


SERVICE DATA
L

2.1.5 Cooling system
Table 2-12 Tightening torque list - Cooling system

UL e il e el Threads. . Jorque i, b I I
L 0. Déscription " WP Dias Piteh R P R 7. Remark
S LT R mmy Nm © ckghmt L bt R DL
Water pump impeller M22x 1.5 196 + 20 20£2.0 114.7 £14.5
Water pump pulley M24 % [.5 2454:25 25£15 181 £ 184
2-way water pump pulley {nut) M20 = 1.5 11249 IL5=05 83£3.6
Water pump tension pulley {thrust plate) JM12 % 1.25 98 i 72 Jackel water pump side
Water pump tension pulley {thrust plaic) MI12 = 1.25 98 10 72 2-way water pump side
2.1.6 Electrical system ) .
Table 2-13 Tightening torque list - Electrical system
: . Threads ¥ -x, -0 JTorque:.. T e - .
Description' C DiaxPitch | — 1~ T .- .. . Remark." .
o Ty T N b | T
Starter B terminal M10 > [.25 19.610255 20026 14.5t0 I8.8
Altemator pulley {nut) M20 = 1.5 1320 162 13.5t0 16.5 97610 1193
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SERVICE DATA

21.2 inlet and exhaust system
Tabie 2-9 Tightening torgue list - Inlet and exhaust system

S st e | Threads e e s 0 wTorque oy it o e
"l Deseription..” ;7| Dia X Pitch "7 T -7 Remark -

CoLe R e o ) e Nem T ckgfm L IR e e

Exhausl manifold ' MI10 * 1.5 59 to 69 6107 43 w 50

Turbocharger compressor wheel (nut) Mo x| - . - Note left-handedihread

Turbocharger V-clamp M6-1/4 UNF 781098 0810 1.0 58072

Note: Tighten nut 9.8 N-m {1.0 kgl'm} [7.2 Ibf-ft] and [oosen it. Retighten to 9.8 Nom {1.0 kgi*m} [7.2 Ibi*1}, and turn to the
angle 80£3°.

2.1.3 Fuel system
. Table 2-10 Tightening torque list - Fuel system

S no o o fooTheeads T T v Torque e o Lo L
_ . l'Description ~ -"*7 i) <Dig® PRitch [ [T T ... Remark" - -
O S O AR PR (111)) SEORH RS kLR B e L LR IR L TR O PP S SR,
- . - @ am - : P N ! 5 B RS H R TIE T I R T .
Fuel injection pump bracket MI0 = 1.5 RE R 5.9£0.59 43£4.3
Fuel mjeclion pump MG = 1.5 58+£29 59403 4322
Prive side coupling MI2 = 1.25 831093 851695 61.5to0 68.7 | Tightening slit area
Luminated plate MI12 % 1.75 831093 851095 61.510 087
Fucl rack control lever ME = 1.25 25425 25025 181+ 1.8 2-step tightening method
[Fuel feed pump injet Ml4x15 25w 29 251w 3.0 18.1 w0217
Fuel injection nozzle retaining nut MIL19=0.75 591w 78 608 43 to 58
Fucl injection nozzle inlet connector Mld % 1.5 69 ta 79 708 51t 58
Fuel injection nozzle connector MI10 = 1.0 29t0 39 3104 221029
Fuel injection nozzle holder eyebolt M0 % 1.0 13t 20 1.5t02 Itol4
Fuel mjection nozzle gland (nut} MI12 x 1.25 39£2.9 603 43x22
Fuel filter air priming plug MB x {.25 St k0 0.81t0 1.0 6107
fostall of fuel injec- M1d x 1.5 34434 3.5£035 25+25
e tion pump
Fuel injection
pump stay [nstall of crankease MIER = 1.5 58+ 5.8 5.9+0.59 4343
Connect to stay M12 = 1.25 g £ 11 11=+1.1 30 +38.0

2.1.4 Lubrication system .
Table 2-11 Tightening torque list - Lubrication system

oot o )i, o Thredds -4 b, Le, L Torguer -os 0 i
AR piaxPit&:h"“ T =
SR PR (11721 EEEUN IR\ LU P &

Qil pump gear (nuty M27 = 1.3 294215 30£1.5 217 £ 11
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SERVICE DATA

2. Tightening torque table
2.1 Major bolt tightening torque
2.1.1 Basic engine

.
v

Table 2-8 Tightening torque list - Basic engine

T T T ineads ] 7 Torque -l U
2. . Description  -.° ’:| . Dia x Pitch ~ - T ; Remark :
e e O A N
Cylinder head M20 % 2.5 39220 401420 2894 14.5 | [Wert] 2-step tightening method (Note a)
Rocker cover . M2 =125 13t0 17 130 8.7 Yo 12
Rocker shaft bracket MI12 x |.75 49+£23 5025 (. 36218
Rocker amm (fock nuts) wl12= 125 64+64 6.5+ (.63 47247
Bridge (lock nuts) M0 = 1,25 55455 5.6=0.56 4] £4.1
Camgshaft gear {lock nut) MM » 1.5 299+ 15 30x1.5 217 £ 10.8 | Left-hand threads
Main bearing caps (Note b) M24 x 3.0 588 +294 a0 +3.0 | 434+ 21.7 | [Wet] {Note b)
Main bearing cap (side bols) MI6 x 2.0 14774 15£0.75 108+ 54 | [Wet] (Note b}
Piston cooling nozzle MI12 = 175 3434 354035 12532253 | (Notec)
Mi2 = 175 98 £4.9 1005 7236
Timing gear case
Mi6 = 1.5 255+£ 128 26%1.3 18894
Rear plate MI12 > .25 98 +£4.9 1005 723436
Oil pan MI10 = 1.3 39+£39 404 29+2.9
Front mounting bracket M20 x 1.5 392+ 20 4020 | 289145
Rear mounting bracket MI8 25 24512 25+ 1.3 18E=94
Flywheel M22 x L3 539=27 55+2.8 398 4203 | {Wet)
Duamper and crankshait pulley M22 % 1.3 539£25 3523 39818 | [Wel]
- Idler gear M10 * £.25 39x39 4£04 29+29
Idler shafi M12=1.75 5427 55=028 | 398+2.03
Injection pump gear (nut) M30 % 1.5 20415 0+ LS 217+ 10.8
Connecting rod bearing caps
+r .. : Torque method (2-step tightening.method) * - -} . -+ - Angle method (2-step tightening method). © ~ <o
343 % 17 Nem {35 % 1.8 kgfm} [253 = 13 (b)) Snug torque 147 = 7.4 Nem {15 £ 0.75 kgfm} [108 = 5.41 [b&A] — 45 £ 3°

Note: (a} To tighten cylinder head bolts according to the angle method, follow the sequence described below.
[.Tightcn to snug torque of 1184 5.9 N'm {12 £ 0.6 kgfm} {87 + 4.3 ibf{i] (short bolt) or 196 £ 9.8 N'm {20 £ 1.G
kgf-m} [145 + 7.2 1bf*ft] (long bolt).
2. Tighten by turning 30 £ 1.5°, '
3. Tighten by further turning 30 % 1.5°, (total of 60 = 3° turn)
4.Loosen all bolts, and tighten again according to the angle method. (2-step tightening method)
{b) To tighten main bearing cap bolts and main bearing cap side bolts, observe the specificd sequence.
I Tighten the main bearing cap bolts to the specified torgue.
2.Tighten the side belts on the right side of the engine to the specified torque.
3.Tighten the side bolts on the left side of the engine to the specified torque.

(c) To tighten piston cooling nozzles to the specified torque, be sure to use a torque wrench. Tightening without the use
of a worque wrench could result in cxcessive tightening force, and this could cause check valve malfunctions and lead
to seizing of pistons due to insufficient supply of lubricating oil during engine operation.

(d) When [Wet] is indicated, apply engine oil to the threads and bearing surfaces of the bolts and nuts,
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SERVICE DATA

1.7 Electrical system

Table 2-7 Maintenance service data table - Electrical system Unit: mm [in.]
. r.r.voe llnspectionpgint S .0 - .| "'Nominal |° . Standard: - L oLimit- t-- Remark. .,
Diameter 243 [1.69] a42[1.65]
. ) "
Commutator Runout 0.06 [6.0024] less or 0.190.0039]
: ) 0710 0.9
M th .2 [0
ica dep [0.028 10 0.035] 02 [0.0083
. 221023 .
Heigh h
cight of brus [0.87 t0 0.91] 13.5 [0.53]
44,13 N 392310 49.03 N 39.23N
Tension of brush springs (4.5 kef) (4.010 5.0 kgf) (4.0 kef)
[9.9 1bt] [8.8 to 11.0 Ibd] [8.81tb1]
. . 20.002 10 20.011
D 1 sid 0 {0.
iamcter of shaft front side 5200079 [0.7875 to0 0.7878]
Startex A Replace armature.
mature . . 13.941 to 13.968
f t shatt d 405
Diameter of shaft rear side a 14 [(.55] [0.5485 10 0,5499]
Shaft runout 0.05 [0.0024] 1/2 value of runout
. . 30.002 1o 30.01
t . HYIN|
Shaft diameteron rear side e 30[1.18] [LI812 1o L18120]
Pinion shaft
. . 18.900 to 18.940
o [y
Shaft diameteron front side o 19[0.75] [8.7841 10 0.7457]
- 02w
Armature end play [0.008 to 0.024]
L 021008
: t of ft i :
Measurement of pinion shaft end play [0.008 to 0.031]
1500
- 104 A or more
min )
Qutput char- . 2500
acteristics Rotating spead min 154A or morc
5000 143A or more
min”! (when hot)
il
Regulated voltage{Alternator 5000 min™', 285405V
load 5A or more)
Ficld coil resistance (at 20°C [68°F])} 18t04.5 Q
Alternator "B b length 23 [0.91] 8 f0.32]
When pressed with
thumb as shown in the
right diagram.
98 told7 N
_ 110 to 15 kg
. . 101015
Alternatot drive belt tension 039 t0 0.59] [22 10 33 Ibf])
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SERVICE DATA

1.6 Inlet and exhaust system )
Table 2-8 Maintenance service data lable - Inlet and exhaust system Unit: mim [in.]
. inspection point > » > . | Nominal | - . Standard.;:" |.. . Limit Remark’ -
Inside d.mmeter of bearing-fitted scetion 30.006 [1.1813]
of housing
Outside diameter 29.876[1.1762]
Rearing Inside diameter 18.050 [0.7106]
Length 17.440 [0.6866]
Shafi & furbine Journal diameter [7.996 [0.7085]}
wheel Shafl defiection 0.015 [0.0006]
Turbocharirer
Piston ri 4 0.0510 0.25 Piston 1ing [itled in
Iston fing end pap [0.0020 10 0.0098] | insert
Shafi & wrhine wheel and wybine hous- 0.29t0 0.91
ing clearance [0.0114 to 0LO358]

Shatt & turbine wheel in the axiat direc-

tion play

0.075 ta 0.135
[0.0030 to 0.0053]

Turbine backplate und buck side of the
shaft & turbine wheel clearance

0.65 (o 1.25
[0.0256 to 0.0492]

2-10




SERVICE DATA

-,

Table 2-5 Maintenance service data table - Cooling system (2 / 2) Unit: mm {in.]
Tl amnsn :.TAlnsf)ecti‘onuppintfl;{;t.(:y“j.' * "' Nominal ‘Standard |+ |i: 2 Limit .- a0 Remark o,
Temperature at | Primary 71°C [15%.8°F] Tl +£2°C [l60 £ 3.6°F] Check at atmosphetic
which valve - ”
HeC starts opening | Secondary | 74°C [165.2°F) 74 £ 2°C {160 £ 3.6°F) pressure
rating
Temperalure &l which valve o o
lift is 10 [0.39] or more 83°C [185°F]
Thermostat =
Temperature at | Primury 35°C [95°F) 352 2°C [95 £ 3.6°F] Check at atma
which valve . )
35°C | stars opening | Secondary | 38°C [100°F] 38+ 2°C [100 £ 3.6%F] spheric pressure
raling - . .
Temperature at which valve
= 20T
liftis 10 [0.39] or more S0°C [122°T]
99987 to 100.022
A @ 100 [3.94] [3.9365 10 3.9379]
Bearinyg bure diameter
108.987 10 110.022
o 110]4.33] (43302 to 43316
Inside 44.988 10 45.000
diameter 245 [1.77] [1.7712 w0 1.7717]
Small
Outside 99,985 to 100.000
_ diameter 0 100 [3.54] [3.9364 1 3.9370]
Fan drive Bearing — T
naidc 39,988 to 40.000
diameter @40 [1.57) [1.5743 10 1.5748]
Large
Ouiside . 109.985 10 110.000
diameter o 10]4.33] [4.3301 to 4.3307]
40.002 to 400013
o 40{1.57] [1.5749 10 1.5757]
Shaft bearing journal diameter
45.002 to 45,013
p4311.77) [1.1717 w 1.7722]
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SERVICE DATA

1.5 Cooling system

Table 2-5 Maintenance service data table - Cooling system {1/ 2)

Unit: mm [in.]

“

* Inspection point, i, . e

17 Norinal-

. Standard. . . -

.. Limit

Remark " ...

61.988 to 62.018

o 62 [2.44] .
Inside diameter of beartng fiting bore [2.4405 to 2.4120]
in case 71.988 to 72.018
0 721283] [2.8342 to 2.8353]
Inside 29988 to 30.000
diamcter o 30 (118 [L.t806 1 1.1811}
Small
Outside 61.987 to 62.000
| diometer | 621244 [2.4404 10 2.3409]
Bearing
Water. pump Inside 30 [1.18] 29,988 to 30.000
diameter @ ' [1.1806 to £.1811]
Large
® Quiside 72 {2.84] 71987 1o 72.000
diameter- *|  © 77 [2.834] 10 2.8346)
Outside diameter of shalt 30.002 to 30.0H |
bearing journal a3 [],']3] [i.1812 to |.1820]
. . Lhto 1.4
Clearance on impeiler front end [0 024[; lg 0.0551]
Clearance on impeller rear end 1.0 [0.0393]
Insidc dizmeter of bearing fitting bore 62 [2.44] 61.988 t0 62.018
in case : Aoz L [2.4405 10 2.4420]
' 67.961 to 67.991
Case bearing bore diamcter v 68 [2.08) (2.6756 ‘g 26768)
Inside 27.990 10 28.000
bl
} diameter 228 {1.10] [1.1020 to 1.1024]
2-way Bearing
WRIET pummp Qutside 68 [2.66] 67.987 10 68.000
diameter 068 (2. [2.6766 to 2.6772]
28.002 015
Shaft bearing journal diameter 228 {1.10] 0 Bl poiet ?81 833]
0510 1.1
Vane front face clearance 0.8{0.031] [0 0,)3 12 0.043]
[nside diameter of pulley in which bear- 280 (3.15] 79.961 to 79.991
ing is fitted ' [3.1481 1o 3.1492]
Inside 0 35 {1.38] 34,988 10 35.000
W‘:‘N pump dameter Nl [1.3775 10 1.3780]
beht Bearing
tension pully o OCutside 79.987 10 80.000
diameter o8O [3.15] [3.1491 to 3.1496)
Outside diameter of shaft on which 35 [1.38] 34.984 to 35.000
hearing is fitted 2o L [1.3773 1o 1.3750]
Inside dinmeter of pulley in which bear- 52 [2.05] 51.970 to 31.993
ing is fitied - ’ [2.0461 10 2.0470]
Inside 19485 to0 20.000
2
Z-way _ diameter 230 [079) [0.7869 to 0.7874]
water pump bell [ Bearing - T —
tension pulley Outside 5298810 52.
diameter @52 [2.05] [2.0861 10 2.0472]
G 2
Shaft bearing journal diameter v 20[0.79] 19.988 10 20.000

[0.7869 10 0.7874]




SERVICE DATA

1.3 Fuel system

Table 2-3 Maintenance service data table - Fuel system

Unit: mm [in.]

N o0, Inspectionpoint . - -. 5 ,.o.|-:Nominaf..;  Standard .| .Limit: - ... Remark '
R Limit
et Injection starting pressure {333.: %T’:ﬂ 29910 30.7 MPa
Injection 4 starting p [ kel 1305 10 313 kgfem?
nozzle £4267 psi] [4337 to 4453 psi]
Spray cone angle 158° Hand-operated tester

1.4 Lubrication system
Table 2-4 Maintenance service data table - Lubrication system

Unit: mm [in.]

- . Inspection point -~ -" <. . | Nominal Standard -. | -« Limit . | >~ Remark ..
Between oil pump
. 0.120tc 0.180
gear and crank- [0.0047 10 0.0071] 0.50 [0.0197]
Backlash shaft gear ;
Between drive gear 0.100 10 0.200
and] driven gear [0.003¢ to L.0079] 0.400 [0.0857]
Side clearance between gear testh 0.150 to 0.230 Tip clearancc
il pump and case bore [0.0059 10 0.0091] | 0.350 [0.0138]
End clearance between gear width 0.130 to 0.200
and case depth [0.0051 1o 0.0080] 0.230 [0.0098]
. 33,944 1o 33.960 ;
i . 3
Gear shall diameter (13364 ta 1.3370] 33.920[1.3354]
. 8 34[1.34]
N . 34.000 to 34.025 -
Bushing inside dlamete.r (13386 to 1.3396] 34.055[1.3410]
Oil cooler byo: 0.4 = 0.05 MPa ,
11 CORICT DYPASS | vialve opening pressure {4.5 £ 0.5 kgllcm?®}
valve =
[64 = 7 psi]
0.49 £ Q.69 MPa
Relict valve Valve opening pressure 15.0to 7.0 kgffom?)

[71 + 100 psi]

Oil filter alarm

Lamp lighting pressure

.15 to 0.18 MPa
{1.510 |.8 kgfiem?}
[21.3 1 25.6 psi]

Oil pressure changes 6.86 kPa
{0.07 kgffem?} [1.00 psi)
with 1 [0.039] shim thickness
change.

Safety valve

Spring installation length/load

97 [3.82)/L18N
112 kef)
[26.4 Ib)
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SERVICE DATA
——

Tahle 2-2 Maintenance service data table - Basic engine (5/5) Unit: mm [in.}
B " Inspectionpoint ..° © . | <Nominal:.| : . Standard." Limit Remark "
3 2
Crankpin outside diameter a 104 {4.10] 103.900 to 103.920 103.860 [4.0890]
[4.0905 to 4.0913] . Replace bearings with under-
B80 t ) size ones if fimil is exceeded.
Crankshaft journal owside diameter o 130 [5.12] l[§9| 134 [2 ;2|9[ 22? 129.840 [5.1118)
Distance between centers of journal 80 [3.15) 79.000 to 80.10¢
and erankpin ~ [3.1102 1o 3.1535]
Parallelism of jeurnal and crankpin 0.01 [0.0004] or less 0.03 [0.0012]
Circularity of journal and crankpin .
(difference between max. and min. 0.01 {0.0004] or less 0.03 [0.0012] Repair
diameters)
Out-of-Cylindericity (taper) of jour-
nal and crankpin (difTerence between 0.01 [0.0004] or less 0.403 [0.0012]
max. and min. diameters)
Crankshaft - PrTRrS
) . . . BT,
Fillet radjus at journals and crankpins | R7 [0.28] (0.2680 to 0.2760]
Hardness of crankpins and journals Hv > 620
Finish accuracy Ra0.2 o [0.008 4 in.]
Angufar deviation between pins #3,3°
Runout 0.08 [0.0031] or fess 0.20 [0.0079] Recpair or replace
Replace thrust plates before
0.500 [0.0197] fimit is reached. [f hmit is
. ‘ 0.200 to 0.395 +1.18 [+Fi.0465] f:xceeded: use onc of follow-
End play 582.28] when width of | ing oversize thrust plates;
10.0079 to 0.0156] . .
crank journal is | +0.25{40.01].
us rated +0.50 {+0.02],
+0.75 [+0.03]
3.500 3.482 to 3.500 "
STD [0.1378] [0.137] to 0.1378) 3450[01358]
3.625 3.607 to 3.625
-0.25 [-0. . .1407
825001 [0.1427] [0.142010 0.1427] 3.575[0.1407] Repluce bearings before limit
. . is reached. Regrind erank
Muin Thickneas at 1,750 3732103750 .
bearing | center 030 [-0.02] (0.1476) [0.1469 10 0.1476] 3700[0.1457] | joumnals and use next under-
size bearings if limit is
3.875 385710 3.875 exceeded.
073 [-0.03) [0.1326] {01519 10 0.1526] 3.825 10.1306]
4.000 3.982 o 4.000 -
-1.00 [-0. - . !
1-00[-0.04] (0.1575] [0.1568 10 0.1575] 3A010.1535)
Depth of counterbore [0 1427(2}:) :2 (])2432 4]
Crankcasc | Distortion of 1op surface Q.05 [0.0020] or less 0.2 [0.0079] Slightly refacc.
Inside diameter of main bearing fu- 137.000 10 137,025 :
ting bore o 1371339) | (5304010 53950] | [FTOA3153935)




SERVICE DATA

[G.0080 to 0.0120]

—— ——
Table 2-2 Maintenance service data table - Basic engine (4 / 5) Unit: mm [in.]
3. .. -lhspectionpoint . * . : |:Nominal ;|:" - Standard .- ©Limit o [0 .., Remark
71.988 10 72.018
0 72 [2.83]
[nside diameter of bearing fitting bore {2.8342 0 2.4353]
in drive case 89.985 10 90.020
oD | 135435 0 3.5435)
Inside diam- 349850 35003
eter a35[1.38] [1.3774 10'1.3781]
Small -
Outside 71983 to 72.004
. 2[2.83
Aosessory | dgmeter | ° B 834010 2.8348) .
drive Inside diam- | 00y s 39.985 to 40.003
eter ’ [1.5742 to 1.5749]
Large d 89,980 1o 9
Outside - 980 to 90.0035
diameter @033 55425 10 3.5035]
035 [£.38] 35002 w 35,013
Gutside diameter of drive shaft bear- [1.3780 w0 1.3785]
mg journal 40.002 to 40.013
eA0LSTE ) s9dg 1 15759
0.12tw0.18
[y
Backlash [0.0047 t0 0.0071] 050 [0.0197) Replace gears.
30,004 10 50025
hing inside di 1.97 ; . 9709
Tining Idler bushing inside diameter @ 50[1.97] [1.9685 to 1.9695]. 50.060 [1.9709]
gedrs i . 49.950 10 49.975
Idler shaft outside diameter B 50 [L.97} [1.9665 to 1.9675] 49900 [1.9646]
. : 0.20 w 9.40
End play of idler gear (0.0079 t0 0.0157] 0.60 [0.0236]
B+
Cam lobe height s 75410 7.64
{longer dia. - shorter dia.} 76010.299) 1 10,2968 10 0.3008] 6.79[0.2673) I
4
Runcut 0.10 [0.00357 or less 0.16 [0.0063] Repair or replace
No.1 journal @ 64[2.52] 63,9200 63.940 £3.870 [2.5146]
Journal ott- [2.5165 to 2.5173]
side diameter 67.920110 67.940
" . . .
Camshaft No.2 10 No.7 journals | a 68 [2.68] [2.6740 to 2.6748] 67.870 [2.6720]
Camshaft . 64.000 10 64.030
bushing No.1 journal p 64 [2.52] [2.5197 10 2.5209] 64.090 [2.5232]
inside diam-
ster
(as installed - . 68.000 to 68.030 i
- No.2to No.7 journals | o 68 [2.68] [2.6772 to 2.6783] 68.090 {2.6807]
crankcase)
End play U.2010 0.30 0.40 [0.0160] | Replace thrust plate.




SERVICE DATA

Table 2-2 Maintenance service data table - Basic engine (3/3) Unit: mm [in.}

* Inspection point-<-. . 17 | Nominal |- Standard . - .- Limit - 1o Remark ..
L . . 149.78 to 149,82 . Measured perpendicular to
; 2
QOutside diameter (at pistun skirt) a8 150[5.91] [5.8068 to 5.8984] 149,68 [5.8929] piston pin
Weight difference in one engine 30g(loz]orless
0.124 ta 0.154
. i 3 200 [0.007
Piston fing No.l compressian 346 [0.12] [0.0049 10 0.0061] 0.200 [0.0079]
side clear-
X . 0.114 10 0.144
Piston ance ('With a | No.2 compression 2.69 [0.11] £0.0045 to 0.0057] 0.150 [0:0059]
new ring
inserted) . 0.050 to 0.090
il 5.00 [0.20] {0.0020 to 0.0035] 0.150 [0.0059]
8.002 w 58.012
Pin bore diameter 0 58 [2.28) [g 2815 [g ; 2839] 58.020 [2.2842) .
Protrusi .38 t0 0.8%
fotrusion [0.0150 15 0.0350]
Cylinder . . 1.7t0 1.9
head gasket Thickness when tightened 1.8 [0.07] [0.0669 o 0.074R)
Pls]fogsfnd Clearance between piston and cylin- 0.81 10 1.43
cyhmde der head [0.0319 to 0.0563]
heads
. 061008
No.l compression (0.024 12 0.031] 2.0(0.079]

. If no gauge is available, use a
P.:st(m End gap No.2 compression 05ta 0.7 2000.079 eylinder bore, where appoxi-
rings - £0.0020 10 0.028] mate values can be obtained

351007
i 2
O [0.0020 to 0.028] 2010.079)
. . 7.987 to 58.000
Piston pins . | Outside diameter 0 58 [2.28] [2 2:29 tg; 2835] 57.970 [2.2823]
. 020 040
Bushing inside diameter a 58 [2.28) [;Szgiz tz 3828 s | $8070022862)
0.03100
Bend and twist of connecting rod [0.0020/3.94)
Connecling or less
rods 0.60 10 0.90
End play 54[2.13] [0.0240 10 0.0354] 1.00 (0.0394]
Big end bore di d 10.000 0 110,022 Circularity
g or gz | S0 O o e | e o v ) <
' ' 0.100 [0.0039]
1.000 2.987 10 3.000
S
STD [0.1181] 10.1176 10 0.1181] 2950[0.1161]
3125 3112103.125
-0.25 [
0.25 [-0.01] [0.1230] [0.1225 to 0.1230] 750211 - .
Connect Replace bearings before fimit
. g Thickness at 3250 3.237 10 3.250 is reached. Regrind crank- -
Lr;i:;d center -0-501-0.02] [0.1280] [0.1274 10 0.1280) 3200 0.1260} pins and use next undersize
¢ - bearings if limit is exceeded.
0.75 {-0.03] 3375 3.362t03.375 3,325 [0.1310]
075 £0.0: [0.1329) [0.1324 10 0.1329] s
3.500 3,487 10 3.500
100 [-0.04) [0.1378] {01373 0 0.1378] 3430 [0.1338]
Face runout 0.28 [0.01t0] or less
Flywheel
Radial runout 0.13 [0.0051] or less
Damper Face runout 0.5 [2.020] or less 1.5 {0.059] Replace with new part every
Radial runout 0.5 [0.020] ar less 1.5 [0.059] 16009 operation hours,
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SERVICE DATA

Tabie 2-2 Maintenance service data table - Basic engine (2/5)

Unit: mm [in.]

2"~ Inspection point, Nomina! </ " ".Standard - -7/ - "L Lirnit 1.+ Remark,
Valve seat angle 30°
. -0.2w 0.2
Val ki 0 : .5 [0.
alve sinkage [-0.008 o 0.008] (1.5 [0.020]
Seat widih
1.93 10 2.23
Inlet 2.08 [0.08 . .
< " O 10,0760 10 0.0878] 23[00%84) /
Seat width _
X 1.70 to 2.00 l:*—‘_’:
Exhaust 1.B5 [0.07 . i i
xhaus 0711 f0.0669 10 0.0787) 2.3 [0-0906] Vale| Vaive
Vaive ginkage mMargin
2
Nalve s Inlet 2.9[0.11] 2resl seat angle
alve geat Valve marain [0.10610 0.122] Up 10 2.010.079)
and valve £ 010 2.0tadl when refaced
Exhaust 3000.12) [0.114 10 0.122]
Clearance [nlet 2 5812.28)
between
inside diam-
eter of cylin- -0.070 to -0.130 Minus sign (-) prelixed indi-
der head Exhaust a54[213) {-0.0028 10 -0.0051) cales the interference fit.
bare und out-
side diamcter
of vaive seal
Free length 67.5 [2.657] 66.2 [2.606]
4 =1.0°0rk ;
. - ress A = 1.5 [0.059] A“&-
Intet and Perpendiculurity A = 1.2[0.047] or less . -1
. over entire length I
cxhaust Lf= 67.5[2.657] a
valve
springs 60.0 [2.362]/
; 25910 286 N
bl
Mounting length/load (26.41 to 29.16 kef}
[58.2 10 64.3 1bf]
Pushrod Runout 0.50 [0.0197] or Tess TIR
;s::jnder Distortion of bottom surface 0.03 [(.0012] or less 0.50 {0.0197] Slightly reface.
. 150.000 to 150.040
Cyli inside d 1 E50[5.91 14 .
vlinder inside diameter o [5.91] (5.9055 to 5.9071] 150,140 [5.9110]
Circularity 0.02 [0.0008] or less
Cylindericity (.02 [0.0008) or less
Perpendicularity of flunge bottom
Cylinder surfacr:l 1o cylinder liner longitudinal 0.03 [0.0012] or less
. centerline
liners

Cylinder liner flange protrusion 0.10100.19
above crankcase top sucface [0.0039 10 0.0075].
. . . . 21510 12,19
Thickness of cylinder liner flange (04783 1o 04799

0.16 10 0.24

Height of cylinder liner top ridge

[0.0063 to .0094]




SERVICE DATA
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1. Maintenance service data
1.1 General . _ )
Table 2-1 Maintenance service data table - General Unit: mm [in.]
. " Inspection point - Nominal'* | . Standard .* | Limit: " [ . Remark -
Maximum rotation speed . Rated ratation speed is stamped on the
. 510 10 % 15 %
(based on rated rotation speed) nameplate,
2.35 MPa 1.86 MPa
Cm_'npressiun pressure 124 kgfrem?} {19 kgticm?®} When both oil and water tempcratures are
{at 120 10 200 min'} [341 psi] [270 psi] at 20 to 30°C [68 to 86°F]
minfmum (tower liuit)
049 t0 0.69 MPa { 40(‘)33 b;-::;z}
At rated speed {5 e 7 keffem?) - KU
[71 1099 psi] (57 psil
Lubricating vil pres- {lower limit) Qil temperature al 60 to 70°C
sure y [140 to 158°F]
0.20 10 0.29 MPa 0.10 MPa

£1.0 kptiom?}
[14 psi]
(lower limit)

At idiing {2.0 to 3.0 keffem?®}
[28 10 43 psi)

Inlet valve

BTDC 11°
opens
With 2 [0.088] clearance held on valve
Inlet valve ABDC 21° o [ ' condi
chosed side in cold condition.

Valve timing Values for checking vaive timing. Differ-
Exhaust valve BEBDC 21° ) cnt from actual valve opening and ¢losing
opens liming.

Exhaust valve ATDC 11°
closed
fnlet 0.4 [0.006] .

Valve clearance - When engine is cold

Gas. exhaust C0.5[0.020] .
Lo Yaries depending on engine specifications
lgnition timing (before TDC) (Indicated on caulion plate on No.1 rocker
: {crunk angle)
cover)
1.2 Basic engine
Table 2-2 Maintenance service data table - Basic engine (1/ 5) Unit: mm [in.]
" Inspection point; . - 1 Nominal . Standard - ! 0 Limit -~ Remark.." =
- 32.000 to 32.040
. . . . 2 2
Rocker bushr_n&, inside diameter 32 [1.26] [1.2598 t0 1.2614] 32.100[1.2638] _
Rocker 973
31 to 31.991
: ide di . 32112 2
Rocker shafi outside diameter a 32 [1.26] [1.2589 10 1.2595) 31.950 [1.2579)
9.940 to 9.960
Valve stem | Lnlet [0.3913 t0 0.3921] 9.910 10.3502]
outside B 10(0.393 0910 159,930
diatneter T b 9. to 9.

Valve Exhaust [0.3902 10 0.3909) 9.880 [0.38%0]

N, 10.000 to 10.015 Same for both inlet and
Valve guide inside diameter e 10 [0.39] [0.3937 10 0.3947] 10.060 [0.3961} exhagst valves
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GENERAL

'

5. Tips on disassembling and reassem-
bling

This service manual speeifies the recommended procedures
1o be followed when servicing Mitsubishi engines. The
manual also specifics the special tools that are required for
the work, and the basic safety precautions to follow when
working,

Note that this manual does not exhaustively cover potential
hazards that could occur during maintenance, inspection and
service work of engine.

When working on an engine, [ollow the relevant directions
given in this manual and observe the following instructions:

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

5.1 Disassembling

{1} Use correct tools and instruments. Serious injury or
damage to the engine will result from using the wrong
tools and instruments.

(2} Use an overhaul stand or work bench if necessary, and
follow the disassembling procedures described in this
manual.

(3) Kcep the engine parts in order of removal to prevent
losing them.

(4) Pay attention to asscmbling marks. Put your marks on
the parts , if necessary, to ensure correct reasscmbling.

() Carefully check each part for defecs during
disasscmbling or cleasing. Do not miss symploms
which can not be detected after disassembling or
cleaning.

(6) When lifting or carrying hcavy parts, exercise utmost

caution to ensure safety. Pay attention to balance of |

heavy parts when handling. (Get help, and use jacks,
chain blocks and guide bolts as necessary.)

5.2 Reassembling

(1) Wash all engine parts, except such parts as oil seals, O-
rings and rubber sheets, in cleaning oil and dry them
with compressed air.

{2) Use correct tools and instruments.

{3) Usc only high-quality lubricating oils and greases of
appropriate types. Be sure to apply oil, grease or
adhesive to the part wherever specified.

(4) Usc a torque wrench to tighten parts correctly when
their tightening torques are specified.

Refer to "List of Tightening Torque.”

(5) Replace all gaskets and packings with new ones unless
specified otherwise, Apply adhesive if necessary. Use
only the proper amount of adhesive.

.- . 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 regufations can
be conducted only at our designated service factories.
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Table 1-1 Main specification(3 / 3}
LG, Rt o9t LEnging type et Tt Vi o ke c e S12A2-Y2PTAWS

Electrical
syslem

Voltage - polarity

24 V - Negative (-) ground

Manufacturer Nikko Electric Industry Co.. Ltd.
Pision mesh type Pinion shift
Starter
Crutput VT 5kW
No. of units 2
Type 3-phase alternating-current generator, built-in 1C regulatar
Manufacturer Mitsubishi Electric Corporation
24V -3
Alternator Qutput 4V - 30A

Raled ourput
generating speed

~ Hot 5000 mint or less (at 27V, 30A)

Regulated voltage

285 0.5V

Magnetic relay
(two starters for
paralle! operation)

Manufacturer Nikko Electric Industry Co.. Ltd
Nominal voltage 24V

Rating 30 sec.

Operating voltage 8w 24V

Oncrating interval

1 ON - OFF cycle between S8 and SW

(at 24 V) 2.5 to 3.0 sec.
Allowable 30 to +80°C [-54 10 + 144°F]
temperature

Grounding system

2-wite sysiem

Alernator belt

Type

Low edge cog B belt (NR-1)

Manufacturer

Mitsuboshi belting, Ltd.

Qutside circumference

230 mm [33 in.]
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Table 1-1 Main specification(2 / 3)
St e o Enginetype Lt el D]t 0 L S12AY2PTAW . [

Cooling
system

Cooling method

Watcr-cooled, forced circulation

Coolant capacity (engine)

Approx. 86 L [23 U.S.gal]

Type Centrifugal type

Water pump - -
Diclivery capacity 1120 L {296 U.8.gal] / min (at engine speed of 1800 min™)
Type Raw edge cog B belt (NR-1)

Water s : -
Manufacturer Mitsuboshi Beliing, Ltd.

purmp belt
Outside circumference 1420 mm [56 in,]

2-way Type Centrifugal type

water pump Delivery capacity 500 L [132 U.5.gal]/ min (at engine speed of 1800 min™)
Type Raw edge cog C belt (NR-1)

2wy Manufacturer Mitsuboshi Belting. Lid.

water pump belt

Quiside circumference

1660 mm [65 in.]

Type

Wax type

Thermostat
{water pump)

Temperature at which
valvc starts opening

71£2°C [160 + 3.6°F]

Thermostat

Type

Wax type

(2-way water pump)

Temperature at which valve
starts opening

35 =2°C {95+ 3.6°F]

Type

Low enge cog C belt (NR-1}

Fan belt

Manwfacturer

Mitsuboshi Belting. Lid.

Quiside circumference

1710 mm [67 in.]

Fucl system

Model (abbreviation)

NP-PE6P / S75 (575}

Manufacturer Bosch Corporation
Tnjection pump E::;‘jif;"”‘sjde 13 mm (0.51 in.]
Plunger icad Clockwise. 40 lead on both sides
Cam Jift 12 mm [0.47 in.]
Model NP.FP/KD-P78
Feed pump Manufacturer Bosch Corporatien
Cam lift 4mm [0.157 in]
Governor {Electric)
and actuator Control syslem Woodward
PROACT- U
Model Hole type
Manufacturer Bosch Corporation

Nao. of spray holes

8

Injection nozzle

.

