm

9-12
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5.2 Inspection
(1) Inspecting the oil filter

When you replace the paper element, sample about
500 cm® [30.5 cu.in.] of oil and check for metal
particles. If any metal particle is found, unfold the
pleats of element and check the color and shape of
the particles trapped in the pleats to identify the cause.

(2) Inspecting the oil filter alarm

(a) Use atester to check the alarm for insulation
and continuity. If the alarm is found defective,
disassemble and repair it. Replace the alarm
if the bakelite or rubber insulators are
deteriorated or damaged.

(& If the alarm pressure is not within the
assembliy standard, adjust it by inserting
shims. For the thickness of a shim, 1 mm
{0.04 in.] corresponds to & change in pressure
of 0.007 MPa (0.07 kgf/cm?) [1.00 psi].

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

Item Assembly Standard
Pressure difference 0.15%%
across cil filter alarm (1.5 %%
that makes its valve open [21.3#37]
5.3 Reassembly

Reassembly is the reverse procedure of disassembly.

(1) Replace packing and O-rings for reassembly.

(2} Before reassembly, clean the oil paths of the oil
filter bracket, etc. by flushing them with oil and

blowing them with air.

(3) Mount the oil filter element on the bracket before
installation.

LUBRICATION SYSTEM

Shim
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COOLING SYSTEM

1. Cooling System with Radiator
2. WARLET PUITIP ..ottt i sisnises s e res s vena e s st e sasssvresrsesssnsshessesmeatnansasmassenranssonseasn
2.1 DiSaSSEmDBIY «vourmrnetc s et at sbnsre et e r e neae
2.2 IBSPECHON ..ottt st e assa s rr e s sessress e s bens ressras st s s sasr e s nassearenenarsanns
2.3 REASSEIMDBLY .....ooireireiecnieiencsnsnsaie e rsttmstest st ssesteses s e msase st sanesotseaesmre st st smesreresasnsnminn
3. THEIIMOSTALS ...coviriimsecerensisr rrsssissessseseresrssasesssmsst sren s anscatre prsma sustsbbesesnsoresssrsasss soraassessrevesssnnsssnsomses
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COOLING SYSTEM

1. Cooling System with Radiator l

|
|
Thermostat . Water outlet (rocker case)

Radiator T _ T er-‘ ‘ Aftercooler
\ I'l 1 ’ I:I 'l ! il’;' )
p—
: ! Qil cooler
Water pump _ “ Jf——
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COOLING SYSTEM

2. Water Pump

2.1 Disassembly

w Wom, damage,
deterioration of lip

Rotallon

Worn, damage

Wormn, damage, deteric-
ration of lip ' 3

Cormrosion, feathering,
due to rubbing

Worn, damage of
belt groove

Disassembly sequence

@ Nut, washer ® Impeller @ Bearing

@ Water pump pulley, key @ Unit seal @ Water pump shaft
@ Snapring @® Spacer, O-ring @ Bearing

@ Cover @ Oil seal @ Oil seal

® O-ring @ Snap ring ® Case
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COOLING SYSTEM

(1) Inspecting the wear pump on the engine

If the port is wet with water, inspect the unit seal for
water leakage. If it is wet with oil, inspect the oil
seal for oil leakage.

(2) Removing the impeller

(a) Remove the snap ring, with the water pump
pliers @ (37591-03100), then remove the
cover. i

(b) Remove the impeller with the impeller
remover B (37591-03200).

(3) Removing water pump shaft

Remove the snap ring from the front bearing. Using
a press or soft hammer, drive out the paump shaft
complete with the bearing toward the gear side.

|' ACAUTION )
Be careful not to damage the water pump shaft
and impeller during removal of the impeller from
the shaft.

10-4
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2.2 Inspection

Water Pump

Measure the inside diameter of the pump case bore
to which the bearing outer race is fitted. Measure the
diameter of the pump shaft on which the bearing inner
race is fitted. If the bearing, case, or shaft is
excessively worn, replace it.

COOLING SYSTEM

Unit: mm [in.)

Item Nominal Value Assembly Standard Service Limit
Inside diameter of pump case ¢80 [3.15) 79988 to 80.018 80.025
bearing ’ {3.1491.to0 3.1503] [3.1506]
Inside diameter of cover to which 290 [3.54] 89.987 10 90.022 90.025
the bearing outer race is fitted ’ [3.5428 t0 3.5442] [3.5443]
79.987 1o 80.000
80 (3.
, 280 3.13) [3.1491 10 3.1496]
Diameter 89.985 to 90.000
. : .985 to 90.
B .
earing 890 [3.54] {3.5427 10 3.5433)
L - 39.988 to 40.000
de d 401,
Inside diameter @ 40 [1.57] [1.5743 10 1.5748]
Diameter of pump shaft on which 440 [1.57) 40.002 10 40.013 39.995
bearing inner race is fitted T [1.574% to 1.5753] [1.5749]
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COOLING SYSTEM

2.3 Reassembly

=1
1

245 N-m

(25 kgf-m)
[181 tbf-fi] ﬂl. / Q1 _;Jj

O

o

B \Flush

<
N

O O

ts

Apply scalant (ThreeBond 1102) } | Apply grease tooil | | Apply LLC solution (antifreeze
to outside surface of unit seal seal lip solution) to floating portion of
unit seal at two places when
pressing the seal into impeller

[Reassembly sequence' ]

@%@6®A@A®A®a@+ﬂa®+®e®4@e®Q®A®
{ NOTE ‘[

(a) Replace O-rings, oil seals and unit seal
during reassembly.

(b) Install the ball bearings to the pumb shaft
with their sideplates on the oil seal side.
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(1) Using an installer, press-fit oil seal 8 into case
(. Make sure the oil seal surface is flush with
the case face.

Apply grease to the lip surface of the oil seal.

(2) Install bearings @D, @ to water pump shaft @
by striking with a hammer. Make sure the shield
plate of each bearing faces the oil seal side.

(3) Press-fit unit seal @) in case (9 using an installer.

NOTE }

If the unit seal is removed from the pump case,
- install a new seal during reassembly.

Apply sealant (ThreeBond 1102) to the periphery

of the unit seal,

(4) Install water pump shaft @ to the case by striking
with a hammer, and install snap ring @ to secure
it in place.

COOLING SYSTEM

Surfaces must be
fiush with each
other

Apply grease

Shield plates

i

Apply
ThreeBond
1102 1o

periphery

o

.
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(5) Using an installer, press-fit oil seal @ into case
(. Make sure the oil seal surface is flush with
the case face. Apply grease
Apply grease to the lip surface of the oil seal.

Surfaces must be
flush with each
other

L

COOLING SYSTEM - r
1
|
i
t

[o]
—

(6} Install the floating seat of the unit seal to impeller
®, and install the impeller to water pump shaft
D by striking with a hammer. Make sure end

faces are flush with each other. @\ / /E

Surfaces must be flush
with each other

- { NOTE } 7
Apply LLC solution (anti-freeze solution) to two
sections on the floating seat. . Floating
seat
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COOLING SYSTEM
3. Thermostats

3.1 Disassembly

Deteriorated, worn,
cracked

Disassembly sequence

@ Thermostat cover @ Snapring ® Thermostat seal
® Packing @ Thermostat : ® Thermostat case
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COOLING SYSTEM

3.2 Inspection

Immerse the thermostat in water, then rieasure the
temperature where the valve opens, then measure it
again when the valve lift is 9 mm [0.35 in.]. Replace
the thermostat if temperatures are not within standard.

Item Assembly Standard

71+£2°C
[159.8 + 3.6 °F]

Temperature for opening

Temperature for 9 mm

[0.35 in.] vatve lift 85 °C (185 °F}

{( AACAUTION }

{a) Stir the water to maintain even temperatures
during the test.

