ENGINE MECHANICAL

BIBFILEER .o msnsimunasseiesems EM-1
COMPRESSION . s s EM-2
VAINECLEABRANGE . mecnsmmmms smmmmns EM—4
IDLE SPEED AND MAXIMUM SPEED ...... EM-9
TIMINGBELT ... EM-10
TIMINGGEAR ..............coiiininnn.. EM-19
CYLINDER HEAD: : o savananmvams sogmnie EM-38
CYLEIMDER BLOCGK wu: asammmsmins s EM-61




EM-1

ENGINE MECHANICAL - AIRFILTER

EMB2TS

AIR FILTER

INSPECTION

1. REMOVE AIR FILTER

2. INSPECT AIR FILTER

Visually check that the filter is not excessively dirty or oily.

3. CLEAN AIR FILTER

Clean the filter element with compressed air. First blow from the
inside thoroughly. Then blow off the out side of the fiiter ele-

ment.
4. REINSTALL AIR FILTER

EMIMO-O1




ENGINE MECHANICAL - COMPRESSION

(Attachmem)

M‘/ﬁs xﬂmn

COMPRESSION

INSPECTION

HINT:

If there is lack of power, excessive oil consumption or poor fuel
economy, measure the compression pressure.

1.  WARM UP AND STOP ENGINE

Allow the engine to warm up to normal operating temperature.
2. REMOVE GLOW PLUGS (See page EM-11)

3. DISCONNECT INJECTOR CONNECTORS

4. CHECK CYLINDER COMPRESSION PRESSURE
HINT:
Turn the starter before measuring the compression and dis-
charge the foreign objects.
(a) Install SST (attachment) to the glow plug hole.

SST  09992-00025 (09992—-00121)

Torque: 13 N-m (133 kgf-cm, 10 ft.Ibf)

(b) Connect SST (compression gauge) to the SST (attach-
ment).
SST  09992-00025 (09992-00211)
(c) Fully open the throttle valve, and start the engine.
(d) While cranking the engine, measure the compression
pressure.
HINT:
Always use a fully charged battery to obtain engine revolution
of 250 rpm or more.
(e) Repeat steps (a) through (d) for each cylinder.
NOTICE:
This measurement must be done in as short a time as pos-
sible.
Compression pressure:
2,700 kPa (27.5 kgf/cm2, 391 psi) or more
Minimum pressure:
2,200 kPa (22.5 kgf/cm2, 320 psi) or more
Difference between each cylinder:
500 kPa (5.0 kgf/lcm2, 71 psi) or less
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ENGINE MECHANICAL - COMPRESSION

(f)

(9)

bl

If the cylinder compression in one or more cylinders is low,

pour a small amount of engine oil into the cylinder the

glow plug hole and repeat steps (a) through (d) for the cyl-

inder with low compression.

« If adding oil helps the compression, chances are
that the piston rings and/or cylinder bore are worn

or damaged.

« If pressure stays low, a valve may be sticking or
seating improperly, or there may be leakage past
the gasket.

Remove SST.

SST  09992-00025 (09992-00121, 09992-00211)
RECONNECT INJECTOR CONNECTORS
REINSTALL GLOW PLUGS (See page EM-16)
START ENGINE AND CHECK FOR LEAK
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ENGINE MECHANICAL

VALVE CLEARANCE
COMPONENTS

12 (122, 9) Intercooler

18 (184, 13) |

*1 Nozzle Holder Seal

Cylinder Heat Cover

Intake Air %\

@ Connector

& Gasket

([
~——w 4 No.2 Air Hose ;

*1 Nozzle Leakage *27'31.9 (325, 29)
Plpe | | 35(357,26)
] 21 5{220 16} I E
Washer—— -

/f?%

Nozzle Holder Clamp

31.6 (322, 23)
[ 35 (357, 26)

5.0 (51,44 in.Ibf) |

[ N-m {kgf-cm, ft-lof) |: Specified torque
& Non-—reusable part

*1 Replace only if damaged )
*2 For use with SST 813155
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ENGINE MECHANICAL - VALVE CLEARANCE

EMim3-ar

INSPECTION

HINT:

Inspect and adjust the valve clearance when the engine is cold.
NOTICE:

. Before removing the injection pipes, clean them up
with a soft brush and compressed air.

+  After removing the injection pipe, affix the gum tape
on the supply pump, common rail and the whole injec-
tor installation area of the cylinder head cover for pre-
venting dust from coming into them.

. After removing the cylinder head cover, put a vinyl
bag and rubber band for preventing from mixing for- _

eign objects over the injector inlet. m
REMOVE INTERCOOLER (See page EM-11)

REMOVE CYLINDER HEAD COVER

(See page EM-41)

3. REMOVE INJECTORS (See page FU-6)

N =

4. INSPECT VALVE CLEARANCE

(a) Turn the crankshaft so that the cam lobe of the camshaft
on the inspecting valve points upward.

(b) Using a feeler gauge, measure the clearance between
the valve lifter and camshaft.

(c) Measure the clearance at 16 places.

(d) Record the out—of-specification valve clearance mea-

% / surements. They will be used later to determine the re-
= A09687 quired replacement adjusting shim.