Spray hole diameter

o .23 sm (00090 in ]

Spray angle

158

Valve opening pressure

| 29.4 MPa {300 kgfem?} [4267 psi]

Fuel filter

Primary: Wire element type
Secondary: Paper element type

1-7
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4. Main specification

Ey

Table 1-1 Main specification(1 / 3)

e rnnit B12A2:Y2PTAW

Do ot ERginetype: fee T D L
Water-cooled, 4-stroke cyele, turbocharged dicsel
Model L .
with air-cooled intercooler
No. of ¢ylinders - arrangement 12-v
Combustion type Direet injection
Valve mechanism Overhead
Cylinder bore » stroke 150 % 160 mm [5.906 x 6.2992 in.)
Drisplacement 33.93 L [2070.5) cuin.]
Major Compression ratio 153:1
specifications :
Fuel Diescel fuel (ASTM. D975 No.1-D, Mo 2-I))
Firing order 1-12-5-8-3-10-6-7-2-11-4-%
Rotation of direction Counterclockwise as viewed from flywheel
Length 2104 mm [82.83 in.]
Dinwnsions - - :
(without fan) Width 1556 mm [61.26 in.]
Height 1542 mm [60.71 in.]
Weight (Dry) 3380 kg [7452 Ib]
Cylinder lincr Type Wet type
No. of piston rings Compression rings Oil rin Compression rings: 2
- O PISION TIOES RrEssIon rings & Oil ring {w/expander): 1
Open BTDC 53¢
_ [nlet valve
Lngine Close ABDC 65°
main parts Valve timing -
Open BBDC 65°
Exhaust valve
Close ATDC 55°
Engine support methad 4 - point support
Starting system Electric - starter
Inlet : Type TD10
olet and Turbacharger
exhaust system No. of units 2
Lubricating method Forced circulation type (oil pump pressure feed type)
Specification Class CD or CF oil {API service classification)
Engine oil
Capucity Engine tosal: 120 L [32 U.S.gal.] approx.
Type (Giear pump
O3] pump
' Dielivery capacity 375 L {99 U.S.gal] / min (a1 engine speed of 1800 min™)
Type Main gallery pressure detection type
Reliel valve Vi ;
alve opening 0.49 10 0.69 MPa {5.0 tv 7.0 keffen’} [71.3 10 99,58 psi]
pressure
Qif cooler Type Water-cooled. multi-plate type
Lubrication system il P ki -
Oil filter Type Cartridge paper-elemend type, filtration rating 20un
Byvpass oil filier Type Cartridge paper-element type, filtration rating 2un
Type Piston valve type, built-in elcctric contact points

Qii filter alarm

Injection pressore

0.2210 0.26 MPa 2.3 10 2.7 kgffem?} [32.72 1o 3R.41 psi]
(Contacting pressure: 0.14 to 0.17 MPa
{1.510 1.8 kgifem?} [21.34 10 25.61 psi])

Oil coaler
bypass valve

Valve opening
pressure

0.44 £ 0.05 MPa {4.5 0.5 kgfiem?} {64 = 7.1 psi]

Salcty valve

Valve opening
pressure

1.42 MPa (14.5 kefiem?} [206 psi]
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3. Engine serial number location
The engine serial number is stamped on the nameplate of

Cyfinder No. ' Left side

[EEEEE

the lateral side of the engine.
The rated engine output and speed are also stamped on the

namcplate.
The numbers shown in the illustration mean the cylinder Front side Rear side

numbers,

DEEHEE

Right side

Serial Na. MFG, Date Q
] zoo]
Mode i

S12A2-C G

Rated Outpur [ |/ min?
N )

MITSUEISHI

HEAVY INDUSTRIES, LTD.
SAGAMtHARA. JAPAN

\0 C)

Nameptate location
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2.3 Cooling system - fiow diagram

Thermostats

i
L__II____JI_!I___.IL‘
—— lp—

fi

Water jacket

Intercooler

Water inlet |
| -— 1 - T J
1

Cooling system - flow diagram

H t t 1
Jaft:ket ' — : l o
water
S

2.4 Inlet and exhaust system - flow diagram

Exhaust gas outlet

Turbocharger ﬁfkgﬁwm Tgrbocharger

Air infet R £y Air infet
From air cleanar s ; <: From air cleaneyr
-
g
@ N

o

;i

Intercooler o O Intercooler

Inlet and exhaust system - flow diagram




GENERAL

2. System flow diagrams
2.1 Fuel system - flow diagram

S
’ —_To right side engine
i

\ ‘F‘:rnrln ﬁ@ﬁt side engine
\ } | J

Fuel filter l:
|

{ From fuel tank

Fuel system - flow diagram

2.2 Lubrication system - flow diagram

Turbocharger

Camshaft
Rocker shaft

Piston

Main galfery

Qil cooler:]D\
!

2 i

By-pass oil ﬂlter«/H

L/

Piston cooling nozzle

j_;_,._—Timing gear

—— Fuel injection pump

\ Crankshaft

Oil filter” - Ol strainer Safety valve Oil pump

Water pump

Lubrication system - flow diagram
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1. External view

Air cooler  Turbocharger

Secondary fue! filter

Thermostat

Fuei injection pump

Alternator

Actuator

(Fyueet)

Water pump f/'fm '

Water drain cock

"o~ Fuel feed pump

T
Damper Starter

Water inlet joint
r

Left side l ‘ ;—_
\\ HM

i Primary fuel filter
Qil filler Stop solen rimary fuel fi
Fuel inlet
. Fuel return
Qil level gauge
Left side view of the engine
Turbocharger intercooler
Secondary fue! filter : n fird : T Bypass oil filter

Fun drive

Fuei injection pump__

e

Flywheel housing.._|

LR

(Flywheel)

Fuel feed pump =" |

Water inlet joint

Intercopler water pump

Starter

Qil cooler

Qil filter

Right side view of the engine
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About Warning labels

Maintenance of warning labels

Make sure all warning/caution labels are legible.

Clean or replace the warning/caution labels the description and/or illustration of which cannat be seen clearly.

For eleaning the warning/caution labels, use a cloth, water and soap. Do not use cleaning solvents, gasoline or other
chemicals to prevent the letters from getting blurred or the adhesion from being weakened.

Replace damaged or fractured labels with new ones.

If any engine part on which a warning label is atiached is replaced with a new one, atiach a new identical warning
label to the new part.

To obtain replacement warning labels, contact a Mitsubishi dealer.

ROTATING PARTS. CAUSE SEVERE \\;k// FLAMMABLE AND
CAN CAUSE SEVERE PERSONAL INJURY. \é EXPLOSIVE.
PERSONAL TRJURY.
* BE SURE NO DANGER
DO NOT OPEN
AROUND MOVING PARTS
« KEEF AWAY FROM ROTATING BEFORE TURNING. INSPECTION COVER
FLYWHEEL. o KEEP TURNING DEVICE WITHIN 10 MINUTES
» DO NOT OPERATE WITHOUT OR BAR IN “OFF PQSI- AFTER ENGINE STOP,
FLYWHEEL COVER, t TION® WHEN NOT IN USE.
L:_ M'“lﬂj L mu-lan
(" ACcAUTION -] [ A\ CAuTION- )
HIGH PLACE MAY VOLTAGE MAY CAUSE
CAUSE FALLING, ELECTRIC SHOCK.
« TURN OFF POWER, BEFORE
o AREFUL WHERE YOU CHECKING OR MAIKTENANCE.
» D0 NOT TOUGH ANY ELECTRIC
e DO NOT PUT ANY IMPROPER EQUIFMENT WHEN POWER 15 ON. * EEHGAHEFUL oF MOk
MATERIALS DN ENGINE AND || || ® DG NOT OPERATE WITH BOOR
SCAFFOLD. AND PROTECTIVE COVER OPEN, o D ot U NGRS NeAR
\L e L T\ oA $1503,) \\ L _usaea-ooToo
f—

» HOT WATER MAY
+ @ | CAUSEBURNS.

CAUT HON [ | PGy oot
Y

45A83-50300,

(

A CAUTION |
T e |
“———" WAINTENANCE WANDAL. o ppeessmss

=

\

® BE CAREFUL OF RDTATING
BELT.

® [0 K0T PUT FINGERS NEAR
ROTATING BELT.

(LM o)

Py

:, HOT SURFAGES.
o .| MAY CAUSE BURN.
oy | alld |® HOT SURFACE WAY CAUSE BURNS.
CAUTION| * « DD NOT TOUCH HOT SURFACE.
\ L1

A5A99 - 50900,

Warning labeles
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Maintenance of air cleaner or pre-cleaner
The major cause of abnormal wear on engine parts is
dust entering with intake air. Worn parts produce many
problems such as an increase of cil consumption, de-
crease of output, and starting difficulties. For effective
removal of dust from intake air, conduct maintenance
of the air cleaner according to the following instruc-
tions.

* Do not conduct maintenance of the air cleaner/pre-
cleaner while the engine is operating. Engine opera-
tion without the air cleaner/precleaner in place allows
foreign matters to enter the furbocharger, causing it
to damage seriously. ’

* Remove the air cleaner/pre-cleaner slowly to prevent
dust accumulated on the element from falling off.
After removing the air cleaner or pre-cleaner, imme-
diately cover the opening (iniet port in case of air
cleaner; port in body in case of pre-cleaner) with
plastic sheet or similar means to prevent dust from
entering the engine. ’

« Air cleaners equipped with a dust indicator will issue
an alarm if the element gets clogged. Service the
cleaner as soon as possible if an alarm is issued.

Observe safety rules at work site

Observe the safety rules established at your workplace
when operating and maintaining the engine.

Do not operate the engine if you are feeling ill.
Operation of the engine with reduced awareness may
cause improper operation that could result in accidents,
In such a case, inform your supervisor of your condi-
tion.

When working in a team of two or more people, use
specified hand signals to cormmunicate among work-
ers.

Work clothing and protective gear

Wear a hardhat, face shield, safety shoes, dust mask,
gloves and other protective gear as needed.,

When handling compressed air, wear safety goggles,
hardhat, gloves and other necessary protective gear.
-Waorks without wearing proper protective gear could re-
suit in seripus injuries.

Use of tools optimum for each work

Always keep in mind to select most appropriate tools
for the work ta be performed and use them correctly. If
tools are damaged, replace with new tools.

Avoidance of prolonged time of starter oper-
ation

Do not operate the starter for more than 10 seconds at
a time even if the engine does not start. Wait for at least
30 seconds before next engine cranking.

Continuous operation of the starter will drain the battery

. power and cause the starter to seize.

Do not turn off battery switch during opera-
tion

If the battery switch is turned OFF when the engine is
running, not only various meters will stop working but
also the alternator may have its diode and transistor
deteriorated. .

Cautionary instructions for transporting en-

gine

When transporting the engine on a truck, consider the
-engine weight, width and height to ensure safety. Abide

by road traffic law, road vehicles act, vehicle restriction

ordinance and other pertinent laws.

Avoid continuous engine operation in a low
load condition

Do not operate the engine continugusly for more than
10 minutes at a load of less than 30%. Engine opera-
tion in a low load condition increases the emission of
unburned fuel. Therefore, a prolonged time of engine
operation in a low load condition increases the quantity
of unburned fuel adhering to engine parts, provoking
the possibility of engine malfuncticning and shortening
the service life of the angine.

Ventilation of engine room

Always keep the engine room well ventilated. Insuffi-
cient amount of intake air causes the operating'temper-
ature to rise, resulting in poor output and lowered
performance.

It is highly recommended to calculate the required
amount of air supply to the engine and install an ade-
quate ventilation system before installing the engine.

Avoid contact with high-pressured fuel
Should fuel leak from a fuel injection pipe, do not touch
the spouting fuel directly. :

Fuel in the fuel injection pipes is under high pressure. If
high-pressured fuel contacts you skin, it penetrates
through the skin and may result in gangrene.

IX
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St Lt Terme il e T e S CAUTION e T e

Other cautions

Modification of engine prohibited
Unauthorized modification of the engine will void the
manufacturer's warranty.

Modification of the engine may not only cause engine
damage but also produce personal injuries.

Never break the seals

To ensure proper engine operation, the fuel control link

is provided with seals that protect the fuel injection vol-

ume and rotation speed settings against tampering. If

these seals are broken and the setlings are changed,

proper operation of the engine will no longer be guar-

anteed, and the following problems will be expected to

occur.

+ Rapid wear of moving and rotating parts

* Engine troubtes such as damage and seizure of
engine parts

« Increased consumption of fuel and lubricating oil

+ Deterioration of engine performance due 1o poorly
balanced fuel injection volume and governor opera-
tion

Pre-operational check and periodic inspec-
tion/maintenance

Be sure to perform the pre-operational checks and pe-
riodic inspection/maintenance as described in this
manual.

Neglecting the pre-operational check or periodic in-
spection/maintenance can arouse various engine trou-
bles such as damage to parts, eventually leading to
serious accidents.

Break-in operation

A new engine needs to be broken in for the first 50
hours of operation. During this period, do not subject
the engine o heavy loads.

Operating a new engine under high loads or severe
conditions during the break-in pericd can shorten the
service life of the engine.

Vil

Warming-up operation

After starting the engine, run the engine at low idling
speeds for 5 to 10 minutes for warming-up. Start the
work after this operation is completed,

Warm-up operation circulates the lubricant through the
engine. Therefore, individual engine parts are well lu-
bricated before they are subjecied to heavy loads. This
is very important for longer service life, high-perfor-
mance and economical operation.

Do not conduct warm-up operation for a longer time
than necessary. Prolonged warm-up aperation causes
carbon build-up in the cylinders that leads to incom-
plete combustion.

Avoid engine operations in a overload con-
dition '

If the engine is considered to be in an overloaded con-
dition which is identified by too much black smoke, etc.,
immediately reduce the load on the engine such that
the correct output and load condtions may be achieved.
Overloading the engine causes not only high fuel con-
sumption but also excessive carbon deposits inside the
engine. Excessive carbon deposits can cause various
engine problems and shorten the service life of the en-
gine remarkably.

Cooling operation before stopping engine
Always conduct the cooling operation (low speed
idling) for 5 to 6 minutes before stopping the engine.
Abruptly stopping the engine immediately after high-
load operation can cause partial overheating and short-
en the service life of the engine.

During cooling operation, check the engine for abnor-
malities.

Protection of engine against water entry

Do not allow rainwater, etc. 1o enter the engine through
the air inlet or exhaust openings.

Do not wash the engine while it is aperating. Cleaning
fluid (water) can be sucked into the engine.

Starting the engine with water inside the combustion
chambers can cause the water hammer action which
may result in infernal engine damage and serious acci-
dents.
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Service battery

Handle the battery correctly
« Never use flames or allow sparks
to generate near the battery. The
battery releases flammable
hydrogen gas and oxygen gas.
Any flames or sparks in the vicin-
ity could cause an explosion.

Do not use the battery the fluid level of which is low-
ered below the lower limit line. Sustained use of the
battery could result in an explosion.

Do not short the battery terminals with a tool or other
metal object.

When disconnecting battery cables, always remove
the cable from the negative (-} terminal first. When
reconnecting the cables, attach the cable 1o the posi-
tive (+) terminal first.

Charge the battery in a well-ventilated area, with all
filling hole plugs removed.

Make sure the cable clamps are securely installed on
the battery terminals. A loose cable clamp can cause
sparks that may result in an explosion.

Before servicing electrical components or conducting
electric welding, set the battery switch to the [Open/
QFF] position or disconnect the cable from the nega-
tive (-} battery terminal to cut off the electrical cur-
rent. )
Electrolyte (battery fluid) contains dilute sulfuric acid.
Careless handling of the battery can lead to the loss
of sight and/or skin burns. Also, keep the battery fluid
off the mouth. ’

*

working with the battery (when adding water, charg-

ing, etc.).

If electrolyte is spilled onto the skin or clothing,

immediately wash it away with lots of water. Use

soap to thoroughly clean.

The batiery fluid can cause blindness if splashing

info eyes. If it gets into eyes, immediately flush it

away with plenty of clean fresh water, and seek

immediate medical attention.

= If the battery fluid is accidentally swailowed, gargle
with plenty of water, then drink lots of water, and
seek immediate medical attention,

Wear protective goggles and rubber gloves when

When abnormality occurs

Stop overheated engine after cooling run
Even if the engine comes to overheat, do not stop the
engine immediately. Abrupt stopping of an averheated
engine can cause the coolant temperature to rise, re-
sulting in seized engine parts. if the engine comes to
overheat, run the engine at low idling speed (cooling
operation), and stop the engine after the coolant tem-
perature lowers sufficiently. .

Do not add coolant immediately after stopping the en-
gine. Adding coolant to a hot engine can cause the cyl-
inder heads to crack due to sudden change in
temperature. Add coolant little by little after the engine
cools down to room temperature.

Avoid immediate restart after abnormal stop
If the engine stops abnormally, do not restart the en-
gine immediately. If the engine stops with an alarm,
check and remedy the cause of the problem before re-
starting. Sustained use of the engine without any rem-
edy could result in serious engine problems.

Avoid continuous engine operation with too
low oil pressure

If an abnormal engine oil pressure drop is indicated,
stop the engine immediately, and inspect the lubrica-
tion system to locate the cause. Continuous engine op-
eration with low oil pressure may cause bearings and
other parts to seize.

Stop the engine immediately if the fan belt

" breaks

If the fan belt breaks, stop the engine immediately.
Cotinuous engine operation with the broken fan belt
could cause the engine to overheat and thereby the
coolant to boil into steam, which may gush out from the
reserve tank or radiator, and cause personal injuries.

Vi
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Be careful of falling down

Lift engine correctly
To lift the engine, always use a cor-
rect wire rope capable of withstand-

¥ |
ing the engine weight.
Attach the wire rope to the lifting
hangers pravided on the engine us-
ing a correct sling.

During lifting process, keep the en-

gine in a well-balanced position by taking the center of
gravity of the engine into consideration.

During lifting process, keep the engine in a well-bal-
anced position by taking the center of gravity of the en-
gine into consideration.

If the wire rope contacts the engine directly, place a

cloth or other soft padding to avoid damage to the en-

gine and wire rope.

Do not climb onto the engine

Do not ¢limb onto the engine, nor step on any engine
parts located on the lateral sides.

To work on parts located on the upper section of en-
gine, use a lfadder, stool, etc., that is firmly secured.
Climbing on the engine may not only damage engine
parts but also cause parts to fall off and result in per-
sonal injuries.

Establish firm scaffold during work

When working on the upper part of

the engine and other hard-to-

reach places, use a stable work

platform.

Standing on a decrepit stool or

parts box may result in personal

injury. Do not place any unnecessary objects on a work
platform.

Vi

Be careful of handlmg fuel, engine
oil and LLC

Use only specified fuel, engine oil and long-
life coolant (LLC)

Use only the fuel, oil and LL.C specified in this manual,
and handle them carefully.

Use of any ather fuel, oil or LLC, or improper handhng
may cause various engine problems and malfunctions.
Obtain the Material Safety Data Sheets (MSDS) issued
by the fuel, oil and LLC suppliers, and follow the direc-’
tions in the MSDSs for proper handling.

Handle LLC (long life coolant) carefully
When handling LLC, always wear rubber gloves and
protective face mask. If LLC or cooling water containing
LLC comes into centact with your skin or eyes, orifitis
swallowed, you would suffer from inflammation, irrita-
tion or poisoning.

Should LLC be accidentally swallowed, induce vomit-
ing immediately and seek medical attention. Should
Li C enter your eyes, flush them immediately with plen-
ty of water and seek medical attention. If LLC splashes
ondo your skin or clothing, wash it away immediately
with plenty of water,

Keep flames away from LLC. The LLC can catch
flames, causing a fire.

Coolant containing LLC is a hazardous material. Do not
dispose of it in unauthorized manner. Abide by the ap-
plicable law and regulations when discarding drained
coolant.

Proper disposal of waste oil and coolant
{LLC)

Do not discharge waste engine cil or coolant into sew-
erage, river, lake or other similar places. Such a way of
disposal is strictly prohibited by laws and regulations.
Dispose of waste oil, coolant and other environmentally
hazardous waste in accordance with the applicable law
and regulations, or consult a Mitsubishi dealer.
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Be careful of burns

Do not touch the engine during or immedi-
ately after operation

Do not touch the engine during or
immediately after operation to
avoid risk of burns.

To conduct maintenance and in-
spection work, wait until the engine
has cocled sufficiently, checking
the temperature gauge.

PRI

Slowly and carefully open radiator cap
Never attempt to open the radiator cap while the engine
is running or immediately after the engine stops. Give a
sufficient cooling time to the engine coolant before
cpening the cap.

When opening the radiator cap, slowly turn the cap to
release internal pressure. To prevent scalds with steam
gushing out, wear thick rubber gloves or cover the cap
with a cloth. )
Close the radiator cap tightly without fail.

The coolant is very hot and under pressure during en-

gine running or jList after the engine stops. i the radia-

tor cap is not closed tightly, steam and hot coolant may
gush out and can cause scalds.

Add coolant only after the coolant tempera- -

ture dropped
Do not add coolant immediately after the engine stops.

Wait until the coolant temperature lowers sufficiently to
avoid a risk of burns.

Never remove heat shields

The exhaust system, which becomes extremely hot
while the engine is operating, is provided with various
heat shields. Do not remave these heat shields. If any
of these heat shields have been removed owing to un-
avoidable circumstances during the work, be sure to re-
store them after the work is completed.

TARWARNING
Be careful of exhaust fume poi-
soning

Operate engine in well-ventilated area
If the engine is installed in an en-
closed area and the exhaust gas is
ducted outside, ensure that there is
no exhaust gas leak from duct
joints.

Take care that the exhaust gas is

not discharged toward plants or animals.

Exhaust gas from the engine contains carbon monox-
ide and other harmful substances. Operating the en-
gine in an ill-ventifated area can produce gas
poisoning. '

%

T AwARANG
Protect ears from noises

Wear ear plugs

Always wear ear plugs when enter-
ing the machine room (engine
room). Combustion sound and me-
chanical noise generated by the en-
gine can cause hearing problems,
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Stay clear of aII rotatmg and movmg parts

Install protective covers on rotating parts
Make sure the protective covers for
engine rolating parts are properly
installed as intended. Repair loose
or damaged protective covers as
necessary.

Never remove the covers guarding
personnel from rotating parts, when the engine is oper-
ating..

When combining the engine with the engine-driven ma-
chine or radiator, always provide a cover on every ex-
posed moving part such as driving belt and coupling.
Never remove prolective covers.,

Ensure safety of neighboring people before
starting engine

Before starting the engine, ensure that there is nobody
in the neighborhood and that no tools are left on or near
the engine. Verbally notify people around the engine or
in the work area when starting the engine.

When the starter device is posted with a sign that pro-
hibits startup operation, do not operate the engine.

Stay clear of moving parts during engine
running

Do not approach rotating or sliding
parts of the engine when the engine
is in operation.

Keep objects likely to be caught by
rotating parts away from such parts.
If any part of the ciothing or outfit-
ting is caught by a rotating part, se-
rious bodily injuries could resuilt.

Lockout and Tagout

Be sure to lockout and tagout before starting inspection
and maintenance.

Lockaut and tagout are effective methods of cutting off
machines and equipment from energy sources.

To accomplish the lockouttagout, remave the starter
switch key, set the battery switch to OFF and attach a
“Do Not Run" or similar caution tag fo the starter switch.
The starter switch key must be kept by the person who
performs inspection and maintenance during the work.
In the case of pneumatic starting type, close the main
valve of the air tank and post a tag saying "Do Not
Open the Valve" or the like. '

Keep engine stopped during servicing

Be sure to stop the engine before proceeding to inspec-
tion and service procedure. Never attempt to make ad-
justments on the engine parts while the engine is
running. Ratating parts such as belt can entangle your
body and cause serious injuries.

Always restore engine turning tools after
use

Do not forget to remove the tools which have been
used for turning the engine during inspection or servic-
ing, after the procedure is finished. Remember also
that the turning gear must be returned to the operating
condition before starting the engine.

Starting the engine with the turning tools inserted or
with the turning gear in engagement can lead to not
anly engine damage but also personal injuries.
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Fire and explosnon

Keep flames away

Store fuel and engine oil in a well

ventilated designated area.

Make sure that the caps of fuel and

engine ol containers are tightly

closed.

Do not use flames, do not smoke,

and do not work near a heater or other fire hazard
where fuel or oil is handled or when cleaning solvent is
being used for washing parts.

Wipe off spilled fuel, oil and LLC immediately and thor-
oughly. Spilled fuel, cil and LLC may ignite and cause
a fire,

Keep surrounding area tidy and clean

Do not leave combustible or expiosive materials, such
as fuel, engine oil and LLC, near the engine. Such sub-
stances can cause fire or explosion.

Remove dust, dirt and other foreign materials accumu-
lated on the engine and sorrounding parts thoroughly.
Such materials can cause fire or the engine 1o over-
heat. In particular, clean the top surface of the battery
thoroughly. Dust can cause a short-circuit.

Always operate the engine at a position at least 1 m
[3.28 ft.] away from buildings and other equipment to
prevent possible fire caused by engine heat,

Avoid accessing crankcase until engine

cools
Do not atternpt to open the side cover of the crankcase

before the engine cools down. Wait at least 10 minutes
after stopping the engine.

Opening the cover when the engine is hot allows fresh
air to flow into the crankcase, which can cause oil mist
to ignite and explode.

Care about fuel, oil and exhaust gas leakage
If any fuel, cil or exhaust gas leakage is found, immedi-
ately take corrective measures to stop it.

Such leakages, if left uncorrected, can cause fuel or
engine oil to reach hot engine surfaces or hot exhaust
gas to contact flammable materials, possibly leading to
personal injury and/or damage to equipment. '

Use explosion-proof lighting apparatus
When inspecting fuel, engine oil, coolant, battery elec-
trolyte, elc,, use a flameproof light. An ordinary light, if
accidentally broken, may ignite and cause an explo-
sion.

Prevent electrical wires from short-circuit-
ing '

Avoid inspecting or servicing the electrical system with
the ground cable connected to the battery. Ctherwise,
a fire-could result from short-circuiting. Be sure to dis-
cennect the battery cable from the negative (-) terminal
before beginning with the work procedure.
Short-circuits, possibly resulting in fire, may be caused
by a loose terminal or damaged cable/wire. Inspect the
terminals, cables and wires, and repair or replace the
faulty parts before beginning with the service proce—
dure.

Keep fire extinguishers and first-aid kit
handy

Keep fire extinguishers handy, and
become familiar with their usage.
Keep a first-aid kit at the designated
place where il is easily accessible
by anyone at any time.

Establish response procedures to
follow in the event of fire or accident. Provide an emer-
gency evacuation route, contact points, and means of
communication in case of emergency.
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Terms used in this manual
Nominal
means the rated (design) size or magnitude of a part {0 be measured.
Standard
means the quantitative requirement for dimension of a par, clearance between parts and performance. This is given in a form of
tolcrance, Therfore, the values shown are not in agreement with the design values.
Limit
_ means that, if this value is reached, the part must be repaired or replaced with a new part,

Abbreviations

» BTDC: Before Top Dead Center

« ATDC: After Top Dead Center

« BBDC: Befare Bottom Dead Center

« ABDC: After Bottom Dead Center

+ TIR: Total Indicated Runout

« APE American Petroleum Institute

= ASTM: American Society for Testing and Materials
= JIS: Japanese Industrial Standards |

* LLC: Long Life Coolant

« MIL: Military Specifications and Standards (U.5.A)
« MSDS: Material Safety Data Sheet

« SAE: Society of Automotive Engineers {U.5.A)

Units of measurement

Measurements are based on the Intermational System of Units (S1), and their converted metric values are indicated in
parentheses {}. For metric conversion, the following rates arc used.

* Pressure: 1 MPa = 10.197 kgficm®

« Torque: 1 N'-m = 0.10197 kgf-m

* Force: 1N = 0.10197 kgf

* Horsepower: 1 kW = 1.341 HP = 1.3596 PS

« Meter of mercury: 1 kPa = 0.7 cmHg

+ Meter of water: 1 kPa = 10.197 cmH=20 (cmAq)

« Rotational speed: tmin" = 1 rpm
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How to use this manual

In this service manual, the S12A2-Y2PTAW Diesel Engme specifications, maintenance standards, maintcnance standardq and
adjustment procedure as well as service procedures such as disassembly, inspection, repair and reassembly are arranged in
groups for quick reference.

A short summary of each Group is given in the General Contents, and there is also a table of contents at the beginning of each
Group. ' .

Regarding engine operation and periodical maintenance, refer to.the Operation & Maintenance Manual. For componént parts
and ordering of service parts, refer to the Parts Catalogue. Structurc and function of the engine are described in various training
manuals,

There are separate manuals for the fuel injection pump and governor.

Lo CAUTION . .. . .~ . . .
When changlng parts, be sure to use our de5|gnated parts. Unless our desngnated parts are used, the exhaust
emission regulations cannot be met.
Take care that the parts may be partly modified due to |mprovement for example.
Work related to the exhaust emission regulations can be conducted cnly at our designated service factories.

Methods of presentation

{1)Index numbers alloted to parts in exploded views are not only 4 call-out of part names listed in the text but also an indication
of the sequence of disassembly.

{2)Inspections to be conducted during disassembly process are indicated in boxes in the relevant exploded views.

{3)Maintenance standards required for inspecti(')n and repair works are indicated it the appropriate positions in the text. They
are also collectively indicated in Group 2, the General Coments-group.

(4)Fasteners to be tightened in “wet” condition, or with engine oil applied, are identified by [Wet] placed aficr tightening
torque values. If no such indication is suffixed, the fastener should be tightened in “dry”™ condition, or without lubricating
with engine oil. }

{5)In this manual, important safety or other cautienary instructions are emphasized with the following marks headed.

Indicates a potentially hazardous situation which, if not avoided, could result in death or serious injury.

A\ CAUTION

Indicates an immediately hazardous situatiori which, if not avoided, may result in minor or moderate injury.

.7 CAUTION

tndicates a potentially hazardous situation which, if not avoided, can rasult in property damage.

Note:

Indicates important information or information useful for operation or maintenance of the engine.
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This service manual describes the specifications and the maintenance and adjustment
procedurcs of the S12A2-Y2PTAW Diesel Enginc that has met the exhaust_emissiorll
regulations of the Environmental Protection Agency (EPA) of the United States.

If the enginc is carefully maintained it will deliver a long productive life and efficient
performancc‘markcd by power and economy.

Before you attempt to inspect, disassemble, or repair the cngine, read this manual
carefully to learn more about the engine and how to care for it properly. 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 engince model produced at the
time of publication. It should be noted that specifications and design may change due to

improvements made thereafter.

Pub.No0.99266-A2100
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2.2 Standard bolt and nut tightening torque
Table 2-14 Standard bolt and nut tightening torque

ST AT Threads. | . Width .| .° - Strength classification
" . Description = © " |'Dia % Pitch | acrossflats [T T -
- L S ogomy | mmyging {5 LT ' 109
O m
o)
. N'm kegtm | 1bffi N-m kgfm | Tbfft
MR8 x 1.25 12[0.47] 17 1.7 13 30 31 22
MIEO = 1.25 14 ]10.55] 33 3.4 24 60 6.1 44
e
Metric automobile screw thread M12 = 1.25 17 [0.67] | 60 6.1 44 108 11.0 80
Ml4 x 1.5 22 £0.37] 97 9.9 72 176 17.9 130
Mib x 1.5 24 {0.94] 145 14.8 107 262 26.7 193
MIRx 1.5 27 (1.06] 210 214 155 378 385 279
M20x 1S | 30[1.18] 291 297 | 215 524 | 534 | 386
M22x 1.5 32 1.26] 385 393 284 694 70.8 512
M24 = 1.5 36 [1.42] 487 497 356 878 895 648
M27 = 1.5 41[1.61] 738 75.3 544 1328 135.5 979

N-m | kgfm | Ibffi | Nm | kgfm | Tbfft
MI0 x 1.5 14 {0.55] 32 13 24 58 5.9 43
MI2Zx 175 | 17[0.67] 57 5.8 42 102 10.4 75
Metric course screw thread M14x 2 22 [0.87) 93 95 69 167 17.0 123
MI16 % 2 24 [0.94) 139 14.2 103 251 25.6 185
MIB = 2.5 2711.06] 194 19.8 143 350 | 357 | 258
M20 x 2.5 30{1.18] 272 ¢ 2727 | 201 489 | 499 | 361
M22x25 321[1.26] 363 | 370 | 268 653 | 666 | 482
M24 = 3 36(1.42] 468 | 477 345 843 | 860 | 622
M27 % 3 41[1.61] 686 | 700 | s06 | 1236 | 1260 | 912

Note: (a) This tablc lists the tightening torgue (or standard bolts and nuts.
(b) The numerical values in the table arc for fastencrs with spring washers.
(¢) The table shows the standard values with a maximum tolerance value of +10%,
(d) Use the tightening torque in this tablc unlcss otherwise specified.
() Do not apply oil to threaded portions. (Dry)

2-15
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2.3 Standard eyebolt tightening torque

Table 2-15 Standard eyebollnghtenmg torque

S Threads® .o - Wiath, [0 s . Stength dassification ;. c -
‘ “D|axP|§c£1'-: acrossﬁats‘ d RO MERRRO
sy My ) mm) i Tt

M8 x 1.25 12 [0.47] R 607
Ml(:“‘: 1.25 14 [0.55] | 15+2 1.5+0.2 1mm=+£1s
MI2 = 1.25° 17 [0.67] 2543 25+£03 1822
M14x 15 19075] | 34+4 35404 25230
MI6x 1.5 2210.87) a4=s 45205 32237
MI8 x 1.5 24 [0.94] T4%5 75205 55237
M20 % 1.5 2711.06] 98 = 10 00=10 | 7274
M2 = 1.5 3201.26] 147=15 150+1.5 108 £ 11.1
M27x 1.5 4] [1.61] 226420 230£240 167 £ 14.;q
(Dry)

2.4 Standard union nut tightening toerque

Table 2-16 Standard union nut tlghtening torgue

Nomlnal :""‘ Cap nut S|ze eacrzavslgtgapt;

f damster |11 MM~ Tnmy i
63 Mldx 1.5 19 [0.75]
80 M6 x L5 22[0.87] 49 5 36
100 M20 x 1.5 27 [1.06] 78 8 58
120 M22x 1.5 30 [I.iB] 98 10 72-
150 M27x1.5 32[1.26] 157 16 116
180~ M30Dx 1.5 36 [1.42] 196 20 145
200 M30 x 1.5 36 [1.42) 196 20 145
220 M33x 1.5 4i [1.61] . 245 25 18]
254 M36 = L5 41 [1.61] 254 30 217

{Maximum tolerance value: +10%, dry condition)

2.5 High-pressure fuel injection pipe tightening torque
Table 2-17 ngh pressure fuel |nject|on pipe t|ghten|ng torque

Cap nut ‘size Z" :

,wx

(mlTI_‘) sr o w g

L S Lete eRa
PR L R i LI LY

MI2 = 1.5

405

Mil4 =% 1.5

5+0.5

M18 = 1.5

6=1.0

{Dry)

2-16
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SERVICE TOOLS
I

1. Special tools

Table 3-1 Special tools {1/ 5)

» Maintenance.tem

~.*; Yool name/Part No, ..o [ 7.

cow

[

...+ Shape &

B mo o s

LiUse, Do e

General

Adjustable wrench
F9611-15000

Max. open width:
20mm [0.79 in.]

Torque wrench
32191-03100

Range applicable:
O 539 N'm
{010 33 kgt'm)
[0 to 398 Ibf-fi)

Ring pliers

Snap ring
45191-08400 rermoval/installation
Turning bar

37191-03100

Engine turming

Inspection for
averhaul need, and
lesting

Compression gauge *
35A91-03100

Compression pressure measurement

Gauge adapter
36291-02200

Compression pressure measurement
U5/8, Thread: 18

Conncctpr
32061-31700

Compression pressure testing

Screw pin
32061-31800

Overspeed testing

3-2
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Table 3-1 Speciaitools (2/5)
1:Maintenance’ite-|: *: Tool name/PatNo.  .|% . .- :--: Shape ".".7:  Use

Inlet, exhaust, prechamber gas
valve spring removal/installation
Length of handle plate: 600mm
[23.6in.]

Cylinder head and Valve spring pusher
valve mechanism 33591-04500

Rocker bushing puller

32301-02600 Rocker busing replacement

Guide & seal installer Valve guide and stcm
3259110300 scal installation

Valve lapper

) .
30091-08800 Valve lapping

Sockel wrench
32591-01100

Cylinder head bolt
remaoval/installation

Inlet valve seat caulking tool
35A91-05010

Exhaust valve seal caulking tool / e e .
35A91-05020 \ Exhaust vatve seat installation

Inlet valve seat installation

Valve seat puller

1259104200 Valve seat removal
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Table 3-1 Special tools (3/5)

‘Maintenance item.

i, Tool name/PartNo. . :

L

W,ri ke Shape s eidee 17

T

e Use e ke

Front cover, flywheel
and camshafl

Idler bushing puller
32591-02500

ldter bushing replaccment

Fronat seal
installer assembly
32691-00042

Front oil seal insert

Rear seal

installer assembly Recar oil scal insert

32591-07012

Sacket Camshaft connector removal/instal-

32591-02800

lation

Crankcase

Adapter
32591-04300

M10 x 1.256 mm

M18 x 1.5 mm

Main bearing cap removal

Cylinder liner, piston,
connecting rod

Ring cxpander
37191-03200

Piston ring removal/installation

Cylinder liner remover

32591-04100

Cylinder liner removal

Projection plate
37598-09201

Crankease liner bore counter boring
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Table 3-1 Special tools (4 / 5)

~ Maintenangejtem -

=2+ Tool name/Part No. -+ (720 -

:* :Shape i .

. Use .f“*("'::\'-

Cylinder liner, piston,
connecting rod

Connecting rod bushing
instatler

32591-18010

1

Connecting rod bushing
replacement

‘

Piston installer
37191-07100

Piston installation

Crankcase grinder
32591-04050

Cylinder liner support ridge of
crankcase adjustment

Fuel injection nozzie

Nozzle tester
04232-00050

Injection nozzle opening pressure
measurement

Nozzle remover
36291-00900

Injection nozzle removal

Qil pump

Qil pump bishing puller
32691-02700

Qil pump bushing instaltation/
removal

Waler pump

Qil seal installer
32591-03200

Water pump oil scal installation

Thread cover
37191-06600

Water pump shaft installation




SERVICE TOOLS

Table 3-1 Special tools (5/ 5)

-<Maintenance.item | *.;.Tool name/PartNo.; ;| >+’ - = 7. Shape ce el w e N e 2o Use e
Water pum Bearing installer Wat bearine installati
pump 3256103600 ater pump bearing installation
Oil seal installer Wat eal installat
12591-03100 ) ater pump seal installation
Unit seal installer . Watcr pump unit scal ring instalia-
Ltion
Wrench Water pump oil drain pipe installa-
32691-01200 tion/removal
. Plyer Snap ring {49162-23200) installa-

Turbocharger 49160-90101 tion/removal
Plyer Snap ring (49181-22300) installa-
49160-90201 tion/removal
V-belt gauge ; s

Alternator 32591-09100 o V-belt deflection measurement
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DETERMINATION OF OVERHAUL

1. Determining overhaul timing ........... 4-2

2. Testing compression pressure ........ 4-3
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DETERMINATION OF OVERHAUL

1. Determining overhaul timing

TIoU T e e < CAUTION - . ety T
When changing paris, be sure to our designated parts. Unless our designated parts are used, the exhaust emission

reguiations 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 compression pressure of the engine becomes low. An increase in
engine oil consumption and blow-by gas are also considered to evaluate the engine condition. Besides, such symptoms as a
decrease in output, increase in fuel consumption, decrease in oil pressure, difficulty of engine starting and increasc in noisc are
also considered for judging the overhaul timing, although those symptoms are often affected by other causes, and are nol
always effective to judge the overhaul timing. Decreased compression pressure shows a varicty of symptoms and engine
conditions, thus making it difficult to accurately determine when the engine needs an overhaul. The following shows typical
problems caused by reduced compression pressure.