{b) At reassembly, confirm the valve opening
temperature stamped on its mounting flange.
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COOUING SYSTEM

4. Fan drive

4.1 Disassembly

Spalling, worn,
abnormal contact

Cracks, fatigue

Deterioration, cracks, 6\
damage
o B
20
a " »
QQ i Deterioration, cracks,
u k damage
"
f{:@‘ ' 4 | Breakage, distortion |

Disassembly sequence

@ Plate @ Fan drive case @ 0Oil seal
@ PFriction rubber & Packing @@ Slecve
@ Spacer, grommet @ Nut, washer @ Fan drive shaft
@ Busing @@ Fan drive gear, key @ Bearings
& Fan > Snapring @ Camshaft gear
® Friction rubber (@ Bearings ® Plate

{ ACAUTION -

If one of the fan blades is broken, this can cause excessive vibration and weaken the opposite blade. Carefully
inspect each blade for cracks or warping.
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COOLING SYSTEM

4.2 Inspection

(1) Measure the inside diameter of the bracket to
which the bearing outer race is fitted.
Measure the diameter of the shaft to which the
bearing inner race is fitted. If any bearing, shaft, i
or bracket is worn, replace it.

(2) Check the fan bushing for wear and damage and
replace if anything abnormal is found.

{3) Check the friction rubber for deterioration,
cracks, or damage. Replace it if necessary.

Unit: mm fin.]

Item Nominal Assembly
Value Standard

Inside diameter of | #100 | 99.987 to 100.022
fan drive case bore | [3.94] [3.9365 to 3.9379]
to which bearer g110 | 109.987 t0 110.022 s
outer race is fitted {  [4.33] | {4.3302 w 4.3316] _
@ 100 99 985 to 100.000 '
[3.94] [3.9364 to 3.9370]
@110 109985 to 110.000
[4.33] [4.3301 0 4.3307]
p 45 44,988 to 45.000

Inside [1.77] [1.7712 10 1.7717]
diameter @ 50 49.985 1o 50.000

[1.97] [1.9679 to 1.9685]

Diameter

Bearing

Diameter of pump B 45 45.002 to 45,013 ‘
shaft on which (1771 | {17717 to 1.7722]
bearing inner @ 50 50.002 to 50.013 ‘
race is fitted {1971 | [1.9686 to 1.9690]

1012




COOLING SYSTEM

4.3 Reassembly

000 —
Apply engine oil
000 ' to oil seal lip
0
108 N-m tiis)
(11 kgf-m)(80 Ibf-£t] éﬂ
N
Z A 392 N-m
@] CO) N " (40 kgf-m) [289 [bf-f1)
B —:—_ @
o O ;J;,_ ) 0
= | ., i :
N J
0 ® p L
000
176 N-m
{17.9 kgf-m) [129 Ibf-fi]
[ Reassembly sequence ]
@
Q-2 - 2020 -850 -2@-Q-0 >0 ->D

®->® .
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FUEL SYSTEM
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1. Description

FUEL SYSTEM ’
[
!
i
!
Fuel injection nozzle |

Leak off pipe

T oA

l |J o) _ﬁ h \
: —
! Fuel injection pump

' To fucl{} tFrom fuel =
Fuel filter | tank tank

_\‘\ Fuel feed pump

2. Fuel Filters

2.1 Disassembly and Inspection

[ Cracks, damaged threads | -

External damage

Disassembly sequence

" (D Element @ Fuel filter bracket
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2.2 Reassembly

FUEL SYSTEM

Air vent plug
781098 N-m
(0.8 t0 1.0 kgf-m)
[5.8 to 7.2 Ibf4t]

Apply fuel oil

| Reassembly sequence

@-0
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FUEL SYSTEM

3. Fuel Injection Nozzles

3.1 Disassembly

—C

Carbon deposits,

clogged spray hole,
sticking needle valve

Disassembly sequence

' Setscrew
& Cap nut, gasket

® Retaining nut

® Nozzle tip

@ Spacer

® Pushrod, nozzle spring, spring seat

(& Adjusting screw
@ O-ring
ACAUTION}

When changing parts, be sure to use our
designated parts. Unless our designated parts are
used, the exhaust emission regulations cannot be

met.

11-4
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3.2 Inspection and Adjustment
(1) Injection Pressure

(a) Install the nozzle on the tester & (83091-
(3301). Operate the handle of the tester at a
rate of about | stroke per second to observe
the pressure at which fuel is being injected.
If the pressure is out of standard, adjust the
pressure of the nozzle.

Unit: MPa (kgficm?) [psi]
Item Assembly Standard

34.32 10 34.81
(350 to 355) [4977 to 5048)

Injection pressure
(Valve opening pressure)

CAUTION

During injection testing, never attempt to touch
the spray hole of the injection nozzle.

FUEL SYSTEM

(b) To adjust the injection pressure, remove
setscrew (. While holding cap nut @ in a
loosened condition, turn the internal adjusting
screw with a screwdriver to adjust the
pressure.

(c) After the adjustment, tighten cap nut @ and
setscrew (D to the specified torque.

{ NOTE |-

When tightening cap nut @, use a screwdriver
to hold the internal adjusting screw and prevent
the screw from turning,

(d) After tightening setscrew (D, check the
injection pressure again to make sure it
complies to the assembly standard.

(2) Spray pattern

(a) When you are testing the injection pressure,
inspect each nozzle for clogged spray holes
and fuel leaks from the holes,

Also examine the spray pattern. If the nozzle
is faulty, wash or replace the nozzle tip.

—ACAUTION}
When changing parts, be sure to use our |
designated parts. Unless our designated parts are

used, the exhaust emission regulations cannot be
met.

M4 Nm
3.51t04.5 kgf-m)
25 to 32 1bf-ft]

—1

Decrease Increase
Injection g|ly injection
pressure pressure

) f
69 to 78 N-m
(7to 8 kgfm}
[51 to 58 Ibf-ft] =~

Rw¥ Y

Good Largeangle After Intermittent Whirling
spray spray dribble  spray spray
spray

) atterns
prRYP 115




FUEL SYSTEM

{b) When tested on the nozzle tester, the nozzle
should spray fuel from its ten holes at the same
time in a straight cone of 160 degrees. The
spray should consist of finely atomized fuel
particles without any large droplets. The spray
should terminate with no dripping.

{3) Washing or replacing the nozzle tip

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

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

{ 7. CAUTION)
{ ACAUTION

When pulling out the nozzle tip, do not damage
the tip @.

(c) Wash the nozzle tip in clean cleaning oil.
After washing, assemble the needle valve and
body in clean diesel fuel.

{ ACAUTION

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

(d) Tighten the retaining nut to the specified
torque.

{(¢) If the spray pattern is still bad after the nozzle
has been adjusted and cleaned, replace the
nozzie tip,

NOTE }
{ NOTE —

New nozzle tips are coated with vaseline to
preserve them. Wash them twice, first in gasoline
then in diesel fuel before you inslall them.
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3.3 Reassembly

FUEL SYSTEM

34t0 44 N-m
(3.5 to 4.5 kgf-m)
[25 to 32 Ibf-ft)
6910 78 N-m
(7 to 8 kgf-m)
[51 to 58 Ibf-ft]
6410 74 N-m
(6.5to 7.5 kgf-m)
[14.33 to 16.53 1bffi]

==

177 t0 196 N-m
(18 to 20 kgf-m)
[39.68 to 44.09 1bf-ft]

| Reassembly sequence |

®-® ~>®—> D300 >0 -@-0

(A\CAUTION }—

Tighten the retaining nut @ to the specified
torque. Excessive torque on the retaining nut will
cause sticky movement of the needle and will
result in exhaust smoke or the needie to stick.
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FUEL SYSTEM

4. Fuel Injection Pump (PS6)

4.1 Disassembly

Seat contacting
surface

Coniact
surface

Wom, scratches,
discoloratign,
corrosion, erosion

E
|

Worn and cracks on teeth,

worn of sliding surfaces

Rack mov:cment not smooth,
worn of teeth

Damage and scratches on
key grooves and seal
contacting surface, wear
of cam surface

Damage and scraeches on
bushing contacting
surfaces, cracks

Pitching, roller
surface roughness

]Disasscmbly sequence

(D Taper-proof nut

@ Rack set cap

@ Jam nut

@ Spring case

® Seli-locking nut

® Return spring

@ Drain plug

& Coupling

@ Flywheel, woodruff key
@ Feed pump

{0 Valve holder

@ CPV delivery valve spring seat
@ CPV delivery valve spring

11-8

{{ CPV delivery valve assembly
@ Deflector bolt

{® Barrel bolt, washer

(D Plunger assembly

@ Barrel shim

@ Bellows

@ Set screw

) Control rack

@ Tappet

@ Bolt

@ Front cover, bearing outer race
® Camshaft

@ Center bearing

i

@ Bearing inner race

@ Rear cover, oil seal, bearing
Outer race

@ Shim

@ Lower spring seat

& Plunger

@& Plunger spring

@ Upper spring seat

@ Pinion

@ O-ring

¢ Barrel

@ Pump case

@ Rack bushing

@ Check valve




(1) Preparing for disassembly

{a) The taper-proof nuts are of double
construction, freely rotate, -and cannot be
simply removed. Cut the outer cylinder nut
and turn the inner nuts to remove each taper-
proof nut.

(Z\CAUTION)

When changing parts, be sure to use our
designated parts. Unless our designated parts are
used, the exhaust emission regulations cannot be
met.

Work related to the exhaust emission regulations
can he conducted only at our designated service
factories.

(b} Remove the rack set cap.

(c) Remove the two jam nuts, and then remove
the spring case.

(d) Remove the self-locking nut, and then remove
the returnt spring.

{ACAUTION]

Do not reuse the removed self-locking nut.

FUEL SYSTEM

Outer cylinder nut

|
R

Inner nuts

Return spring

Self-locking nut
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FUEL SYSTEM

———{ AWARNING }

When lifting the injection pump with a crane or
other hoisting equipment, be careful not to drop
the pump. Also, do not allow anyone to walk or
stand under the crane’s operating range.

——{ ACAUTION }——

* Keep flames away when washing the injection
pump with a cleaning solvent.

* Wear goggles and otber protective gear when
using compressed air.

(¢} Hold the pump assembly stand (special tool}
with a vice.

Name of special tool Part No.

Pump assembly stand 48291-00100

(fi Remove the drain plug from the bottom of
the pump and drain oil from the case.

(g) Clean the outer surface of the injection pump,
and mount the pump on the pump assembly
stand (special tool).

| Injection pump mass |

60 kg [132 1b] |

{(h) Remove the couplings, laminated plates, cross
coupling, flywheel and feed pump.

{ NOTE }

L bt
When removing the flywheel mounting nut, insert
turning bar into the tuming bar hole located at
the flywhe<l periphery, in order for tthe flywheel
to avoid slipping.

11-10
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(2) Removing CPV delivery valves

———-{ &CAUTIONﬁ———

« Keep flames away when using diesel fuel.

+ Place each set of CPV and CPV seat in clean
diesel fuel. Do not change the original
combinations of CPVs and CPV seats.

Dismount valve holders, and remove spring seats
CPVs and CPV seats.

(3) Removing plunger assemblies

—————{ ACAUTION }———

Be sure to remove the deflector bolts before
removing the plunger assembly. If the plunger
assembly is removed without removing the
deflector bolts first, damage resulis in the
deflector bolts and plunger assembly.

FUEL SYSTEM

{a) Position the cam at the bottom dead center in
the cylinder from which the plunger assembly
is removed.

{b) Remove the deflector bolts from the pump
case.

-

(¢) Install the plunger holder (special tool) to the
threaded section at the top of the plunger.

Name of special tool Part No.
Plunger holder 48291-00301

(d} Loosen the two barrel bolts alternately, and
lift the plunger assembly and remove.

——{ ACAUTION ]——

Before disassembly, be sure to install the plunger
holder.

Due to the friction of the O-ring installed on the
barrel, the plunger spring may remain
compressed. When this happens, the valve does
not come out on its own.

If an impact is applied to the barrel in this
condition, the plunger spring can extend suddenly
and ejects the barrel. This can cause fingets to
be caught between the barrel bolt and barrel, or
results in other unexpected injury,

Deflector bolt

Both-side type (both-side lead}

Plunger holder

N

Plunger
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FUEL SYSTEM

(4) Removing the control rack
(a) Dislodge the bellows from the grooves of the
rack and rack bushing, and remove the
bellows.
{b} Remove the set screw from the back side of
the pump case, and pull out the control rack.

|| NOTE L,

{a) After removing the set screw, conduct a color
check or magnaflux inspection to make sure
there are no cracks.

(b) Do not remove the rack bushing unless
necessary.

(5) Removing tappets

Hook a wire to two small holes (4 mm [0.16 in.] in
diameter) on the upper side of the tappet, and pull
out the tappet.

{6) Removing the camshaft
(a) Unscrew four front cover mounting bolts, and
remove the front cover and bearing outer race.

(b) Lay the pump case on its side, and remove
two center bearing mounting bolts.

(c) Strike the camshaft on the drive-side end with
a soft hammer to remove the camshaft and
center bearing.

(d) Remove the bearng inner races from both
ends of the camshaft.

11-12
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v Tappet

]
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Bolt




FUEL SYSTEM

(7} Removing the rear cover
Remove the rear cover mounting bolts. Insert the
tips of screwdrivers into the notches located on
the sides of the rear cover, and pry out the rear
cover (together with bearing outer race) and the
shim.

(8) Disassembling plunger assemblies

———{ ACAUTION }————

* Keep flames away when using diesel fuel.

+ Handle plungers carefully to prevent damage
and scratches.

» Place the removed plungers in a tray filled with
clean diese] fuel, arranging parts neatly to ensure
correct installation in original cylinders.

* Do not change the original combinations of
plungers and barrels.

Plunger spring

(a) Mount the plunger assembly on the plunger comptession jig

spring compression jig (special tool).
(b) Press the knob on the jig to compress the
plunger spring, then remove the plunger

holder.
Name of special tool Part No.
Plunger spring compression jig 48291-00200
Plunger holder 48291-00301

Plunger spring Plunger holder

(c) Release the compression of the plunger spring

- wer spring seat
gradually, and remove the lower spring seat,

plunger and plunger spring from the barrel. lunger spring
¥ o
=7
) e
L4
Pluhger
Batrel
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(d) Remove the barrel from the plunger spring
compression jig, then remove the upper spring
seat, pinion and O-ring.

{ NOTE }

Do not remove the dowel pin.
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42 Inspection

—_A\CAUTION ]——

Keep flames away when using diesel fuel.

After disassembly, wash each part with clean diesel
fuel. Replace defective and damaged parts.

{1} Plungers and barrels

()
(b}

(©)

Inspect the lead section and tip of each plunger
for wear, scratches, discoloration and erosion.
After washing with clean diesel fuel, check
each plunger by tilting it approximately 15°
and lifting it approximately 30 to 35 mm [1.18
to 1.38 in.], as shown in the right diagram.
Change the plunger position by turning it
slightly, and check again, Repeat this
inspection two or three times for each plunger.
If the plunger falls too quickly or sticks before
it reaches the botiom, replace the plunger and
barrel as a set.

(2) CPV delivery valve

(a)

(b)

(c)

In each CPV, inspect the CPV seat face and
piston’s sliding surface, and check the barrel
contacting surface.

Wash parts with clean diesel fuel. Lift the
valve and let it fall, making sure that it slides
down smoothly to the CPV seat.

If the valve sticks, replace the CPV and CPV
seat as a set.

(3} Tappets

(@)

(b)

Check each tappet roller, roller bearing and

tappet pin for flaking, sectional wear and’

scratches.

Check overall clearance of tappet, tappet
roller, roller bearing and tappet pin. If the
measurement exceeds the service limit,
replace with a new assembly.