{1} Decreased output powcer

(2) increased fuel consumption

(3) Increased engine oil consumption

(4) Increased blow-by gas through the breather due to womn cylinder liners and piston rings (Visuﬁ_lly check the blow-by

amount)
(5) Increased gas leakage due to poor seating of inlet and exhaust vatves
(6) Difficuity in starting
{7) Increased noise from cngine parts

{8) Abnormal exhaust color aftcr warm-up operation

The engine can cxhibit these conditions in various combinations. Seme of these problems are directly caused by worm cnginc
parts, while others are not. Phenomena described in items (2) and (6) will result from improper fucl injection volume, fuel
injection timing, worh plunger, faulty nozzles and also faulty conditions of clectrical devices such as battery and starter. The
most valid reason to overhau] an engine is a decrease in compression pressure due to worn cylinder liners and pistons, as
described in item (4). In additien to this item, it is reasonable to take other problems into considcration for making the total

judgment.
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DETERMINATION OF OVERHAUL
_

2. Testing compression pressure , _ w

Poi. 0. CAUTION c :
- - omgpression gauge
(a) Measure all cylinders for compression pressure. P/N:35A91-03100
Do not measure only one cylinder and make Gauge adapter
assumption about the other cylinders as it will lead P/N:36281-02200

to a wrong conclusion.
(b} Compression pressure varies depending on the
. engine speed. When measuring the compression
pressure, be sure to measure the engine speed as
well.
(c} It is important fo regularly check the compression i
pressure so that you can tell the change with time.,

: _ Testing compression pressure
(1) Disconnect the main harness from the relay connector.

(2) Disconnect the high pressure pump solénoid connector
from the high pressure pump solenoid sensor.

(3) Select a cylinder, and remove the injector in the
cylinder. (Each cylinder is tested one at a time.)

(4) Install a gauge adapter in the same location thar the
injector was mounted, and install a compression gauge
to the gauge adapter.

(5) Start the engine vsing starter. With the engine running
at specified speed, read the compression gauge.

(B) If the measured value is at the limit or below, overhaul

the engine.
o oHems o ‘Standard - Limit
Compression 2.35 MPa 1.86 MPa
p {24 kgfiem?) {19 keffem?}

pressure

1341 psi] or morc [270 psi] or more

Note: Measure the compression pressure with the engine

running at 120 to 200 min™.
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DISASSEMBLY OF BASIC ENGINE -

1. Disassembling and inspecting 'cyiinder

heads and valve mechanism........... 5-2
1.1 Remaqving fuel injection pipes.................. 5-3 .
1.2 Removing fuel injection nozzle ................ 5-3
1.3 Removing rocker shaft assembly............. 5-3
1.4 Remgoving rocker shaft assembly............. 5-4
1.5 Removing valve bridge ..o 5-4
1.6 Removing cylinder head bolt.................... 5-4
1.7 Removing cylinder head assemblies ....... 54
1.8 Removing valve and valve spring............. 5-5
1.8 Removing stud and guide ....................._. 5-5

2. Disassembling and inspecting flywheel,

timing gears and camshafts ............ 5-6
2.1 Removing flywheel ..o, 5-7
2.2 Removing timing gear case .................... 5-7
2.3 Measuring timing gear backlash and

endplay ... 5-7
2.4 Removing idlergears...................... 5-8
2.5 Removing fuel injection pump gear.......... 5-8
2.6 Removing accessory drives ... 5-8
2.7 Removing camshaft gear..........c.c.cooee 2-8
2.8 Remaoving camshafts ... 5-9
2.9 Removing idler shafts ............coconereienn 5-10

3. Disassembling and inspecting

damper and front cover................. 5-11
3.1 Removing fan pulley .......ccccocce s, 5-12
3.2 Removing damper.........cccccociicveiinennnnn. 5-12
3.3 Remgving crankshaft pulley.................. 5-13
3.4 Removing front cover................cece. 5-13

4. Disassembling and inspecting cylinder
~ liners, pistons and connecting rods5-14
4.1 Removing connecting rod cap ............... 5-15
4.2 Removing ash deposits
from the upper part of cylinder liner....... 5-15

. 4.3 Pulling out pistons..........cceiiiiiicine 5-16
4.4 Removing piston fing........ceeeeevvevvveeenns 5-17
4.5 Removing piston pin and piston............. 5-17

5. Disassembiing and inspecting
crankcase, crankshaft and

Main bearing ......ccccovvvvvrirvreeneinn 5-18
5.1 Inverting crankcase..........cccoceceeeeeineen, 5-19
5.2 Measuring crankshaft end play .............. 5-19
5.3 Removing main bearing cap .................. 5-20
5.4 Removing crankshaft .............ccccooeeee 5-21
5.5 Removing piston cooling nozzle ............ 5-21
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DISASSEMBLY OF BASIC ENGINE

1. Disassembling and inspecting cylinder heads and valve mechanism

Cracks, damage, carbon
and scale deposit

| Worn end, distortion

Worn cam contact surface
and outer sliding surface

17
S Ny W Worn stem or face, corrosion,
\_./*55 AN ,/ =LA damage or carbon deposits
"~ A -~ -

Disassembling and inspecting cylinder heads and valve mechanism
Disassembling sequence

1 Rocker cover 11 Snap ring 21 Cylinder head (weight: approx. 22 kg [64 Ib})
2 Fuel injection pipe 12 Washer 22 Valve cotter

3 Fuel leak-off pipe 13 Rocker 23 Valve rotator

4 Nut and washer 14 Rocker shaft 24 Valve spring

5 Nozzle gland 15 Rocker shaft bracket 25 Inket valve

6 Injection nozzie assembly 16 Pushrod 26 Exhaust valve

7 Gasket 17 Tappet 27 Cylinder head gasket

8 Adjusting screw 18 Bridge cap 28 Inlet valve seat

9 Bolt 19 Valve bridge = . 29 Exhaust vaive seat

10 Cylinder head bolt (long) 20 Cylinder head bolt {short}

T s GAUTION Y T R e T e
When changing parts be sure to use our d93|gnated parts. .
Unless out designated parts are used, the exhaust emission regulations cannot be met
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DISASSEMBLY OF BASIC ENGINE
L

1.1 Removing fuel injection pipes

(1) Remove the clamp, and disconnect the fuel injection
pipe.

{2} Remove the cyec bolt of the fuel injection nozzle to
disconnect the fuel injection pipe. In doing so, remove
the sealing washers and keep them together to avoid the

risk of losing.

1.2 Removing fuel injection nozzle

44 CAUTION -
When removing the nozzle assembly using a nozzle
remaver, be careful not to gel caught your fingers
between the nozzle remover weight, bar and plate.

CAUTION .
Wipe dust off the nozzle assembly, and prevent dust
‘from entering the cylinder head when the nozzle
holder is removed. Keep the nozzie and the fuel pipe
together, and handie the nozzle with care to avoid
damage to the nozzle tip.

(1) Remove the nozzle gland.

{2) Using the nozzle remover, pull out the nozzle holder.

{3) Remove the remaining gasket from inside the cylinder
head.

1.2 Removing rocker shaft assembly

, A\ CAUTION
Always loosen shorter bolts first, Failing to do so may
cause the damage to the rocker shaft bracket.

(1} Loosen the rocker arm adjusting screws by rotating
about one turn.

(2) Loosen the shorter rocker bracket bolts first.

(3) Then, loosen the longer rocker bracket bolts.

(4) Remove the rokcer bracket bolts, and remove the
rocker shaft assembly from the cylinder head.

{5) Remove push rods.

Eye bolt

Sealing
washers

Fuel injection pipe

&

Removing fuel injection pipe

Nozzle ground

MNozzle remover
PIN:36291-00900 i

Removing fuel injection nozzle

Adjusting screw

Removing rocker assembiy and pushrod
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DISASSEMBLY OF BASIC ENGINE
_

1.4 Removing rocker shaft assembly
{1) Loosen the rocker arm adjusting screw by about one
turn.
{2) Loosen the rocker stay bolts and remove the rocker
shaft assembly. ]
Note: When removing the rocker shaft assembly. remove it
together with the rocker stay bolts, and keep them
together for reassembling.

1.5 Removing valve bridge
Remove the valve bridge and bridge cap.
Note; Be careful not to drop bridge caps into the crankcase

through the pushrod holes.

1.6 Removing cylinder head bolt
Remove the cylinder head bolt (short).

1.7 Removing cylinder head assemblies

UL CAUTION - ot
When removing the cylinder head gasket, be careful
not to damage the cylinder head or crankcase surface.

(1) Adach a sling to the nozzle holder tightcning stud of the
cylinder head.

{2) Each cylinder head is positioned properly by dowel
pins, so the cylinder head must be lifted at an angle by
using the eye bolt.

{3) Remove the cylinder head gasket.

54

Rocker shaft

Raocker

Rocker bushing

Washer !
‘ s 7 Rocker shaft bracket

Snap ring J_,ﬁ-, Adjusting screw

Removing rocker shaft assembly

Bridge cap

Removing valve bridge

Cylinder head bolt {short)

Cyinder hea
Waight: approx. €
29 kg [64 Ibf] k \

Rehmving cylinder head assembly
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1.8 Removing valve and valve spring
Using a valve spring pusher, compress the valve spring

Valve spring pusher
/PIN:33591 -04500

£}

evenly and remove the valve cotters.
Note: If values are reusable, mark each valve scat and the
© mating valve guide for identifying their original
positiens. Do not mix valve seats with other valve
puides.

Removing vaive and valve spring (1)

i Valve spring pusher
’ PiN:33591-04500

Valve coiter

Valve spring

‘(IELVaive

Removing valve and valve spring (2)

Valve rotator

1.9 Removing stud and guide
Do not remove the following parts from the cylinder head Nozzte holder tightening stud

unless it is necessary. If any of these parts are removed, Fuel injection pipe

connector

apply thread Jock agent to the threads in the bolt holes, and Bridge guide

Fuel leak-off

install new parts.
pipe connector

" Note: Do not remove the bridge guide unless the valve
guide is replaced.

Removing stud and connegctor P




DISASSEMBLY OF BASIC ENGINE
B

2, Disassembling and inspecting flywheel, timing gears and camshafts

IScratches on outside surface, wear

Bearing rotation condition,
seal abnomalities

4

Damage, wear,
defective keyslot

Spalled, pitted or worn teeth,
distoried or worn keyway

Worn, damaged or
deteriorated tip

Cracks, defective dowel holes,
damaged or worn ring gear

Damage threads

Disassembling and inspecting flywheel, timing gears and camshafts .,
Disassembling sequence

1 Oil pan 6 Qil seal 11 Camshaft gear
2 Qil strainer, oil pipe and oil pump 7 Thrust plate 12 Thrust plate
“ 3 Pickup 8 Idler gear 13 Camshaft
4 Flywheel 9 ‘Injection pump gear {weight: approx. 25 kg [55 Ib})

(weight: approx. 83 kg [183 lb]) 10 Accessory drive 14 |dier shaft

(See the."Fuel System" section
for disassembiy,
inspection and reassembly.) 18 Camshaft bushing

& Timing gear case
(weight: approx. 110 kg [243 Ib]}

15 Rear plate

PR N .. .. . . N ..
R i3 P T, se LA b . aa - et . g R

When changing paris, be sure to use our designated parts.

Unless out designated parts are used, the exhaust emission regulations cannot be met.




DISASSEMBLY OF BASIC ENGINE

2.1 Removing flywheel

: A\ CAUTION

Be careful not to drop or hit the flywheel. Dropping or
hitting the flywhee! not only causes damage to the fly-
wheel but also can resuit in personnel injury.

CAUTION
(a) Be sure to remove the pickups before removing
the flywheel.
{b) Use jack bolts with convex and round ends. Do not
use jack bolts with sharp edge, as they may cause
damage to the surface of crankshatft.

{1) Attach a lifting sling to the fiywheel to prevent from
falling out. .

{2) Remove the flywheel mounting bolts.

{3) Screw two jack bolts evenly into bolt holes, and rcmove
the flywheel.

2.2 Removing timing gear case

. A CAUTION
Be careful not to drop or hit the timing gear case.
Dropping or hitting the timing gear case could cause
not oniy damage to the gear case but also lead to per-
sonnel injuries.

(1} Auach a lifting sling to the timing gear case to prevent
it from falling out.

{2) Remove the timing gear case mounting bolts.

(3} While lifting and supporting the timing gear case,
remove the timing gear case by sliding it out until the
gear casc is disengaged from the dowel pins. Be careful
not to damage the oil seal.

2.3 Measuring timing gear backlash and end
play
Measure the backlash and end play of each gear, and make a

note of them to determine for replacement.

—— Flywhee!

Removing flywheel (1}

Flywheet
Weight: approx.
83 kg [183 Ibf]

Jack bolt
(M12 % 1.75-70 mm} [2.75in.]

Removing flywheel {2)

DS
==k
=y
Timing gear case
Weight: approx.
Ol seal 110 kg {243 Ibf)
Refnoving timing gear case
Accessory -
drives

tdler gear

Measuring timing gear backlash end play
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2.4 Removing idler gears

Remove the thrust platc mounting bolts, and remove the
idler gear.

Note: When removing the bolts, take care not to lose the

washers.

2.5 Removing fuel injection pump gear

Remove the mounting nut, and with a puller inserted into
threaded holes of fuel imjection gear, remove the fuel
injection pump gear. '

2.6 Removing accessory drives

Unscrew the accessory drive mounting bolts, and dismount
the accessory drive from the rear plate. Be careful not to
damage the gear teeth.

See the "Fuel System" section for disasscmbly, inspection
and reassembly

Socket /\ H

__PIN:32591-02800 70
; w0

idler gear

Removing idler gears

Fuel injection
pump gear Puller

Removing fuel injection pump gear
\

Accessory drive

Removing accessory drives
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2.7 Removing camshaft gear

Sl 7 CCAUTION

The camshaft gear mounting nuts are left-hand
threaded. Be sure to turn them clockwise to loosen
them.

(1) Using the socket rernove the nuts (left-hand threads).
(2) Remove the camshaft gear with the puller using the
threads in the geat. .

2.8 Removing camshafts

CAUTION
When removing the camshaft, be careful nol to dam-
age the camshaft cam and bushing.

{1) Unscrew the thrust platc mounting bolts, and dismount
the thrust plate.

{2) Support the camshaft with a sling from the top of the
crankcase, and rcmove the ‘camshaft from the
crankcase.

Socket } "\‘\z/
P/N:32591-02800 ] /I 4
A\ é R ,//
\, st ek
'd \\\\7- \ __/// TN
\\"’“_D
-~ {‘"\i\\\\y//

- %)
(Left-hand
thread)

/|

Removing camshaft gears (1)

/ ~ 74

NS

K // Qi‘\i_ f“\:"’,f- 7/ /;%%"7“;. 2,

(M10 x 1.25 mm) ¥ f <3

.

Cal:nshaft
Weight: approx. _
23 kg [51 1b]

Sling

Ca}nshaﬁ

Crankcase 25 kg [55 Ibf]

Camshaft bush

Weight: approx.

Removing camshaits {2}
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2.9 . Removing idler shafts

C . i UCAUTION o
Use jack bolts with convex and round end. Do not use
jack bolts with sharp edge, as they could cause dam-
age to the surface of crankcase.

Remove the idlet shaft mounting bolts, Screw jack bolts
cvenly into the bolt holes, and remove the idler shaft.

5-10
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3. Disassembling and inspecting damper and front cover

S SN O
\\;Dm \\5' D (’” ™ \\_,)
\ '\\\\\/ - = N i ((
. y N -
N A
\F%;:@r«. / N v
y 4 } h\E‘)\ Aok )

| Damage, deterioration

Worn belt groove

[Cracks. dowel pin hole abnormalities

ny . Bulging of cover, discoloration of
1 outside surfaces (due to heating),
oil leakage

Disassembling and inspecting damper and front cover
Disassembling sequence

1 Coupling 3 Crankshaft pulley
2 Damper (weight: approx. 56 kg [123 Ib]) : 4 Front cover, vil seal
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DISASSEMBLY OF BASIC ENGINE -

3.1 Removing fan pulley

e -~ _CAUTION - * *: :
Use the jack-holts with convex and round ends. Do not
use the jack-bolts with sharp angles as they may
cause damage to the surface of damper.

Remove the coupling mounting bolts, evenly in the holes
for removing the fan pulley. Using the jack bolts, remove
the coupling.

3.2 Removing damper

. - - CAUTION o ;

Use jack bolts with convex and round end. Do not use
jack boits with sharp edge, as they could cause dam-
age to the surface of crankshaft pulley.

{1) Screw the set bolts evenly in the damper (front) pullout
holes, and pull out the damper (front) to such a degree

that it docs not come off the dowel pins.

(2) Pass the hanging strap through the center hole in the
damper (front). Using the hanging strap, suspend the
damper (front) with a crane or the like.

(3) Screw in the damper (front) jack bolts further and
remove the damper (front} held in suspension.

5-12

Jack boit .
{M12 = 1.25-60 mm [2.36 in.])

Removing fan pulley

) Jack bolt
Dowel pin {M12 x 1.25-90 mm
‘ [3.54 in.})

Damper

Remaving damper (1)

=>
Dowel pin

Jack bolt
(M12 % 1.25-80 mm

ink E/{3.54 in.g

Damper

Crankshaft pulley

Removing damper (2)

Dowel pin

Damper
weight: approx.
56 kg [123 Ib]

Removing damper (3)
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—

3.3 Removing crankshaft pulley

CAUTION =~ - = i
Use jack bults with convex and round end. Do not use
jack bolts with sharp edge, as they could cause dam-
age to the surface of damper.

Remove the crankshaft pulley mounting bolts. Screwing
jack bolts evenly into the bolt hotes, remove the crankshaft
pulley.

3.4 Removing front cover

CAUTION
Use jack bolts with convex and round end. Do not use
jack bolls with sharp edge, as they could cause dam-
age 1o the surface of crankcase.
When removing the front cover, take care not to dam-
age the lip surface of the oil seal.

(1) Remove the pointer and spacer from the front cover.

(2) Unscrew the front cover mounting bolts.

(3) Screw two jack bolis evenly in the holes to remove the
front cover.

{4) Do not remove the oif seal unlgss it is damagéd, and
when you change the oil scal, you should also replace
the slinger instailed on the crankshaft.

Crankshaft pully oy

Removing crankshaft pulley

Front cover

Spacer

Pointer \b/ >
43

bolt bolt

Removing front cover (1}

Front cover

Jack bolt
{(M12 = 1.5-30 mm [1.18 in.])

Removing front cover (2)
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4. Disassembling and inspecting cylinder liners, pistons and connecting rods

Scratches, wear on inside
surface, and defect or
rust on outside surface

|Wear, scratches, damage

Scratches, cracks, damage, wear,
carbon deposits on outside surface

Replace \‘
P,
e
P O\
L \\
R \‘ | Wear, scratches,
o ‘Zﬁif \ P discoloration on
i _f—_-’g = \ \\_‘/ // T \\ inside surface
< NES AT A N
W AN
VAN P '/K| AN e e
\ AN ; ey
DN G
“-J > //’//)_,.- = -
ST '\ \ Nt Scratches, deposits,
j \\ & _{flaking on inside/
L opeT \ - ‘E:'f[ || outside surfaces
\ S ’]| T el
Y4 N\ S A
e \ [' i N A
\ e
Vs
VLT

Damaged thread

Disassembling and inspecting cylinder liners, pistons and connecting rods

Disassembling sequence

Bolt
Connecting rod cap

Caonnecting rod bearing, lower

7 Qilring
8 Snap ring

9 Piston pin

Connecting rad bearing, upper

MNo. 1 compression ring

(=) JEYS ) IR - & B S B

No. 2 compression ring

10
11
12

Piston
Connectinb rod

Connecting rod bushing

B O .
fe ot P R )

+-. -CAUTION

P

[

&
L

we

When changing parts, be sure to use our design

ated parts.

Unless out desighated parts are used, the exhaust emission regulations cannot be met.

5-14




DISASSEMBLY OF BASIC ENGINE
-

4.1 Removing connecting rod cap
Using a socket wrench, remove the connecting rod bolts

through the inspection window on the side of the crankcase,

and remove the connecting rod cap and connecting rod .

bearings,

Note: {a) Be careful not to drop the connecting rod
bearings into the oil pan, as it could cause
damage.

{(b) Mark the connecting rod bearings for their
cylinder numbers and the upper or lower position.

4.2 Removing ash deposits from the upper part
of cylinder liner

RN
Cylinder liner .

CAUTION"
Be sure to remove ash deposits from the upper part of
the cylinder liner befare removing the piston, as they
could cause damage to the piston and piston ring.

Using a cloth or oil paper, remove ash deposits from the

upper part of the cylinder liner.

Note: Be careful not to damage the inner surface of the
¢cylinder liner.

Removing ash deposits from the upper part of
cylinder liners
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4.3 Pulling out pistons

R T ‘ UL AACAUTION < s e o e
When holding the connecting rod with your hand to prevent it from swinging, be very careful, as you may suffer
hand injuries from accidental movement of the connecting rod.

3 o e CAUTION ot e e

{a) When pulling out the piston, be careful not to drop the upper connecting rod bearing. Dropping the upper con-
necting rod bearing will cause damage to the cylinder liner and the crankshatt.

(b} Use care not to damage the cylinder liner by the swing of the connecting rod when pulling out the piston and
connecting rod from the cyilinder liner.

(c) When only a few pistons are left in the cylinders, the crankshaft tends to turn by itseif. Be sure to hold the crank-
shaft to prevent it from turning while removing pistons.

(1) Tum the crankshaft to bring the piston to approximately

50° after top dead center.

(2) Attach the piston remover (special tool) to the top of the
piston.

(3) Wrap a cloth around the bar, and insert the tip of the bar
under the big end of the connecting rod.' Then push the

bar downwards using the crank pin as a fulcrum to raisc

the piston slightly.
Note: [f the bar is inserted too deep, the bar may be caught

Piston remaver

in the cylinder liner and unable to raise the piston. 1 P/N:MM321420

Carcfully ingert the bar so that it protrudes about 10 to
20 mm [0.39 to (.79 in] from the tip of the Pulling out pistons

. connecting rod big end.
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4.4 Removing piston ring

. 4\ CAUTION
“When removing the piston ring, be careful not to get
caught your fingers between the piston and cylinder
wall by the swing of the piston.

Ring expander
PIN:37191-03200

CAUTION
If the piston is forcibly moved and interfered with the
connecting rod, the piston could be damaged.

Hold the piston and connecting rod in a vise, and remove

the piston ring using a ring expander.

4.5 Removing pisten pin and piston
{1} Using ring pliers, remove the snap ring.

Ring pliers
P/N:45131-08400

(2) Using a wooden block and malilet. remove the piston

pin, and separate the piston from the connecting rod.
Note: (a) Do not tap the piston pin directly with a mallet.

(b) If the piston is stubborn, heat the piston with a
piston heater or in hot water.

(c) Place removed pistons, piston pins, connecting
rods, connecting rod bearings and connecting rod
caps, not on the ground directly but on pallets or
the like.

(d) Keep removed pistons, piston pins, connecting

rods, connecting rod bearings and connecting rod

caps as a set according to cylinder numbers and Keeping pistons in order after disassembling
mark each of themn with appropriate cylinder

number. When the parts are reassembied, be sure

to use them in the same cylinders as before.
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5. Disassembling and inspecting crankcase, crankshaft and main bearing

Scale deposits, damage,

cracks, clogged oil hotes o A : /'} 7 Oy
I
gy~ =" 0
So———1
Clogged oil hole Fy 11
12 ‘ § 0
Overlay flaking,

wear, tooth contact

Scratching on both sides,
corrosion, overiay flaking

Scratching,.cracks, dents,
clogged oil holes, wear

Disassembling and inspecting crénkcase, crankshaft and main bearing
Disassembling sequence

1 Mainbearingcapbolt & Crankshaft 10 Main bearing {upper}

2 Side bolt 7 Sleeve 11 Thrust plate

3 Main bearing cap 8 Slinger 12 Piston cooling nozzle

4 Main bearing {lower) 9 Crankshaft gear 13 Crankcase

5 Thrust plate (6. o 9 weight: Approx. 300 kg [661 Ib]) {1 to 13 weight: Approx. 1010 kg [2227 b])
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5.1 Inverting crankcase

Lay the crankecase on a turntable and invert the crankcasc.
When the turntable is not available, use a sqaure wooden
block or a cloth to lay the crankcase on it to prevent the
crankcase from damage, and using a crane and wire ropes,
hoist the crankcase and lay it on the wooden block with its
side faced downwards.

Then, change the positions of the wire ropes, and turn over
the crankcase.

5.2 Measuring crankshaft end play

Measure the crankshaft cnd play (difference between the
crankshaft thrust joumal width and the width of the hearing
cap assembled with thrust plates).

Weight of crankcase with crankshaft:
approx. 1010 kg |
[2227 Ib)

Crankcase

Inverting crankcase

" ltem Standard -~ Lirnit

0.200 to 0.395 mm 0.500 mm

Crankshaftend play | ) 6080 10 0.0160 in.] | [0.0200in.}

R7 58 +g.03(!
PN \ g
TN :
R7 Unit: mm [in.]

Crankshaft thrust journal width

Measuring crankshaft end play
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5.3 Removing main bearing cap

CL- U4 CAUTION ™ Lo
“When removing the main bearing cap with a nozzle
remover, take care not 1o get caught your ﬁngeLs
between the weight and the bar of the nozzle remover.

C CAUTION . .
When lifting the main bearing cap away from the
crankcase, be careful to not damage the lower main
bearing or the lower thrust plate that are attached to
the cap. Also be careful not to drop those parts, which
may damage the crankshaft.

When removing the No. 7 main bearing cap, take care
not to damage the thrust plate on both sides.

(1) Remove the main bearing cap bolt and the side bolt.

(2) Install the cap remover adapter to the main bearing cap.

{3) Install the nozzle remover to the adapter.

{4) Move the nozzle remover up and down to remove each
matin bearing cap.

(5) Remove the main bearing lower from the main bearing
cap while paying attention to the lug position, and
remove the thrust plate lower from the No. 7 main

bearing cap.

5-20

Main bearing
cap boit

Side bolt

Removing main bearing cap (1)

Nozzle remover
F/N:36291-00900

S ~ Cap remove adapter
\%\\ PIN:32591-04300
\\\\; Main bearing cap
._\’\\

o

Remoi.ring main bearing cap (2}
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5.4 Removing crankshaft

L. - CAUTION . * . '
Remove the upper thrust plate on the front side first,
atherwise the front upper thrust plate will fali off onto
the crankcase when removing the crankshaft.

When placing the crankshafl onto a pallet or other
stands, be careful not to damage the crankshaft. Once
placed on a pallet, the crankshaft should be tocked in

place to prevent it from turning.

(1) Remove the front upper half of the thrust plate while

rotating the crankshaft slowly.

{2) Keeping the crankshaft in a horizontal position, slowly

raise the crankshaft.

Note: Do not attach a metal chain or other hoisting devices
directly onto the crankshaft, as they could damage the
crankshaft. Place cloth belts or pads in position where
a chain or other hoists arc hooked before raising
crankshaft.

(3) Remove the upper main bearing from the crankcase,

paying attention to the lug position, and remove the
upper thrust plate on the rear side. r

5.5 Remaoving piston cooling nozzle

. CAUTION
When the piston cooling nozzle has been removed, be
sure to tighten it to the specified torque.

Do not remove the piston cooling nozzles unless oil holes

are clogged or the spray direction is faulty.

Note: Be surc to use a torque wrench to tighten the piston
cooling nozzles to the specified torque. Tightening
without using a torque wrench could result in
gxcessive tightening force, which could cause the
check valve to malfunction, possibly leading to piston
seizure due to insufficient lubricating oil supply
during engine operation.

Front upper
thrust bearing

o Rear

O "\ ,
Crankshaft

"I Crankcase

Removing crankshaft (1)

Crankshaft assembly
weight: approx.
300 kg {661 Ib)

34+ 34Nm J \ R

{3.5 + 0.35 kgf-m} ! \ v \
[25+ 25 1bff] \ \ .

Removing piston cooling nozzle
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1. Inspecting and repairing cylinder heads and valve mechanism

1.1 Measuring rocker bushing inside diameter
and rocker shaft outside diameter

Measure the inside diameter of the rocker bushing and the

outside diameter of the rocker shaft. If the inside diameter

of rocker bushing exceeds the limit, replaée the bushing,

and if the outside diameter of shaft is less than the limit,

replace the shaft,

ltems Nominal Standard , . { Limit

e 32mm | 32.000 1o 32.040 mem | 32,700 mm
[1.26n.] | {1.2598 to 1.2614 in.] | [1.2638 in.]

Rocker bushing
inside diameter

Measuring _

direction ¢4 M_eas_unng
direction

Measuring

position

p32mm | 31.975tw0 31,991 mm | 31.950 mm
12600 | [1.2589tw 1.2595 in] | (1.2579 in]

Rocker shaft
outside dizamcter

1.2 Replacing rocker bushing

{1) Remove the rocker bushing using the rocker bushing
puller.

(2) Install a new rocker bushing using the rocker bushing
pulier from the chamfered side of rocker bore with the
rocker bushing positioning slit facing up.

(3) Afier installing the rocker bushing, measure the
bushing inside diameter. If the measured value is out of
the standard, ream the bore to the standard.

1.3 Inspecting and replacing nozzle gland stud
and bridge guide

Replace the nozzle ground stud or bridge guides with new

ones if they exhibit a defect such as excessive wear or

damage.

Note: Do not remove the nozzie ground stud and bridge
guides from the cylinder head unless they are
defective.

(1) Installation of nozzle ground stud

When replacing the nozzle ground stud, install the new
nozzle pround stud so that the distance between its
mounting surface and end becomes 85 mm [3.35 in.].

(2) Installation of bridge guides

When replacing the bridge guides, install the new
bridge guides so that the distance between their
mounting surface and end becomes 37 mm|1.46in.].

Measuring rocker arm inside diameter and
rocker shaft diameter

Racker bushing puller Orient slit upward
P/N:32591-02600

Bushing inside
diameter surface
roughness

9 2 32°0"mm

" [1.26 2%™in.]
Ra08 ym
f0.031 win.]

Replacing rocker bushing

Nozzle ground stud
Bridge guide

85 mm s
. .
[3.35in] 37 mm [1.46 in.]

BT

il

Inspecting and replacing nozzle gland stud and
bridge guide
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1.4 Measuring valve stem outside diameter and
valve guide inside diameter

Measure the outside diameter of the valve stem and the

inside diameter of the valve guide at the respective top and

Measuring
direction

bottom ends in two crossing directions, since they are likely
to wear more rapidly at both ends. If the measurement

excceds the limit, replace the part.
— . — Measuring
o oo, em:. - | Nominal | | Standard .. | .. Limit:, points
9.940 1 9.960 P
Inlet ¢ 10 mm mm 9.910 mm
Valve e [0.39 in.] 03913 | [0.3902in]
stem oul- 03921 in.] Measuring valve stem diameter
side - 9.910 10 9.930
diameter Ehaust 2 10 mm . mm 9.880 mm ;
xhaust | o sging | [03902t0 | [0.3890 in] Measuring
0.390% in.f
10.000 10 10.015 Measuring
Valve guide inside @ 10 mm mm 10.060 mm position
diasncter. [0.39 in.] [0.3937 to [0.3961 in.] [+
0.3943 §n.] g g

1.5 Replacing valve guide and stern seal

— — — Valve guide
oo, 7+ CAUTION | o nainas remaver
(a) The valve guide must be inserted to the specified P/N: 36291-04200

depth. Be sure to use the guide/stem seal installer
when press-fitting the valve guide.
(b} Do not apply oil or liquid gasket to the stem seal in-
side that comes in contact with the valve guide.
{c) Always replace the seam seal with a new one
once it has been removed.

(1) Drive out the valve guide using the valve puide

remover. Removing valve guide
(2) Using the guide & scal installer, press-fit a new valve
guide slowly into position. Guide & seal instatler
(3} Press-fit a new stem seal onto the valve guide using the : § P/N: 32591-10300
guide & seal installer. §
Note: For initial lubrication of the stem scal lip. apply —_ N 3
: : . . E = N
engine oil to the valve stem before installing the P N Y Stem seal
valve. 8 NEN Valve guide :
SN
ety
E ) . .
0 i Cylinder head
Rq ) ’ ‘ . N P,
ESNS IR

Installing valve guide and stem seal
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.

1.6 Inspecting valve face

Apply a thin coat of Shinmyoutan or equivalent lead-free
coloring paste on the valve face, and strike the valve face
against the valve scat using a valve lapper to check for
contact condition, If the contact is not even, or any defects
are found, or if the limit is exceeded, reface or replace the
valve,

Note: (a) Inspect the valve face after the valve guide'is

repaired or replaced.

{b) Do not rotate the valve when pressing the valve
face coated with Shinmyoutan or equivalent lead-
free dyc against the valve scat.

(c) Always lap the valve and valve seat after the
valve has been refaced or replaced.

]

Valve lapper
PMN:30081-08800

Coocltem Standard. |- Limit
Valve seat angle MW -
Valve sinkage -0.2 w 0.2 mm 0.5 mm
Sinkag [-0.008 10 0.008in.] | [0.020n]
Valve
seat Inlet 193 102.23 mm 2.5 mm
Seat [0.0760 to 0.0878 in.] | [0.0984 in.)
width Exhaust 1.70 to 2.00 mm 2.3 mm
(00669 1o 0.0787 in.] | [0.0906 in.)
27w 3.1 mm Refacin .
: ! g per
Inlet [0.106 10 0.122 ind | missible ul;ﬂo
Valve margin
Exhaust 2.9t0 3.1 mm 2.0 mm
[0.11400122in] | [0-079in]

1.7 Refacing valve face

[f the valve face is significantly wom out, reface the vatve

face using a valve refacer,

MNote: (1) Grind the valve face using the valve refacer at the
specified angle.

(b) Sccure the valve margin width equal to or greater
than the limit. If the dimensions after refacing
does not meet the specified values, replace the
valve with a new one.

Bad

Contact condition between valve seat and valve

Seat width

Valve margin
Valve seat
angle

L Valve sinkage

Contact of valve seat and valve

Valve refacer

Set the valve face

o angle at the specified
) — g p

.. angle.
W=
1

Refacing valve face
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1.8 Refacing valve seat
(1) Use the valve seat cutter or valve seat grinder to reface
the valve seat. After refacing, sand the valve seat lightly
using 400 grit sandpaper, inscrting it between the cutter
and valve seat.
(2) Laﬁ the valve in the valve seat.
Note: (a) Valve seat refacing should be kepi to an absolute
minimurs.
(b} If the valve seat width exceeds the limit due to
wear or refacing, replace the valve scat with a
new one.
(¢ If the valve sinkage excceds the limit after

refacing, replace the valve seat with a new one.

1.9 Replacing valve seat

,, ) .CAUTION . .. ,
Ensure the proper interference. Improper interference
could cause the valve seat to fall off or the cylinder
head to crack.

(1) Remove the valve seat insert using the valve scat puller.
Note: Be carcful not to damage the machined surface of
cylinder head when removing the valve seat.

Valve seat

Valve seat puller
PIN:325981-04200

Removing valve seat using valve seat puller
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{2) Before proceeding to valve seat fitting procedure,

. . . . ol —_— N
measure the inside diameter of the valve seat fitting i N N &, N
. . . . o™ [ ~  SE)
bore in the cvlinder head and the outside diameter of N N I~ 5 N
. . [=HIN L2
the valve seat insert to confirm that the specified b N N i ;n\\ N
o =~
interference is secured. - Q o \\\QJ =% < N
\\]:] = " \
3 f—|—— ™) — >
Item Nominal Standard < il ! ‘>
‘ ~a Valve seat bare Valve seat bore .
Clearance berween Intet 258 mm | -0.070 10 -0.130 mm &0 diameter diametqro . 80
inside diameter of [228 ] | [-0.0028 10 -0.0051 in.] . 547" V5!80 t
i alve seat ‘alve sea
cylinder head bore = 0,070 10 0130 outside diameter , SIENIATD o iside diameter
and outsjde diame- a 34 mm 0100130 mm g 2oy 007 100,13 ~powmnm pgnewt
Exhaust . . 5400 2. 13505 0.003 to 0.005 ] el 2. 28 o
ter of valve scat {(Z.13in] [ {-0.0028 to -0.005] in.] Exhaust 0- : nted Unit mmfin]

Note: (a) Standard values prefixed by a minus sign indicate

the interfercnce.

{b) Usc a standard valve seat insert if the clearance
meets the standard.

(¢) Usc an oversize valve seat insert if the clearance
is out of the standard.

{d) The selection of an oversize valve scat must be
made according to the inside diameter of the
valve seat fitting bore in the cylinder head.

. Valve seat fitting bore Oversize vaive seat

" diameter outside diameter -

58.030 to 58.060 mm 58 351% mum

[2.2846 10 2.2858 m] [228 :g%i mmj
Intet -

58,060 to 58.090 mm 58 .15 mm

[2.2858 t0 2.2870 in.] £2.28 1555 mm]

54.030 1o 54.060 mm 58 :&lzgg mm

[2.1272 w0 2.1283 in] [2.28 285 ]
Exhaust

54,060 to 54090 mm 58 :&::: mm

[2.1283102.1295 in) 12.28 %73 ]

MNote: Check to confirm that the specified interference is
secured, even when an oversize valve seat insert is
used.

(3) Cool the valve seat at least for four mimutes in liguid
nitrogen before fitting it into the cylinder head that is
kept at room temperature.

(4) Install the valve seat into the cylinder head using a
valve scat caulking tool.

Valve seat bore

nlet valve seat caulking tool
P/N:35A91-05010

Exhaust valve seat caulking tool
P/N:35A91-05020

Driving.in valve seat
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1.10 Lapping valve and valve seat
Always lap the valve against the valve seat after refacing the
valve seat or after replacing the valve.
(1) Apply a thin coat of lapping compound evenly to the
valve face.
Note: (a) Do not allow the compound to adhere on the
val-ve sten.

{b) Compound spreads more evenly if it is mixed Compound

with a small amount of enginc oil.

(c) Use medium-grain compound (120 to 150 mesh)

for initial lapping, then use fine-grain compound

(200 mesh or fincr) for finishing. . Applying compound to valve face
(2) Use a valve lapper for lapping. Strike the valve against

the valve scat while rotating the valve little by little.
{3) Wash off the compound using diesel fuel. Valve lapper
(4) Coat the contact surface of the valve with engine oil, P/N:30091-08800
then lap the valve again.

(5) Check valve-to-seat contact.

1.11 Measuring perpendicularity and free length
of valve spring

Measure the perpendicularity and free length of the valve

spring. If the limit is exceeded, replace the valve spring with

a new one.
R e A O
Free tenath 67.5 mm 66.2 mm
JLreetng [2.657 in.) [2.606 in.|
# =1.0° maximum Overentice
A f‘ (gap) . length
Squareness T [—01 Ofl _;r::‘]ma“m“m A Measuring perpendicularity and free length of spring
: : =135 ’
-+ f-675mm 0 059”;:’]
12.657 in.] 029 1n.
. 60.0 mm [2.362 0. )/250 10 286 N
?:tt ;"'“g"" £26.41 to 29.16 kgf} .
setloree [58.2 10 64.3 bf]
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1.12 Inspecting clearance hetween valve bridge

‘ and cotter/rotator

(1} After having adjusted valve heights using valve bridge
SCI"EWS, measure the clearance between the valve bridge
and the rotator. If the clearance is less than the standard,
replace the valve with a new one to secure the standard
clearance.