Unit: mm [in.]

Ttem Service Limt

Overall clearance of tappet roller

0.2 [0.008]

FUEL SYSTEM

Inspecting plunger for smooth movement

Measuring overall clearance of tappet roller
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(c) Inspect the plunger contacting surface of each
tappet.
If the amount of wear exceeds the service
limit, replace with a new assembly.

Unit: mm [in.]

Ttetn Service Limit
Wear of plunger contacting surface 0.2 [0.008]
of tappet

(4) Bearings

. ; . Inspecting wear of tappet
Check each bearing for flaking, abrasion and pectinig weat ot tappe

abnormal noise. If damage is found, replace with
a new part.

(5) Camshaft

(a) Check the key and key groove for excessive
play. Also check the tapered section for
scratches, and the cam faces for flaking, Oil seal contacting surface
sectional wear and scratches. If damage is -
found, replace the camshaft. {’_L—-r—m—l— }—

(b} Support both ends of the camshaft with V _H_ -
biocks, and measure runout at the center
bearing section with a dial gage. If the amount

of tunout exceeds the service limit, correct
with a press or replace with a new part.

[

Key groove

Inspecting camshaft outer surfaces

Unit; mm [in.]

e Assembly Service
Standard Limit
, 0.05 0.15 ’
Camshaft deflection [0.0020] [0.0059]

{c) Checkthe oil seal contacting surface for wear.
If the amount of wear exceeds the service
limit, insert an oversized sleeve.

——f&cmmn ——

Insert the oversize sleeve after installing the Measuring camshaft deflection
bearing inner race.

»  The bearing inner race cannot be installed
after the oversize sleeve is mounted in place.

Unit: mm [in.]

Nominal | Assembly | Service
Value | Standard Limnit

Outside diameter 34.938
of camshaft at oil ¢35 034963 | 34.800

seal contacting {1.38] [1.37551 {[1.37008]
section to 1.37649]

Ttem
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(6) Plunger springs and CPV springs

(a) Check the surface of each part for scratches e
and rust. ' —
(b) Using a square, measure the gap at the upper
end of the spring.
If the measurement exceeds the service limit,
replace the spring.
—

Unit: mm [in.]

Item Service Limit
Perpendicularity | Plunger spring 1.8 {0.071] Measuring perpendicularity of spring
of spring CPV spring 0.6 {0.024)

(7} Valve holders
(a) Inspectthe surfaces that contact high-pressure
pipes and CPVs for scratches.
(b) If the contact surfaces are scratched, replace
the valve holder, since surface scratches can
cause fuel leakage.

(8) Pump case
Check the pump case for surface scratches, dents,
cracks and damage. If critical flaws are found,
replace with a new part.

(%) O-rings, bellows and sealing washers
Replace all removed O-rings, bellows and sealing
washers with new parts.
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4.3 Reassembly

59 N-m i

131017 Nm (6 kgf-m) . ,
781083 N (1.3 10 1.7 kgfm) {43 IbFAi] . Wio38Nm
{80 t0 8.5 kgt-m) 2350255 Nm {94123 Ibifi] (11039 kgfm) 35,0 38 Nom
[58 to 61 tbfi] * (24 ta 26 kgfm) < 22028 () 1039 kgfm)
(174 10 188 Ibf-fi] ‘ 122 to 28 ibfAi}
21 Nem
N - ‘ (2.1 kgfm)
e _ 115 bf-ft}
2.1 kgf-m)
N\ [15 bR 167 10 177 N-m
ol |o— - (17 to 18 kgfm)
7 3010 38 Nom [£23 10 130 Ibf-fi]
(3.1 to 3.9 kgfm)
[22 1o 28 i-f
392 N'm
4 (40 kgf-m)
1289 Tbf-fi]
21 Mm
(2.1 kpf-m)
2t Kem (s lb%-ft] 2L Nem
{15 bE£] (1316ea) 103 t0 113 Nem
' (10.5 to 11.5 kgfm)
. {76 10 83 (b1}

Reassembly sequence —|
RoB 003 -3-30-0-@ BB ->0--B-D —)@—){Iﬁ)——)@—)@—a@ s DR R —)@—)@—)@—j
B3P -@ P @ - ) L)@—)@—)(S)—@—a@—@—)@

-

ACAUTION

Reassemble the fuel injection pump without
attaching the parts @ to (D, and install it on
the engine.

Perform a bench test, properly adjust the fuel
injection pump, and then attach the parts @

to .
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(1) Installing the bearing and front cover

{a) Install the O-ring and bearing outer race on
the front cover. To prevent damage to the O-
ring, apply engine oil or grease. -

(b} Install the front cover to the pump case by
striking with a hammer.

(c) Tighten the mounting bolts to 21 N-m (2.1
kgf-m) [15.2 Ibf-ft].

{2) Installing the camshaft and center bearing
(2) Install the bearing inner races on both sides
of the camshaft by striking with a hammer.

(b) Lay the pump case on its side.
{c) Place the center bearing on the camshaft, and
inseit the shaft into the pump case.

(d) Slowly turn the camshaft until the bolt holes
of the center bearing align with the bolt holes
of the pump case. Alternating the tightening
operation between the upper and lower
mounting bolts before reaching the specified
torque to ensure even tightening force.

FUEL SYSTEM

Installing the bearing and front cover

Bearing inner race

Installing the camshaft and center bearing (1)

Center bearing

(2.1 kgf-m)
[15.2 IbE-f]

Installing the camshaft and center bearing (3}

11-19




FUEL SYSTEM

[Installation of oversized sleeve]
® Cautions in installation

» Clean the seal contacting surface, and remove
burrs from the camshaft before inserting an
oversized sleeve.

» If the camshaft has deep grooves due to abrasion,
fill the grooves with metal-powder-containing
epoxy filler (ThreeBond 2084B main agent +
hardening agent, or equivalent}, and insert the
oversized sleeve before the filler hardens.

* Install the oversized sleeve so that it covers the
grooves, and make sure it does not extend to the
tapered section.

+ Apply engine oil to the end section of the
oversized sleeve when installing the oil seal.

® Procedure for inserting oversized sleeve on
camshaft
1. ‘Hold the camshaft with a vice.
2. Apply ThreeBond 1215 to the oversized
sleeve installation surface on the camshaft
(no need to apply Three Bond 1215 if
2084B has been applied already), and
insert the oversized sleeve, with the flange
section facing the camshaft, onto the
camshaft.
3. Using the sleeve installer (special tool)
and a drive tool, strike the oversized
sleeve with a soft hammer.

Name of special tool Part No.
Slecve installer 48202-09301
NOTE 'r

Use a wooden hammer or soft hamnmer to strike
the drive tool.

4, After the installation, remove the flange
section of the oversized sleeve at the cut
line on the flange section.
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Fill the grooves with Thref':Bond 2084B main agent +
hardness agent or equivalent, if worn groove is deep.

Tapered section
of camshaft

Sectionta .

Flange
section u’e cut off /

Worn groove

Cross-sectional diagram of oversized sleeve

- Sleeve installer

- Qversized sleeve

Driving jig and oversized slesve

Driving oversized sleeve

Removing flange from oversized sleeve
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(3) Installation of rear cover .
(a) Replace the oil seal of the rear cover with a
new part,

{ NOTE }

To prevent oil leakage, apply ThreeBond 1215
to the entire periphery of the metal ring before
press-fitting the oil seal.

(b) Install the bearing outer race to the rear cover.

(¢} Install the O-ring and shim to the rear cover,
and mount the rear cover on the pump case.
Be sure to apply engine oil or grease to the
O-ring and oil seal lip. If the camshaft has
been repaired with an oversize slecve, apply
engine oil or grease to the tip of the oversize.
sleeve.

Installing the rear cover

(4} Measuring camshaft thrust clearance
(a) Set a dial gage on the end surface of the
camshaft, and measure clearance with the cam
thrust ejector (special tool).

Name of special tool Part No.
Cam thrust ejector 48291-00400

Unit: mm [in.