(2} Check the bridge cap for wear. If it is significantly wom
out, replace the bridge cap.

(3) Check the valve retator for rotation. If any defect is
found, repiace the valve rotator.

1.13 Inspecting tappet
Inspect the cam contact surface of the tappets. Fit new
tappets if the surface is excessively worn or damaged.

1.14 Measuring pushrod runout
Measure the runout of each pushrod. Replace if the limit is

Valve bridge Valve clearance
Valve cotter

2.5 mm

(B)

Valve rotator

[0.098 in }

Inspecting clearance between valve bridge and

cotter/rotator
Good Bad Bad

Contact surface of tappet and cam

cxceeded.

_Item” | - Standard . »Limit.* [* * Remark

Pushrod 0.50 mm 0.50 mm TO‘T_L::E::md
{ 0197 in. i

unow [0.0197 in.] of less | 10.0197 in.] (TIR)

ﬁ— 12 |l é I_H

Measuring pushrod runout
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1.15 Measuring distortion of cylinder head bot-

tom face

: CAUTION _
Refacing of cylinder head should be kept to an abso-
lute minimum.

Excessive grinding of the cylinder head may result in
defects such as defective combustion and stamping
(contact between piston and valve).

With a straight edge placed on the bottom face of the
cylinder head, measure the bottom face distortion using a

feeler é;auge. If the measurement exceeds the limit, grind the » N
P =
" bottom face using a surface grinder. )‘j'
cs o, Mmoo DT o Standard -l Limits \E\
0.03 mm 0.50 mm L -t

Bottom surfacc distortion

[0.0012 in.| or less | [0.0197 in.|

Measuring distortion of the bottomn surface of
the cylinder head

1.16 Inspecting water director
Inspect the water director. If it is corroded, replace it. To

1.0.mm Water director

insert the water dircctor, gently tap the water director using f
[0.039 in]

a soft-head mallet to press-fit into the position at a depth of
1.0 mm [0.839 in.] from the bottom face of the cylinder
head. The mounting orientation (window position) should Cross section AA

be as shown in the illustration. o
Kj

1.0 mm
[0.039in]

Cross section BB

Installation direction of water director
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2. Inspecting and repairing cylinder liners, pistons and connecting rods

2.1 Measuring cylinder liner inside diameter
Measure the inside diameter of the cylinder liners at two
levels cach, ie., upper (with much stcpped wear) and
middle Jevels, in both dircctions parallel to and
perpendicular to the piston pin direction.

Replace the cylinder liner if the limit is exceeded.

Cltem Nominal Standard Limit

o 150 mm | 150000 to 150.040 mm | 150.140 mm

[nside diameter [5.90in] | [5.9055105.9078in] | [5.9110in]

Roundness _ 0.02 mm }
[0.0008 in.] or less

Measuring cylinder liner inside diameter

L)
£ cylindericity - 0.02 mm -
_“g [0.0008 in.] or less
=
=. | Perpendicular-
© ity of flange
hattom surface 0.03 mm
to cylinder ) [0.0012 in.] or less )

liner longitudi-
nak centertine

2.2 Measuring cylinder liner flange protrusion

o CAUTION

If the amount of protruston is insufficient, the cylinder
head gasket will fail to seal the bores hermetically,
resulling in gas or water leakage.

Measure the cylinder liner flange protrusion at each
cylinder.

The method of measuring the cylinder liner flange
protrusion differs depending on whether the cylinder liner is
replaced or not.

ltem S Standard
Cylinder liner collar protrusion 0.10 to 0.19 mm
abave crankcase top surface [0.0039 to 0.0075 in.]

Medsuring locations  Measuring directions
30

11.18] l Transverse tg piston pin
4 Paraltel to piston pin
100 +
[3.94]

58
08

Unit: mm [in.]

!

Cylinder liner dimension measuring position
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2.21 When cylinder liner is not replaced

(1) Make sure that the top surface of crankcase and the
upper cnd of cylinder liner are clean before
measurement.

(2) Attach the liner holders on equally spaced 4 locations
of the cylinder liner upper rim and tighten the bolts of
the holders evenly to press the cylinder liner against the
crankcase top surface.

(3) Apply the dial gauge plunger to the top surface of the
crankcase, and zero the dial gauge.

(4) Measure the flange protrusion at four locations on the
top of the cylinder liner, and obtain the mean value.

(5) If the mean value of the protrusion is smaller than the

standard, insert a shim under the cylinder liner flange.

2.2.2 When cylinder liner is replaced

{1} Remove the old cylinder liner, and check the cylinder
liner seating surface on the crankcase.

(2) If there is any evidence of uneven contact, grind the
seating surface using the crankcase grinder such that
the difference in depth at points A, B, C and D is less
than 0.05 mm [0.0020 in.].

(3) Measure the depth of the counterbore in the crankease.
Because of the possibility of the crankcase top surface
distortion, use a projection plate when measuring.

(4) Calculate the mean value of the 4 measurements at
points A, B, C and D

.(B) Measure the thickness of the projection plate (standard:
15 mm [0.59 in.]). Determine the actual counterbore
depth from the top surface of the crankcase by
subtracting the projection plate thickness from the

counterbore depth measurcment.

Measuring cylinder liner collar protrusion

Crankcase grinder
P/N:32591-04050

" y ,>f’f S
J/"(KC;‘ g
AN
- S
=
\ N c /_/’-\
. & D2 /‘ f‘x)

AN ) T

Frojection plate
P/N:37598-09201

Counterbore depth

—A

I
N
R

L ems vl Standard 2

12.00 to 12.053 mm

Crankcase counterbore depth [0.4724 to 0.4744 in ]
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(6) Measure the thickness of the cylinder liner flange.

item . S_tanggrd

12.15t0 12.19 mm
[0.4783 10 0.4799 in.]

Thickness of eylinder liner flange

Cylinder liner
|
J l

Thickness of cylinder finer collar

{7} Calculate the cylinder lincr flange protrusion by
subtracting the countcrbore depth from the thickness of

the cylinder liner flange.
(8) If the calcurated value is smaller than the standard,

place a shim of an appropriate thickness under the

cylinder liner flange.

2.2.3 Measuring cylinder liner top ridge height
(1) Place the dial gauge plunger on the top surface of the Step height

cylinder liner flange, and zero the dial gauge.
(2) Measure the height of the annular top ridge of the

cylinder liner at four locations, and obtain the mean Rim of cylinder

value. liner flange
{3) If the mean value is smaller than the standard, or the

= 2y

A

DN

ridge is fractured, replace the cylinder liner with a new
one.

iz

item - . » ~ Standard

0.16 t0 0.24 mm Measuring cylinder liner top ridge height

Height of cylinder liner top ridge | 1 1063 16 0,0094 in.)

2.24 Inserting cylinder liner shim
Pull out the cylinder liner, and insert a shim between the -

cylinder liner and the crankcase.

Note: Shims shown in the following table are available for
adjustment. Select a shim which makes the cylinder
liner flange projection the largest within the tolerance
of the standard.

Shim'thickness Part No.
0.05 mm [0.0020 in.] 350707500
0.10 mm [0.0039 in] 35A07-07100
0.15 tam [0.0059 in | 35A07-07600 Inserting cylinder liner shim
0.20 mm [0.0079 in.| 35A07-07200
0.25 mm [0.0098 in ] 35A07-07700
0.30 mm [0.0118 in.] 35A07-07300
0.40 mm [0.0157 in ] 35A07-07400

6-13




INSPECTION AND REPAIR OF BASIC ENGINE
_

_
2.3 Replacing cylinder liner
Cew oo, tos CAUTION @t T Cylinder liner
remover

Apply engine oil to the O-rings to prevent them from
twisting.

(1) Using the cylinder liner remover, remove the cylinder

liner.

(2) Install ncw O-rings to the new cylinder liner.

{3} Slowly insert the cylinder liner into the bore in the
crankcase. Using the installer, lightly tap the cylinder
liner until its flange rests snugly on the seating surface
of the crankcase. Then, give several light taps on the
liner to scttlc.

Note: (a) After the installation, conduct a water-pressure

leak test to check for air-tightness.
(b) Check the cylinder liner flange protrusion from
the crankcase top surface.

2.4 Visual inspection of piston
Check the combustion surface of the piston and the piston
pin bore. If any defect is found, replace the piston with a

new one.

6-14
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with )
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2.5 Measuring piston outside diameter

{1) Mecasure the piston outside diameter of the piston skirt
at right angles to the piston pin. If it is less than the
limit, replace the piston with a new piston. When
replacing piston, be sure to sclect a piston so that the
piston weight difference in one engine is kept within
the permissible range.

(2) The piston weight is stamped on the top of piston head.

. ltem Nominal Standard T Limit

14978 10

Piston outside @150 mm | 149.82 mm 149,68 mm

diamcter [5.91 m.] 158968 to |5.8929 in.]

38984 in.] -

Piston weight l;loone Elng'me

difference - g [1oz] )
or less

2.6 Measuring clearance between piston ring
groove and piston ring

‘ CAUTION
Remove ash deposits from pistons and check the
entire circumference of the piston.

(1) Remove all deposits from each ring groove.

(2) Check cach ring groove for wear or damage. [f faulty,
replace the piston with a new ene.

Fit a piston ring the thickness of which is known into the

appropriate ring groove. Hold a straight edge against the

ring and measure the clearance between the ring and ring

groove using a fecler gauge.

Replace the piston if the limit is exceeded. |

. tem . | Nominal Standard Limit
No.l

o & | com- 3.16 mm 0.124 w0.154 mm | 0.200 mm

22 |pres | [012in) | [0.0049 10 0.0061 in] | [0.0079 in]

5 %’ sion

é ¥ | Noz2

fn z com- 2.6% mm 0.114 10 0,144 mm 0.150 mm

£ 8 |pres- | [001in} | {00045 10 0.0057 in] | (0.0059 in]

s g sion :

22 ou 500 mm | 0.050t00.090 mm | .150 mm

: [0.20in] | [0.0020 to 0.0035 in.] | 0.0059 in.}

g<
Ej®
<
f’i\ [y MR )
Y Measuring
position

Measuring piston outside diameter

Piston weight mark

Enéine front
direction mark
[F]

Vo=

Part number (last 5 digits)

Piston weight stamp location

No.2 comprassion ring |

g%?

Inspecting piston ring groove

6-15




INSPECTION AND REPAIR OF BASIC ENGINE

2.7 Measuring piston pin bore
Measure the piston pin bore diameter. If the limit is
exceeded, replace the piston with a new one.

2> otem -0 Nominal-| C-Standard | 5. Limit - .
. 58.002 to

Piston pin bore a 58 mm 58012 mm | 58.020 mm

diameter [2.28 in.] [2.283510 | [2.28421in.]
2.283%in]

2.8 Measuring piston protrusion

CAUTION

Piston protrusion must always meet the standard, as
the amount of protrusion not only influences on the
engine performance, but also it is important to prevent
valve interference.

Measure the protrusion of each piston following the

instructions befow. 1f the measured value does not meet the

standard, inspect the clearances between various parts
involved.

(1) Bring the piston to the top dead center.

{2) Apply. the dial gauge plunger to the top surface of the

crankcase, and zero the dial gauge.

(3) Mcasurc the protrusion at four points on the piston

head, and calculate the mean value.

Note: Subtract the mean valuc from the thickness of the
gasket compressed by tightening the cylinder head,
and the clearance between the piston top and cylinder
head will be determined.

vt lteme T et

o b« i s x &r

¢+ e Standardic 13l

(.38 to .89 mm

Piston protrusion [0.015 10 0.035 in.]

1.7 ta 1.9 mm
[0.0669 to 0.0748 in.]

0.81 t0 1.43 mm
[0.0320 10 0.0563 in.|

Thickness when tightened
(cylinder head pasket)

Clcarance between piston and
cylinder head
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2.9 Standard for piston ring replacement

CAUTION
Replace the piston rings with new ones at every peri-
odical overhaul even if they are considered to be reus-
able. Sustained use of such piston rings can lead to
abnormal engine operation such as increased blow-by
combustion gas.

Piston rings should be replaced with new ones at every

overhaul unless otherwise specificd.

However, at an engine disassembly made for some reason

beforc the next periodical overhaul, the piston ring

replacement is not required, provided that no abnormalities

are found when making the following inspections.

2.9.1 Visual inspection of piston ring

Check sliding parts for injurious seizures, sticking,

abnormal wear and plating peeling due 1o carbon biting. If

any decfect is found, replace piston rings with new ones.

2.9.2 Measuring piston ring end gap

Place the piston rings in a gauge or a new cylinder lincr, and

measure the gap of each ring with feeler ganges. If the limit

is exceeded, replace all the rings as a sct.

Note: Using a piston, push the piston ring squarely into the
gauge or the cylinder liner.

tem . . 1 - Standard - | Limit

No.l 0.6 to 0.8 mm
compression | [0.024 to 0.031 in.]

Piston ring | No.2 0.5 to 0.7 mm 2.0 mm
end gap compression |'[0.020 to 0.028 in.] | {0.079 in.]

0.5 to 0.7 mm

oil {0.020 to 0.028 in]

2.10 Measuring piston pin cutside diameter
Measure the piston pin outside diameter.
If it is less than the limit, replace the piston pin with a new

one.
ftem Nominal Standard - Limit -
357987 to
Piston pin ¢ 58 mm 58.000 mm | 57.970 mm
outside diamcter | [2.28 in.] [2.2829 t0 [2.2823 in.]
2.2835 in.]

Sickness gauge

n,
d

o
%
A

Gauge diameter:
150 £ 0 mm
[5.91+0in.]

Measuring piston ring end gap

Me%ﬂring
points

Measuring piston pin outside diameter
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2.11 Measuring connecting rod bushing inside
diameter

Measure the inside diameter of the connecting rod bushing,

I{ the limit is exceeded, replace the connecting rod bushing

with a new one.

i.tem. «|Nominal| . “Standard, | Limit .
C«:ingcc}:lxir:]g @58 mm | 58.020 0 58.040 mm | 38.070 mm
Toc busiing [2.28 in.] | [2.2842 t0 2.2850 in.] | [2.2862 in]
inside diumeter

2.12 Replacing connecting rod bushing
(1) Use the contiecting rod bushing instalter to replace the

connecting rod bushings. (The usage of the connecting

rod bushing installer is described later)

{2) Align the oil hole in the bushing with that in the
connecting rod.

{3) After press-fitting the bushing, measure the bushing
inside diameter. If the measurement is out of tolerance,
ream the bore to the standard. Note that the out-of-
parallelism with respect to the big cnd bearing must be
maintaincd within 0.05 mm [0.0020 in.].

(4) After press-fitting the bushing, insert the piston pin and
check that the connecting rod is allowed to swing

smoothly without any excessive play.
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Measuring
direction

Measuring
position

Connecting rod bushing installer
P/N:32591-18010

Press-fitting
4

Check for free
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2.12.1 Usage of connecting rod bushing installer

{1) lnstall the adapter on the base with thc match marks
(red scribed lines) in alighment.

(2) Install the plate on the base with the match marks {2 4
nim f0.16 in.] red dots) in alignment.

(3) Assemble the connecting rod ko the connecting rod cap
without fitting the connecting rod bearing.

(4) Install the connecting rod asscmbly on the base while
aligning the oil hole in the connecting rod big end with
the match mark (& 4 mm [0.16 in.] red dot) for the plate
and the connecting rod small end with the adapter.

{5) Secure the connecting rod in placc with the bracket.

2.12.2 Removing connecting rod bushing

(1) Lubricate the inside surface of the connecting rod
bushing with engine oil.

(2) Attach the collar A to the mandrel and insert the
assembly into the connecting rod bushing while
aligning the match mark (red scribed line) on the collar
A with that on the adapter.

{3) Using a press, apply pressure slowly on the head of the
mandrel 10 force out the connecting rod bushing.

Mark on the base Mark on the base
{red stamp marks) (red @4 mm [0.16 in.]}

g o

o m—15

1
Adapter Plate

Mark'on the adapter Base Mark on the plate _
(red stamp marks) (red 94 mm [0.16 in.]}

Usage of connecting rod bushing installer (1)

Connecting rod cap
Connecting rod Plate

Mark on the plate
Qil hole of connecting rod

Adapter Brackei

Usage of connecling rod bushing installer (2)

U

Mark on collar A | __—Mandrel
(red stamp mark)

i_—— Collar A

OFF e

L

Connecting rod
bushing

Mark on adapter
(red stamp mark)

Usage of connecting rod bushing installer (3)
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2.12.3 Press-fitting connecting rod bushing

7 . CAUTION - . .
(a) Be sure to confirm that the match marks (red
scribed lines) on collars A and B are in alignment.
(b} Be sure to confirm that the oil hole in the connect-
ing rod bushing is in alignment with the match
mark (2 4 mm [0.16 in.] red dot) on collar A,

(1} Install a new cennecting rod bushing onto the collar A
‘while aligning the oil hole in the connecting rod
bushing with the match mark (g 4 mm [0.16 in.] red
dot) on the collar A.

(2) Install collars A and B to the mandrel and secure them

with the nut.

(3) ;*\pply engine oil (o the outer periphery of the
connecting rod bushing. Align the oil hole in the
connecting rod bushing with the match mark (red
scribed line) on the collar, then press the bushing into

the connecting rod.

'6-20

Qil hole of
connecting rod bushing

Mark on collar A
{red 24 mm [0.16 in.]}

Usage of connecting rdd bushing installer (4)

<

1 __—Mandrel
Mark on coltar A and B
{red stamp marks)

-

it __:]i_, Collar B
it
|

| Connecting rod
#t bushing

r——Collar A

Mark on adapter

{red stamp marks) /1

I
=20
Adapter-——"T]r
. i
|

i
Base — s

Usage of connecting rod bushing installer (5}

Mark on the collar A {red 4 mm [0.16 in.])
Qii hole of connecting rod

Qil hole of connecting rod

Usage aof connecting rod bushing installer (6)
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2.13 Inspecting connecting rod bend and twist;

(1) Measure the dimensions of C and L in the illustration 1o
check bend and twist of the connecting rod. Straighten
the connecting rod with a press to meet the standard.

If the standard is exceeded after correction, replace the
connecting rod with a new one.

(2} In general, a connecting rod aligner is used to check
bend and twist.

Note: Before checking bend, tighten the connecting rod cap

to the specificd torque.

(3) To inspect the connecting rod with the piston instatled,
turn the piston upside down and place it en a surface
plate. Insert a round bar having the same diameter as
the crankpin into the big-end borc, and mecasure the
height of the bar using a dial gauge.

ltem - '© ' Standard
0.05/100 mm
Connecting rod bend and twiss (C/T)) [0.0020/3.94 in.]
or less

c 0.05 [0.0020 1

L < 100 =~ 3.94
0.05 [0.00201
100 ~ 3.94

C

Connecting rod bend

343+ 17.7 N'm
{35 % 1.8 kgf-m} [253 £ 13.0 Ibf-fi]

Connecting rod twist
Unit: mm [in.]

Inspecting connecting rod bend and twist

2.14 Inspecting connecting rod bearing
Inspect the connecting rod bearings. [t any defect is found,
replace it with a ncw onc.

S

d > N
AN

~

T

Measuring connecting rod bend

Inspecting connecting rod bearing
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2.15 Measuring connecting rod end play
{1) Install the connecting rods onto the respective

crankpins and tighten the connecting rod cap bolts to
the specified torque.
(2) Mcasure the clearance to the crank arm (end play) at
two positions (above and below the crankpin). Feeler gauges
(3) If the limit is excecded, replace the connecting rod with

a4 NCw One.
: 343 £17.7 N'm
- " ltem :|'Nominal | - Standard ;.| - Limit: {35 £ 1.8 kgf'm}
+ .
Connectingted | 54 mm 0.60 10 0.90 mm 1.00 mm [253 £ 13.0 I6FA)
end play [2.13in] | [0.0240 10 0.0354 in] | [0.0394 in]

2.16 Weight difference of connecting rod
assembly in one engine
When replacing a connecting rod, be sure to check the

weight rank of the connecting rod. In one engine, all the
connecting rods must be of the same weight rank.

nrE e S WeightranKtable: coe T e

«
P oe -
EI] Swc g

;- Weightrank ... Weight .+ ,:%{. . Tolerance
A 7100 g [251 oz.] '
: Weight rank mark location
B 7200 g (254 oz.]
C 7300 g |258 oz.
el | Connecting rod weight rank mark position
D 7400 g [261 oz.]
+20g[0.71 oz.]
E 7500 g [265 0z.]
F 7600 g [268 ox.]
G 7700 g |272 oz
H 7800 g [275 oz.]

Note: The weight rank of the cennecting: rod assembly is

also stamped on the caution plate.
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2.17 Measuring connecting rod big end hore
diameter and roundness

Measure the connecting rod bore diameter at the front and

rear ends respectively in the directions A, B and C as shown

in the illusteation. The out-of-roundness is determined by

subtracting the minimum value from the maximum value

among the measurements of A, B and C.

If the limit is exceeded, replace the connecting rod with a

Measuring
direction

c| Front Rear

Measuring
position

new one.

’ . Qut-of-
tem Nominal | Standard Limit | roundness
C T ! limit,

Connccting 110,000 10

rod big-cnd o 110 mm | 110.022 mm | 110.047 mum | 0,100 mm
bore diame- | [4.33in) | [4.3307t0 | [43326in] | [0.0039in.]
ter 4.33161n.]

2.18 Inspecting serrated portion of

connecting rod big end
Inspect the serrated portion of the connecting rod big cnd
with magnetic particle method. If any defect is found,
replace the connecting rod assembly.

Measuring connecting rod big-end bore diameter
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2.19 Measuring connecting rod" bearing thick-
ness

Measure the thickness of each bearing shell at its center.

If thc mcasurement exceeds the limit, replace both upper

and lower bearing shells as a set.

Notc: Replacement  bearings  are  available in four
undersizes:
-0.25, -0.30, -0.75 mm and -1.00 mm

= -Wem. <« «.|-Nominal - |-Stahdard | Limit

2087 wo
3000 mm | 3.000mm | 2.950 mm
{0.1181in4 | 0117610 | [0.1161 in.]
0181 in]

STD

3.112ta
-0.25 mm 3125 mm 3,125 mm 3.075 mm
[-0.00in] |[0.§230in}| [©.1225t0 | [0.1211in.]

Measure at :
the center of bearing

0.1230 in.]
Comnecting 323710
m‘;n;;:r;:&' -00.50 mm 3.230 mm 3.250 mm 3.200 mm
thickness £ [-0.02m] | [0.1280in] | [0.1274t0 | [C.12601n.]
- ' 0.1280 in.]
1362 to

-0.75 mm 3.375 mm 3,375 mm 3.325 mm
[0.03in] |[0.1329in] | [0.13241t0 | [0.1309 in]
0.1329in.]

1487 10
-1.00 mm 3.500 mm 3.500 mum 3.430 mm
[<0.04in] | [0.4378in] | [0.137310 [ [0.1358in.]
0.1378 in.]

s
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3. Inspecting and repairing damper and crankshaft pulley
3.1 Inspecting damper
{1} Check the damper for cracks around the outer

periphery, swelling and/or cracks in the end plate,
silicone oil leakage and discoloration and separation of
coating duc to thermal effect. *
If any defect is found, replace the damper with a new
one.

(2) With the damper installed on the engine, measure the
face and radial runouts of the damper in the following § *
manner:  Attach the dial gauge plunger on the outer
circumference of the damper to measurc the radial

runout, or on the end face near the perimeter to measure Inspecting damper visually
the face runout, and slowly turn the crankshaft. If the
limit is exceeded, replace the damper with a new one. 7,
7
[tem |- - Standard “Limit “
Face runou 0.5 mm_ 1.5 mm -
[0.020 in.] or iess [0.05% in.] ?/_.'
1
. 0.5 mm 1.5 mm 7
Radial runout 10.020 in.] or less f0.052in.] Face runcut 4 1 l L
e
[]

Radial runout

(D

Measuring damper face and radial runouts
3.2 Inspecting crankshaft pulley
Check the V-belt groove in the pulley for wear.
{1} Check the sinkage of the V-belt.
(2) Fit a new V-belt in the pulley groove so that V-belt
becomes taut.

1.6 mm [0.063 in.]

(3) Replace the pulley with a new one if the V-belt sinks or more

more than 1.6 mm [0.063 in.] below the pulley rim.

Inspecting V-belt groove wear

6-25




INSPECTION AND REPAIR OF BASIC ENGINE

4. Inspecting and repairing flywheel, timing gears and camshafts

4.1 Measuring flywheel face and radial runouts
Measure the runouts of the flywheel in the installed
condition. [f the measured value exceeds the standard,

check the bolt for loosencss as well as the accumulation of

foreign matter on the mounting face.

Ceacel ltem L .t .. Standard ® -

0.285 mm [0.0112 in.]} or less

Facc runout

Radial runout 0.127 mm [0.0050 in.] or less

4.2 Measuring timing gear backlash

Measure the backlash of the timing pgears by using onc of
the following two methods; measure the gear play with the
dial gauge plunger applied to a tooth flank on the pitch
circle at a right angle to the tooth axis, or measure the
clearance between gears by inserting a teeler gauge between
the gears at the tooth-to-tooth contacting area. Replace the
faulty gear pair if the Hmit is exceeded.

v item ;7 'Standard - - | oo Limit
Backlash 0.12100.18 mm 0.50 mm
. 10.0047 to 0.0071 in.) [0.0197 in}

4.3 Measuring idler bushing inside diameter
and idler shaft outside diameter

Measurc the idler bushing inside diameter and the idler shaft

outside diameter. If the inside diameter of idler bushing

excecds the limit, replace the idler bushing with a new one.

If the outside diameter of idler shaft is less than the limit,

replace the idler shaft with a new one.

L. Mem. - L Nominat|* - Standard... +|. Limit;:5

Idler bushing

a50mm | 50.000 to 50.025 mm | 50.060 mm
inside diameter [1.97in] | [1.9685t0 1.96951n.] | [1.9709 1n.]
Idler shaft #5350 mm | 49950 t0 49975 am | 49.900 mm

outside diameter | [1.97in.]

[1.9665 to 1.9675 in.] | [1.9646 in.]
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Face runout
measuring point

Radial runout
measuring point

Measuring flywheel face and radial runouts

Camshaft gear
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Fuel injection

pump gear Crankshaft gear

Measuring timing gear backlash (1)

Measuring timing gear backlash (2)
Measuring
direction

.. Megguring
_@ position
7

Measuring idler bushing inside diameter and idler shaft
outside diameter
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4.4 Measuring idler gear end play
Measurc the end play of the idler gear. If the limit is

exceaded, replace the thrust plate with a new one.

ltem . Standard Limit
End play of idler 0.20 to 0.40 mm 0.60 mm
gear [0.0079 10 0.0157 in.] | [0.0236 in.]

45 Replacing idler bushing

(1) Use the idler bushing puller to replace idler bushing.

(2) After the bushing is fitted in the idler gear, use the
removing side of the idler puller to drive the bushing
farther until it sinks approx. 1 mm [0.04 in.] below the
end face of the gear boss.

(3) After driving the bushing in positioﬁ, measure the
bushing inside diameter to ensure that it is within the
standard. If the measurement is out of tolerance, ream
the bore to the standard.

4.6 Measuring cam lift

Measure the minor and major axes of cam to determine cam
lobe lift. If the 1ift is less than the limit, replace the camshaft
with & new one. -

Bushing finishing
_ surface roughness:
Ra08um
[0.031zin.]

Idler bushing puller Press-fit

P/N:32591-02500

ftem ) -+ Standard Limit . .
Cam lobe lift 7.54 to 7.64 mm 6.79 mm
(major axis - minor axis ) {0.2968 10 0.3008 in.] | [0.2673 in.]

4.7 Measuring camshaft runout

Measuring cam lift

Measure the camshaft runout using a dial gauge. If the limit

is exceeded, correct the camshaft using a press, or replace

the camshaft with a new one.

Note: With a dial gauge set on the camshaft, rotate the
camshaft one mrn and read the gauge indication.

o cltem, Standard-  |"" . Limit
Camshalfl runout 0.10 mm 0.16 mm
(TIR) [0.0039in.] orless | [0.0063 in.]

172

12

Measuring camshaft runot

6-27




INSPECTION AND RE-PAIR OF BASIC ENGINE

4.8 Measuring camshaft journal outside diame-
ter )

Measure the diameter of each camshaft journal in two

direction at right angles to each other. If the limit is

exceeded, replace the camshaft with a new one.

¢ © - ltem,) -, ['Nominai| Standard, | .- Limit. .
6392010 :
No.l | e6dmm | 63.940 mm | 63.870 mm
Camshaft | journal [2.324n.] | [2.5165to | [2.5146in.]
journal 2517310}
outside 67.920 to
diameter | No 2o No.7 | ¢68mm | 67.940 mm | 67.870 mm
) Jjournals [268in] | [2.6740ta | [2.6720in.]
2.6748 in.]

4.9 Inspecting camshaft bushing

(1) Check the insidc surfac¢ of cach bushing for damage,
corrosion, delamination and other abnormalities. If any
defect is found, replace the camshaft bushing with a
new one. '

{2) Mcasure the camshaft bushing inside diameter with the
bushing installed in the crankcase. If the measurement

exceeds the limit, replace the bushing with a new one.
Note: When mcasuring the inside diameter of the camshaft Measuring

bushing, be careful not to cause damage to the inside direction

surface of the bushing.

Measuring camshaft bushing inside diameter

=

" e; tltem ;7 - Nominal |0, Standard. .2 | . Limit:.:

Camshaft bushing | @ 68 mm | 68.000 to 68.030 mm | 68.090 mm
inside diameter [2.681n.] | [2.6772t0 2.6783 in.] | [2.6807 in.]

(Only [or Ne.1 o 6d mm | 64.000 to 64.030 mm | 64.090 mm
journal) {2.52in] | [2.5197 10 2.5209 in] | [2.52321n.]

4,16 Replacing camshaft bushings

! . . 7
Cal ek P B - ) L P e /
i CAUTION .~ . A ol
(a) Before tightening the set screw, be sure to check \’\“ oSy 0 -

that the set screw is in alignment with the set

screw hele in the camshaft bushing. 7 N
Make sure that the oil hole in the bushing is in §\< ;
alignment with that in the oil gallery. _ WY
(b) Always replace the sealing washer with a new one (?;:r:\sc’rllifflor
once it is removed. bushing

(1) Remove the set screws from the side of the crankcase camshaft bushing Camshaft bushing

and then remove the camshaft bushings.

. Replacing camshaft bushing
(2) Arrange new camshaft bushings as shown at right, then

securc them with the set screws.
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4.11 Measuring camshaft end play

Measure the camshaft end play with the camshaft gear

attached. If the limit is exceeded, replace the thrust plate

with a new one.

ltem ' Standard Limit
Camshaft énd pla .20 10 (.30 mm 0.40 mm
play [0.0080 10 0.0120in.] | [0.0157 in.]

Measuring camshaft end play
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5. Inspecting and repairing crankcase, crankshaft and main bearing

5.1 Measuring crankshaft crankpin and journal
outside diameters

(1) Measure the outside diameter of the crankpins and
crank journals. If the limit is exceeded, grind the pin or
joumnal to fit the diameter of the next undersize bearing,

(2} Determine the out-of-roundness and the out-of-
cylindericity (taper) based on the vutside diameters that
have been measured. ’

(3} If the limit is exceeded on a crankshaft in which -1.00
mm [-0.0394 in.] undersizc bearings are used, replace

the crankshaft with a new one.

ot Mtem,. ... [Nominaf | Standard- .| sLimit -

£03.900 w0

Crank pin g 104 mm | 103220 mm | 103.860 mm

outside diameter [4.10 in.] [4.0905 10 {4.0890 in.]
4.0913 in.]
129.880 w

Crankshafi journal g 130mm | 129900 mm | 129.840 mm

outside diameter [5.12in] [51134t0 | [5.1118in.|
sn4zin] |
79.900 1o

Distance between 80 mm 80+.100 mm

centers of journal and (3.15 in] (31102 10 -

Measuring Measuring
direction position

Measuring crankpin diameter

Measuring Measuring
direction position

crankpin 31535 in.]
Deviation of
0.01 mm
. . 0.03 mim
Parallelism - [0.0004 in.] 9r (0,002 in.]
less over entire
pin length
.01 mm
Qut-ol- [0.0004 in.] or 0.03 mm
roundness . less in diameter | [0.0012 in.]
difference
0.01 mm
Crank: | cylinderic- ) [0.0004 in]or | ©.03 mm
pin ity less in diameter | [0.0012 in.]
'fmd difference
journal _
6.8t0 7.0 mm
5 | Pin [0 2]§7in] [0.2680 w -
| ' ' 0.2760 in.]
3 R 6.8 to 7.0 mm
= | Journal [0.28 in] [0.2680 to -
B 0.2760 in.]
Hardness - Hv > 620 -
Finish accu- } Ra 0.2 ym )
racy [0.008 pin.]
Angular deviation ) 1010 )

between pins
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5.2 Grinding crankshaft

Grind the crankshaft journal {or pin) in the diameter that fit
the ‘inside diametcr of the necxt undersize main (or
connecting) bearing. By doing so, the fitness check with an
actual bearing can be omitted.

When grinding, be careful not to change the fillet radius and
width. If the surface hardness is considered to have been
reduced considerably, re-harden the crankshaft and check
for flaws by means of magnetic particle inspection.

Ensure that the surface finish accuracy of the crankpins and
journals is kept within the standard even after the correction

by grinding. .

Grinding dimensions for undersize crankshaft

Grin | |y ders | - P Outof L
ding - ~"2°" | Finish dimension | round- | ;Y
size . . dericity
parts . - ness :
025 mm 103.65 to 103.67 mm
[0.01in] | [4.0807 to4.0815 in.]
7]
‘g 0.30mm | 103.40 to 103.42 mm g g
s [0.02in] | [4.070% o 4.0716 in] g g
z 2 B
E_ 0.75 mm 103.153 to 103.17 mm = 5
= [0.03in] | [4.0610 0 4.0618 in.] 5 5
1.00 mm 102.901¢ 102.92 mm cE_z g
[004in] | [40512104.0520in] | 2 :
5 | 025mm | 129631012065 mm | 8 £
g (001in] |[5.1035w51043in] | % 5
b 050mm | 1293810 129.40mm | = £
o - R - -y
. g {0.02 in.] [5.094 to 5.0945 in.] § §
=} A
S | 0%mm | 1290310129.05mm | = s
% [0.03in.] | [5.080 to 50846 in.] S 2
s s |z
Z 1.00mm | 12838 to 128.90 mm
= [004in] | [5.074 0 5.0748 in.]
o .
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5.3 Measuring crankshaft end play

(1) Measure the crankshaft end play {clearance between the
crank arm at the thrust force receiving journal and the
bearing cap with thrust plate attached). If the limit is
exceeded, replace the thrust plate with a new one.

{2) If the limit is still exceeded after a new thrust plate has
been installed, use an oversize thrust plate.

Note: In general, the rear thrust bearing wears faster than

the front thrust bearing. Therefore, in most cases, the

correction is achieved by replacing the rear thrust

' plate with a next aversize one.

S

e e tem - s | -, Standard;:.. -7 Limit

0.500 mm
[0.0197 in.]

0.200 to 0.393 mm

Crankshaft end play | 14 0679 10 0.0156 in.]

Note: If usc of oversized thrust plates brings the end play
below the standard value, grind the crankshaft thrust
journal as appropriately as possible.

R7 585" Unit: mm [in.]
[0.26] [2.28 37

.
/ \

y f{ Wik y

|
— N A
R7 [0.28]

Width of crankshaft thrust bearing surface

“ Measure of - 0.8 plates, | 0:8: platesfor,:| ;. Toler-:.
f-.over.size | forréaronly..| rearofly front | ~-ance”, .
+0.25 mm 58.25 mm 58.500 mm
0.S. [2.2933 in] [2.6303 in.]
+0.50mm | 5850 mm 59,00 mm " mm
0.5, [2.393[ in. ] [2.3288 in.| [+g-ﬂ‘”2 in.]
+0.75 mm 58.75 mm 59.50 mm
0.s. (2.3130 in.] [2.3425 in]
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5.4 Measuring crankshaft runout
Support the crankshaft at the front and rear journals with V-
blocks, and measure the crankshaft runout at the center

journal using a dial gauge. If the runout deviates from the.

standard only slightly, grind the crankshaft to repair. If the
runout exceeds the standard considerably, straighten the
crankshaft using a press.

If the limit is exceeded, replace the crankshaft.

If the crankshaft has beén repaired by grinding or pressing,
inspect the crankshaft for cracks and other harmful damage

using a magnetic particle method.

172

1/2

" ltem Standard - - Lirnit
Crankshaft runout 0.08 mm 0.20 mm
(TIR) [0.0032 in.] or less [0.0079 in.]

Measuring crankshaft runout

5.5 Replacing front oil seal .

Use the front seal installer assembly to install the oil seal.

(1)- Install the guide to the seal installer.

(2) Apply engine oil to the oil scal lip, and place the oil seal
lip in the scal instailer.

(3} Clcan the oil scal contacting surface, and install the
front seal installer with the oil seal to the crankshaft.

{4} Tighten the bolt until the seal installer contacts the
guide.

Note: The position of oil seal is where the installer contacts

the guide.

Front seal
instatler assembly

Front cover. aﬁ

Oil seal

P/N:32691-00042
{Insert)

{Socket bolt)
{Bolt)

{Guide flange)
(Swing washer)
(insert bolt)

Front cover

Qil seal

Crankshaft \%‘J

1)

[ ~

N

Replacing front oil seal (2)
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5.6 Replacing rear oil seal slinger

Inspect the rcar oil scal slinger. If any abnormalities that
could lead to oil leak are found, replace the slinger with a
new one as instructed below.

5.6.1 Removing oil seal slinger

Pull out the slinger from the crankshaft using a gear puller
whilc warming it with a burner.

Note: Do not heat the slinger for longer than necessary.

5.6.2 Installing oil seal slinger

Heat a new slinger to a temperature of at least 110°C
[230°F] and fit it onto the tip of the installer. Then, drive the
slinger onto the crankshaft until it is firmly attached to the
geat.

If it stops halfway up to the gear, tap the installer on the

center or the shoulder using a copper hammer.
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Slinger

N
~

4
l Qil seal

=

/

Bring slinger into full
face contact with gear.

Replacing rear oil seal slinger

Gear pulier

Removing oil seal slinger

Slinger

lnstalier

Installing oil seal slinger




5.7 Replacing crankshaft gear

5.7.1 Removing crankshaft gear

Pull out the gear from the crankshaft using a gear. puller
while warming it with a bumer.

Note: (a) Do not strike on the gear to remove it.

(b} Do not heat the gear for longer than necessary.