Item Assembly Standard
0.02 t0 0.06
Camshaft thrust clearance
[0.0008 to 0.0024] Measuring camshaft thrust clearance

(b} If the measured clearance deviates from the

assembly standard, increase or decrease the Shim thicknesses
shim thickness to make adjustment.

© T h haft ak . Part No, Thickness (mm [in.})
C urn the camshaft to make sure it rotates 48202-14100 0.5 [0.0197]
smooth.
48202-14200 0.1 {0.0039]
48202-14300 0.15 [0.0059}
48202-14400 - 03 {0.0118]

{5) Installing tappets
{a) Install the tappet roller and rolter bearing in
each tappet, and insert the tappet pin in each
assembly.
{b) Apply lubricating oil 10 each part.
{c) Afier the assembly, make sure the roller
rotates smoothly without sticking.

Installing tappet (1)
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(d) Install tappets in the pump case by positioning

each tappet so the flat section of each tappet
engages securely with the stopper pin.

(6) Assembling plunger assemblies

(a)

Install three O-rings on each barrel.

| NOTE

(a)

{b)
(c)

=
‘Wash each part with clean diesel fuel before
assembly.
Use new O-rings.
Apply grease to the O-rings to prevent
damage during assembly. Install the O-rings
in the sequence of A, B and C.

(b)

©)

(d)

(e}

Install the pinion and upper spring seat on
each barrel by tapping with a hammer. Make
sure the pin inserted in the barrel is aligned
with the notch on the upper spring seat.

Position the assembled barrel, pinion and
upper spring seat securely on the plunger
spring compression jig (48291-00200).
Align the missing pinion tooth section
(missing tooth prevents erroneous installation
of the pinion to the rack) with the center of
the inspection window on the upper spring
seat.

Insert the stopper of the jig into the missing
pinion tooth section to secure the pinion in
place.
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(f) Align the flange section of the plunger with
the plunger seating section of the pinion by
using a screwdriver.

(g) Install the plunger, plunger spring and lower
spring seat.
Press down the knob of the jig to insert the
plunger into the plunger seating section, then
screw the plunger holder (special tool) into
the threaded hole in the plunger head.

(7) Installing the control rack
{a) Insert the control rack in the pump case,
making sure the “R” mark on the end surface
ot the threaded section is positioned on the
drive side, then tighten the set screw to 21
Nm (2.1 kgf-m} [15 lbf-ft].

(b) Look through the cylinder from the upper side
of the pump case, and move the control rack
so the thick tooth (three times thicker than
other teeth; designed for prevention of
incorrect engagement with pinion) is
positioned at the center of the cylinder in the
pump case. )

FUEL SYSTEM

Plunger seating section

7

Pinion

Flange

Assembling plunger assembly (4)

Plunger spring compression jig

Plunger spring Plunger holder

Assembling plunger assembly (5)

Wide tooth section on control rack

Installing the control rack (2)
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{8) Positional relationship of plungers and barrels © [Installation of plunger v.r'Tith-both—side lead]

——’——( MCAUTION ]—_ Plunger lead can 'face either direction.

Install the plunger and barrel, making sure the
lead and pinion teeth are positioned as shown in
the right diagram.

Stamped line
on barrel

Rack center line
Install deflector bolts (2 bolts) on both sides.

View from top
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(9) Installing plunger assemblies

——{ ACAUTION }————

Do not place fingers on the stopper plate during
installation to prevent fingers from getting caught
between the plunger assembly and stopper plate.

Plunger
asscmbI)_r

(a) Position the cam at the bottom dead center in
the cylinder to which the plunger assembly is
installed.

{b} Place the stopper plate {special tool} on top
of the pump case to prevent damage to the
pinion and control rack during the installation

of the plunger assembily.
Name of special ool Part No.
Stopper plate 48291-00500
- NOTE }—

If the stopper plate is not used during plunger
assembly installation, the teeth on the pinion hit
the teeth on the rack, causing rough edges that
hinder smooth rack movement.

{c)} Hold both sides of the flange of the barrel with
two hands and press down the plunger
assembly until the bottom side of the flange
contacts the stopper plate.

{d) Remove the stopper plate, and lower the
plunger assembly slowly. Do not apply
excessive force to press down the plunger Plunger
assembly. If the plunger assembly is jammed, assembly
turn the flange by jiggling it back and forth,

. then press down again.

{¢) Insert a standard barrel shim (thickness: 1.0
mm [0.04 in.]) under each barrel flange, and
align the reference mark on the barrel flange
with the alignment mark (small hole with

diameter of 1.5 mm [0.06 in.]) on the pump Installing plunger assembly (2)
case,
— A\CAUTION }f 78 to 83 N-m
In each cylinder, insert barrel shims of the same m (8.0t0 Bl-slégff'm)
o thickness, one in front and one in back. (Do not ; | f——— [58to61Ibff]
use two or more shims at one location.) If the . . Reference
shim thickness varies in the front and back of a - x = = mark

cylinder, the rack may not move smoothly, . T~ Barrel shim
causing hunting and other problems. \
Alignment
(f) Insert washers on the barrel bolts, and screw @ @ mark
the bolts snug. Then, using a torque wrench, _
tighten the bolts alternately and evenly to 78
to 83 N-m (8.0 to 8.5 kgf-m) [58 to 61 Ibf'ft].

11-25




FUEL SYSTEM

{g) Remove the plunger holder (special tool), and
check to make sure the control rack slides and
strokes smoothly.

(10) Measuring control rack sliding resistance
(a) After the pump assembly is completed, attach
a spring balancer to the control rack and make
sure the control rack moves smoothly over
the entire stroke.

Unit: N (gf) [1bf]

Item Assembly Standard
Control rack sliding resistance [4.9 {500) [1.10] or less

(b) After making sure the rack sliding resistance
is lower than the standard value, install the
deflector bolts on the pump case to 41 N-m
(4.2 kgf-m) [30 Ibf ft].

(11) Assembling CPV delivery valves

{a) Ineach barrel, install spring seat and valve
holder in that order.

(b} Install a new O-ring on the valve holder. Be
sure to apply grease to the O-ring to prevent
damage during installation.

{c) Tighten the valve holder to 235 (0 255 N-m
(24 1o 26 kgf-m) {174 to 188 Ibf-ft}. Then,
loosen the valve holder completely, and
tighten again to the same torque.

(12) Installing the bellows
{a) Insert the protrusions on the bellows into the
grooves on the control rack and rack bushing,
and install the bellows.
When installing, apply engine oil or grease to
the inside of the bellows in order to avoid
damaging the bellows.
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l
!
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|

Spring balancer

Valve spring

Spring seat
{constant pressure
valve type)

Installing the bellows




(13) Installing the flywheel

(a) Press-fit the woodruff key.
—{ NOTE ,l
The woodruff key may not stay in position
depending on the size of the key groove on the
camshaft. When this happens, adjust the shape
of the side wall of the woodruff key using a punch
before press-fitting (so that it fits tightly and does
not fall off).

(b) Install the flywheel by aligning it with the
woodruff key on the camshaft, and tighten the
jam mut to the specified torque,

(14) Installing the coupling assembly
(a) Install sets of short bushings, short bolts and
coupling washers in two diagonally located
holes in the laminated plate.
—5 NOTE |
Set the side of the covpling washer with a
radiused outer edge on the laminated plate.

4—[ ACAUTION }———

If the coupling washer is installed in the wrong
direction, the laminated plate can break.

When the laminated plate breaks, bolt damage
occurs and can result in a serious accident.

(b) While making sure that the short bolts and
coupling washers installed on the laminated
plate remain in place, install the laminated
plate to the cross coupling by screwing short
bolts with long bushings and coupling
washers in the remaining two holes in the
laminated plate from the opposite side.
Tighten the short bolts to 103 to 113 N-m (10.5
to 11.5 kgf-m) [76 to 83 Ibf-ft).

[ NOTE |
{ NOTE |

(a) Set the side of the coupling washer with a
radiused outer edge on the laminated plate.

{b) Use a spanner-type torque wrench to tighten
the short bolts.

FUEL SYSTEM

Flywheel

‘__J ; Woodruff key

Jam nut
329 N-m (40 kgf-m}
1289 1bf1t)

Installing the flywheel

Two locations

Radiused edge

I\

Coupling
washer

T I~ Short bushing

111]

[‘:EK\Shon bolt

Laminated plate

- Installing the coupling assembly (1)

Radiused edge
Long bushing Coupling washer
Short bolt ]
103 to 113 N-m i Cross coupling

(10.5 to 11.5 kgf-m)
[76to B3 Ibf-R)

Laminated Radiused edge
plate Coupling
washer
TTTTT]
Short bolt L
Long bushing/ ‘
Laminated plate

Insfalling the coupling assembly (2}
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(c) Tighten the two remaining short boits on the
laminated plate mounted with the cross
coupling to install the laminated plate securely
to the flywheel. Tighten the bolts to 103 to
113 N-m (10.5 to 11.5 kgf-m) [76 to 83 Ibf-t].

! NOTE |

‘When tightening the short bolts, be sure not to
drop the coupling washers.

{d) Install a set of short bushing, long bolt and
coupling washer at each of the positions (2
locations) on the other laminate plate that are
diagonal to each other, then ocosely tighten
the flange nuts to prevent them from

detaching.
NOTE }

Set the side of the coupling washer with a
radiused outer edge on the laminated plate.

(¢) Install the laminated plate to the coupling on
the drive side using the wide coupling
washers. Tighten the flange nuts to 103 to 113
N-m (10.5 to 11.5 kgf-m) [76 to 83 Ibf-ft].

() Install sets of long bushings and coupling
washers to the laminated plate, and install the
laminated plate to the cross coupling with
short bolts.

Tighten the short bolts to 143 to 113 N-m {105
to 11.5 kgf-m) [76 to 83 Ibf-ft].

|| NOTE |

{a} Set the side of the coupling washer with a
radiused outer edge on the laminated plate.

—'—[ /A CAUTION ]_———

Make sure that the *S™ mark on the camshaft end
and the key groove on the coupling are positioned
as shown in the diagram in installation.

Since the coupling can fit into position even if it
is turned 180° from the correct installation
position, be sure to inspect carefully to prevent
injection timing deviation.

Short bolt
1030 113 N'm
(10.5 to 11.5 kgf-m)

Installing the coupling assembiy (3}

_ Flénge mt
Coupling washer
gl 7T
tg E = | - OH 3
, T
Short bushing Laminated plate
Long bolt

Installing the coupling assembly (4)

s i

| i shonor

L \ (10.5 to 11.5 kgf-m)

76 to 83 Ibf-ft)
%ﬂ_‘ i E{[

Installing the cou_pling assembly (5)
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(15) Installing control rack return spring Self-locking nut
: ] Rctum spring
{a) Install the return spring, plain washer, and Jam nuts
spring washer to the control rack, and install
and tighten a new self-locking nut. T i
WA ||1||1|[
“ NOTE ', N T \
Adfter tightening the self-locking nut, flatten the Spring case
cylinder section. ‘

Installing control rack return spring

(b) Install the spring case.

The two jam nuts installed at the end of the
control rack hold the control rack at the maximum
injection position. Perform a bench test and
properly adjust the fuel injection pump after it
has been installed on the engine.

Be sure to install the fuel injection pump on the
engine in the specified manner. Otherwise, it will
fail to function.

11-29




FUEL SYSTEM

4.4 Adjustment
After the pump reassembly, mount the pump on
the injection pump tester and make the following
adjustments.

Adjustment of fuel injection timing
(1) Prestroke adjustment

(a) . Unscrew all deflector bolts from the pump
case.

(b) Remove the valve holder from cylinder No. 1
(driven side), and remove the spring seat,
valve spring and delivery valve.

(c) Set adial depth gage on the plunger head,
rotate the camshaft by hand to bring the
plunger to the bottom dead center while
reading the gage indication, and set the dial
depth gage indicator to “0.”

(d) Rotate the camshaft in the forward direction.
When the dial depth gage indicates “5 mm
[0.20 in.},” secure the camshaft in position.

(e) With the camshaft in that position, check to
make sure the pointer on the end face of the
pump case is aligned with the stamped mark
on the flywheel. If they are not aligned, put a
new mark on the flywheel at the pointer
position.

(f) Using a flashlight, check the position of the
top surface of the plunger head by looking
through the deflector bolt hole.
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(g)

——— ACAUTION }——

In each cylinder, install shims of the same
thickness, one in front and one in back. (Do not
use two or more shims at one location.)

Rotate the camshaft to adjust the position of
the top surface of the plunger head so the
barrel suction holes are closed. In this
position, if the pointer aligns with the stamped
line on the flywheel, there is ro need to change
the shims. If they do not align, change the
shims so that the pointer and the stamped line
on the flywheel align.

Increase of shim thickness — Retards
injection timing

Decrease of shim thickness — Advances
injection timing

(2) Adjustment of injection intervals

(@)

()

Using the injection start timing of eylinder
No. 1 as the reference point, measure the
injection start intervals of cylinder No. 2 and
subsequent cylinders in the injection sequence
by reading the angle scale of the pump tester.
If the injection start intervals deviate from the
specification, make adjustment by changing
the shim thickness in the same way as for
prestroke adjustment.

Item ! PS6

Injection start interval 60+ 0.5°

Injection sequence

6 cylinders 1-5-3-6-2-4

FUEL SYSTEM

Barrel shim

Barrel shim thicknesses

Part No. Thickness {mm [in.])
48202-04500 0.8+0.02 [0.0310.00079]
48202-04600 0.920.02 [0.035+0.00079]
48202-04700 1.0+0.02 [0.039+0.00079]
48202-04800 1.120.02 {0.04320.00079]
48202-04900 1.230.02 {0.04720.00079]
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Adjustment of fuel injection rate

——~——[ /ACAUTION

)—'

Keep flames away when using diesel fuel.

(1) Install the fuel hose and designated injection
pipe to the fuel injection pump. ‘
(2) Make adjustment in the following conditions.
s Test fuel: JIS class No. 2 diesel fuel
» Test fuel temperature: 40+10°C (104x18°F)

————of /ACAUTION }—

Do not attempt to adjust the injection volume
without proper equipment. The injection voiume
must be adjusted by our company or a Mitsubishi
dealer equipped with proper instruments.

Nozzle assembly part No.

37560-05000

(Outside diameter (mm [in.])
* Inside diameter {(mm [in.])
~ Length (mm [in.]}

(No. of nozzles — Nozzle B

diameter (mm {in.]) (10-90.29 [¢.0'01 14])

Nozzle valve opening pressure 35.0t0 35.5 (350 to 355)
MPa (kgffem?®) [psi] [4979 1o 5050]

Feed pressure 0.3+005(3+05)
MPa (kgffcm?) [psi] [43£7]

Injection pipe part No. 37561-37700

(¢7 x $2.8 — 1286)
{00.276 x $0.110 — 50.63]

Fuel pressure at pump inlet

03x+005(3£0.5)

MPa (kgf/cm?) [psi] {42.7 +0.7]
Lubrication oil pressure at 0.5£005(5x0.5)
pumpinlet MPa (kgf/cm?) [psi] [71.1+0.7]

* Injection amount adjustment specifications

Ytem Rack position / pump Average injection
rotation speed amount / number of strok

. . 17 run / 900 min! T2+ 3g/200st

Adjustment point 1 [0.67 in.] {2.54+0.11 0z.]