5.7.2 Installing crankshaft gear

CAUTION
(a) Install the crankshaft gear until it comes into con-
" tact with the crankshaft flange.
(b} Be sure to install the gear in the correct orienta-
tion.

(1) Before installing the crankshaft gear, measure the
crankshaft diameter and the bore diameter of the
crankshaft gear to confirm that the specified amount of
interfercnce is assured.

{2) Heat the crankshaft gear to a temperaturc of 180 to
200°C [356 to 392°F]. Position the crankshaft gear such
that its notch is aligned with the dowel pin on the
crankshaft, and tap the end face of the gear lightly with
a copper hammer to fit the gear into position.

5.8 Inspecting main bearing surface

Check the inside surface of each main bearing shell for
abnormal contact, scraiches, corrosion and pecling from
foreign material. Also check the outside surface of each
bearing shell which comes into contact with the crankcase
or main bearing cap for abnormal seating.

INSPECTION AND REPAIR OF BASIC ENGINE

Crankshaft gear

Replacing crankshaft gear

279 mm [1.10in.]

Align dowel
pin and notch

Standard:
(3.106 to 0.171mm
[0.004 to 0.007 in.}

Installing crankshaft gear

Scratch on the inner
and outer circumference,
corrosion, and detachment

Inspecting main bearing surfaces
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5.9 Measuring thickness of main bearing shell
Measure the thickness of each main bearing shell at its
center. If the measurcment ¢xcceds the limit, replace both

upper and lower main bearing shells as a set.

= . #em . "|"Nominal [ ... Standard. ~”.;. .Limit:"..

3.500 mm 3.482 te 3.500 mm 3.450 mm

STD | 01378 in] | [0.1371 t0 01378 in] | [0.1358 in.]

0.25mm | 3.625 mm 3.607 to 3.025 mm 3575 mm
[F00Fin] | [0.1427 in] | [0.1420 t0 0.1427 in] | [0.1407 in.]

0.50mm | 3750 mm 3732 w0 3.750 mm 3.700 mm
[-0.02in] | [0.1476 in.] | [11.1469 t0 0.1876 in] | [0.1457 in.]

Measure at
the center of bearing

0.75mm | 3.875 mm 3.857 to 3.875 mm 1825 mme
[-0.03 in] | [0.1526in] | [0.1519100.1526 in.] | [0.1506 in.]

-1.00 mm 4.000 mm 3.982 to 4.000 mm 3.930 mm
[-0.04 in} | [Q.1575in] | [0.1568 to 0.1575 in.] | [0.15355 in.]

Thickness of main bearing shelb at conter

Note: Replacement shells for main bearing are available in
four undersizes: -0.25, -0.50, -0.75 and -1.00 mm |[-
0.0098, -0.0197, -0.0295 and -0.0394 in.].

5.10 Replacing main bearing .
If the bearing clearance exceeds the limit, replace the main
bearings or re-grind the crankshaft journals to the next
undersize and usc corresponding undersize bearings. 1f each
crankshaft journal is ground correctly to the next undersize,
every replacement main bearing can be used readily without
performing any polishing to match it to the bore.
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_

5.11 Measuring crankcase top surface distor-
tion

. : CAUTION

Refacing of cylinder head should be kept to an abso-
lute minimum.

Excessive grinding of the cylinder head may result in
defects such as defective combustion and stamping
{contact between piston and valve).

Apply a straight edge to the top surface of the crankcasc and

measure its distortion using a fecler gauge. If the distortion

exceeds the limit, grind the cylinder head using a surface

grinder. )

Note: Do not overgrind the cylinder head, as the piston
protrusion deviates from the standard value.

“ /S

Straight édge '

ltem . Standard - Lirmit
rstortion of crankcase 0.05 mm (.20 mm
Lop surface [0.0020 in.] or less [.0079 in.]

5.12 Measuring main bearing fitting bore
(1) Secure the end bearing cap to the specified torque.

{2) Measure the housing diameter in vertical and two

diagonal directions.

Measuring crankcase top surface distortion

- Item Nominal { Standard Limit -
Measuring inside 137,600 to

diarr;eier ff n;ain a 137 mm 137.025 mm 137.045 mm

beating housin [5.3%1n.) [5.3940 10 [3.3955 in.)
& B 5.3950 in.]

588 + 29.4 N'm i ——
{60 + 3.0 kgf-m} tt T
{434 £ 21.7 ibf-fl] | St
[wet = \_//-/
PINE G IR
8% N
e / — (Tad
Nt ) b
- _\‘ f i
//\‘\ -‘h‘\ A -} ~ d
W‘\Qéf&ﬁu \// I
NS
147 + 7.4 N-m {15 £ 0.75 kgf-m} N
. - ' "
[108 £ 5.4 Ibf-ft] [wet] - ’.{,—%H y

Measuring main bearing fitting bore
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1. Reassembling crankcase, crankshaft and main bearings
1.1 Installing main bearing upper shells .

LT e i e s R CAUTION s e e R

{a) When installing the main bearing shells, do not apply engine oil to the outer periphery of the shells and main
bearing fitting bores in the crankcase. Install the main bearings after cleaning off foreign matters as well as oil
and grease from these surfaces using cleaning solvent and shop towels. '

{b) Install the main bearings correctiy. Do not confuse upper shells with lower shelis. The upper shells are identified
by a machined oil groove. The lower shells have no oil groove and are finished flat. The main bearings are in-
stallable even if the upper shell is confused with lower shell, but such installation could cause the crankshatft to
get severely damaged. Be very careful not to confuse the upper shell with the lower shell.

{c) Be careful not to damage the main bearing when installing.

{1} Lay the crankcase upside down on a work bench.

{2) Clean the main bearing fitting bores and main bearing
cap seating surface using cleaning solvent and shop
towel, and make sure that these surfaces are free from
any forcign matter.

(3) Make sure that the main bearing upper and lower shells
are neither damaged nor contaminated.

(4) Fit the main bearing upper shells in the crankcase bores
while aligning their fugs with the corresponding
notches in the crankcase.

Note: (a) Make the main bearing end protrusion from the

crankcase bore even at both cnds. Installing main bearing upper shells
(b} The oil hole in the upper main bearing sheil will
be aligned with the oil hole in the crankcase by
fitting the 1ug of the upper shell into the notch in
the crankcase.
{5) Apply an even coat of engine oil to the inside surface of

each main bearing upper shell.
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1.2 Installing crankshaft

(1) Make sure that the main bearing upper shells that are
installed in the crankcase bores have their imner
periphery (the surface comes into contact with the
journal} lubricated with an even coat of fresh engine
oil.

{2) Wash the crankshafi thoroughly with cleaning oil and
dry it completely by blowing compressed air. Then,
apply an even coat of fresh engine oil to the crankshaft
journals.

Note: When cleaning the crankshaft, pay special attention to
the oil holes in the crank journals and crankpins, and
make surc that they arc frec from any foreign matter.

{3) Sling up the crankshaft horizontally, then move it above
the crankcase and lower it slowly into position.

Note: When lifting the crankshaft with a chain block, do not
attach a metal hook or similar fitting directly onto the
crankshaft. Such metal fittings can damage the
crankshaft easily, Always lift the crankshaft using
cloth belts or pads on the supporting points.

1.3 Installing upper thrust plates

After washing, apply a small amout of engine qil to
the crankshaft journals.

“After washing, dry
with compressed air.

Fe

Crankshaft assembly
 Weight: approx. 300 kg
% [661 Ib]

Installing crankshaft

) CAUTION
Be careful not to cause damage to thrust plates when
installing.

Instal]l the upper thrust plates onte the front and back of

rearmost journal through the clearances between the

crankcase and crankshaft.

Notc: Be surce to install both thrust plates with the oil
grooves facing outward (away from the journal)

respectively.

Thrust plate

Installing upper thrust plates
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1.4 Installing lower main bearing and lower
thrust plate
(1) Fit the main bearing lower shells in the main bearing
caps while aligning their lug with the notch in the
bearing cap. .
"Note: Make the bearing end protrusion from the bearing cap
even at both ends.
(2) Apply a small quantity of engine oil to the inner sorface
of each main bearing lower shell.
{3) Fit the lower thrust plates on the rearmost main bearing
cap while aligning their end holes with the dowel pins
on the bearing cap.

Note: Install both thrust plates with the oil grooves facing .

outward (in a dircction away from the bearing cap).

1.5 Installing main bearing caps

(1) Make sure that the inner perip;hery (the surface comes
into contact with the journal) of the main bearing lower
shells fitted in the main bearing caps and the outside
surface of the thrust plates are lubricated with an' even
coat of fresh engine oil.

{2} Tnstail the main bearing caps in numerical order from
the front end of enginc toward the rear end so that the
cmbossed bearing number faces roward the rear end (all
Tug grooves are aligned in the same side).

(3) Apply cnginc oil to the thread of bearing cap bolts and
screw them in the bearing cap slightly, then fit the caps
in the crankcase using the bolts as a guide.

{4) Tap each bearing cap with a soft-head hammer to drive
it into position.

Note: The No.1 bearing cap should be installed so that its

end face is flush with the crankcasc surface.

(5) Through the respective side bolt holes, make sure that
the main bearing caps are firmly in position, and then
removc the main bearing cap bolts that has been used as

a guide.
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Main bearing, o
Iower\* ¥ b
Thrust plate, )
lower 5l Lug groove

Oil groove

Thrust plate,
lower

Main bearing cap
Dowel pin

Installing lower main bearing
and lower thrust plate

R ’::\L' /:‘:‘:II’ // 3
\\;\:I\:::h \"‘] $¢\E{]‘
S

ide bolt hote Bearing No. stamp

Installing main bearing caps
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1.6 Installing main bearing cap bolts

- CAUTION

Be sure to observe the specified tightening sequence
when installing the main bearing cap bolts and side
bolis,

(1) Apply cnginc oil to the threads of the main bearing cap
bolts and their washers. Then, screw them in the
bearing caps and tighten the caps loosely.

{2) Tighten the main bearing ¢ap bolts as follows:

(a) Tighten the main bearing cap bolts alienately to the
S]f)eciﬁed torque,

(b) Tighten the side bolts on the right sidc of the engine
to the specified torque.

(c) Tighten the side bolts on the left side of the engine
to the specified torque.

Note: Replace the O-rings with new ones.

{3) Tighten the main bearing cap bolts and side bolts to the
specified bolts, Then, tighten the rearmost bearing cap
bolts and both side bolts loosely.

Measure the crankshait end play in this condition.

1.7 Measuring crankshaft end play

Attach a dial gauge to the end of the crankshaft to measure
the cnd play.

If the end play deviates from the standard value, loosen the
main bearing cap bolts and retighten. '
Make surc that the camshaft tums freely.

- tem Standard . - - Limit
0.260 to 0.395 mm 0.500 mm
. dpl
Crankshaftend play |\ 5079 10 0.0156 in.] | [0.0197 in]

1.8 Inverting crankcase
Using a chain block and shackle or similar teol, turn the
crankcasc to lay it on its sidc. Then, fasten wire ropes to the

crankcase and turn it over.

Main bearing cap bolt Left-hand side bolt
568 2 20.4 N-m {60 & 3.0 kgfan} 147 7.4 N'm {15+ 0.76 kgf'm}
[434 £ 21.7 Ibf-§] [Wet] {108 £ 5.4 Ibf-ft] {wet]

S,

Apply
engine ol

Right-hand sid bo‘]\ii\‘\:‘l"i’ '
ight-hand side NN
147 £ 7.4 Nem \\\\
{15 2 0.75 kgf-m}
[108 5.4 I5FH] [Wet]

Installing main bearing cap bolts

Weight of crankshaft with crankcase:
approx.t010 kg [2227 Ib}

Inverting crankcase

75
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2. Reassembling cylinder liners, pistons and connecting rods

2.1 Reassembling piston and connecting rod
(1) Apply engine oil to the piston pin, and reassemble the
piston and the connecting rod by inserting the piston
pin, obscrving the orientation of piston and connccting
rod shown in the illustration.
Note: The pistons and piston pins are assembled to cach
other in clearance fit. However, the piston pins are
morc casily inscrted into the pistons if the pistons are

warmed up with a heater or in hot water.

(2) Using ring pliers, install the snap ring. Check the snap
ring for its tension, and make sure the ring fits snugly in
the groove.

Note: Install all the soap rings so that their end gap faces

toward the bottom of the piston.

2.2 Installing piston

Coplotet o, "CAUTION. Tl
Every piston ring has a top mark such as “R” near the
end gap. Install all piston rings with this mark facing
upward.,

If the rings are installed upside down, it could cause
malfunctions such as excessive ¢il consumption or an
engine seizing.

{1) Install the piston rings t6 the piston with a ring

expander.

Part No.

Riston weight 3 A

Camshaft - Camshaft
Offset View A Offset
Matching Engine front Matching

mark _, Side mark

¢, mark

Engine right side “ Engine left side
(As viewed from the frant of engine}

Alignment marks on connecting rod

Ring pliers
P/N:45191-08400

Reassembling piston and connecting rod

Ring expander
PIN:371921-03200

UP mark
No.1 compression ring

Nec.2 compression ring

Qit ring
Coil spring

Piston/piston ring orientation
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(2) Instali the oil ring with its end gap 180° away from the -

butt joint of the coil spring, as shown in the illustration.

| Coil spring butted ends

' Gil ring abutment

Qil ring end gap/
ceil spring joint orientation
2.3 Preparation for Installing Pistons
(1) For the right bank

To facilitatc piston installation, temporarily install the

Stamped cylinder number

damper and the poinier. Tumn the crankshaft in the
normal turning direction to bring the stamped mark of
the installing cylinder pumber to the position
approximately 50° before 1op dead center.

Preparation for installing piston in right-bank cylinder

{(2) For the lcft bank
Turn the crankshaft in the normal uming dircction to
bring thc stamped mark of the installing cylinder
number to the position approximately 50° after top
dead center.

{3) Clean the cylinder liner inner surface and the crankpin
with a shop towel, and apply engine oil to the cylinder
liner.

Applying engine oil to cylinder
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2.4 Installing upper connecting rod bearing

g ST CAUTION 5 LT
Do not apply oil to the bearing outer surface, as the oil
could cause the bearing seizure.

Fit the connecting rod bearing upper shell into the
connecting rod big end while aligning its lug with the lug
groove, and apply engine oil to the inner surface of the shell.
Mauke sure that the lubrication hole of the bearing and the

lubrication hole of the connecting rod are aligned.

2.5 Installing piston

. ; A\ CAUTION
Take-utmost care to insure that your fingers are not
caught between the oil ring and cylinder liner.

o " CAUTION -~ : = . ¢

(a2) Make sure that the "CAM arrow™ on the piston top
points the camshaft side.

{p) Checking through the inspection window on the
side of crankcase, make sure that the connecting
rod does not come into contact with the piston cool-
ing nozzle when installing piston.

(c) Do not turn the piston, as it could cause damage to
the piston cooling nozzle. )

(d) To protect the cil ring from damage due to shock,
gently insert the piston.

(1) Insert the connceting rod inte the cylinder liner, taking
carc not to damage the cylinder liner, and slowly lower
the piston to the upper surface of the crankcase.

(2} Apply engine oil to the piston rings. Then, place the end
gaps equally spaced cach other, avoiding thrust and
anti-thrust direction, and pin direction.

7-8

'Lug groove

Connecting rod
hearing upper

Fitting in connecting rod

Cail spring joint

Piston pin

Second ring end gap

Top r_ing end gap

Oil ring end gap

Location of piston ring end gaps
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(3) Hold the piston with your hands on the compression
rings, and carefully insert the piston skirt into the
cylinder liner.

.

{4) Revalidate that the pistun ting end gaps are positioned
correctly. Apply engine oil to the piston rings.
Lubricate the inside surface of the pision installer with
cngine oil. Clamp the piston rings with the piston
installer.

{6} Insert piston into cylinder liner and tap the piston head
with a soft-head hamrmer to install.
If the piston is stubbom, move the connecting rod big

end back and forth through the inspection window on
the side face of crankcase.

{B) Insert your hand through the inspection window on the
side face of the crankcase to check that the connecting
rod bearing upper shell is positioned in place. IT it is
not, push the bearing upward with your hand to adjust.

Compression ring

Piston installer”
PIN:37191-07100

Use a soft hammer
handle

Fitting in piston

By inserting your hand through the
connecting rod bearing
J

Connecting rod

bearing

Inspecting connecting rod bearing upper shell position

7-9
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2.6 Installing connecting rod cap

. :CAUTION - @0 0 .

{a)

(B

Make sure that the mating mark on the connecting
rod bearing cap and the maiing mark on the con-
necting rod are on the same side and in alignment.
When fitting the connecting rod caps, make sure
that dust, metal particles, etc. are not caught in the
serrations in the cap, between bolt seating sur-
faces and in the bolt threads.

(2)

(3)

(4)

Fit the connecting rod bearing lower shell in the bearing

cap while aligning its lug with the notch in the bearing

cap.

Apply engine oil to the bearing cap bolt threads and
scating surface, and the inside surface of the connecting
rod bearing lower shetl.

Check that the match mark on the bearing cap and the
match mark on the connecting rod are on the same side
and in alignment, then install the connecting rod
bearing cap to the connécting rod.

With your finger, touch thc joint between the

connecting rod and cap to check for misalignment.

Tighten the bolts after validating that they are flush

with each other.

Note: Lightly hold the upper part of the cap by hand, and

loosely tighten the lower bolt first to prevent the cap
from falling into the oil pan.

7-10

Lower connecting
rod bearing

Connecting rod bolt
\ Lug groove
Thread

i, ) fj]:iSerration
Bolt seating Connecting rod

surface cap

Installing connecting rod bearing lower shell

Tighten the lower
connecting rod bolt
first.

Temporarily tightening connecting rod bolts
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(5) With the bolts tightened loosely, measure the end play
of the connecting rod to verify that the clearance is even,
at above and below the crankpin.

(6) Tighten the connecting rod cap bolts to the specified
torque. Then, loosen the bolts completely and tighten
them again 1o the specificd torque.

Measure the end play again.

Note: When tightening the connccting rod cap bolts
according to the angle method, follow the sequence
described below.

{a)Tighten the bolts with a snug torque of

147£7.4 Nom {1540.75 kgf'm} [10845.4 [bf*&t].
(b) Further tighten them by turning 45°+3°.
{c} Loosen all bolts, and then tighten them again in
the same manner as above. (2-time tightening
method)

CAUTION
Before installing the cylinder head, measure the piston
protrusion at all cylinders to verify that they are normal.

2.7 Measuring piston protrusion

o CAUTION
Before installing the cylinder head, measure the piston

protrusion on all cylinders to verify that they are nor-
mal.

{1) Bring the piston to the top dead center, !

{2) Attach the dial gauge plunger 1o the top surface of the
crankcase, and zero the dial gange.

{3} Measure the protrusion at four points on the piston
head, and calculate the mean valuc.

< ltem - Standard

0.38 10 0.89mm
[0.0150 10 0.0350 in.]

Piston protrusion

End play measurement

0.60 to G.90 mm
[0,2364 to 0.0354 in.]

343 £ 17 N-m {35 + 1.8 kgf-m}
[253 + 13 IbFft] [Wet]
2 times tightening methad

Measuring piston protrusion
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3. Reassembling flywheel, timing gears and camshafts

3.1 installing front cover

(1) Apply sealant (Heldite) to the mating surfaces of front
cover, crankcasc, and oil pan, and install the packing on
that portion.

{2} Apply sealant to the packing and install the front cover

thereon. : )

(3) If the dowel pins are wormn or when the front cover is

replaced, replace the dowel pins with new ones.

{4) Tighten the front cover mounting bolts.

{5) Install the front cover mounting bolts uniformly.

Note: When the pointer was removed or when the pointér
was accidentally moved from its position, check if the
piston in No.1 cylinder is at top dead center on the
compression stroke or not in the following manner:
Turn the flywheel to" the position where its punch
mark is at the same distance from the two punch
marks stamped on the flywheel housing, The No. |1
cylinder (also No. 6 cylinder) piston must be at the

top dead center at this position.

3.2 Installing front oil seal

To install front oil seal, use the front oil seal installer

asscmbfy.

(1) Apply a clcan cngine oil evenly to the oil seal lip, and
temporarily install the oil seal to the front cover.

Note: When installing oil seal, pay attention to the

orientation, taking care not to damage the scal.

{2) Tnstall the front guide flange onto the crankshaft, and
fix it with insert bolt.

(3) Set the oil seal to the insert and install it to the guide
flange.

(4) Tighten the bolt attached to the insert to install the oil
seal into the front cover.

{5} Loosen the socket bolt, remove the swing washer from
the bolt and pull out the insert.

(6) Remove the inscrt bolt, and remove the guide flange

from the crankshaft,
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Oil seal R N ~ N
Dowel pi N2
wel pin ¢ \\:,;O/
P Wbt
llf .I}I Q /\\(r‘
. o 0 -
oL pad o, | 25 e
f :NT“E " C’j/’//"’////
g’ S \ /Z.//

T

\{‘\ C% - ‘7 '_,f/,f/
A ] .
N Dowel pin

Replace packing
(Cut off excess packing}

Front cover

Installing front cover (1)

Punch mark

instalting front cover (2)

Front cover
Oil seal

Front seal
installer assembly
P/N:32691-00042
(nsert)
{Socket bolt)

(Bolt)

/=

B 7111

(Guide flange) "“—;ﬂgt
- I iim

{Swing washer) T P
Crankshatft j'éi

{Insert bolt)
Installing front oil seal (1)

F
Front cover !

Qil seat .
\E;: A
Crankshaft \ |
f

N

Installing front oil seal (2)
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3.3 Installing coupling, damper and crankshaft
pully

(1) Install the crankshaft pulley, damper and coupling in
this order onto the crankshaft while aligning the dowel
pin holes with the dowel pins on the crankshaft.

(2) Tighten the coupling mounting bolts to the specified
torque.

(3) Measure the face and radial runouts of the damper.

. dtem Standard @ Limit

0.5 mm 1.5 mm
Face runout

{0.020 in.] or less [0.059 in.]
) 0.5 mm 1.5 mm
Radial runout {0.020 in.] or less [0.059 in.]

3.4 Installing rear plate

(1) Apply sealant (ThreeBond 1211) to the rear plate
attaching portion of the crankcase, and install the
packing on that portion.

(2) Apply thc same sealant (ThreeBond 1211) to the
packing, and then install the rear plate.

Note: If the dowel pins are worn or when the plate is

replaced, replace the dowel pins with new ones.

(3) Make sure that the rear plate bottom is flush with the

crankcase bottom. 1f the packing is protruding, cut off

the excess neatly.

539+ 25 N'm
{65 £ 2.5 kgf-m}
[398 + 18 Ibfi}

A/

Face runout ! 1 L

7
Radial runout

Measuring damper face and radial runouts

WY

\\‘_/’\’_L_ Y,
= ) /:50

98 + 4.9 N'-m
{10 £ 0.5 kgf'm}
{72.3+ 3.8 Ibf-A]

Installing rear plate
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3.5 Rotating crankshaft
Rotate the crankshaft to bring the No.! cylinder at the top
dead center using & ratchet handle and socket.

3.6 Installing front idler shaft

{1) Drive the front idler shaft into position using a guide
bolt.

(2) Tighten the front idler shaft mounting belts to the
specified torque.

3.7 Installing camshatft

Tivoooe L -CAUTION . v e
When installing the camshafts, support them with a
protector such as a pad through the crankcase window
to prevent damage to their cam lobes and bushings.

{1) Apply engine oil to the inner surface of camshaft
bushing.

{2) Insert the camshaft gently to the crankcase.

{3) Install the thrust plate, and tighten the bolt to the
specified torque.

(4) Make sure that each camshaft rotates freely.

7-14

{5.5 + 0.28 kgf-m}
[39.8 + 2.03 Ibf-f}

Iinstalling idler shaft

Nz

&

B o
N \) a -Mi
' ] N4

Bolt

!
Camshaft

Crankcase

Installing camshaft (é)
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3.8 Installing camshaft gear

{1) Align the keyway in the bore with the woodruff key on
the camshaft, and install the camshaft gear onto the
camshaft.

CAUTION
The mounting nut of the camshaft gear has left-hand
threads, and must be turned counterclockwise to
tighten.

{2) Tighten the nut to the specified torque using a socket
wrench.

3.9 Installing accessory drive
Install new O-ring in the accessory drove, Install the
accessery drive to the rear plate, and tighten the holts.

3.10 Installing accessory drive gear

{1} Aligning with the alignment mark on camshaft gear,
install the accessory drive gear to the drive shaft with
Woodruff key.

{2) Tighten the nut to the specified torque.

(Left-hand
thread)

Installing camshaft gear (2)

Accessory drive

294 £ 15 N'm
{30 £ 1.5 kgf-m)
[217  10.8 Ibfft]

Woodruff key

Accessory drive gear

Installing accessory drive gear
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3.1% Installing idler gear

(1) Install the idler gear with its match marks aligned with
the marks on the crankshaft gear and accessory drive
gear. :

{2) Attach the thrust plate to the idler gear and tighten the
mounting bolt to the specified torque.

(3) Aling the individual match marks on the timing gears as

shown in the illustration.

3.12 Measuring timing gear backlash

To measure backlash, apply a dial gauge to the
circumference of gcar shaft at the right angle to the shaft, or
imscrt feeler gauges into the meshing between two gears.
Replace the gear if the limir is exceeded.

2rp cltem | i L Standard; e s el ce cLimit L
0.50 mm
[0.0197 in.]

012t .18 mm

Backlash
acklas [0.0047 to 0.0071 in.]

3.13 Measuring end play of idler gear
Measure the end play of the idler gear using a feeler gauge
or dial gauge. If the end play exceeds the limit, replace the

thrust plate with a new one.

39 £+ 3.9 N'm
{4 + 0.4 kgf-m}
(29 + 2.9 Ibf)

Idler gear

Fuel injection -
Crankshaft gear

pump gear

Installing idler gear

Camshaft gear

Accessory Camshaft gear

drive gear (251) y (251)
Idler gear {(£70,35} i —— Oil pump
gear {Z65)

Timing gear train (viewed from flywheel} [Timing gear
engagement when No.1 piston is at compression top
dead center]

Carnshaft gear

Fuel injection
pump gear

Crankshaft gear

Saiy dtem. )il c..Standard ti .- |- Limit:

0.60 mm
[0.6236 in.]

(.20 10 0.40 mm
[0.0079 10 0.0157-in.]

Idler gear
end play
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Measuring timing gear backlash

Idler gear

Measuring end play of idler gear
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3.14 Measuring camshaft end play

Measure the camshaft end play with the camshaft gear
attached. If the end play exceeds the limit, replace the thrust
plate with a new one.

Cltem | . Standard Limit = -
(.2010 0.30 mm 0,40 mm
Camshaft end play [0.0080 10 0.0120i0] | [0.0157 in]

Camshaft gear

Measuring camshaft end play
3.15 Installing timing gear case

A CAUTION ' g L oase
Be careful not to drop or bump the timing gear case 11_?_ kg r{"f’)lbﬂ K
against a rigid object, as it could cause not only dam- [MENE 7
age to the timing gear case, but alsa could lead to per-
sonal injury.

(1) Apply sealant (ThreeBond 1211 or 1207C) to the
timing gear case mounting portion of the rear ptate, and
install the gasket on that portion.

Apply sealant (ThreeBond 1211 or 1207C) to the
gasket.

255+ 12.8 N'm
{26 £ 1.3 kgf-m}

Replace Oil seal [188 + 0.4 Ibf-fi]

i . Installing timing gear case
(2) Artach a lifting sling (o the timing gear case, and install

the timing gear case to the crankcase while bringing the
dowel pins and holes in alignment.

{3) Tighten the timing pear casc mounting bolts to the
specified torque.

7-17
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3.16 Installing rear oil seal

Use the rear oil seal installer assembly to install the rear oil

seal.

{1} Install the guidc to the crankshaft rear end, and secure it
with the insert balts.

{2) Fit the vil seal to the installer and instal] the installer to
the guide.

{3) Tighten the bolt mounted on the installer to install the
oil scal into the timing gear case.

{4) Loosen the socket bolt and push the swing washer out
of the bolt, then pull out the installer.

(5) Remove the insert bolts and remove the guide from the
crankshaft.

3.17 Installing flywheel

CL 0 et 4R CAUTION . oo o
Be careful not to drop or hit the flywheel, as it could not
only cause damage to the flywheel, but it could result
in personal injuries.

(1) Check the mounting surfaces of flywheel and
crankshaft for foreign matter or damage.

(2) Attach a lifting device to the flywheel.

(3} Install the flywheel by aligning its holes with the dowel
pins on the crankshaft.

(4) Coat the threads and bolt scat surfaces of the flywheel
mounting bolts with cnginc oil, then tighten the bolts to
the specified torque.

(5) Check the facc and radial runouts of the flywheel.

3.18 Measuring flywheel face and radial runouts
Measure the runouts of the flywheel in the installed
condition. If the mcasured value exceeds the standard,
check the bolt for lopseness as well as the accurnulation of

foreign matter on the mounting face.

T
B
& B maEE

FT e L T- T PN T Y
Budd R xR

e ;;)E‘Standarq

Facc minout 0.285 mm [0.0112 in.] ot less

Radial runout’
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(0.127 m [0.0050 in.] or less

Qil seal

-

Slinger j/
S v 7

\ (Washer)

Rear seal installer assembly
P/N:32591-07012

Crankshaft

{Insert bolt)

{Sacket bolt)

(Bolt)

{Swing washer)

(Guide) (Seal installer)

Installing rear oil seat (1)

Timing

gear case —-—|

Qil seal

1+£0.3 mm
[0.03£0.0tin]

Slinger —

13£0.5mm
{0.51 £ 0.02in.]

Installing rear ail seal (2)

Weight of ftywheel:

approx. 83 kg [183 Ib]

539+ 27 N'm
{55 £ 2.8 kgf-m)
398 + 20.3 ibf-fi]
fWet]

Installing flywheel

, \ Face runout

measuring point

Radial runout
measuring point

Measuring fiywheel face and radial runouts
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3.19 Installing pickup

(1) Turn the crankshafi so that the ring gear tooth tip is
positioned at the center of the pickup mounting hole.

(2) Insert the pickup into the hole slowly and carefully by
hand.

{3) When the tip of pickup comes into contact with the ring
gear tooth tip, loosen the pickup so that the clearance to
the ring gear meets the standard.

{4) Secure the pickup with the locknut.

3.20 Installing oil pump and oil strainer

(1} Fit a new O-ring in the oil pipc and install the oil pump,
oil strainer and il pipe as a set to the crankcase.

(2} Check the backlash between the oil pump idler gear and
crankshaft gear. If the backlash is less than the standard,
adjust it by placing an appropriate shim on the

mounting surface.

ltem S - - Standard

0.12t0 0.18 mm
[0.0047 to 0.0071 in.]

Backlash between oil pump idler
gear and crankshafi gear

3.21 Installing oil pan

(1) Apply Heldite to the lower faying surfaces of the front
cover and the crankcase.

(2) Apply Heldite to the lower faying surfaces of the
crankcase, rear plate and timing gear case.

{3) Apply sealant (Heldite) to the each joint (4 locations) of
the oil pan gasket, and install the gasket onto the oil
pan.

{4) Tighten the oil pan mounting bolts to the specified
torque.

Timing gear case

Screw back by
1/2 to 3/4 turn
after contact.

Ring gear 7 f oy

Installing pickup

”“*l’(u;/

' \::-;;9 Qil pipe
Shim t=0.1 mm:

(0.0039 in]
pr 32635-00900

Qil strainer
Oil pump gear

Installing oil pump and oil strainer

Heldite \, Apply Heldite Rear plate
L
Sa—— o  Timing gear
=<l
o) Crankcase
Front |2 el Rear
c [
R
J - rvé B 5\:/;: i Packing
Front cover | J

Crankcase

Instalting oil pan (1)

Installing oil pan (2)
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4. Reassembling cylinder heads and valve mechanism

4.1 Reassembling cylinder head

co 0 CAUTION ¢ e
Be careful when inserting the valve through the stem-
seal, as the edge of the valve can cause damage to
the lip of stem seal.

(1) Lubricate the valve stem with engine oil, then fit the
valve onto the valve guide.

(2) Insert the stem seal through the valve guide using a
guide & seal installer,

(3) Install the valve spring and rotator on the valve guide. -
Fit the valve cotters into position using the valve spring
pusher.

(4) Tap the top of valve stem lightly several times with a
soft-head hammer to ensure that the valve spring and

valve cotters are properly installed and seated firmly.
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~ Y] _.Guide & seal installer
N ,\,/ P/N: 37191-11500

N
Q\ﬁ |_—Valve

— Stem seal

T,

Cylinder head

Installing stem seal

| Valve spring pusher @

P/N: 33591-04500

Apply engine oil to siem.

Installing valve cotter

Top of valve stem

Valve cotter

Installing valve
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4.2 Applying liquid gasket

CAUTION

{a) Do not apply liquid gasket more than necessary.
Excess liguid gasket could come into contact with
O-rings, and cause deformation of O-rings. When
applying gasket to portions A and B, in particular,
take utmost care since there is little clearance to
the O-rings.

{b) Keep the perimeter of the bores clear of liquid gas-
ket. Liquid gasket on such areas could cause gas
leakage. -

{1) Wipe oft oil, grease and dirt thoroughly from the
cylinder head gasket.

(2) Apply a thin coat of liguid gasket to both sides of the
cylinder head gasket around the tappct holes and oil
passages. Beads of liguid gasket should be 5 to 8 mm
{0.20 o 0.31 in.] from the cylinder head gasket outer
edge with a thickness of 0.2 to 0.5 mm [0.008 to 0.020
in.]. The particular applying ranges are as illustrated at
right.

Notc: After applying liquid gasket, install the cylinder head

as soon as possible, as the gasket will be dried up
readily.

4.3 Installing cylinder head gasket

(1) Wipe off vil, grease and other stains from the cylinder
head bottom surface and the crankcase upper surface
with a shop towel.

{2) Install the cylinder head gasket that has been coated
with liquid gasket onto the crankcase with the dowel
pin and the hole in alignment.

¢y Do not allow liquid
gasket in this area.

Liquid gasket:
ThreeBond 1211
P/N: 37594-01300
or ThreeBond 1207C
Application of liquid gasket

Liquid gasket coating area (head side)

Do not allow liquid
gasket in this area.

5t0 8 mm
[0.20 to 0.31 in.]

Liquid gasket:
ThreeBond 1211
P/N: 37594-01300
or ThreeBond 1207C

Application of liquid gasket

Liquid gasket coating area (crankcase side)

Installing cylinder head gasket
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4.4 Installing cylinder head assembly

L. . ... "CAUTION
Before installing the cylinder head assembly, measure
the piston protrusion at all eylinders to verify that they
are normal. : : .
Lubricate the cylinder head bolts with engine oil, and
wipe off excess oil from the cylinder head bolts before
installation.

{1) Attach a sling to the nozzle holder tightening stud of the
cylinder head, and lift the cylinder head assembly.

{2) Kcep the cylinder head assembly slightly lifted with the
dowel pins aligned with their holes, lubricate the
threads of short cylinder head bolts with engine oil
(except for long bolts that secure the rocker brackets),
and loosely tighten the bolis.

4.5 Installing bridges and bridge cap

(1) Apply enginc oil to the bridge guide.

{(2) Install the bridge onto the bridge guide so that the
screw-fitted end of the bridge is. positioned on the
exhaust manifold side.

(3) Using the set screw, adjust the height of valve so that it
is flush with the top of the other valve, and tighten the
fock nut to the specified torque.

(4) Fit the bridge cap onto the bridge after applying a thin

e

coat of engine oil to the seating surface. At this time,
take care not to drop thc cap inside the crankcase
through the push rod hole.

4.6 Installing pushrod and tappet

Apply engine oil to the tappet. Slowly place the tappet on
the camshaft and then insert the push rod into the tappet.

7-22

Cylinder head weight: l}
approx. 29 kg {64 Ib] Head bolt (short)

Apply engine oil

Installing cylinder head assemblies

Bridge cap

Installing tappets and push rods
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4.7 Reassembling rocker shaft assembly
(1) Align the notch of the rocker shaft with the bolt hole in

the bracket, and install the rocker shaft into the rocker
shaft bracket.

{(2) Insert the cylinder head bolt (longer one) through the
rocker shaft bracket to secure the rocker shaft.
(3) Install'the rocker and washer to each side of the rocker

shaft bracket and secure them with a snap ring.

4.8 Installing rocker shaft assembly

CAUTION
After reassembly, move the rocker arms up and down
to make sure they move smoaothly.
With the bracket maounting bolt loosely fightened,
adjust the bracket position so that the ends of both
rockers come into contact equally with the respective
bridge cap tops.
Before tightening the bracket mounting bolt to the
specified torque, install the cylinder head bolt that also
secures the rocker bracket.

(1) Screw the bracket mounting bolt into the rocker shaft
bracket.
{2) Fit a new Q-ring to the cylinder head bolt and securc

the rocker assembly temporarily with the cylinder head
bolt.

Racker shaft

Natch

Rocker shaft bracket

Reassembling rocker shaft assembly (1)

Rocker shaft bracket

Rocker shaft
Rocker arm

Washer

Cylinder head
belt {lang)

Snap rin
P rng Adjusting Screw

Reassembling rocker shaft assembly (2)

Cylinder head boit{short)

Installing rocker shaft assembly
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4.9 Tightening cylinder head bolts

For tightening cylinder head bolts, two methods are

available;, one according to tightening torque and one

according to tightening angle.

491 Method according to tightening torque

(1) Tighten the cylinder head bolts to the specified torque
in the sequence shown in the illustration.

(2) Loosen all bolts once, and tighten them again in the
samec manncr. {2-time tightening method)

4.9.2 Method according to tightening angle

(1) Tightcn the cylinder head bolts to the specified snug
torque in the sequence shown in the iliustration.

{2) Tighten the cylinder head bolts by turning 30£1.5° in
the specified sequence.

(3) Tighten the cylinder hedd bolts further by mrning 30 =
1.5° in the specified sequence.(Total tightening angle of
60°£3°)

{4) Loosen all bolts once, and tighten them again by
repeating the same procedure. (2-time tightening
method)

4.10 Inspecting valve timing

The valve timing will be set in the specified range if each

gear is assembled according to the match marks. For

verification, howcver, inspect the valve timing as follows:

{1) Make surc that the No. | piston is at the top dead center
on compression stroke,

{(2) Using a 2 mm [0.08 in.] thick feeter gauge, adjust the
valve clearance of both inlet and exhaunst valves of the
No. 1 cylinderto 2 mm [0.08 in.]. .
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Tightening torque of torque method:
392 £ 20 N'm (40 = 2.0 kgf-m) [289 £ 14.5 Ibf-f]
[Wet] 2-time tightening

Snug torgue of
angle method:

Short bolt:

118+ 5.9Nm

{12 £ 0.6 kgf-m} {1
(87 £ 431bf] | )
Long bolt: -
196+ 9.8 N'm

{20 £ 1.0 kgf-m} \\
[145 £ 7.2 Tot4]

Tightening sequence of cylinder head bolts

Top dead center

o S5
Infet valve T Exhaust valve
Xy

opens . %, .~ Closes

L J’ Direction of
rotation

Inlet valve .- 7R

closes E;gﬁgst valve
1 o
' 052 i &

Bottorn dead center

Valve timing diagram
(when valve clearance is standard value)

\ Rocker
/

|

r2mm[0.08 in.]