(3) To adjust the injection rate, loosen the barrel

bolts and slowly turn the barrel.
(4) After the adjustment, tighten the barrel bolts
altemately to the specified torque.
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5. Fuel Feed Pump
5.1 Disassembly and Inspection

Scuffing, rust on piston and
cylinder

Dust particles
Gauze filter: Wash with
diesel fuel

j Fatigue l

Disassembly sequence

(D Priming pump ® Valve {D Snap ring

@ Spring @ Plug ® Tappet

{3 Valve @ Spring @ Adapter

@ Plug @ Piston ({® Pump housing -
® Spring @ Push rod

—~————{ ACAUTION }——

Keep flames away when using diesel fuel.
s+ Do not remove the gauze filter if it is
clogged; otherwise the filter becomes twisted
and damage results, Remove as much dust
as possible through small holes, then remove
L the gauze filier with a screw driver,
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5.2 Reassembly .

B wHNm
(4.0 10 4.5 kgf-m)
{29 to 33 1bf-fi] 3%9t0 44 N'm
(4.0 to 4.5 kgf-m)
4 [29 to 33 Ibf-fi]
6 O
29w 34 N-m 290 34 N-m
Sfﬁfs‘?ffﬁf"’ (@) O {3.0t0 3.5 kgf-m)
(22 to 25 Ibf-i)
49 tp 59 N-m 490 59 N'm - T8t 88 N'm
{5 to 6 kgf-m) (5 to 6 kgfm) (B 10 9 kgf-m)
[36 to 43 Ibf-fi] [36 ta 43 1bf-] {58 to 65 Ibf ft]

| Reassembly sequence |

@-P-0-P->P-+@ - -P->B-0->D->0-0-D

(1) Tightening priming cap

(a) Tighten the priming cap lightly by hand until
vou feel a sudden increase of resistance. -

{ NOTE }

Mark the priming cap in this condition to facilitate
the subsequent procedure.

{b) Afterthe priming cap is tightened as described -
in step (a), tighten it further by 90° x 16° with When tightening 50° £ 10°
a wrench. by hand, the

tightening force () Priming pump ¢
[ NOTE ) increases at this /A ST TR

After tightening the priming pump cap, check that point
the priming pump head packing is not projecting.

—{ _AcAUTION }————

* If the priming cap is loose, engine vibrations ‘
can result in rapid wear of the internal Method for tightening the priming pump cap
threads of the priming cap, thus causing the
cap to eject and fuel to flow out.

+  If the priming cap is tightened excessively
(120° or move after tightened by hand), the
head section of the priming cap can be
damaged.

Head section or

1 head packing can
become damaged
when overtightened
(0 = 120° or more}
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53 Testing

——{ ACAUTION }——]

Keep flames away when using diesel fuel.

(1) Airtightness test
Plug the discharge port. Apply air pressure of
0.20 MPa (2.0 kpffem?®) [28.5 psi] to the suction
port, immerse the pump in diesel fuel, and check
for air leakage (air bubbles).

(2) Feed pressure test
Testing conditions
Suction pipe: Outside diameter 15 mm [0.59 in.],
Inside diameter 13 mm [0.51 in.], Length 2000
mm [78.7 in.].
Suction height: 1000 mm [39.4 in.]
Cam lift: 12 mm [0.47 in.}/revolution
Drive the pump in the above testing conditions,
and measure the discharge start time.

Unit: sec
Item - Assembly Standard
Feed pressure Discharge start time:
{pump at 100 min) 20 sec or less

(3) Priming pump suction capacity test
Discharge fuel completely from the feed pump
in the testing conditions described in (2). Then,
operate the priming pump at a rate of 60 to 100
strokes per minute, and count the number of
pumping operations required for fuel to reach the
pump.

Unit: st/min
Item - Assembly Standard

No. of pumping opera-

Priming pump discharge start tions: 30 strokes or less

(4) Feed rate test
Open the valve on the discharge side in the testing
conditions described in (2). Then, operate the
pump and measure the amount of fuel fed during
the first 15 seconds.
Unit: cm?® [cu.in.}/15 se¢

Item Asgembly Standard
Feed pump feed rate
(pump at 500 min'*}) 1100[67]

FUEL SYSTEM

® Air pressure: (.20 MPa
(2.0 kgf/icm?) [28.5 psi]

Measuring

cylinder

Tappet — ~—— 7~
Diesel fuel
Plug
Airtightness test
1000 mm 2000
Suction pump [3941in] 75 ¢ rlrl:n]l

Feed pressure test
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- ELECTRICAL SYSTEM

1. Starter

1.1 Disassembly

irregular wear, brush
movement in holder

Adhesion of brush particles,

=60

LI Wear of gear, damage |[Wear of gear |

|

Surface roughness,
seizure, step wear teeth,
wear and damage

otQEEDED

Disassembly sequence

(@ Safety magnetic switch ® Yoke assembly

@ Magnetic switch assembly ® Armature assembly
@ Rear bracket () Center bracket

@ Brush holder assembly . ® Lever assembly

12-2

@ Front bracket
@ Pinion case
@ Pinion clutch assembly




(1) After removing the safety switch, remove the lead
wire, then the magnetic switch assembly.

(2) Unscrew the through bolts and the brush holder
mounting screws, then remove the rear bracket.

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

{(4) Pull out the armature assembly.,

ELECTRICAL SYSTEM
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ELECTRICAL SYSTEM

(5} Remove the center bracket.

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

(7) Using a jig, remove the pinion stopper, then Unit: mm [in.] Pi
remove the overmunning clutch from the pinion pe
shaft, 4 5

007
1]
1 919.1{
R
N
[ NOTE | Unit: mm' fin.] Push ?3-52-3357] 20[0.79]
To remove the shaft bearing for replacement, use r-. =708l
a bearing puller as shown in the drawing. ] I i
1070.39] { | [ 4
. b
=(a
THY LIRS
Support M /’Y g
, 5 (0.20]
ap !

Pinion shaft bearing puller
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1.2 Inspection and Repair
Magnetic Switch
(1) Testing the magnetic switch coil
(a) Test the pressure coil and holding coil for an
open circuit. The coils are open-circuited if

there is no continuity between the M terminal
of the magnetic switch and the case.

ELECTRICAL SYSTEM

I Resistance: approx 1.16 ohms

(b) Apply voltage of 24 volts between the M
terminal of the magpetic switch and the case.
Under this condition, push in the plunger by
hand. When you release your hand, the
plunger should not be attracted.

(2) Testing magnetic switch contact points

Measure the load current flowing through the starter.
If the voltage drop between terminals B and M
exceeds 0.3 volts per 100 amperes, clean or replace
the contact points.

If the starter switch is turned to OFF during voltage
measurement, the battery voltage is directly applied
to the voltmeter. This can damage the voltmeter.
Always turn the starter switch to ON before
measuring the voltage, then turn it OFF after
measuring the voltage.

Do not apply 24 V on terminals to test the
magnetic switch movement.
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ELECTRICAL SYSTEM

Armature ) |
(1) Measuring the armature deflection -‘[ 2

Measure the deflection with a dial gage. If the
deflection exceeds the assembly standard, repair

or replace the armature.
Unit: mm [in.] )/ | \(

Item Assembly Standard
Armature deflection 0.05 [0.0020]

(2) Inspecting the commutator

{a) Check the condition of the commutator
surface. If it is rough, polish it with #400 to
#600 sandpaper. _
Check the commutator for deflection with a
dial gage. Replace the commutator if the
deflection exceeds the service limit.

Unit: mum [in]

Item Assembly Standard | Service Limit
Commutator 0.06 0.10
deflection [0.0024] or less [0.0039]

(b) Measuring the mica depth

Use adepth gage to measure the depth of each Improper undercutting
mica undercut. If the depth exceeds the repair ‘
limit, re-condition the mica.

Good

Unit: mm [in.] 0.7 t0 0.9 mm
[0.028 10 0.035 in.]
Item Assembly Standard | Repair Limit
Commutator mical ~ 0.7t00.9 02
depth [0.028 to 0.035] [0.008]
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ELECTRICAL SYSTEM

(3) Testing the armature

{a) Use a growler to test the ammature for short
circuits. If the hacksaw blade vibrates against
the core, replace the armature.