E\
T
Bridge cap

Valve clearance
{with 2 mm [0.08 in.] clearance held on valve side)
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(3) With a 0.05 mm [0.0020 in.] thick feeler éauge mserted
between the bridge cap and the rocker, slowly rotate the

crankshaft to determine the position where the feeler Feeler gauge
gauge becomes hard to move (i.e., the valve begins to Rocker
open) and the position where the gauge becomes easy T 0.056 mm

to move (i.e., the valve is closed). Check to see if these [0.8020in.]

positions agree with the angular positions shown in the

- 1
valve timing diagram with-a 2 mm [0.08 in.] clearance /J/E_l\ T S

y

held on each valve. \

Bridge cap

Valve clearance -
(with 0.05 mm [0.002 in.] clearance held on valve side)

Top dead center 4q¢ 140

¥
Inlet valve opens: ! ,fExhaust valve closes

Direction of
rotation

AN

Inlet valve closes 4~.___{___» Exhaust valve opens
210 2% ’
Bottom dead center

Inspecting valve timing
) {with 2 mm [0.08 in.} clearance held on valve side)
4.11 Installing fuel injection nozzle assemblies

(1) Install the nozzle assembly in the mounting position in Eye bolt
the cytinder head. Then, remember to put the gaskets. Fuel leak off pipe
(2) Temporarily install the fuel leak off pipe to which the

fuel injection pipe and new sealing washer are installed.
{3) Tighten the nozzle gland mounting nut to the specified

torgue.
59+ 29 N-m

{6 + 0.3 kgf-m)
[43 £ 2.2 Ibf-ff]

tNozzle ground

Installing fuel injection nozzle
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4.12 Installing fuel pipes
(1} Fully tighten the fuel injection pipe and fuel leak off
pipe.
Note: Tighten the cyc bolt of the fuel leak off pipe to the
specified torque.
(2) Fix the fuel pipe with the clamp.

4.13 Adjusting valve clearance
Adjust the valve clearance.
For adjusting procedures, refer to “Adjustment and

Operation."
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Eyabolt15t0 20 N-m
{1.5 to 2.0 kgf-m}

(11 to 14 Ibf-f] Fuel injection pipe

Fuel leak off pipe” N

Installing fuel pipe
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1. Removing fuel system
1.1 Removing fuel injection pipes and fuel leak-off pipes

Removing fuel injection pipes and fuel leak-off bipes

Removing sequence

1 Left side fuel leak-off pipe 9 Connector

2 Left side fuel leak-off pipe 10 Primary fuel filker

3 Fuel leak-off pipe 11 Left side fuel leak-off pipe

4 Right-side fuel leak-off pipe 12 Right-side fuel leak-off pipe

5 Right-side fuel leak-off pipe 13 No. 1 fue!l injection pipe

6 Left side fuel pipe’ 14 No. 2 fuel injection pipe

7 Fuel pipe 15 No. 3 fuel injection pipe

8 Right side fuel pipe 16 No. 4 fuel injection pipe
. CAUTION . .-

To prevent dust from entering the fuel system, cover all
the openings in the injection pump, nozzle inlet con-
nectors and injection pipes.

8-2

17
18
19
20

31

22
23
24

1

No.
No.
No.
No.
No.
No.
No.
No.

5 fuel injection pipe
6 fue! injection pipe
7 fuel injection pipe
8 fuel injection pipe
9 fuel injection pipe
10 fuel injection pipe
11 fuel injection pipe
12 fuel injection pipe
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1.2 Removing fuel filter and fuel pipes

Replace

Replace

Removing fuel filter and fuel pipes

Removing sequence

4 Right side fuel pipe

1 Left side fuel pipe

5 Fuel filter assembly
6 Fuel filter bracket

2 Left side fuel pipe

3 Rightside fuel pipe
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1.3 Removing fuel control links

@@\/‘
-

Removing fuel control links
Removing sequence

1 Right side control link B 7 Actuator control link
2 Right side control fink A 8 Left side lever A
3 Right side iever ‘ 9 Left side lever B
4 Right side stay 10 Bearing cover
5 Right side control link B 11 Control shaft
" 6 Left side control link A ' 12 Timing gear case pipe
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1.4 Removing actuator

Removing actuator
Removing sequence

1 Control link 3 Cushion mount 5 Proact bracket

2 Actuator 4 Spacer

1.5 Removing stop solenoid

Removing stop solenoid
Removing sequence

1 Control fink 3 Cushion rubber
2 Stop solenoid 4 Spacer
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1.6 Removing fuel injection nozzle
Using a wrench, loosen the nozzle, and remove the fuel injection nozzle and holder gasket.
Note: Using a wire or screwdriver remove the holder gasket.

1.7 Removing fuel injection pumps

Removing fuel injection pumps
Removing sequence

1 Right side priming stopper 13 Right side injeétion pump bracket
2 Right side stay . 14 Left side priming stopper
3 Clamp plate 15 Left side stay
4 Coupling cover 16 Left side tamper plate
5 Coverstay | 17 Left side cover stay
X & Right side oil pipe 18 Left side oil pipe+

7 Right side oil drain pipe ‘ 19 Left side oil drain pipe
8 Pump mounting bolt - : 20 Pump mounting bolt
9 Pump mounting bolt 21 Pump mourting bolt

10 ﬁight side fuel injection pump 22 Left side fuel inje;:tion pump

{weight: approx. 43 kg [95 Ib]) (weight: approx. 43 kg [95 b))
" 11 Right side injection pump stay ' 23 Left side injection pump stay
12 Right side tamper plate 24 |eft side injectior] pump bracket

1=

. - CoL CAUTION: et

When removing the tamper plates at both sides, break ‘
and remove the tamper nuts because they cannot be

removed in their original condition,
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2. Disassembling, inspecting and reassembling fuel system
2.1 Disassembling and inspecting fuel tilter {wire element type)

9
8 Rotate by 1 or 2 turns every day
or every 10 service hours.

L

Replace

Wash element every
1000 service hours

—®@
L— & ) Water drain every

Replace O-ring 50 service hours

Disassembling and inspecting fuel tilter {wire element type)
Disassembling sequence

1 Plug, packing 5 Plate, scraper collar, O-ring 9 Bbit
2 Bolt, spring washer, plain washer 6 Element 10 Cover
3 Flange, lower case, packing 7 Rod, O-ring

4 Washer, nut 8 Snap ring, washer, handle

2.2 Reassembling fuel filter (wire element type)

20 N'm {2.0 kgf-m} [14.8 1bf-fi]

Reassembling fuel filter (wire element typ'e)

D " CAUTION
After installation, start the engine and check to make
sure there is no fuel leak.
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i

2.3 Disassembhling and inspecting fuel tilter (paper element type)

ICracks, damaged threads

Use the oil filter wrench
to remove

Replace every 1000
service hours

Disassembling and inspecting fuel tilter (paper element type)
Disassembling sequence

1 Cartridge filter 2 Filter bracket

2.4 Reassembling fuel filter {(paper element type)

Air vent plug
‘Tightening torque 8 to 10 N'm
{0.8 to 1.0 kgf-m} [6 to 7 Ibffi]

Apply fuel oil

Before the installation of cartridge, clean the mounting
surface of the cartridge and apply a clean fuel oil to the
gasket.

Screw in the cartridge until the gasket contacts the seal
surface of the bracket and then further rotate 3/4 to 1 tumn
by hand. Never use a filter wrench. Also never use any
filter that has dentsor scratches since it could result in

the breakage turing engine operation. i ™ \\_j/

R SR S

Reassembling fuel filter {paper element type)

S0 CAUTION e s
After installation, start the engine and check to make
sure there is no fuel leak.
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2.5 Disassembling and inspecting fuel control links

ICracks, damage, bendJ

Cracks,
damage

@ Front

Cracks, damage,
bend

Cracks,
damage

[Rotation|

| Worn contact surface, bend | 30

27 .
| Damage, wear, bendl 2
25
Cracks, damage,
bend
Disassembling and inspecting fuel control links
Disassembling sequence

1 Right side control link 11 End plate 21 Spacer

2 Right side control link ' 12 Snap ring . 22 Left side lever

3 End plate 13 Ball bearing 23 Snapring

4 Snap ring 14 Left side link lever 24 Ball bearing

5 Ball bearing 15 Rock nut 25 Right side control lever

€ Right side link lever 16 Ball joint 26 Bearing cover

7 Right side stay 17 Ball joint (left thread) 27 Control shaft

8 Left side control link 18 Rod 28 Ball bearing

9 Left side control link 19 Left side lever 29 Ball bearing

10 Connector 20 Spring 30 Timing gear case pipe
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2.6 Reassembling fuel control link

st T CCAUTION T

(&) The lock nuts and ball joints at both ends of the
rod may be right-hand ar lefi-hand threaded.
When installing them, pay attention to their thread
direction.

{b}) Screw t'h_e rod 10 mm [0.39 in.] or more into the
ball joint, when installing the rod in the ball joint.

2.7 Inspecting actuator control link

Ball joint

10mm (.38 in.]
or more

-——

Lock nut

Rod

(]

Installing ball joint

Cracks, fatigue

Inspecting actuator control link
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2.8 Disassembling and inspecting stop solenoid control link

/?
B
o

%

" [Cracs. damagd] f'(‘
<
L

- 10
Cracks, fatigue

Disassembling and inspecting stop solenoid control link

Disassembling sequence

Jam nut 7 Stop solenoid 13 Spring pin
Lock nut (left thread) "8 Washer i4 Lever

Ball joint 9 Spacer 15 Shaft

Ball joint (left thread) 10 Cushion rubber 16 Snap ring

Rod 11 Spring pin 17 Ball bearing
Bolt 12 Lever 18 Support

o s W Y -

2.9 Reassembling stop solenoid control link

C CAUTION :
(a) The ball joint may be right-hand or lefi-hand
threaded. When installing it, pay attention to its 10mm [0.38 in.}
thread direction. oF more Lock nut
(b) Screw the rod 10 mm [0.39 in.] or more into the C '
ball joint, when installing the rod in the ball joint. /

Ball joint

Rod

Installing ball joint
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2.10 Disassembling and inspecting accessory drive

I Wom, deteriorated lip

Disassemnbling and inspecting accessory drive
Disassembling sequence

1 O-ring 5 Drive shaft ‘9 Sleeve

2 Woodruff key - 6 Ball bearing 10 Drive case -
3 Thank key 7 Ball bearing -

4 Snap ring 8 Qil seal

2.11 Inspecting accessary drive

2.11.1 Qutside and inside diameters of bearing-fit-
ted sections $0.0%, - HemiT L e Nominal- [, . Standard -

i s et

Rotate each bearing, and if it does not rotate smoothly, a 72 mm 71,988 to 72.015 mm

replace the bearing. Inside diameter of bearing (283 in] (28342 ta 2.8353 in.]

fitting bore in drive case

© 90 mm 8%.985 to 90.020 mm

Inspect the bearing journals of the drive shaft, and replace
‘ [B54in] | [3.5425 1035435 in)

the drive shaft if worn.
Inspect the bearing housing of the drive case, and replace

Inside 835 mm 34.985 t0 35.003 mm
diameter | [1.28 in.] [1.3774 t0 1.3781 in.]

the drive case if wom, Small
. . . Outside a 72 mm 71.983 to 72.004 mm
Inspect the drive shaft and oil seal, and teplace if any - diameter | [2.83 0] [2.8340 0 2. 8348 in]
abnormality is found. Bearing ;
[nside B 40 mn 39.985 to 40.003 mm
diameter [§.57 in.] [1.5742 t0 1.5749 in.]
Large -

Citside a X mo 89980 to WL.GUS o
didmeter | [3.54 in.] [3.5425103.5435 in.]

[ 35 inm 35,002 t0 35.013 mm

Drive shafl bearing journal | (13801 | [1.3780 10 13785 in.]

diammater E ad0mm | 40.002 to 40.013 mm
[L57in] | [1.5749 10 1.5753 in]
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2.12 Reassembling accessory drive

o=

—

E—

| Apply engine oil on the lip

Apply engine oil | -~

Reassembling accessory drive
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2.13 Disassembling and inspecting fuel injection nozzles

Replace gasket

Carbon deposits,
cloggd spray holes

2

Disassembling and inspecting fuel injection nozzles
Disassembling sequence .

1 Connector and gasket 5 Spacer 9 Shim

2 Retaining nut 8 Pin 10 Nozzle holder body
3 Nozzle tip 7 Pushrod
4 Pin 8 Nozzle spring

Dot LT e s s T GAUTION T e T e

When changing parts, be sure to use our designated parts, Uniess our designated parts are used, the exhaust
emission regulations cannnot be met.
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Z.14 Adjusting and inspecting of fuel injection
nozzlers
2.14.1 Inspecting and adjusting fuel injectioki
valve opening pressure

{1) Install the nozzie on the nozzle tester and operate the

handle of the tester at a rate of about 1 stroke per

! second, and read the pressurc at which fuel injection
starts. Adjust the nozzle, if limit is exceeded.

 Hem Standard CLimit,
Valve operti 29.4 MPa 29.9 10 30.7 MPa
HVCOPENTIE 1 1300 kgflom?} | {305 to 313 kgffem?)
pressure (4267 psi [4337 to 4453 psi
4\ CAUTION

During injection testing, never touch the sprayed fuel.

(2) Adjust the injection starling pressure by increasing or
decreasing the pumber of shims. The seven kinds of
shims are available in thicknesses of 0.40 to 0.70 mm
[0.0157 10 0.0273 in).

(3) Aficr the adjustment, tighten the retaining put to the
specified torque of 39 to 78 N'm {6 to 8 kgfm} [43 to
58 |bf-ft]

{4) After tightening the retaining nut to the specified
torque, inspect again the injection starting pressure to
see that it is as specificd.

2.14.2 Inspecting fuel spray pattern of fuel injec-
tion nozzle

(1) When adjusting thc nozzle opening pressure using a
nozzle tester, check for clogged nozzle hole, fuel spray
pattern, and tuel dribble from the spray hale.

(2) Checking points of fuel spray paitem arc as follows:
- Fuel is injccted straightly.
- Fucl is injected in a spray of fine dropicts.
- Fuel is injected without after-dribbling.

(3) If the spray pattern is defective, clean ot repiace the
nozzle tip.

Nozzle tester

Inspecting fuel injection nozzle for injection pressure

Good Defective spray patierns

Large After Inter- Whirling
angle dribble mittent spray
spray spray

Spray paﬂe}n of fuel injection nozzle
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2.14.3 Cleaning and replacing faulty nozzle

L .. CAUTION :
When pulling out the nozzie tip, be careful not to dam-
age the tip.

(1) Loosen the rectaining nut, then remove the nozzle tip,

and clean the needle valve and body,

(2) Clean the nozzle tip in clean wash oil. After cleaning,

assemble the needle valve and body in clean diesel fuel.

Note: The ncedle valve and body are precision parts.
Handle them carefully. and do not change the
combination of the valve and body.

{3) Tighten the nozzle tp retaining nut to the specified

torque.

{4} If the spray patiern.is still faulty after cleaning and

adjusting, replace the nozzle tip.

Notc: When using a new nozzle tip, remove the anti-
corTosive agent from the nozzle tip, and clean the
nozzle tip in wash oil. Then clean the tip again in the
fucl before assembly.

8-16

Nozzle tip
Retaining nut

Needle valve

Body

Washing fuel injection nozzle tip
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2.15 Reassembling fuel injection nozzle

29to 38 N'm
{3 to 4 kgf-m}
[22 to 29 (bf-fi]

———— 58t 7B N'm
{6 to 8 kgf-m}
[43 to 58 Ibf-f]

Reassembling fuel injection nozzle
Note: When putting the nozzle tip in the nozzle holder,

make surc that the tip locating pin enters its hole in
the holder.

- ' CAUTION
Be sure fo tighten the retaining nut fo the specified
torque. Excessive tightening torque on the retaining
nut can hinder smooth movement of the needie and
result in abnormal exhaust smoke or needle sticking.
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3. Installing the fuel system
3.1 Procedures after installation
To reinstall the fuel system, follow the removal sequence in

reverse, and conduct the following procedures after

installation,

(1) Add engine oil to the specified level.

(2) Add coolant,

(3) Check all connections for oil and water leaks.

(4) Bleed the fuel system.

(5) The fuel injection pump installation procedure is shown

below. After installing the fuel injection pumps, be sure

to check and adjust the fuel injection timing.

This procedure is described in "Inspection, adjustment,

break-in operation, performance test and testing

procedures”.

3.2 Installing fuel injection pumps

58+ 5.8 N-m 58+ 5.8 N-m

{5.9 £ 0.59 kgl-m) 5.9 + 0.59 kgf-m}

[43 £ 4.3 Ibf-1] A y 108 £ 11 N'm (43 +4 3 Ibf-f]
[+ £ 1.1 kgfm)

108 + 11 N-m
{11 £ 1.1 kgi-m}
[ B + 8 1bf11]

[0 £ B Ibf-ft]
68 £ 2.9 N'm //K\
(5.9 + 0.3 kgf-m}

U3s22b0f) 34+ 3.4Nm
{35 £ 0.35kgf m)
[25 + 2 51lbf-f

58 £ 5.8 N-m
(5.9 + 0,59 kgf-m}
[43 % 4.3 Ibi-Y

s

e SEN S
! aéfgf.:-\«)\/-l

> /vf}{“’ AT ®
S N LU HE r-)
e -
56+ 2.9Nm

{6.9 + 0.3 kgf-m}

58+ 58N-m [43 £ 2.2 Ibf-f]

{5.9 + 0.59 kgf-m}
43 £ 4.3 IbFf)
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*3.2.1 Installing fuel injection pump (right side)

4\ CAUTION ‘
Be sure to check the injection start timing stamped on
the caution plate on the rocker cover for the No. 1 cyl-
inder.

{1) Rotate the engine in the normal direction until the No.
1-6 mark stampecd on the damper aligns with the
pointer.

{2) Move the rockers of the inlet and exhauwst valves for the
No. 1 cylinder by hand to make sure that the pushrods
are not pushing the inlet or exhaust valves off their
seats,

(3) Turn the crankshaft about 60° in the reverse direction,
then tumn it in the normal dircction a listle at a time to
align the pointer with the specified injection start
timing mark on the circumference of the damper.

{4) Install coupling to injection pump and align the painter
on the pump case with mark on the coupling.

{5) Fit the key of drive shaft into the keyway in coupling,
then push in the injection pump toward the drive case.
Tighten the shaft mounting bolts to the sﬁeciﬁed torque.

{6) Connect the fuel pipe, oil pipe and fuel control link to
the pump. '

i
£

%;’

i
amper

8}

Pointer

Determining top dead center of No.1 cylinder
compression stroke

Pointer

Inspecting angle of injection starting timing mark on
damper circumference

8310 93 N'm
(8.5 to 9.5 kgf-m) [61 to 69 Ibf-f]

Adjusting fuel injection timing
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3.2.2 Installing fuel injection pump (left side)

(1) To install the left side injection pump, align the No. ];;ﬁ“"
7-12 mark stamped on the damper with the pointer. ) ’"‘({‘i‘%:\ :\
. Make sure the piston in the No. 7 cylinder is at the top yaur: W
dead center in compression stroke by checking the inlet {f
o

and exhaust valves.

{(2) Adjust the injection timing by following the same
pracedure as for the right-side injection pump and
install the injection pump, then connect the pipes and

control link.

Damper Painter

installing fuel injection pump (left side)

3.2.3 Installing tamper nut
(1) Check that the tamper nut breaks the inner cylinder Tamper nut
. h i . . 35+ 5.0N-m
when tightened to the specified torque (inner cylinder /_‘ {3.6 + 0.51 kgf-m)
breaking torque). [26 + 3.7 bift]
(2) Tighten the self lock nut to the specified torque, and —
caulking the end of the nut.

Caulking
Shelf rack nut

) 33+ 3.3N-m (3.4 £ 0.34 kgf-m}
Inner cylinder [25 + 2.5 Ibf-fi] .

Installing tamper nut

3.3 Fuel Injection Nozzles
For fuel injection nozzie installation procedure, refer to the scetion on reassembly of engine main parts.
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3.4 Installing stop solenoid

Installing stop solenoid

Installing actuator

35

Installing actuator
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3.6 Installing fuel control links

20 N-'m
{2 kgf-m}
f14 1bffi]

25 x25Nm
{2.5 £ 0.25 kgf-m}
[18 + 1.8 bfft]

Installing fuel control links
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3.6.1 Installing fuel control and actuator

(1} Check to make sure that control rack for the injection
pump on the right side is set to 0 {no injection).

{2) Connect right-side contro] link B to control rack and
link lever.

Note: Right-side control link B is of fixed length, and the

center distance between the ball joints at the ends is
126.5 0.3 mm [4.980 £ 0.012 in.].

{3) Install control link A to right side lever, and instail
control lever to the opposite side of righe side controf
link.

- Note: Righe side control link is of fixed length, and the
center distance between the ball joints at the ends is
140.5+£ 0.3 mm {5.531 £ 0.012 in.]

{4) Install control lever to control shafl.

{5) Check to make surc that control rack for the fuel
injection pump on the right side is set o "0" (no
injection),

(6) Connect left side control link B to control rack and left
side lever.

Note: Left side control link B is of fixed length, and the

center distance beween the ball joints at the ends is
126.5+0.3 mm [5.53]1 £0.012in.].

{7} Tnstall left side control link A to left link lever and left
side lever A,

Note: Install left side control link A ta that the center

distance between the ball joints at the ends becomes
146 £ 0.3 mm [5.748 £ 0.012 in.].

(8} Install actuator control link to left side lever B, and
install actuator fever to the opposite side of actuator
control link.

Note: Install actuator control link so that the cenier distance

between the ball joints at the ends becomes 137+ 0.3
mm [5.394 = 0.012 in.].

Control shaft Right-side levar

Right-side
centrol link B

Control rack

Right-side
control link A

5 126.5 £ 0.3 mm
¥ [4.980 £ 0.012 in ]

Control lever

Installing fuel control link (right side)

Left-side control link A

Left-side controt link B lejtusting
Left-side
lever A
Left-side
lever B

Control rack \ Link lever

Actuator control
link

Actuator lever
Output shaft

Installing fue! control link (left side) (1)

137.0 £ 0.3mm H

[6.394 £ 0.012in}

Installing fuel control link (left side) (2)
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{9) Check that output shaft of th'c actuator is set to 0 (no
injection), and instail actuator fever to output shaft.
(10)Check that the position of control rack of the fuel
injection pump and the position of output shaft of the
actuator are both 0 (no injection).
If these positions arc no longer 0, adjust the length of
left side control link.
The tightening torque of the lock nut of left side control
link is about 20 N-m {2kgf'm} [14.5 lbf{t].

(11)Adjust with the adjusting bolt so that the control racks
of the left and right fuel injection pumps project from 0
(no injection) to 2 + 1 mm [0.079 £ 0.039 in.].

3.6.2 Adjusting stop solenoid

(1)} Turn off the stop solenoid (stretched).

(2) Makc adjustment so that the gap between the follower
on the cancel lever B and the stop lever is 0.5 to 1.0 mm
[0.02 to 0.04 in.] with the rod.

Note: The screw engagement margin for the rod and ball

joint must be over 8 mm [0.32 in.] on both ends.

3.6.3 Stop solenoid working inspection
(1) Energize (or contract) solenoid.

(2) Idic the engine.

(3) Deenergize (on extend) solenoid.

(4) Check that the engine staps.
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Stop lever

Rod

Follower

o

O

.5t0 t.0mm
[0.020 10 0.039 in.]

Stop solenoid

Adjusting and checking stop solenoid
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4. Adjusting governor controlier
' CAUTION ' 2 =) } Power

. - . - 24 (+)
-

When changing parts, b.e sure to use our designated e b Ranvstop -
parts. Unless our designated parts are used, the . 2 F—1{ Self-diagnosis demand
exhaust emission regulations cannot be met. Remote speed setling enabled
Work Ildtthgh t emissi lati > I oNoreY ’

ork related to the exhaus lemlssmn regu ations .can 20— F— Dynarnics change Discrote
be conducted only at out designated service factories. 19———— I Speed setting:Accelerate I output

18}—————1 = Speed setling:Decelsrate
17— 1 Idle/rated rotation
16— — Droop/isochronous N

Adjusting governor controller
4.1 Wiring controller

{1) Wire the controlier as shown on the wiring diagram. oAt initial
. . T R ta . L
Prepare a switch box or the like so that the contract - fact. * " Name C:ol'lnd::t Remarks-
inputs (o terminals 17 to 23 can be trned on and off ::“‘Nﬂr-“‘ foet o ‘tion e
during operation. 16 Droop/isoc change o
{2) Have the contacts of terminals 17 to 23 set as shown in hronous operation pen
the table right before the start of operation. \dlefrated
1 rotation : Open Rated rotation in
Pe closed condition
change
Speed sctting: ) Deceleration
18 Decrease Open in closed condition
Speed setting: ' Acceleration
19 Increase Open | 41 closed condition
. Rated rotation
20 Diynamics change Open in open condition
Remaoie speed
21 .
sciting enabled (ON/OFF) | OP°™
Self-diagnosis
22
demand Open
: Run i clased
23 i 3 .
g Run/stop Open condition
(3) Connect the shicld wires of the actuator, rotation
pickup, and boust sensor to the ground terminal of the
G G

controller.

.@ ®_N

Shield ground position

Wiring controller
4.2 Initial setting of controller

Do not change the initial set value unless otherwise
required.
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4.3 Adjusting governor during idling
{1) Turn the idle/rated rotation selector switch to "Idle” and
the Dynamics selector switch to "1dle rotation sctting”.

(2) Tum the Run/Stop selector switch to "Run", and start

the engine.

{3) Adjusting hunting
When henting or rotational fluctuation occurs, adjust
the control parameters 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 ppto show ™ Alt Gain A"
in the window.
{c) Adjust the value of "Alt Gain A" with the

KcyA orv so that hunting or rotational
fluctuation is eliminated.-

KeyA: Value slowly increases in small increments
Key : Value slowly decreascs in small increments
Kcy&: Value rapidly increases in large increments

Keyv: Value rapidly dccreases in large increments
Set "Alt Gain A" to (.025.
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[ad rotation senLg—’ [ Droop

J Idta rotation setting | ( Ispchrongus 7[ Rated rotation I

Adiusting gavernor during idling (1)

I Remote ON 7 Run Accelerate ]

Q ©

( Remote OFF H Stop ‘ Decelerate t

Adjusting governor during idling (2)

Value shown
here

Alt Gain A
1%,

[+);

~ I

e Value shown
/ 1 2 ;N—i% here

Adjusting governor during idling (4) -
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The value of "Alt Gain A" is related to hunting and rota-
tional fluctuation as follows:

When the value of "Alt Gain A" is large, hunting increases,
and rowational fluctuation decreases.

When the valuc 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,

(@) Press the arrow key« or ppto select "Alt Window
Width" or "Alt Gain Ratio".

(b} Adjust with the keyA orv.
The values of "Alt Window Width" and "Alt Gain Ratio”
are related to hunting as follows:
When the value of "Alt Window Width" is large, hunting
decreases.When the valuc 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.

Note: When the value of "Alt Gain Ratio” is too small,

response is too poor for the engine to start.

Set "Alt Window Width" o 80 rpm (min™')/

Set "Alt Gain Ratio" to 4.0.

(d) After completing the adjusting procedure, press the
SAVE kcy to storc the sct values.

[‘I:JH.\:.! »

Alt Window Width

Value shown

[QODWARL)
[

Alt Wincaw Width

Set to this
value

Adjusting governor during idling (6)

O [ IS
AlAL =]
i
HORDR :
[ @[]

Adjusting governar during idling (7)
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4.4 Changing to rated rotation speed

When the adjustment during the idling operation is
completed, tumn the Idle/Rated rotation selector switch to
"Rated Rotation” and the Dynamics selector switch to
"Rated Rotation Setting”.

The engine rotation speed rises to the rated rotation speed in
a few seconds.

4.5 Adjustment of exhaust temperatures of
right and left banks
(1} Slowly increase the load to the rated load, and operate

the engine under the rated load for 5 min or more.

{2) Check that the turbocharger inlet temperature of the left
and right banks is saturated, and measurc that
tcmperature.

(3) Adjust the cxhaust temperature by changing the link
length,

{(a) Loosen the iock nuts.

(i)) While measuring the exhaust ternperature, siowly
turn the rod to adjust the link length.
Adjust the exhaust temperature difference between
the left and right banks to £ 20°C [68°C] at the rated
load.

{c) When the adjustment is completed, tighten the lock
s,

8-28

——
iRaiEd rotation setlingl [ Di’OOp | | Idle I
| idie rotation setting | | Isochronous | | Rated rotation |

Changing to rated rotation speed

) - | \ - oy
SN W o ®\ PN f \\t‘ ‘
Ny D

Adjusting exhaust temperature left and right bank (1)

2
\\\ ‘\\\\ \\ ! M) e

T S,

-}
f/
k ﬁ/ /E"\}

Adjusting exhaust temperature left and right banks (3)
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I i —

4.6 Adjusting rack set

(1) Rack set of left pump

(a) While the engine is running undcr the rated foad, move
the stop lever to the maximum rotation side and hold it
in that condition.

(b) Loosen the lock nut of the stopper.

(c} Adjust the stopper so that the rack platc lightly touches

- the stopper.

(d} Whilc maintaining the above-mentioned condition,
tighten the fock nut to fix the stopper.

——

AT

\ & Lock nuts
\ /

(e %

{
Sz

Adjusting rack set (1)

tl‘&’%/_;_/”\ \ K=
7

/

Adjusting rack set (3)
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(2} Rack set of right pump

{a) While the engine is rurming under the rated load,
move the stop lever to the maximum rotation side and
hold it in that condition.

(b) Remove the cap, and leosen the outer nut of the doublc

nuts inside.

(c) Tighten or loosen the inner mut, and stop it when it

clicks.

{d) While maintaining the above-mentioned condition,
tighten the outer nut to fix the rack.
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—
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Y

Adjusting rack set (5)

This portion is stopper

Pump body case

=t I
' . | Fuel
. g I incr:'a::lse*
G HE ' L1 R
= Zﬂ'[/ A4 (o i+ Decrease
[v] 2 - - )
Rack | oner nut Outer nut
Adjusting rack set (6)
T T
\1’(’ ({:/?\TA‘-‘_&_H \“‘--___
L} Tr— \“‘.
\ Quter nut _‘ ~ > -~

Adjusting rack set (7}
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4.7 Installing fuel filters and fuel pipes

Installing fuel filters and fuel pipes
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4.8 Installing fuel injection pipes and fuel ieak-off pipes ‘

2510 29 N'm
{2.5 to 3.0 kgf-m}
[18 to 22 Ibf-i]

1

. il
S’ " ) '\\\\ =
; ﬂ] 25_to29_Nm\\K .

0) S [18 to 22 Ibfft]

| Replace | _~
/

Installing fuel injection pipes and fuel ieak-off pipes
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1. Removing lubrication system
1.1 Removing oil pipe, oil cooler and oil filter for fuel injection pumps

4

|
<}

-,

Remaving oil pipe, oil cooler and oil filter for fuel injection pumps
Removing sequence ' )

1 Qil filter element 6 Right side oil pipe “11 Qil pipe

2 Qil pipe 7 Right side oil pipe 12 Bypass oil filter assembly
3 Qil cooler 8 Left side oil pipe 13 Pipe drain stay

4 Stay 9 Left side oil pipe

5 Stay 10 Oil pipe !
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1.2 Removing fan drive and cil pipe for accessory drives

Accessory
drive case (L.H}

i ) Accessory
P Fan drive bracket drive case (R.H)
Front

! Removing fan drive and oil pipe for accessory drives
Removing sequence

1 Oil pipe far fan drive 4 Qil pipe for accessory drive (R.H)
2 Oil pipe for fan drive . 5 Qil pipe for accessory drive (L.H)
3 Drain pipe for fan drive
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1.2 Removing breather, oil filler and oil level gauge

L.

Replace

Removing sequence

1 Oil pipe
2 Breather

9-4

Removing breather, il filler and oil level gauge

3 Qi filier
4 Qil level gauge
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1.4 Removing oil pan, cil strainer and oil pump

Removing oil pan, oil strainer and oil pump

Removing sequence

5 Shim

3 Uil strainer support

1 Oil pan

4 Ol pump assembly

2 Packing

'
)
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’

2. Disassembling, inspecting and reassembling lubrication system
2.1 Disassembling and inspecting oil strainer

Cloggeds trainer hole
Wash with diesel fuei

Disassembling and inspecting oil strainer
Disassembling sequence

1 Qil strainer 2 Qil pipe
2.2 Disassembling and inspecting oil pump and safety valve

'[Fatigue,
breakage, wear

Cracks, damage

Disassembling and inspecting oil pump and safety valve

Disassembling sequence

1 - Safety valve assembly 5 Nut and washer 9 Oil pump case
2 Qil pump cover 6 Oil purmp gear 10 Shim

3 Bushing 7 Drive gear

4 Driven gear - & Bushing
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2.3 Inspecting oil pump and safety valve
2.3.1 Measuring oil pump gear backlash
Measure gear backlash. Renew the gear(s) if the limit is

exceeded.

ltem Standard Lirmit

Backlash between 0.100 to 0.200 mm 0.400 mm
drive and driven gears | [0.0039 to 0.0079 in.] | [0.0157 in.]

2.3.2 Measuring side clearance between gears
and case

Measure the side clearance between gear teeth and case

borc. If the limit is exceeded, replace gears or casc with a

new one.

Item - Standard Limit

Side clearance
between gear tecth
and case bore

015010 0.230 mm | 0350 mm
[0.0059 10 0.0091 in.}.| [0.0138 in.]

2.3.3 Measuring end clearance between gears
and case

Measure the end clearance between gear width and case

depth. If the limit is exceeded, replace gears/casc with a new

one.

Driven gear

Drive gear

Measuring side clearance between gears and case

e tem- " Standard . | Limit -

End clearance between
gear width and case
depth

0.130 to 0.200 mm 0.250 mm
[0.0051 to 0.0080 in.| | [0.0098 in.]

Measuring end clearance between gears and case
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2.3.4 Measuring drive and driven gear shaft out-

_ side diameters and bushing inside diameter

{1} Inspect the gear teeth, If any defects are found, replace
the gear with a pew one.

{2) Measurc the drive and driven gear shaft outside

* diameters and the bushing inside diameter, 1f any of the

gear and bushing combination exceeds thc limit,

replace it with the new set of such parts.

citem.. .| Nominal | -~ Standard.. ; .| Limit"

Gear 33.9441033.960 mm | 33.920 mm

shat (13364 101.3370in) | [1.3354in

diameter @ 34 mm

Bodma 1 [1341n)

iﬁfj;"g 34.000t0 34,025 mm | 34.055 mm
: [1.3386 101.3396in.] | [1.3410in.]

diameter -

2.3.5 Replacing oil'pump bushing

(1) Use the oil pump bushing puller to replace oil pamp
bushings.

(2) Remove the bushing from the oil pump only when it is
practical. If it is hard to remove, replace it as an

assembly with the oil pump case or oil pump cover.

{3) When press-fitting a bushing in the oi] pump cover,
orient the bushing such that its joint is positioned as
illustrated (it is not aligned with the oil groove).

9-8

Oil pumip bushing puller
P/N: 32691-02700

Bushing inside
diameter
$ 348 mm

[91.34%%in]
Surface roughness

Ra: 0.4 pum
[0.016 uin]

Extracting Press-fitting

Press-fitting oil pump bushing

Location of oil pump bushing joint
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2.3.6 Inspecting oil pump safety valve spring
Inspeet cil pump safety valve spring for settling and
damage. If significant scttling, wear, or damage is found,
replace the safety valve spring.

{tem , _Standard ..
Safety valve spring installation 97 mm {[fégiglp}']“ I8N
lengthAoad (26.4 1bf]

2.3.7 Adjusting backlash when installing oil
pump ’

After installing the oil pump to the crankcase, measure the

backlash betwcen the crankshaft gear and oil pump idler

gear. If the backlash docs not confirm to the standard, adjust

the backlash by inserting shim{s) under the o0il pump mount.

ltem _Standard .
Backlash between oil pump idler gear 0.120 10 0.180 mm
and crankshaft gear [0.0047 to 0.0071 in.]

4 =,

—JO
gl sy
< ( j{[ I j
e

\\\\\:‘_ A -

\O
Valve spring
Fatigue, breakage, wear

Inspecting safety valve

Shimt=0.1 mm
[0.0039 in ]
| P/N: 32635-00900

Adjusting backlash when installing oil pump
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2.4 Reassembling oil pump and safety valve

294 + 15 N-m {30 ¢ 1.5 kgfm}
[217 + 11 Ibf-H]
i

Reassembling cil pump and safety valve

Note: Lubricate individual parts with enginc oil during
reassembly. Apply a thick coat of engine oil to the
threads and seating suwrfaces of the nuts and bolts

before tightening them.
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2.5 Disassembling and inspecting oil cooler, oil filter, alarm and relief valve

[Clogaing, rupture, cracks|

| Cracks, deformation |

Replace]

Replace

Check for clogging, cracks
Replace: Every 250 service hours

Disassembling and inspecting oil cooler, oil filter, alarm and relief valve
- Disassembling sequence

1 Oil filter. (cartridge type) 8 Relief valve sleeve
2 Bypass valve 9 Relief valve spring
3 Oilfiter alarm 10 Relief valve

4 Sealing washer 11 Oil cooler case

5 Drain cock 12 Gasket

6 Relief valve plug 13 Oil cooler element
7

O-ring 14 Qil cooler cover
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2.6 Inspecting oil cooler, oil filter, alarm and relief valve

2.6.1 Inspecting oil cooler

Check oil passages in the element by blowing through them
with compresscd air of 1.47 MPa {15 kgffem?} [213 psi] for
damage and cracks. If any leakage or damage is tound,

replace the element with new one.

2.6.2 Inspecting bypass valve
Check the bypass valve opening pressure. If the pressure
does not fall within the specified range, replace the valve

with a ncw one.

Check for leak,
damage, crack.

L Jem o - S v -, Standard
0.44 = 0.05 MPa
Bypass valve opening pressure §4.5 0.5 kgfiem?® §
. [64 £ 7 psi]

2.6.3 Inspecting oil filter

When replacing the oil fiitcr, sample the oil (500 ml

[3¢.53 cu.in.) and check for metal and other particles. If
tmetal or other particles are found, cut and unfold the
element, and inspect the color and shape of metal particles

trapped in the element to identify the cause.

"2.6.4 Inspecting oil filter alarm

{1} Use a tester to check the alarm for insulation and
continuity. If the alarm is found to be defective,
disassemble and repair. If the bakelitc or rubber
insulations are deteriorated or damaged, replace the
alarm.

(2) If the filter alarm lamp lighting pressure exceeds the
standard, replace the alarm with a new one.

CoovMem b e Standard, L

Qil filter alarm 0.15t00.18 MPa
lighting pressure {1.5 to 1.8 kgflem?®} [21.3 1o 25.6 psi]

9-12

inspecting oil cooler

inspecting oil filter

Shim Q

Inspecting oil filter alarm




LUBRICATION SYSTEM
_

2.6.5 Measuring relief valve pressure

(1) Remove the taper plug ai the bottom of oil cooler, and
set a pressure gauge in that place.

(2) Run the engine untit the oil temperature reaches 70 to
90 °C[158 to 194 °F].

{3) Measure the oil pressure at idling and at the maximum
speed respectively.

. tem _ Standard

0.49 1o 0.69 MPa
15.0 to 7.0 kgt/cm?)
[71 1o 100 psi]

Relief valve
apening pressure

Pressure measurement point
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__ __
2.7 Reassebling oil cooler, oil filter, alarm and relief valve

g 3 /=y pv=v IS =S hy.oivy pratry B4 \-%_f _____ ‘_&f """"" -L!‘ “f

O g

‘q‘._.u‘ H I,......___.‘J'_-?'

] e [
J B e, TReoee]
=
o O
O Q[

Replace

Replace

Section A-A

Reassebling oil coaler, oil filter, alarm and relief valve

co “CAUTION -
Install new packings and O-rings in reassembly.
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2.8 Disassembling and inspecting bypass oil filters

Clossing,cracks
Replace every 250 service hours

Disassembling and inspecting bypass ol filters
Disassembly sequence

1 Bracket 2 Cartridge element 3 Bracket

2.9 Reassembling bypass oil filters

Gasket

Apply engine oil

Reassembling bypass oil filters

CAUTION
Tighten the cartridge oil filter by hand. Do not use a fil-
ter wrench to tighten the ail filter.

With the oil filter contacted the bracket mounting surface,
tighten the filter by 3/4 to 1 turn, being careful not to dent or
damage the filter surface.
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3. Installing lubrication system
3.1 Installing oil pan, oil strainer and oil pump

T, = \ '\ D/-
A O ,\
R }w\\ A ;>E/ SN
P T \ S~ o
SNSRI TR AT L L,
iy *\\r/;?—;\(‘ o ‘._l-.//‘ . \-j;;‘:"’-(“ A VT R )
v } -

39+39Nm
{4 £ 0.4 kgf-m}
[29 £ 2.9 Ibf-fi] ;

Installing oil pan, oil strainer and oil pump

3.1.1 Installing oil pan

{1} Apply Heldite to the lJower faying surfaces berween the Heldite .~ Apply Heldite | Rear plate
front cover and the crankcase, 7&# \ Timing gear
=pA ] case
{2} Apply Helditc to the lower faying surfaces of the N -
- S
crankcase, rear plate and timing gear casc. \C "
‘ . .. ) rankcase
(3) Apply sealant (Heldite) to the joint surfaces of . °
scparated portions {4 locations) of the oil pan packing, Front |° »| Rear
and install the packing to the oil pan. %
(4) Tighten the oil pan mounting bolts to the specified "
torque. - Az Packing
Front cover C\rankcase

Installing oil pan (1)

Separated portion
. . Apply Heldite

Installing oil pan (2)
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3.2 Installing breather and oil filler

Installing breather and oil filler

3.3 Installing fan drive and oil pipe for accessory drives

Accessory
drive case (L.H)

) @ w Front
Replace

Accessory
@ Fan drive bracket drive case (R.H)
Front

Installing fan drive and oil pipe for accessory drives
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3.4 Installing oil pipe, oil cooler and oil filter for fuel injection pumps

=
TN =
Sy / "_ i )

Y
7
-

.
@

Installing oil pipe, oil cooler and oil filter for fuel injection pumps

S .CAUTION - 0 .
Tighten the cartridge oil filter by hand. Do not use a fil-
ter wrench to tighten the ol filter. -

With the oil filter contacted the bracket mOIJ:nting surface,
tighten the filter by 3/4 to 1 turn, being careful not to dent or
damage the filier surface.
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1. Removing cooling system
1.1 Removing fan drive

Removing fan drive
Removing sequence

1 Flexible pipe 4 Mounting bolt
2 Qil pipe, flexible pipe 5 V-beilt
3 Tension bolt ' 6 Fan drive, fan pulley

10-2
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1.2 Removing tension pulley

7
[‘3’ \\
! f
o ~Z
t] \j’,/’ ‘\\\
‘tj; 3 T
i — o
AN &7
B
t_1
\]
4
Removing tension pulley
Removing sequence
1 Tension bolt 4 Tension pulley assembly 7 V-belt
2 Mounting bolt 5 Tension bolt 8 Tension pulley assembly
3 V-belt 6 Mounting bolt
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1.3 Removing thermostat and 2-way water pipe

aq | § 10 Ceg
2-way water pump ¥ \j"

-

Removing thermostat and 2-way water pipe
Removing sequence

1 Coupling 5 Coupling 9 Coupling

2 Water pipe. 6 By-pass pipe 10 Water pump pipe
3 Water pipe 7 By-pass pipe

4 Thermostat 8 Rubber hose
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1.4 Removing 2-way water pipe

intercooler.-

@eﬁ

~

g
i
J

Intercoocler

Removing 2-way water pipe

Removing sequence

4 Water pipe 7 Water pipe

1 Coupling

5 Coupling

2 Water pipe

6 Water pipe

3 Coupling
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1.5 Removing thermostat and water pipe

A2 (&
= = s
N

Removing thermostat and water pipe
Removing sequence

1 Coupling 4 Water pipe 7 Qutlet pipe
2 Coupling . 5 Coupling 8 Thermostat
3 By-pass pipe 6 OQutlet pipe 9 Thermo bracket
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1.6 Removing water pump and water pipe

Remaving water pump and water pipe
Removing sequence

1 Water pipe 5 Joint 9 Water pump

2 Joint 6 Stay 10 Water pump pipe
3 Joint 7 Qil drain pipe 11 Water pump

4 Water pip2 . 8 Oil pipe

1.6.1 Removing oil drain pipe
The oil drain pipe is located at a hard-to-access position

behind the water pump. Use a water pump wrench to

remove the pipe.

Water pump wrench
] & O A P/N: 32691-01200
Oil drain M Water pump

Removing oil drain pipe
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2. Disassembling, inspecting and reassembling cooling system
2.1 Disassembling and inspecting fan drive

Disassembling and inspecting fan drive
Disassembling sequence

1 Fan spacer 6 Qil seal 11 Ball bearing

2 Capnut 7 Snapring 12 Spacer

3 O-ring B Cap : ' 13 Ball bearing

4 Fan pulley 9 Fan drive shaft 14 Drive shaft bracket
5 Sleeve ° 10 Ball bearing
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211 Inspecting fan drive

Measure the fan drive case bore and the shaft diameter at the
bearing fitting portions as well as the inside and outside
diameters of the bearings. If any of the measurements is out
of the standard, replace the part with a new one,

Nominal | . Standard

¢ 62 mm | 61.988 10 62.018 mm
[2.44 in.] | {2.4405 10 2.4420 in.]

e 72mm | 71.988 to 72.018 mm
|2.84 in.] | [2.8342 10 2.8353 in.]

Inside diameter of bearing
fitting bore in drive case

Inside @ 30 mm | 29,988 to 30.000 mm
diameter | [2.44in.] | {1.1806 10 |.1811 in.}

Outside | @62 mm | 61.987 to 62,000 mm
diameter | [2.44.in.] | [2.4404 10 2.4409 in.]

Inside 8 30 mm | 29.988 to 30.000 mm
diameter | [2.44 in.] | [1.1806 to 1.1811 in.}

Small

Bearing

Larpe
-| Owside | e 72mm | 71.987 to 72.000 mm
diameter | [3.45in] [ {2.834] t0 2.8346 in.]

Outside diameter of drive | 8 30 mm | 30.602 to0 30.011 mm

shaft bearing joumal Flgin] | [1.1812 10 L.ER2O in.]
Clearance on impeller 0.6t0 1.4 mm
front cnd [0.0240 10 0.0551 in.]
Clearance on impeller 1.0 mm

rear ¢nd [0.0393 in.]

2.2 Reassembling fan drive

=11l

EiL

!
]

Apply engine oil to the
lip of oil seal and the
balls of ball bearing.

Reassembiing fan drive
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221 Installing inner ball bearing
(1) Apply engine oil to balls in balll bearings.

{2) Drive the ball bearing on the drive shaft using a beari;ag
installer *

Bearing installer
P/N: 32691-04200

Apply engine oil

il

2.2.2 Installing outer ball bearing

(1) Apply cngine oil to balls in balls in ball bearings.

(2) Drive the drive shaft into the shaft bracket, drive the

ball bearing on the drive shaft and shaft bracket using
bearing installer.

Bearing installer
P/N: 32691-04300

5

Yy L
. Apply engine ail

2.2.3 Installing oil seal

{1) Drive oil scal in the case using a oil scal installer so that
the oil scal is flush with the end face of case.
(2) Apply cngine oil to the oil seal lip.

Bearing installer
PIN: 32691-04300

Apply engine oil 8 8

Installing cil seal
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| Lip wear, damage, ﬁeterioratioT\

| V-helt groove wear |

Cracks, damage, shaft bend,
oil hole clogging

Disassembling and inspecting tension pulley
Disassembling sequence

1 Baolt 4 Snapring 7 Ball bearing
2 Thrust plate 5 Ball bearing 8 Tension pulley
3 Spacer 6 Spacer 9 Bracket

2.3.1 Inspecting tension pulley

Check the bearing fitting portions in the tension pulley and
on the shaft for wear and damage. [f they are abnormally
worn or damaged, replace the bearing, pulley or tension
bracker.

-ltem. . |Nominal| . Standard

F

Inside diameter of tension

pulley
in which bearing is fitled

o 52mm | 51.970 to 51.995 mm
[2.05in.] | [2.0461 1o 2.0470 in.}

Inside @20 mm | 19.988 to 20.000 mm

diameter | [(.79in.] | [0.7869 to 0.7874 in.|
Bearing

Quiside @32mm | 52,988 10 52.000 mm
diameter | [20.5in.] | [2.0354 10 2.0591 in.]

Qutside diameter of shaft | 0 20mm | 19.988 to 20.000 mm
on which bearing is fitted | [0.79 in.] | [0.7869 ta 0.7874 in.]
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2.3.2 Reassembling tension pulley _
{1) Apply cngine oil to the bearing fitting portion in' the
tension pulley.

{2) Fabricate a special press-fitting jig. Fit the bearing in @
the tension pullcy using the jig and a press. - @ 52{2.05] Special jig
Note: The bearing is of a grease-filled type. Do not wash the =
€ ' g g ed typ 10t Was 34 j 20
bCHI’ll‘lg. {134] [0 8
Bearing

W Tension pulley

S Unit: mm fin.]

Press-fitting inner ball bearing

v
e

{3) Fit the inner ball bearing onto the bracket using a press.

Special jig

Bracket
[ | ol 1
Press-fitting tension pulley
(4) Insert the inner spacer in position.
(5) Screw two bolis into the extracting bolt holes in the Unit:mmfin.]
bracket from the inside to hold the tension pulley Spacer '
lightly. [
> F’iE
) —pg—
!’.‘Ei] ] Bolt
M12x1.25-2

{0.47 x 0.049]

installing inner spacer
{6) Fit the outer ball bearing into the tension pulley using

the special jig.
Note: For press-fitting, use a hand-press. @

| __-Speciai jig

oI
fi'gﬁ&/
— 2 fEfmﬂ

Press-fitting outer ball bearing
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(7) Fit the snap ring in the ring groove inside the tension
pulley.

Snap ring

J
v
|/

|
|

{installing snap ring
(8) Insert the outer spacer in positon

Installing outer spacer
(9) Fit the thrust plate with the bolt.

Thrustplate

l:l:lﬁ

= i
S
1

Fitting thrust plate
(10)Tighten the bolt to the specificd torque.

q_
£l

L
.
.

Note: After reassembling, make surc that the tension pulley
rotates smoothly.

Bolt 98 N-m
{10 kgf-m}
[72 Ibf-ft]

mm 3
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2.4 Disassembling and inspecting tension pully {(water pump side)

| Lip wear, damage, deterioration I

LV—beIt groove wear

Cracks, damage, shaft bend,
cil hole ciogging

Disassembling sequence

1 Bolt
2 Thrust plate

3 Snap ring

Disassembling and inspecting tension puily

4 Ball bearing
5 Spacer
6 Ball bearing

2.4.1 Inspecting tension pulley
Check the bearing fitting portions in the tension pulley and

on the shaft for wear and damage. If they arc abnormally

wom or damaged, replace the bearing, pulley or tension

bracket.
i1,00 erw o - Nominal | %2 "Standard .- ;-
:) '::‘l;‘ci; diameter O 1eTSI0M | ¢ im | 79.961 10 79.991 mm
. o
in which bearing is fitted [3.15in.] | [3.1481 t0 3.1492 in.|
Inside 835 mm | 34,988 10 35.000 mm
diameter | |1.38in.]| [1.3775 10 1.3780 in.]
Beaning -
Outside | @ 80 mm | 79.987 to 80.000 mm
diameter | |3.154n.] | [3.1491 to 3.1496 in.]
Qutside diameter of shaft | & 35 mm | 34.984 10 35.000 mm
on which bearing is fitted | [1.38in.] | [1.3773 to 1.3780 in.}

10-14

7 Tension pulley
8 Bracket




2.4.2 Reassembling tension pulley
{1} Apply engine oil to the bearing fitting portion in the
tension puliey.
(2) Fabricate a special press-fitting jig. Fit the bearing in
the tension putley using the jig and a press.
Note: The bearing is of a grease-filled type. Do not wash the
bearing.

(3) Fit the inner ball bearing onto the bracket using a press.

{4) Insert the spacer in position.

{5) Screw two bolts into the extracting bolt holes in the
bracket from the inside to hold the tension pulicy
lightly.

{6) Fit the outer ball bearing into the tension pulley using
the special jig.
Note: For press-fitting, usc a hand-press.

COQLING SYSTEM
. —

{}@ 78 [3.07]
i Special jig

5411 lgag| L
(2.13] [1.5]

Tension pulley
Egl E%///
S

Unit: mm [in.]

Bearing

Press-fitting inner ball bearing

Special jig

L~

Press-fitting tension puliey

Spacer\ Unit:mmiin.]
Bolt .
Mi2x 1.25-2
[0.47 x 0.049)
Installing spacer and bolts
Speceal jig

\\_/-\J
1
J

Press-fitting outer ball bearing
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{(7) Fit the snap ring in the ring groove inside the tension

pulley.

(8) Fit the thrust plate with the bolt.

(9) Tighten the bolt to the specified torque.
Note: After reassembling, make sure that the tension pullcy

rotates smoothly.

10-16

Snap ring

Installing snap ring

Thrust plate

Fitting thrust plate

Bolt 98 Nm
{10 kgf-m}
[72 Ibff]

Tightening bolt
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R

2.5 Disassembling and inspecting 2-way water pump

|V—belt groove wear, damage ]

Disassembling and inspecting 2-way water pump

Disassembling séguence

1 Nut, washer & Snapring

2 Water pump pulley, key 7 Water pump shaft
3 Snapring 8 Ball bearing

4 Cover 9 Spaser

5

Impeller 10 Ball bearing

251 Inspecting water pump in installed condi-
tion

Touch the drain port in the bottom of pump casc center with

your fingers.

If water oozing is felt, the unit seal is probably faulty.

11 Unit seal

12 Woater pump case

Inspecting 2-way water pump in installed condition
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2.5.2 Removing impeller

: . ., .CAUTION
When removing the impeller from the waler pump
shaft, take care not to damage the water pump shaft
and the impeller.

Using the puller, pull out the impeller.

2.5.3 Removing water pump shaft

Remove the snap ring sccuring the front ball bearing. Then,
remove the watf:li pump shaft topether with the ball bearings
toward the puliey side by pushing on it slowly with a press
or by tapping on it lightly with a soft-head hammer.

fum|
ﬁ%”fﬁ o5 mm | Impeller
[0.315 % 0.049 in.] /
L=\~

HINEE

Water pump

Balt bearing

shaft

Removing water pump shaft
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2.5.4 Inspecting 2-way water pump

Measure the water pump case bore and the shaft diameter at
the bearing fitting portions as well as the inside and outside
diamecters of the bearings. 1f any of the measurements is ont
of the standard, replace the part with a new one.

. ltem -1 Nominal Standard
Inside diameter of bear- | 8 62 mm 1,988 (0 62.018 mm
ing fitting bore in case [2.44in.] [2.4405 to 2.4420 in ]
Case bearing bore e 68 mm 67.961 10 67.99] mm
diameter |2.6% in.} [2.6756 0 2.6768 in.]

luside diamcter & 28 mm 27.990 to 28.000 mm
4 [t.101n.] [1.1020 10 [.1024 in.]
E
G -
& o 2 68 mm 67.987 o 68.000 mm
Outside diameter |1 o't ] [2.6766 10 2.6772 in}
Shaft bearing joumnal 228 mm 28.002 to 28.015 mm
diameter [1.10in.] [1.1024 to 1.1030 in.}
Clearancc at the front (8 mm 05110 L.l mm
of impeiler [0.031 ] [0.0201c 0.043 in]
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2.6 Reassembling 2-way water pump

112 £ 49 N'-m
{11.5 £ 0.5 kgf-m}
[83 + 3.6 Ibff}

Fill with grease

—lA
1)

Apply grease

" Apply sealant

(Threebond 1102}

o unit seal outer surface

/

== Flush

Apply Loctite

{2.29 £ 0.23 kg
[17 £ 1.7 lbf-f]

0.5 1.1tmm

{0.020 to 0.043 in.

225+ 225Nm

frrm}

1

Apply sealant

{Threebend 1102)

Reassembling 2-way water pump

2.6.1- Installing unit seal

(1) Apply sealant (ThreeBond 1102} to the circumference

of the unit seal.

{2) Drive the unit seal inte the case using a unit seal

installer.

Note: Always replace the unit seal with a new one once it

has been removed from the pump case.

: S
] [
I Unit seal
H (A A
T Tl
[101 43420030??1 Appry ThreeBond

=

1102 to outer

\
\Q“surface _)/J

1y
N

S
2y, A

Installing unit seal
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2.6.2 Installing water ﬁump shaft

{1) Drive the ball bearing into the shaft.

Note: The ball bearing should be installed so that the shield

platc is positioned on the unit seal side,

(2) Fill the ball bearing rolling section with WPH grease,

{3} Drive the shaft into the case.

(4) Install the spacer into the shaft, and fill the case with 31
g [1.09 oz.} of WPH grease.

2.6.3 Installing hall bearing
(1) Fill the ball bearing rolling section with WPH grease,
and drive the ball bearing,

Note: The ball bearing with shield plate should be installed

so that shield plate is positioned on the pulley side.
(2) Secure the ball bearing using a snap ring.

Water pump.
shaft T~

|
Fil with grease

i
31 g[1.09 0z.] \;wﬂ= 1

il

=y '{(f'_‘ e

N T

mﬁa

"’)#TF Ball bearing

Pt

Spacer

(Apply grease)

Sealed plate
side

Installing water pump shaft

Water pump
shaft

Ball bearing
(Apply grease)

T

Snap ring

Sealed plate
side

Installing ball bearing
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2.7 Disassembling and inspecting water pump

Replace | 3

5\ Corrosion, cracks,
10 b4 damage .
. 8 ) |Corrosion, contact damage
6
2 -
1 iy .
% A \Corrosnon. cracks, damagei
s
B\ R Lip wear, darnage,
— 2o g i deterioration
N\ \’w-_‘\“.\]} Rotation
R RN
, ‘\\\\\\ \ Lip wear, damage,
\ﬁ\\\\i A deterioration
@’ Q“ : ] 1,‘ /

r V-belt groove wear, damage

Disassembling and inspecting water pump
- Disassembling sequence

1 Nut, lock washer 6 Spacer 11 Ball bearing

2 Water pump puliey, key 7 Oil seal 12 Oil seal

3 Water pump cover, packing 8 Snapring 13 Water pump case
4 Impeller 9 Water pump shaft

5 Unit seal 10 Ball bearing

2.7.1 Inspecting water pump mounted on engine

Touch the drain port located in the bottom of pump case
center with your fingers.

If water oozing is felt, the unit seal'is probably faulty, and if
oil oozing is felt, the oil seal is probably faulty.

Inspecting water pump in installed condition
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2.7.2 Removing water pump pulley
Attach the pulley puller in the water pump pulley extracting
holes and remove the water pump pulley.

2.7.3 Remaving impeller

i CAUTION
When removing the impelfler from the water pump
shaft, take care not to damage the water pump shaft
and the impeller.

(1) Fit double nuts to the water pump shafi on the opposite
side to the impeller to hold the shaft.

(2) Hold the double nuts with a wrench, and loosen the
impeller using a socket wrench (width across flats 32
mm [1.26 inch]).

2.7.4 Removing water pump shaft

Remove the snap ring securing the fromt ball bearing. Then,
remove the water pump shaft together with the ball bearings
toward the pulley side by pushing on it slowly with a press
or by tapping on it lightly with a soft-head hammer.

Puliey puller
M10 & 1.5 mm putley
{0.397=0.059 in.] ¢

Removing water pump pulley

Socket
Width across flat:
32 mm [1.26 in.]

~

Impeller

- =
~ ﬂL

/E@ump shaft

=

/ / Double nuts

71 1o hold the

" == shaft
7 7

Remaoving impeller

F'J—_//““
w /Ball bearing

[ | water pump

— |~ shaft

ol

7 7
7 zZ

i

.. Ball bearing

I
N

Removing water pump shaft
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2.7.5 Inspecting water pump
Measure the water pamp case bore and the shaft diameter at

the bearing fitting portions as well as the inside and outside

diameters of the bearings. If any of the measurements is out

of the standard, replace with a new onc.

Lt Mem ot wﬂ@n‘jinal "+ Standard, .
o 62 mm | 61.988 to 62.018 mm
Water pump case inside (2.44 in.] | [2.4405 to 2.4420 in.]
diamcter at bearing fitting
porlion @72 mm | 71.988 10 72.018 mm
[2.84 in.] | |2.8342102.8353 in.|
:;:z:_:f @30 mm | 29.988 10 30.000 mm
oter [F.lSm.] [1.1806 1o 1.1811 in.]
Small Out-
stde #62 mm | 61.987 10 62.000 mm
diam- {244 in.] | [2.4404 to 2.4409 in.]
eter
Bearing — -
L‘.‘:ﬁf 030 mm | 29.988 to 30.000 mm
! (118 in.} | [1.1806 to 1.1811 in.]
eter
Large | ou-
side g72mm | 71.987 o 72.000 mm
diam- | [2.84 in.] | [2.8341 102.8346 in.]
eler
Shaft outside diameter at | 230 mm | 30.002 10 30.011 mm
bearing fitting portion [(.18in.[ | [E.E812t0 1.1820 in.]

Clearance on impelier
front end

0610 1.4 mm
[0.0240 10 0.055) in.]

Clearance on impeller rear
cnd

1.0 mm
{0.0393 in.]
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2.8 Reassembling water pump

123 2.5N'm
{1.3 + 0.3 kgf-m} t
+ 2 f-fi
[3 £ 2.2 Ibff] 2
245 £ 25 N'm 196 £ 20 N-m
{25 % 2.5 kagf-m} {20 £ 2.0 kgf-m}

" [145 + 14.5 Ibf-]

[181 + 18.1 Ibf-ﬂ]\@ AR

Apply engine oil Apply sealant When installing unit seal floating

to oil seailip and | |(Threebond 1102} seat into ring, apply LLC solution
ball bearing rolling| | {0 unit seal outer surface. || (antifreeze solution) to two portions
contact surface. | of fioating seat.

Reassembling water pump
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2.8.1 Installing inner oil seal

(1} Install oif seal in the case using a oil seal instalier so
that the oil seal is flush with the end face of fitting
housing.

{2) Apply engine oil to oil seal lip.

282 Installing unit seal
(1} Apply scalant (ThreeBond 1102) to the circumference
of the unit seal.
{2) Drive the unit seal into the case using a unit seal
installer.
Note: Always replace the unit seal with a new one once it
has been removed from the pump case.

2.8.3 Installing ball bearing

(1) Apply engine oil to balls in ball bearings.

(2) Autach the thread cover onto the pump shaft with ball
bearings.

{3) Drive the pump shaft into the pump casc using a
bearing installer.

2.8.4 Installing outer ocil seal

(1) Drive oil seal in the case using a oil seal installer so that
the oil scal is flush with the end face of case.

{2) Apply enginc oil to the eil seal lip.

10-26

Qil seal installer

P/N: 32591-03200 Apply engine oil

Unit seal instalier
P/N: 37191-06300

Apply ThreeBond 1102 to
fitting face of unit seal.

Installing unit seal

Bearing installer

P/N: 32591-03600 Water pump shaft

N, E// ’
Apply engine oil
=y il

L 7

Thread cover i -
P/N: 37191-06600

Instaliing ball bearing

Oil seal installer
P/N: 32591-03100

Installing outer oil seal
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2.9 Disassembling thermostat

Disassembling thermostat
Disassembling sequence

1 Case cover 3 Thermostat

2 Packing 4 Thermostat case
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2.9.1 Inspecting thermostat

ST, . 4\ CAUTION . °
Be careful of burms or a fire when measuring tempera-
ture, as it involves a high-temperature and open flame.

Stir the water with a stick.

To test the thermostar operation, immerse the thermostat in a
container filled with water. Heat the water, while measuring
the watcr temperature. Record the temperature at the
conditions shown in the table below. 1f the temperatures are
not within the standard range, replace the thermostat.

Mote; (&) Sti; the water in the container with a stick to

ensurc uniform temperature distribution.
(b) Before installing the thermostat, be sure to check
"the valve opening temperature starmmped on the

Inspecting thermostat

10
thermostat valve side face. [0.39]
L 1. e, -Standard, . T £
R ;"5;35 C- sa 71“’\Cv;;f' £ 50°C[122°Flor
U 7 ratingii |12 rating: . £ 5 |88 °C 185 °F]
Dt e ey ekt 2 Rty
o ot o] waler side). | waterside) - > Secondary valve opening temperature
Temperature at which primary I5+2°C M+2°C 3542°C[952 36 Flor
valve starts opening [95£3.6°F] | [160=3.6 °F] 71 ;2 *C 160+ 3.6 °F]
Temperalure at which secondary gr2°C 74x£2°C Primary valve opening temperature
valve starts opening [100 £ 3.6 °F] | {165+ 3.6 °F) Thermostat motion diagram
Temperature at which valve lift 50°C 85°C
beeomes 10 mm [0.39 in.] or more [122 °F] {E85 °F]
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3. Installing cooling system
3.1 Installing water pump and water pipe

Installing water pump and water pipe
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3.2 1

nstalling thermostat and water pipe
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Installing 2-way water pipe

3.3

intercooler

Instailing 2-way waler pipe
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3.4 Installing thermostat and 2-way water pipé

3 @ Intercooler

2-way water pump

@ Intercooler

Replace

Installing thermostat and 2-way water pipe
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3.5 Installing tension pully

Installing tension pully
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Installing fan drive

3.6

Installing fan drive
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INLET AND EXHAUST SYSTEMS

1. Removing inlet and exhaust systems
1.1 Remaving intercaoler assembly

Removing intercocler assembly
Remaving sequence

1 Jaint 3 Intercooler assembly
2 Inlet duct 4 Spacer
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1.2 Removing turbocharger, oil pipe and exhaust pipe

Removing turbocharger, oil pipe and exhaust pipe
Removing sequence

1 Oil pipe 5 Turbocharger 9 Exhaust pipe

2 Qil pipe : 6 Ring _ 10 Exhaust cover
3 Oil pipe 7 Exhaust pipe joint
4 Qil drain pipe 8§ Ring
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2. Disassembling and inspecting inlet and exhaust systems
2.1 Disassembling and inspecting intercocler assembly

\ .
Apply silicon seal to the gap
hefween piate and efement
{(RTV-106 of GENERAL ELECTRIC
or equivalent)

r Cleaning: every 2000 hours

Apply silicon seal to the gap
between plate and element
(RTV-106 of GENERAL ELECTRIC or equivalent)

Disassembling and inspecting intercooler assembly
Disassembling sequence

1 intercooler cover 2 Intercooler element 3 Inlet manifoid

11-4




INLET AND EXHAUST SYSTEMS

s A - _

2.2 Inspecting intercooler and inlet manifold
221 Cleaning intercooler

A\ CAUTION
When handling sodium hydroxide (caustic soda) or
soda lime, always use a hand protection such as rub-
ber gloves.

(1} To remove the accumulation of dust and dirt, blow
compressed air (at a pressure of 0.29 to 0.49 MPa {3 to
5 kgffem?} [43 to 71 psi]) through the intercooler in the
opposite direction to the normal air flow. Then, inspect S Inlet side

for corrosion and cracks.

(2} Flush the coelant pipes thoroughly with water holding .
_ ) Cleaning intercoaler
sodium hydroxide (caustic soda) or seda lime in

solution to remove scales.

2.2.2 Inspecting intercooler for leakage

Immerse the intercooler in water, In this condition, blow
compressed air {at a pressure of 0.39 MPa {4 kgf/cm?} [57
psi]) through the coolant passage and check for air leak,

inspecting intercooler for leakage
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2.3 Disassembling and inspecting exhaust manifoid

Cracks, damage

|

Cracks, damage

Disassembling sequence

1 Coupling 5 Coupling

2 Joint gasket 6 Joint gasket

3 Flexible joint 7 Flexiblg joint

4 Exhaust manifold 8 Exhaust manifold

2.4 Reassembling exhaust manifold

To reassembic, follow the disassembling sequence in

reverse observing the followings:

Note: (a) Attach the exhaust gasket such that the side
having letters stamped is oriented to the exhaust
manifeld.

(b) When reassembling the exhaust manifold, always
replace all pieces of the exbaust gasket with new

O1cs.
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Disassembling and inspecting exhaust manifoid

9 Exhaust manifold
10 Exhaust manifold gasket

O Q

TOP

Attach the exhaust gasket such that the side having
letters stamped is oriented to the exhaust manifold.

Reassembling exhaust manifold
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2.5 Disassembling and inspecting turbocharger

Check for any wear on.the
thrust bearing surface

21

20

Check for any bent,damage,
interference on the rear surface,
or corrosion from gas on the vanes

Check for any contact with
the compressor wheel

Check for any interference
with the turbine wheel,
crack,or deform

17 {Check for any bent,damage.interference on the

rear surface,corrosion from gas,or damage in
the recess for ring

Check for any interference
with the turbine wheel,or damage

Check for any damage in the bearing hole,
corrgsion from gas,deform in the turbine-side flange

Disassembling and inspecting turbocharger
Disassembling sequence

1 V-clamp 10 Piston ring 19 Turbine back plate

2 Turbine housing 11 Fiinger sleeve 20 Bearing

3 Rock plate & bolt 12 O-ring ' 21 Snap ring

4 Compressor wheel 13 Qil deflector 22 Snapn ring

5 O-ring 4 Thrust ring {(compressor side) 23 Bearing

6 Rock nut 15 Thrust bearing ‘ 24 Snap ring

7 Compressot wheel 18 Thrust ring {Turbine side) 25 Bearing housing

8 Snap ring 17 Shaft & turbine whesl

92 Insert 18 Piston ring .

CAUTION - CAUTION

When changing parts, be sure to use our designated Carefully handle the compressor wheel and turbine
parts. Unless’ our designated parts are used, the wheel during disassembly and assembly, since vanes
exhaust emission regulations cannct be met. ) can easily bend when dropped or hit.
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251 Removing turbine housing

: 4 CAUTION .-
Since it is important to ensure proper positioning of
compressor caver, bearing housing and furbine hous-
ing in reassembly, be sure to place alignment marks
with a punch or marker.

{1) Use thc box wrench to reduce thc tension of the V-
clamp.

{2) Remove V-clamp and turbine housing from
turbocharger.

2.5.2 Removing compressor cover

o 4N CAUTION - > ..
Be careful not to hit the compressor wheel against the
compressor cover,

(1) Place thc wrbocharger on a work bench with the
compressor cover facing down. Unscrew bolts, and
remove lock plate.

(2) Lightly tap the entire periphery of compressor cover
with a soft hammer, and remove the compressor cover.
Remove O-ring trom the bearing housing,

2.5.3 Removing compressor wheel

B ; 4 CAUTION -

{a) Be careful not to hit the compressor wheel against
the compressor cover.

{b) Note that lock nut has left-handed threads.

(1) Hold the flange of the turbine housing in a vise. Install
the bearing housing fo the turbine housing with V-

clamp. Hold the boss of the shaft & turbine wheel and.

unscrew the lock nut that holds the compressor wheel.
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Compressor
caver

Bearing
housing

V-clamp

Turbine
housing

Compressor
cover

Lock nui
{L.H. thread}

Bearing

Compressor housing
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Removing compressor wheel (1}
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{2} Hold the turbine whee!l by one hand, and remove the
compressor wheel by lightly turning it.

2,54 Removing snap ring

A\ CAUTION
Put a thumb on the snap ring to prevent it from flying
out in case pliers lose grip.

Using the ring pliers, remove the snap ting.

2.5.5 Removing insert and oil deflector

{1) Using two screwdrivers, gently pry out the insert from
the bearing housing.

(2} Separate the flinger sleeve together with the piston ring
from the insert,

(3) Remove the following parts from the bearing housing.
O-ting
0il deflector
Thrust ring {compressor side)
Thrust bearing
Thrust ring {turbine side)

2.56 Removing V-clamp
Loosen the V-clamp with a socket wrench, and dislodge the

V-clamp from its clamping position.

Compressor
wheel

Ring pliers
P/N:49160-90101

Snap ring

Removing snap ring

Flinger sleeve
Piston ring

lnsert

Bearing
housing

—»f

.
@ O-ring
CD” _0il deflector
@ Thrust ring
o~ (compressor side)

T

™~

@‘“ Thrust bearing

Thrust ring
(turbine side)

Removing V-clamp
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2.5.7 Removing shaft & turbine wheel

(1) While gripping the shaft of the shaft & turbinc wheel
with ane hand, hold the bearing housing with the other
hand and slowly remove the shaft & turbine wheel from
the turbine housing.

(2) Tum over the bearing housing (so the turbine wheel
fages up), and place it on the compressor cover. Then,
remove the following parts.

Shaft & turbine wheel
Piston ring

Turbine backplate
Bearing {compressor side)

258 Removing snap ring and bearing

U U AACAUTION e
{a) Use the pliers to remove the snap fing.
{b) Carefully remove the snap ring, making sure not to
damage the inside surface of the bearing housing
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)

Bearing (turbine side)

*Snap ring (turbine sidg)

Shaft &
turbing wheel

Bearing housing

Turhine
housing

Bearing
howsing

Turbine
backplate
Bearing

{Sl—— (compressor side)

Removing shaft & turbine wheel (2)

E3)y=——Snap ring

(compressor side)

Bearing
housing

Snap ring
{turbine side)}

Bearing (turbine side)

Snap ring

(turbine side)

Rihg pliers
P/N:49160-80201

Removing snap ring and bearing
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2.6 Cleaning
. n.a“”F
"CAUTION . Compressor a5 |
~F
(a) If any commercial neutral detergent needs to be wheel o 0@’%{// ; J
5 %

used, it must not have a corrosive nature.

(b} Exercise care nol to damage any part.

(c) Where shot-blasting 1s necessary, cover the both
end surfaces of the compressor wheel, and
screws, shafts, and groove for ring of the turbine
shaft & turbine wheel to protect their surfaces from
being rugged or sore before the cleaning opera-
tion.

In maintenance workshops dedicated for turbocharger, it is
popular to usc a blasting equipment for cleaning the target

parts. The alternative of this method is as follows:
Note: On this shot blast do not blast over such parts as

included in the section marked with an * in the figure,
both end surfaces of the compressor wheel, and shafi
section of the shaft & turbine wheel.

(1) Visually check the part conditions before cleaning to
note any burns and abrasions. which may not be
observable after cleaning.

{2) Soak the disassembled parts in the inflammable solvent
{e.. Die Cleaner T-30 manufactured by Daido
Chemical Industry Corp.) to remove oil contaminants
and carbon attachments, However, do not soak the O-
ring, thrust bearing, and other bearings.

(3) Blow a compressed air over the either inside and
outside surfaces,

Shaft & turbine wheel

Proper cleaning of turbocharger

- Combined use with an ultrasonic cleaning unit can
help to remove the contaminanis easily.

Blow compressed air onto
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4

{4) Pick off the attachments using a plastic lover or bristle
brush.

(5) Blow a clecan compressed air over the inside and outside

surfaces again.

Coat a clean enginc oil over the surfaces of cach sliding

component. Should the screw, shaft, or ring-receiving
groove be rusty, remove it with a puff, etc. Never use a
file to abrade the surfaces.

Apply engine oil
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2.7 Inspecting turbocharger

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

27.1 Bearing housing

Measuring inside diameter of bearing-fitted section

If the measured diamcter exceeds the service limit, replace
the bearing housing, )

o Hem o Limit -

Inside diameter of bearing-fitted

. . 30.006 mm [1.1813 in.]
housing scction

27.2 Bearing

(1} Measuring bearing outside diameter

If the measured diameter 15 less than the service limit,
replace the bearing.

- flem . o Limnit

Bearing outside diameter 29.876 mm [1.1762 in.]

(2} Measuring bearing inside diameter
If the measured diameter exceeds the scrvice limit, replace
the bearing, )

item - , < Limit

Bearing inside diameter 18.050 mm [0.7106 in.]

(3) Measuring bearing length
If the measured length is less than the scrvice limit, replace

the bearing.
o tem Limit
Bearing length 17.440 mm [0.6866 in.]

Measuring bearing inside diameter

Measuring bearing length
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2.7.3 Shaft & turbine wheel

{1) Measuring journal diameter of the shaft & turbine
wheel

If the measured diameter is less than the service limit,
replace the shaft & turbine wheel.

Replace the piston ring with new one.

S ,I'(*em_;,;.-\. R —

CorLimit
17.996 mm [0.70%5 in.]

Shaft journal diameter

{2} Measuring shaft runout

- o ACAUTION -~
If the shatft is bent, replace. Do not attempt o correc
the bend.

Set a dial gauge at a location next to the threaded section of

the shaft, and measure shaft runout.
If the deviation indicated by the dial gauge cxceeds the
service fimit, replace the shaft & turbine wheel.