(b) Ifthere is continuity between the commutator
and shaft, replace the armature.

Field Coil

.5*5%7"\‘3,

(1) Testing for open circuits

If there is no continuity between the M terminal
of the field coil and the lead wire on the brush
side, replace the field coil.

Overrunning Clatch

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. If they
are damaged, replace the pinion.

ACAUTION

Do not immerse the overrunning clutch in
cleaning solvent to clean it. Immersion in
cleaning solvent will cause grease inside the
clutch to run out, causing clutch parts to seize
when operating.
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ELECTRICAL SYSTEM

Brﬁshes

(1) Inspecting for wear
Unit: mm [in.]

Item Assembly Standard | Service Limit
Brush height 221023 [0.87t0091)| 13 [0.51]

(2) Testing brush spring tenston
Unit: N (kef) [Ibf)

I Assembly Service
tem Standard Limit
Brush spring tension | 39.23 to 49.03 39.23
(4.0 w0 5.0) (4.0
[P0 11] 9

Safety Switch

Connect the safety switch as shown, and check the
starter and safety switch operations.

(1) Connect the R terminal to the battery minus (-)
side.

(2) Turn the switch on, and check that the starter
turns.

(3) After step (2) above is completed, if you remove
the R terminal from the battery minus (-) side,
or if you connect the terminal to the battery plus
(+) side after removal, make sure you stop the
starter operation.

(ECATTOR)————

When you are making connections, pay special

!

|

I
]

!

f

on 93
S ge
— ag
o
F
Unit: mrmn [in.]
Switch

Safety relay
Earth (E)

Connection to starter
body

attention to the battery’s polagty (+) (-).
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ELECTRICAL SYSTEM

1.3 Reassembly

g

[ Coat with grease

Reassembly sequence

B-0-P-B®-D-20-0-D->@-0-D

129




ELECTRICAL SYSTEM

(1} Install the center bracket, overrunning clutch, and
pinion stopper to the pinion shaft. Insert the shaft
in position by tapping it with a soft-head mallet.

(2) Install the shift lever and pinion shaft to the front
bracket by aligning the matching mark on the
shift lever.

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

(4) Install the brushes and brush holders.




ELECTRICAL SYSTEM

'NOTE L—
— NOTE |

" Install the positive (+) side brush and negative
' (—) side brush as shown.

(5) Install the rear bracket to the yoke by aligning
the matching marks. Secure the brush holders
with bolts, then tighten the through bolts. A,

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

Unit: mm [in.]

Item Assembly Standard
Armature end play 0.3 to 0.7 [0.012 to 0.028]

(7) Liberally coat the jriternal gear with grease, then
install the pinion shaft to the gear.
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ELECTRICAL SYSTEM

{8) Measure the end play of the pinion shaft. If the
end play exceeds the assembly standard, adjust
it on the internal gear side.

Unit: mm [in.]

ftem Assembly Standard
Pinion shaft end play 0.2 to 0.8 [0.008 to 0.031]

(9) Install the magnetic switch. Apply a voltage of
24 volts between the C and E terminals. Connect
the lead wire and energize the circuit between
the M and E terminals (within 1 second). After
the pinion has shifted, measure retraction length
of the pinion. If the measurement is not within
1.5 to 5 mm [0.06 to 0.20 in.], use the magnetic
switch adjusting screw to make adjustments.

(10) Secure the lead wire.

(11) Install the safety switch.




ELECTRICAL SYSTEM

2. Alternator

2.1 Disassembly

Dirty, burned slip rings,
worn oil seal contact Rotation
surface of shaft

Disassembly sequence

I Nut, washer ® Rotor assembly @ Rectificr assembly
@ Pulley ® Stator . @ Nutset

@ Setscrew @ Rear bracket

@ Front bracket assembly @ Regulator assembly

el
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ELECTRICAL SYSTEM

2.2 Inspection and Repair
(1) Stator

(a) Testing the stator coil for open circuits
If there is no continuity among the four lead
wires, repiace the stator.

{b) Testing the stator coil for grounding

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

(2} Rotor

(a) Testing the rotor coil for open circuits

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

{b) Testing the rotor coil for grounding

If there 1s continuity between the slip rings
and shaft (or core), replace the rotor.

{c) Measure the slip ring outside diameter

Using calipers, measure the outside diameter
of each slip ring. If the diameter exceeds the
service limit, replace the slip ring.

Unit: mm [in.]

. ltem Assembly Standard | Service Limit
Slip ring outside 32810332 324
diameter [1.291 to 1.307) [1.276]
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ELECTRICAL SYSTEM

{3) Brushes and brush springs

{a) Brush wear

Unit: mm [in.]

8.0 .
bl ice Limi Wear limit
Item Assembly Standard | Service Limit 21.5 [0.85] [031]
Brush height 21.5[0.85] 8.0[0.31]

(b} Brush spring tension

Unit: N (gf) [ibf]

Item Assembly Standard | Service Limit
Brush spring 3.1to43 1.8
tension (320 to 440) (180)

[0.70 to 0.97] [0.40]

{4) Inspecting rectifier

" To check individual diodes, measure resistance
between the diode lead wire and heat sink. Heat sink (-)
Connect the positive (+) test lead wire to the diode
and measure resistance. Then, connect the
negative (—) test lead wire to the diode and
measure resistance again. If both measured values
are infinite, the diode circuit is open. If both

" measured values are close to 0 (zero), the circwit
is shorted. If the diode has an open circuit or is Heat sink (+) Diode lead wires
shorted, it is defective, and the rectifier must be
replaced.

Trio-diodes

i
!f’él
| ] | flndy Mﬂ'h M
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ELECTRICAL SYSTEM

2.3 Reassembly

=

132 t0 162 N-m
{13.5 to 16.5 kgf-m)
[97.36 t0
119.481bf-ft]

Reassembly sequence

DB 230D DB -0-0

(1) Installing the brushes

Use a push wire to install the brushes in the brush
holder as shown in the right drawing. Install the rotor.
Be sure to remove the push wire when you are
finished.

Wire
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WORKSHOP TIPS
1. Precautions for Disassembly and Reassembly

1.1 Oil Seals

When installing oil seals, carefully observe the
following points.

(1) Driving oil seals into housings

(a) Check the seal lip for damage, and make sure
to position correctly in the housing.

(b) Apply a smear of grease to the surface of the
oii seal to fit into the housing bore.

(¢} Usean oil seal driver to guide the seal lip and
drive the outer diameter squarely. To avoid
damage to the oil scal and leaking, never
hammer on it directly.

Qil seal driver

(2) Driving oil seals onto shafts
(a) Apply a smear of grease to the oil seal lip.

{b) Use an oil seal guide of the type shown when _ v =
driving the oil seal over the stepped portion, 7
splines, threads, or key way to prevent damage
to the oil seal lip.

Oil seal guide

13-2




g T ST TR TSRPS0 T ML Ay e e

WORKSHOP TIPS
1.2 O-Rings
Use an O-ring guide to install an O-ring over stepped - ®
parts, splines, threads, or key way to prevent damage T
to the ring. Apply a smear of grease to the O-ring
before installation. ' T ﬂ m'm // '—
<t

O-ring guide
1.3 Bearings
(1) When installing a rolling bearing, be sure to 6

push the inner or outer race by which the bearing
is fitted. Be sure to use a bearing driver like the

: - 111 _ < I_‘—_’
one shown in the drawing. ( 1“1” /]

Bearing driver

(2) Whenever possible, use a press to minimize shock
to the bearing and to assure proper installation.

Bearing installation with a press
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WORKSHOP TIPS

1.4 Lock Plates

Bend lock plates against the flats of the nuts or bolt
heads as shown.

1.5 Split Pins and Spring Pins

Generally, split pins are to be replaced at once
disturbed. Insert the pin fully and spread it properly.
Drive each spring pin into position to hold it in place
after later instaliation of parts has been completed.
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