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 to 600 min™.

s Lostem s ey, T

PO

S ckimit T e
0.015 mm [0.0006 in.|

Shaft runout

2.7.4 Inspecting insert and
measuring piston ring end gap
Install a new piston ring squarely in the insert, then measurc
the piston ring end gap.
If the end gap deviates from the assembly standard, replacc

the inscrt.
T . . Standard " -
Ring end ga .05 10 0.25 mm
€ end gap [0.0020 to 0.0098 in.)

Measuring journal diameter of shiaft & turbine wheel

Measuring shaft deflection

insert

End gap
’ Piston ring

Measuring piston ring end gap
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2.8 Reassembiing turbocharger

196220 Nm
A {2.0 £ 0.2 kgf-m}
[14.5 £ 1.4 Ibf-f]

ias

JILF

at

(N

Detailed view A

: BB+ 1.0Nm

Tighten nut to 8,8 N'm {1.0 kgf-m} [7.2 ibf-H] {0.9. 0.1 kgf-m}

and loosen it. Retighten to 9.8 Nm {1.0 kgf-m} [6.5 % 0.7 IbFHY]

[7.2 Ibf-fi] and turn to the angle 80 £ 3°

Lock nut {L.H thread) Apply Molykote

Reassembling turbocharger
- CAUTION ‘ ‘CAUTION
When changing parts, be sure to use our designated (a) If vanes are damaged or cracked, do not reuse the
parts. Unless our designated parts are used, the part.
exhaust emission regulations cannot be met. (b} If only one vane is slightly bent or scratched, the
part can reused. However, do not attempt 1o cor-
: CAUTION : rect the bend.

Replace the following parts once disassembled.
Piston fing
O-ring

After installing the overhauled turbocharger on the
engine, crank the engine with the starter to send lubri-
cating oil to the moving parts in the turbocharger.
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2.8.1 Installing shaft & turbine wheel and bearing
e L A o~y 5 Snap ring
A CAUTION _ O b oSsor sde)
(a) Use the snap ring pliers to install the snap ring. —
After installing the snap ring, rotate the ring with a Bearing
finger to make sure it rotates smoothly. housing
(b) Apply engine oil to the outside and inside surfaces Snap ring )
of the bearing before installation. e {turbine side)
{c) Do not expand the piston ring excessively or twist Bearing (turbine side)
the ends when installing on the shaft & turbine Ring pliers Snap ring

(d)
(e)

(f)

wheel.

After installing the piston ring in the ring groove, ap-
ply Molykote to the ring before assembly..

The piston rings on the turbine side and compres-
sor side arg identical.

Do not apply excessive force without centering the
shaft properly during the installation of the shaft &
turbine wheel.

(2)
(3)

(4)

(8)

Install the following parts,

Bearing housing {(compressor side)

Snap ring {turbine side}

Snap ring (turbine side)

Bearing (turbinc side)}

Snap ring (compressor side)

Place the bearing housing on the compressor cover, and
install the turbine backplate.

Inscrt the piston ring into the groove on the shafl &
turbine wheel.

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 whilc rotating.

After installing the shaft & wrbine wheel, hold the shaft

end and turn over the assembly so the compressor side

faces up.

Then, install the bearing on thc compressor side.

After the assembly was completed, mount the bearing
housing on the turbine housing and tighten the boits and

clamp plates temporarily.
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{turbine side)

P/N:49160-90201

Installing shaft & turbine wheel and bearing (1)

Shaft &

turbine wheel ; Large .

Small
End gap

Turbine backplate

Bearing
housing

V-clamp

Turbine
housing
Bearing

Installing shaft & turbine wheel and bearing (3)
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2.8.2 [Installing 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.

2.8.3 Installing O-ring
Apply greasc to O-ring, and instal).

2.38.4 Installing oil deflector
Apply engine oil to both sides of the thrust ring and install.
Then, install the oil deflector with the baffle facing down.

Thrust ring
{turbine side)

Oil deflector

Installing oil defiector
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2.8.5 Reassembling insert sub-assembly '

- CAUTION
(a} Do not expancl the piston ring excesswely or twist
the ends when installing on the finger sleeve.
{b) Apply specified sealant to the piston ring instalied
an the flinger sleeve, then install on the insert Finger sieeve @

Piston ring

carelully so as to avoid piston ring damage.

(1) Install the following parts to the insert. ' ®$\ insert

Flinger sleeve Molykote

Piston ring
Insert
(2} After installing the above parts, install the sub-

Reassembling insert shb-assernbly

assembly in the-bearing housing,

2.8.6 Installing snap ring

Bearing
housing

L7 -CAUTION.. S
" {a) Be sure to install the special tool snap ring in the
correct direction.

(b) Lightly drive both ends of the snap ring using a
screwdriver and hammer to securely insert the ring wrs
into the groove an the bearing housing..

{c) Make sure the screwdriver does not hit the bearing
housing when driving the snap ring with the screw-
driver and hammer,

Ring pliers
P/N:49160-80101

Snap ring

With the tapered face facing up, install the snap ring in the Installing snap ring (1)

bearing housing using the pliers.

Snap ring

Bearing
housing

Installing snap ring {2)

S
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2.8.7 Measuring clearance between shaft & tur-
bine wheel and turbine housing

Set dial gauge on the end face of the shaft & turbine wheel.

Read the dial gauge indication while moving the shafi &

turbine wheel in the axial direction.

If the dial gauge indication dcviates from the assembly

standard, disassemble and locate the causc of the problem.

Hem ‘ . . Slandard.

Clearance between shaft &
turbine wheel and turbine
housing

0.29 to .91 mm
{0.0114 10 0.0358 in.]

2.8.8 Installing compressor wheel

Install the compressor wheel. Apply specified scalant to the
threads of the lock nut, and tighten the nut to the specified
torque.

* Lock nut tightening mcthod

Tighten nut to 9.8 N-m {1.0 kgf-m} [7.2 [bfft] and loosen it.
Retighten to 9.8 Nom {1.0 kef'm!} [7.2 1bf-ft] and tum to the
angle 80 =+ 3°. .

2.8.9 Measuring play of shaft & turbine wheel in
axial direction

Set a dial gauge on the end face of the shaft & turbine

wheel.

Measure the amount of play while moving the compressor

wheeil in the axial direction.

If the measured amount of play deviates from the standard

value, disasscmble and locate the cause of the problem.

ltem Standard

0.075 10 0.135 mm

Shaft & turbinc wheel end play (0.0030 1o 0.0053 in.]

* Measuring clearance between turbine wheel and
turbine housing

lLock nut (i..H. thread})
Apply Molykote

Compressor.
wheel Cylindrical
section  Lock
Compressor
wheel side

Shaft &
{urbine wheet!

Measuring play of shaft & turbine wheel in axial
direction
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2.8.10 Measuring clearance between turbine back-
plate and back side of turbine wheel

: . . Shaft &
_ © " 'CAUTION . - o turbine wheei
' Be sure to use two feeler gauges, and take the mea-

surement at vane tips.

. . . . Turbine
Remove the turbine housing from the bearing housing. backplate Bearing
Install the compressor cover, and conduct the following housing
measurement. ) Compressor

cover

Using {eeler gauges, measure clearance between the turbine

backplate and the back side of the turbine wheel.

If the measurcd clearance deviates from the assembly Measuring clearance bérween wrbine béckplate and

standard, disassemble and locate the cause of the problem. back side of turbine wheel

L Mem - Stenderd 7

FET vl . .
¢ RS N s K d

Clearance belween turbine
backplate and back side of
turbine wheel

0.65 10 1.25 mm
{0.0256 t0 0.0492 in.]

2.8.11 Installing the compressaor cover
Place the turbocharger on a workbench with its turbine

housing facing down. Apply greasc to the O-ring and install
the O-ring to the turbocharger.
Then, while aligning the mating marks, install the

COMPressor Cover.

housing facing
down

2.8.12 Installing lock plate
Removc the turbine housing, place the turbocharger with its

compressor cover facing down, and install the lock plate to

the compressor cover.

Compressor
cover

Installing lock plates
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2.8.13 Installing turbine housing

Install the turbine housing to the bearing housing by lining
up the match marks put during disassembly.

2.8.14 Installing V-clamp

(1} Apply Molykote to the threads of the V-clamp and
tighten its nut to the specified torque,

(2) Lightly tap around the V-clamp with a sofi-faced
hammer to fit the V-clamp well with the parts clamped.

{3) Then, retighten the V-clamp nut to the specified torque.

Lightly tap around the V-clamp
to fit it well.

Installing V-clamp {2)
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3. Installing inlet and exhaust systems

Installing turbocharger, oil pipe and exhaust pipe

341

, oil pipe and exhaust pipe

Installing turbocharger,
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3.2 Installing intercooler assembly

Al ¢ " 3
Repice

Replace

Installing intercooler assembly
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1. Removing electrical system
1.1 Removing starter

Remaoving starter
Remaving sequence

1 Harness 2 Mounting nut 3 Starier (weight: approx. 19 kg [42 Ib]}
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1.2 Inspection before removal of alternator
1.21  Inspecting alternator operation

Locate the cause of faulty charging from malfunctions
described below. Do not remove the alternator for
inspection and repair unless inspection cannot be performed
with the alternator installed on the engine.

Adjusted value of voltage regulator is high.

Overcharge
Faully battery.

Low adjusted value of vollage relay.

Faulty alternator ourpul.

" Dver dis-

Electric power consumption is cxtremely high.
charge i

Special load is used.

Faulty wiring.

1.2.2 Handling precaution

Improper handling could cause damage or failure to the

alternator.

(1) Connect battery cables correctly. The (-) cable is for
grounding.

{2) Do not use any high voltage tester such as megger.

(3) Disconnect battery cables before recharging.

{4) Do not disconnect lead wire from B terminal of the
alternator while the engine is running.

(5} Battery voltage is constantly applied to B terminal of
the altcrnator. Do not ground at this termiinal. .

{6) Do not short circuit or ground at L terminal. (For a
built-in IC regulator type)

(7) When a stcam cleaner is vsed, do not allow the steam

dircetly contact the alternator.
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1.3 Removing alternator

Removing alternator
Removing sequence

1 Hamess 4 Alternator
2 Adjusting plate . 5 Alternator bracket

3 Alternator for helt 6 Alternator stay
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S— — R —

2. Disassembling, inspecting and reassembling electrical system
2.1 Disassembling and inspecting starter

Presence of brush dust,
uneven wear and brush
movement in holder

Wear and
damage

Rough surface, seizure, étepped wear,
worn, worn gear and damage

Disassembling and inspecting starter
Disassembling sequence

1 Safety switch 5 Yoke assembly 9 Front bracket

2 Magnetic switch assembly 6 Armature assembiy 10 Pinion case

3 Rear bracket 7 Center bracket 11 Pinion ciutch assembly
4 Brush holder assembly 8 Lever assembly
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211 Removing magnetic switch
Disconnect the safety switch and lead wire, and remove the

magnetic switch.

2.1.2 Removing rear bracket
Remeove the through bolts and screws of the brush holder,
and then remove the rear bracket.

21.3 Removing armature and yoke assembiy
{1} Remove the brushes from the brush beolder assembiy,
then remove the yoke.

{2) Pull out the armature assembly.
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Yoke assembly

Removing yoke assembly

Armature
assembly
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2.1.4 Removing center bracket
Remove the center bracket using a hexagonal wrench.

Center bracket
Hexagonal wrench

21.5 Removing pinion set

{1) Remove the lever pin, the inner housing, and the shift

Lever assembly mounting
lever from the pinion case.

boit and nut

Removing lever assembly
{(2) Using a jig, remove the pinion stopper, then remove the

overrunning clutch from the pinion shaft.

Unit:.mm [in.]
Pipe
. o ——— " " . 1 e24 |7
e wdtem .o Nominatl | Standard .| .Remarks Pinion 1 10,94
30.002 o shat Aat0.1 |-
Rear shaft ¢30mm | 30.01lmm | Replacc i0.752]|"
outside diameter | [L.18in.] | [L.1812tc | pinion shaft. -
Pinion 11820 in.] 4 I
shaft 18.900 10
Front shaft @ 19mm | [8.940 mm | Replace
outside diameter | [0.75in.] | [0.7441 to | pinion shatt. Overrunaing
0.7457 in.] clutch

Note: Tg remove the shaft bearing for replacement, use a

- . . i ni
bearing pufler as shown in the drawing. Removing overrunning clutch

Unit: mm fin.] Balt 20

Press M5x08-40 (079
[02x0.03-157)7*™t=7

[0.28]

37 [1.46]

120 [4.72}

Pinion shaft bearing pulier
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2.2 Inspecting and repairing starter

2.21 Inspecting continuity of magnetic switch
{between M terminal and C terminal)

Check that there is continuity between M termyinal and C

terminal. If no continuity is observed, replace the magnetic

switch with a new one. :

2.2.2 Inspecting continuity of magnetic switch
{between M terminal and case)

Check that there is continuity between M terminal and case.

If no continuity is observed, replace the magnetic switch

with a new onc,

2.2.3 Inspecting insulation of magnetic switch'

{between M terminal and B terminal} -
Check that there is no continuity between M terminal and B
terminal, If continuity is obscrved, replace the magnetic
switch with a new one.
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Tester

Inspecting continuity of magnetic switch
(between M terminal and C terminal)

Terminal M

Inspecting continuity of magnetic switch
(between M terminal and case)

inspecting insulation of magnetic switch
(between M terminaland B terminal)




ELECTRICAL SYSTEM
A —

2.2.4 Inspecting continuity of magnetic switch
(between M terminal and B terminal)
{1) Press the plunger until the contact point touches,
(2) Check that there is continuity between M terminal and
B terminal. If no continuity is observed, replace the
magnetic switch with a new one.

o= | Tester
RSN

Terminal B

Inspecting continuity of magnetic switch
(between M terminal and B terminal)

2,25 Measuring armature shaft runout
Using a dial gauge, measure the shaft runout. If the runout
exceeds the standard, rcpair or replace the armature.

2.2.6 Measuring armature shaft bearing fitting
face

Mcasure the diameter of armature shaft at bearing fiting

face, If the measured value excceds the standard valie,

replace the armature shaft with a new one.

ftem - .| Standard

0.05 mm

li fl .
Armature shafl runout (0.0020 in.] or less

Measuring armature shaft runout

oo femee o Nominal [ - Standard

From side shafi ¢20mm |} 20.002 10 20.011 mm

oulside diamcter [0.79in.] | {0.7875t0 0.7878 in.]
Armature

Rearside shaftout- { @ !4 mm | 13.941 to 13.968 mm
side diameter [0.55in.] | [0.5489 10 0.5499 in.]

2.2.7 Measuring commutator radial runout

(1) Inspect the commutator surface. If the surface is rough,
polish it using a 400 to 600 grit sandpaper.
(2) Measure the commutater radial runout with a dial

o Polishing using
gauge. If the measured value exceeds the Yimit, replace 400 - 80D grid sandpaper

the armature with a new one.

- cMem. - Standard Limit
Commutator | 0.06 mm 0.10 mm
runout [0.0024 in.] or less [0.0039 in.]

Polishing commutator surface
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2.2.8 Measuring undercut depth

Measure the depth of undercutting between the commmutator
segments. .

If the measured value is less than the limit, repair or replace

with a new part.

L ltem o Stanqéi'd,',_x. i Limitt .
. 1.7 1o 0.9 mm 0.2 mm
Undercutting depth [0.028 10 0.035 in] | [0.008 in.]

2.2.9 Measuring commutator outside diameter
Measure the commutator outside diameter.
If the measured valuc is less than.the limit, replace the

armature with a new one.

S

o

L e

SOt e e e T iNominal, | Limit

o 43 mm a 42 mm

Commutator outside diameter [1.69 in | [1.65 in.|

2.2.10 Inspecting armature coil

(1) lnspect the armature coil using a growler,
Hold a piece of iron plate against the armature core. [f
the iron platé vibrates, replace the armature with a new
onc.

(2) Check that there is no continuity between the
commutator and the shaft {corc).
If any continuity is observed, replace the armature with
a new one.

{3) Check that therc is continuity between segments in
various combinations.

If poor or no continwity is observed, replace the

armature with a new one.

Insufficient recutting

Defective
(need recutting} Good

0.7t00.9mm
[0.0281t00.035in)

Measuring commutator mica depth’

Inspecting insulation between commutator and shaft
{core)
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2.2.11 Inspecting continuity of yoke assembly
Checek that there is continuity between M terminal of field
coil and the lead wire for the brush. If no continuity is
observed, replace the yoke assembly with a new onc,

2.2.12 Inspecting insulation between field coil and
yoke

Check that therc is no continuity between ficld coil and

voke. If continuity is observed, replace the yoke assembly

with g new one.

2.2.13 Inspecting overrunning clutch

CAUTION
Do not clean the overrunning clutch in wash oil.

Make sure that, when attempting to turn the overrunning
clutch, it locks in one direction and rotates smoothly in the

. opposite dircction.

Brush lead wire

Inspecting continuity between terminal M and brush
side lead

Inspecting insulation between terminal M and yoke

Check that pinion
freely rotates.

“I"IIIII

inspecting overrunning clutch operation
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2.2.14 Inspecting brushes for wear
Measure the length of the brushes. if the mecasured value is
less than the limit, replace both the brush holder assembly

and the brush assembly with new ones.

tem * " |'.7. Standard :; oot L Limit o
. 2210 23 mm 13,5 mm
Brush fieight (0.87t00.91in.| | [0.53in.]

2.2.15 Measuring brush spring load
-Using a new brush, measurc the spring load at which the
spring lifts from the brush. If the mecasured value is less than
the limit, replace the spring with a new onc.

Sotuet ltem e Reviiy o Standard e Limit,; s S
Less than
3 i
Spring load 3{%%1;"543 33 f? 3923 N
(when brush is installed) ‘ KR 4.0 kef}
[8.8 to 11.0 1bf]
| [8.81bf]

2.3 Inspecting safety switch

0 0t T CAUTION T oo e il
When connecting the battery, be sure to connect the
battery in correct polarity.

Conneet the components as shown and check the operation

of starter and safcty switch.

(1) Connect the terminal R to the battery negative terminal.

{2) Tum on the switch and check if the starter operates
(rotates).

(3} While operating the starter, disconnect the terminal R
from the battery negative terminal and connect the
terminal R to the battery positive terminal, Check if the
starter stops.

Note: On some specifications, starter stops operation when

the connection 1o the battery negative terminal is

disconnected.
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Unit: mm [in ]

]
:

13.5

/L_ [6.53

[0.87 to 0.91]

S 22t023

/

Wear limit

Inspecting brushes for wear

Swilch

Constant-
voltage
baltery

G )

w
2
5
(%)
|-4|||—e—_.w_~
+

Battery "+

—
]
——

Connected ta the
starter body

relay earth {E)

inspecting safety switch
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2.4 Installing starter

Apply SAE 20W grease
combined with 5%
molybdenum disulfide.

[ﬂ}ply NIKKO grease R.

Installing starter

2.4.1 Instaliing pinion shaft
Instail the center bracket, overrunning clutch and pinion

stopper to the pinion shaft, and inscrt the shatt into position

by tapping it with a soft-hcad mallet.

2.4.2 Installing lever and pinion shaft
{1} Install the shift lever and pinion shaft 1o the from

bracket while aligning the mark on the shift lever with
the mark on the bracket.

(2) Coat the internal gear of the pinion shaft with a liberal

amount of Nikko Greasc R.

Pinion case

Reassembling lever and pinion shaft
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24.3 Installing armature, yoke, brush and brush
holder
{1) Align the knock pin with thc center bracket and
reassemble the armature to the yoke.

(2) Reassemble the brush holder and brushes.

Note: Install the positive (+) and negative (-) brushes as
shown in the illystration on the right.

2.4.4 Installing rear bracket
Reassemblc the rear bracket to the yoke with the alignment
marks in alignment, Secure the brush holder with scrows
and then tighten the through boits.

12-14 -~

Armature

Yoke assembly

Positive {+) brush Neqative (-) brush

Reassembling positive (+) and negative {-) brushes

Installing rear bracket
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245 Measuring armature end play
Measure the armature end play. If the measured value s out
of tolerance, adjust the end play at the rear.

Item ol . Standard

0.2 10 (.6 mm
{0.008 1o 0.024 in.]

Armature end play

2.4.6 Measuring pinion shaft end play
Measure the pinion shaft end play. If the measuremcnt is out
of toicrance, adjust the end play at the internal gear side,

item - e -Standard -

0.2 to 0.8 mm

Pinion shafl end play [0.008 to 0.031 in.]

2.4.7 Installing magnetic switch

(1) Install the magnetic switch and tighten the screws.

(2} Connect the lead to the terminal M and secure it with
the fixing nut.

2.4.8 Installing safety switch
(1) Tighten the lead wire.
(2) Install the safety switch.

2.4.9 Measuring pinion gear retraction length
Apply 4 voltage of 24 V between terminals B and C.
Conncct the lead wire and supply a current between
terminals B and M (for less than 1 second). After the pinion
is maved, push the pinion gear and tmeasure the pinion gear
retraction length. If the measured value is not within the
standard range, adjust the length vsing the adjust screw of
the magnetic switch,

I

1.5 to 5.0 mm
[0.658 to 0.197 in ]

Measuring pinion gear retraction
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2.5 Disassembling and inspecting alternator

Rotation condition

[Stiding state and
wear of brushes

_ Dirt, damage and seizure of
slip ring and coil resistance

Rotation condition

8 LShort circuit and open cirm&]

Crack, damags

LDeformation and dama@ ' 6 Broken wire and ground.of CDTI

Disassembling and inspecting alternator
Disassembling sequence

_ 1 Nut, spring washer 6 Stalor
2 Pulley assembly 7 Rear bracket
3 Set screw 8 Regulator assembly
4 Front bracket assembly 9 Rectifier assembly

5 Rotar assembly
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2.6 Inspecting and repairing alternator

2.6.1 Inspecting rectifier

Check that diedes in a rectifier function properly. To check,

mcasure both ncgative {-) and positive (+) resistance

alternately twice. If both infinite negative and infinite
pusitive resistances are observed, the diode is open-
circuited. If measured value is close to 0 (2, the diode is

short-circuited. In either case, replace the rectifier with a

new one. )

Note: Usc a wide measuring range as much as possible. The
current flow during test is significantly lower than the
current that normally flows in the rectifier, by which
the accurate resistance may tot be measured using a
tester, und this tendency is noticeable if the measuring
range is small.

2.6.2 Inspecting rotor
{1} Check that there is continuity between slip rings. If no
continuity is observed, replace the rotor with a new one.

{2) Check that there is no continuity between the slip ring
and the shaft (or the core). If continuity is observed,
replace the rotor with a new onc.

Heat sink

Inspecting rectifier

Inspecting field coils for frounding
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2.6.3 Inspecting stator

{1} Checking contiauity between lead wires
Check that there is continuity between a pair of lead
WIres.
Also check that there is no continuity between a pair of
lead wires and other pair of lead wires.

If defective, replace the stator.

(2) Checking insulation between lcad wire and core
.Check that therc is no continuity between each lcad
wire and the stator core. If continuity is observed,
replace the stator.

Note: The core cannot be replaced as a single item.

2.6.4 Inspecting brushes for wear
Measure the length of the brushes. If the measured valve is
less than the limit, replace both the brush holder assembly
and the brush assembly with new ones,

Centem vzt ciStandard |2 s pbimit e

23 mm 8 mm

Brush length [0.91 in.] [0.32 in.]
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Inspecting for grounding between lead wires and core

23{0.91]

Unit:mm[in.}

8[0.32]

4 e ey g
| Wear limit line

Inspecting brushes
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L A R S —

2.7 Reassembling alternator

13210 162 N'm
{13.5t0 16.5 kgf-m}
[97.6 to 119.3 ibf-&]

Reassembling alternator
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Installing starter

3. Installing electrical system

ELECTRICAL SYSTEM

31

:, ,.rm _. K -
N I e
///mﬂwmmu "

Ihstalling starter
Installing alternator -

3.2 Installing alternator
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ADJUSTMENT AND OPERATION

1. Adjusting engine

1.1 Inspecting and adjusting valve clearance

Inspect and adjust the valve clearance.

The valve clearance should be inspected and adjusted when

the engine is cold.

Note: (a) The inlet values arc on t‘hc left side and the
exhaust values are on the right side when the
cylinder head is viewed from the camshafl gear
side.

(b) The valve clearance standard values are indicated
on the caution plate on the No.1 cylinder rocker

Valve bridge Valve clearance

Valve cotter
Valve rotator

2.5 mm
[0.098 in.]

1.5 mm
[0.059in]

cover,
. {nspecting vaive clearance
soret gl e et tems A Standard -
0.4 mm — N
Inlet 0.016 VALVE GLEARANGE (COLD)
[0.016 in] INLET 0, 4 oy EXHMIST ) 5 ap
Valve clearance -
0.5 mm FIRING ORDER
Exhauvst _ 1-12-5-8-3-10-6~7-p-} 1~4-5
10.020 in.] FUEL (EeTioN Toiwe [ Boe
COH-ROD RASK
(A) 1.5 mm
Clearance between bridge and [0.059 in.] LEFT
valve rotator ®) 2.5 mm IE TR - gy
omsel | e Loy e

1.1.1 Inspecting clearance between bridge and
valve totator

The clearance between the bridge and the valve rofator
shonld meet to the standard after attaining the standard
height of both valves using the valve bridge.

If the clearance is not within the standard, artain the
standard valuc by grinding the bridge bottom on the screw
side,

1.1.2 Inspecting valve clearance
(1) Inspect the valve clearance in the firing order by
turning the crankshaft in the normal direction to bring

cach pistop to the top dead center on gcompression’

stroke.

{2) A piston is at the top dead center on compression steoke
when its number that stamped on the vibration damper
aligns with the pointer, and the pushrods arc not
pushing the inlet or exhaust valves off their seats.

{3) Using feceler ganges, measure the clcarance between

each rocker arm and bridge cap.
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o
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(

Pointer

Determining top dead center of No.1 cylinder
compression stroke
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1.1.3 Adjusting both iniet and both exhaust valve
heights by vaive bridge

CAUTION
If there is no clearance between the bridge and valve
rotator, the interference between them could cause the
valve cotters to fall out. Be sure 1o provide the speci-
fied clearance.

When adjusting the both iolet and both exhaust valve
heights with the valve bridge, bring the piston at the top
dead center on the compression stroke.

{1) Prior to the valve clearance adjustment, it is necessary
to adjust the both inlet and both exhaust valve heights
with the valve bridge (bringing the bridge into contact
with the both inlet and both cxhaust valves), If the both
inlet and both exhaust valve heights are not the same,
which can ocecur due to such conditions as valve seat
wear, a clearance will be generated between the top of
valve stem and the cither side of bridge, resulting in the
change of valve clearance.

Note: When adjusting both talet and both exhaust valve
heights using a valve bridge, be sure to bring each
piston to the top dead center on the compression
stroke.

(2} To adjust the valve height, loosen the rock nut and

unscrew the adjusting screw.

(3) Hold the rocker arm with a finger, and slowly turn the
adjusting screw until the screw contacts the top of valve
stem. Then, turn the screw further, at angle of 10
degrees from the position, and tighten the rock nut.

1.1.4 Adjusting valve clearance

{1) Insert the fecler gauge of the specified thickness
between the rocker arm and bridge cap. then adjust the

" clearance by turning the screw in either direction so that

the gauge is gripped softly between the rocker arm and
bridge cap.

{2) After adjusting the clearance, tighten the lock nul
firmly, and inspect the clearance again.

/ Tightening torque
55 £55Nm
{5.6 * 0.56 kaf-m}

Adjusting valve height using valve bridge

{6.5 % 0.65 kgf-m}
[47 + 4.7 Ibf-fi)

Adjusting valve clearance
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1.2 Bleeding air from fuel system

Wip
thoroughly with a cloth. Spilled fuel could cause
fire,

(b) After bleeding air, be sure to lock priming pump
cap. If the lock is not insufficient, it could cause
damage to the pump and result in fire due fuel
leaks. The priming pump cap must be locked in
accordance with the procedure in the next page.

@)

T ' - CAUTION .. - © .o
If all the air vent plugs are tightened before the priming
pump cap is locked, fuel pressure acts on the priming
pump, making it impossible to return the cap to the
ariginal position.

To bleed air from the fucl system, start at the place nearcst
to the fucl wank as follows: water separator — fuel filter —

injection pump.

1.2.1 Bleeding air from fuel filter (wire-element
type)
(1) Loosen air vent plug of the water separator (by rotating
about 1.5 full turns). ‘
{2) Turn priming pump cap counterclockwise to loosen,
then move the priming pump cap up and down.
(3) When fuct flowing out of the air vent no longer

contains air bubbles, close the air vent plug.

1.2.2 Bleeding air from fuel filter (paper-element

type)

(1) Loesen the air vent plugs for the fuel filters. (approx.
1.5 turns) .

(2) Unlock the priming pump cap by turning it
counterclockwise, then move the cap up and down
repeatedly.

{3) When fuel flowing from the vent holes no longer
contains air bubbles, tighten the air vent plugs.
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[Untacking] [Prirming] [Locking]
gush
Turty Dwn
counterciockwise FumpI and furn
clockwise

Priming pump

Priming
pump cap

. Air vent plu
Priming 81010 Np-mg :
pump cap > {0.8 to 1.0 kgf-m}

Bleeding air from fuel filter (paper-element type)
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A1.2.3  Bleeding air from fuel injection pump

(1) Loosen the air vent plugs for the injection pumps.
(approx. I.5 turns)

(2) Move the cap up and down repeatedly.

(3) When fuel flowing from thc vent holes no longer
contains air bubbles, tighten the air vent plugs, Before
tightening the last air vent plug, tock the priming pump
cap by turning it clockwise while pushing it down.

(4) Follow the same procedure for the fuel injection pumps
on both right and lefi sides.

Note: (a) If all the vent plugs arc tightened before the
priming pump cap is locked, fuel pressure acts on
the feed pump, making it impossible to return the
cap to the original position.

{b) Wipe off fuel spilled from the vent holcs
thoroughly with a cloth.

124 Clamping method of priming pump cap

{1) Tighten the priming pump cap by hand until the

tightening force suddenly increases.
(2} Mark the priming pump cap in this position to facilitate
the subscquent procedure.
(3) After step (1), further tern the priming pump cap by 90
+ 10° by wrench.
{4) After tightening, make sure the priming pump head
packing is not dislodged from the installation position.
Note: If the packing at the head is protruding, loosen the
priming pump cap to verify there is no damage to the
packing, and then tighten the cap again.
If the packing is damaged, the priming pump must be
replaced. Contact your tocal Mitsnbishi deater,

CAUTION

If the priming pump cap is not tightened firmiy, vibra-
tions of engine operation could cause rapid wear of the
internal threads. This could eventually cause the prim-
ing pump cap to eject and fuel to flow out.

if the priming pump cap is tightened with excessive
force (turned more than 120°), the head packing can
dislodge from the installation position. Therefore, be
sure to tighten the priming pump cap by the specified
angle (90 + 10°). ’

Air vent plug

N 491669 Nm
{0.5 t0 0.7 kgf-m}

{3610 5.1 Ibf)

Bleeding air from fuel injection pump

0=80°+10°

Position where handtightening
becomes suddenly heavy.

Head section may become
damaged when overtightened
{6=120° or more)

Clamping method of priming pump cap

Head packing

Cross section of priming pump
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ADJUSTMENT AND OPERATION

1.3 Inspecting and adjusting fuel injection tim-
ing {right side)

1.3.1 injection timing and its indication location
Since the fuel injection timing varics depending on the
engine output, enginc speed and other specifications, be
sure to check the caution plate on the No. 1 rocker cover.

1.3.2 Determining top dead center of No.1 cylin-
der compression stroke

ST AVCAUTION: L s
Be sure to check that #1 cylinder is on top dead center
(TDC) of compression stroke, not on the TDC of the
exhaust stroke.

{1) Using a ratchet handle, rotate the turning gear in the
normai direction {(clockwise when viewed from the
front of the engine). '

{2) Stop tumning when the cylinder number "[" stamped on
the damper is aligned with the pointer.

(3) Move the rocker arms of the inlet and ‘exhaust valves
for the No. { cylinder up and down, and make sure that
the pushrods are not pushing the inlet and cxhaust
valves off their seats. )
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VALVE CGLEARANCE (COLD}
IMET 0,4 g EXHAUST 0 B m

FIRING ORDER
1~12-6-0-3-10-5-7-2-11-4-8

FUEL NJECTION TIMiNG % BTG
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/
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Determining top dead center of No.1 cylinder
compression stroke




ADJUSTMENT AND OPERATION

1.3.3 Inspecting fuel injection timing

(1) Rotate the crankshaft about 60° in the reverse direction,

~

: I5ointer
,/’/ K  Stamped
7 line

then rotate the crankshaft in the normal direction a littfe
at & time to align the line mark on the flywhee! with the
pointer on the pump case end face.

(2) Read the injection mark (degree) on the circumfercnce
of the damper indicated by the pointer on the enginc.
The indicated angle is the injection timing of the
engine. The negative (-} mark on the angle scalc and
BTDC means “Before Top Dead Center.”

Inspecting angle of injection starting timing mark on
damper circumference
1.3.4 Adjusting fuel injection timing }

= P
(1) Makc sure the injection timing angle of No. | cylinder / m Pointer
e

on the damper is aligned with the pointer on the engine. IiSr:Zmped
{2) Looscn the two nuts for the injection pump drive Tightening bolt _

coupling (laminated plate).
(3) Move thc pump shaft until the line mark on the
- flywheel aligns with the pointer on the pump case end
face, then tighten one nut to the specified torque.
{4) Rotate the crankshaft, and tighten the other nut.
{5) Double-check the fuel injection timing by cranking the
engine again,

83 to 93 N-m {8.5 tv 9.5 kgf-m}
[61 to 69 Ibf-t]

Adjusting fuel injection timing

{Fuel injection pump on left side)

The position where the stamped, mark No. 7 and 12 are {ﬁﬁx\%\c@ y
aligned with the pointer is the top dead center in ﬁ[{{ %\\\\\\ \ q‘?
compression stroke. The valve clearance of both the inlet /Z,:_j'f’;\%x \\\‘l\\'\} i
and exhaust valve is the prerequisite at this time. From there Q\;ié‘c\\-\\\ __ Iy ~~
the fuel injection timing is adjusted in the same proccdure as :

the right side.

I
Damper *" Pointer

Installing fuel injection pump (left side}
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ADJUSTMENT AND OPERATION

2. Adjusting V-belt tension

Inspect the V-belt defiection by strongly pressing it with
your thumb (force of approx. 98 to 147 N {10 to 15 kgf} [22
to 33 1bf]) at the center of the pulley-to-pulley span. The
belt tension is correct if the deflection is [0 to [5mm (0,39
to 0.59 in.]. If the tension is out of standard, adjust it as
follows;

When using a gauge to measure the amount of belt
deflection, be surc to use the V-belt gauge.

Peolo s Memo o L sl - Standard] ., 1Y

10 to 15 mm

V-belt detlection [0.39 0 0.59 in.]

« Fan pulley

{1) Loosen the fan bracket fixing bolts.

(Z) Loosen the lock nut, adjust the V-belt tension by

* turning the adjusting bolt.

{3) Tighten the lock nut.

{4) Tighten the fan bracket fixing bolts.

» 2-way water pump sidc tension pulley

(1) Louwsen the tension pulley fixing bolts.

(2) Loosen the lock nut, adjust the V-belt tension. by
turning the adjusting boit.

(3) Tighten the lock nut.

{4) Tighten the tension pulley fixing bolts.

« Water pump side tension pulley

(1) Loosen the tension pulley fixing bolts.

(2) Loosen the lock nut, adjust the V-belt tension by
turning the adjusting bolt.

(3) Tighten the lock nut.

(4) Tighten the tension pulley fixing balts.

= Alternator pulley

(1) Loosen the altemnator fixing bolt and adjusting bolt,

(2) Move the alternator to opposite direction of water pump
pulley, adjust the V-belt deflection properly.

(3) Tighten the alternator fixing bolt and adjusting bolt.
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V-velt gauge:P/N:32591-09100

Approx. g
0t 15 mm 128
10.39 v 0.5% in]

Approx.
10to 15 mm
[0.39t0 0.59 in}

Fixing bolts &
2-way 4-pasition} (+
water pump “4 4p )),M—\\

ey
T,

2-way i
waler pump side
tension pulley

Water pump tension puliey

Approx.
10 fe 15 mm
{0.39 to G.59 in

Lock nut

e

djusting
7 holt

waler pump
. pulley
{1 ﬁ Fixing bolts
L@¥  (3-position)  Waler pump side
tension pulley

Alternater pulley

; Alternatar pulley

\

\\ Fixing bolt
Adiusting

Approx.
10 to 15 mm
[0.3919 0.59 in]

Adjusting V-belt tension




ADJUSTMENT AND OPERATION

3. Break-in operation

After the engine is overhauled, couple the engine to the
dynamometer, and run the enginc for break-in operation and
mspeetion.

3.1 Starting up

(1) Before starting the enginc, check the levels of coolant,
engime oil and fuel.

Bleed air from the fuel and cooling systems.

(2} Stop the fucl supply. and crank-the cngine with the
starter for about 10 seconds to hubricate the engine.

(3) Move the control lever slightly in the fuel increase
direction (but not to the "full injection” position), and
then turn the starter switch key to the [START] position
to start the cngine.

(4) After the engine is started. adjust the control lever to let
the cngine operate at a minimum no-load speed (low
idle specd).

(3) Turn the starter switch key to the [OFF] position and
make surc that the engine is stopped. '

3.2 Inspecting engine condition after starting
up

During the break-in operation, check the fullowing. If any

abnommality is found. stop the cngine, investigate the cause,

and take appropriate measures.

{1} The oil pressure should be the specified valuc.

(2) The coolant temperature should be the specified vaiue,

{3) Any leakage of oil, coolant and fuel must not be found.
Pay special attention to oil leakage from the
turbocharger lube oil pipe connections.

(4) Knocking noise should disappear-as the coolant
temperature rises. Check that there are no any other
abnormal noises.

{5} Check for smoke color and odors.

A

3.3 Break-in operation time
The relationship between the load in break-in operation and
the operation time is as shown below.

s« X0 Break-in operation fime - o
- . - : Duration’
-1 .
Engine speed (min™) Load {min).
Low .
1 { rotation 600 1o 900 No-load ]
speed
Medium
2 | rotation 1000 10-1200 No-load 3
speed
High _ )
3| Totation 1400 to rated speed | No-load - 10
speed
4 25% 10
5 50 % 10
—{ Rated speed
6 75 % 30
7 100 % 20

Note: The table above is provided solcly for reference
purpese.  Run the engine at appropriate specd and
load for. the break-in operation of your engine. Be
sure to perform break-in operation after overhaul or
installation.

3.4 Inspection and adjustment after break-in
operation

{1} Valve clearance adjustment

{2) Igmition timing inspection

(3) Exterior bolt and nut tightness check
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