Valve clearance (Cold):

Intake 0.20— 0.30 mm (0.008 - 0.012 in.)
Exhaust 0.35-0.45 mm (0.014 —0.018 in.)
— v Upward P 5. ADJUST VALVE CLEARANCE
/‘(, \1 ] =~ Cam Lobe (a) Remove the adjusting shim.
A \‘ }) (1)  Turn the crankshaft so that the cam lobe of the cam-

shaft on the adjusting valve points upward.
(2) Position the notch of the valve lifter facing the intake
manifold side.

_ /_\)) Manifold
\ = Side AQgE17




ENGINE MECHANICAL - VALVE CLEARANCE

Y A09616

AQ9615

ADS6E6

HINT:
Apply

(b)

HINT:

(3) Using SST (A), press down the valve lifter and place
SST (B) between the camshaft and valve lifter. Re-
move SST (A).

SST  09248-55050 (09248-05510, 09248-05520)

SST (B) on the side marked with "117".

(4) Remove the adjusting shim with a small screwdriver

and magnetic finger.

Determine the replacement adjusting shim size by follow-
ing the Formula or Charts:

Using a micrometer, measure the thickness of the
removed shim.

Calculate the thickness of a new shim so that the
valve clearance comes within specified value.

| R Thickness of removed adjusting shim
i Measured valve clearance
3, [T Thickness of new adjusting shim

Intake: N=T + (A - 0.25 mm (0.010 in.))

Exhaust: N=T + (A - 0.40 mm (0.016 in.))

(3) Select a new shim with a thickness as close as pos-
sible to the calculated value.

Shims are available in 32 sizes in increments of 0.025 mm
(0.0020 in.), from 2.525 mm (0.0994 in.) to 3.300 mm (0.1299

in.).

(c)
(d)

(e)

NO

Place a new adjusting shim on the valve lifter.

Using SST (A), press down the valve lifter and remove
SST (B).

SST  09248-55050 (09248—-05510, 09248-05520)
Recheck the valve clearance.

REINSTALL INJECTORS (See page FU-8)
REINSTALL CYLINDER HEAD COVER

(See page EM-56)

REINSTALL INTERCOOLER (See page EM-16)
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ENGINE MECHANICAL — VALVE CLEARANCE

Adjusting Shim Selection Chart (Intake)

instatied shim thickness |« g0y~ |-~ |lOo|lo|lao|lo|lo]lola o
e |§(8(2|8(8|Z1818IGIBI8|2\Z|8\8|2 B2 is 21512518 IR ISR (8|S 8| 8|
clo|lo|o|e|o|ojo|ooc|c|o|o|oclc|o|loc o|c|o|o|alalalo|als|cloie|lacla
Measured clearance Voo |ignioIv|ioowiojvjogjl|olnw|aolnlojlnjoalnjlaoalvu|jlojvn]lo|ln
i BB |5|8(8|83 RN 2 (8 (8|8 |5 (8|55 |5|8 (885|188 2|5 RIS I]1K|8
NNNNNNNNNNNNNNNNNNNNmmﬂﬂmmwmnmmﬂ
0.000 - 0.020 ( 0.0000 - 0.0008 ) 01]02[03|04]|05|06|07|08|09|10]11][12[13|14]|16]16]17|18[19]20[21[22
0.021 - 0,040 { 0.0008-00016 ) o1jo2|o3]o40s|os|o7[08loal1a{11[12[13]14|15]16]17[F6] 19|20/ 21 22‘23
0041 - 0.060 ( 0.0016-0.0024 ) | o1fo2/o3lo4|os|os|07|08]og10(11]12]13|14 115116 [17|18[18{20]21]22|23]22
| 0.061 - 0.0B0 ( 0.0024 -0.0031 ) | o1o2]03]o4|os|os|o7|oafosliof11[12]13]14]15116[17]18]19[20]21]22]23]24
0.081 - 0.100 ( 0.0032 - 0.0039 ) c1jo2ldaleajos|osloz]ososl10]11]12]13[14[15]16]17[18]18]20]21]22]23]24 |25 )26
0.101 - 0.120 ( 0.0040 - 0.0047 ) 01to2]¢ajoalos|os|o7(osloaf10]11]12]13[14]15]16[17]18]19]20]21]22]23]24 [25]26
0.121 - 0,140 ( 0.0048 - 0.0055 ) 01j02]o3]o4|05]06|07 0s0s]10(11]12[13]14]15)16|17]18]19 [20]21]22]23 24|25 26|27
0.141 - 0.160 ( 0.0056 - 0,0063 ) 01j02j03 |04 oaf06lo7 |08j0s1ol1112 13141516 [17]18[19]20]21]22]23]24]25]26]27] 28]
0.161 - 0.180 ( 0.0063 - 0.0071 ) o1/02|o3|o4|os]o6|o7 osloa1o|11]12[13]14]15]16]17 18|19 |20]21|22|23]2a]25 |26 |27 28l20
0.181 - 0.199 ( 0.0071-0.0078 ) 01/02[03|04]05|06107|08/09[10|11]12|13]14[15]16|17[18]19|20[21|22|23|24]|25|26[27] 28 29| 30|
0.200 - 0.300 { 0.0079-00118 ) |
0.301 - 0.320 ( 0.0119-0.0126 ) |03]04|0s|06|07|08l0a10111]12[13[14[15/16[17|18]19|2012122|23|24|25(26|27] 28]23]30]31(32]
0.321 - 0.340 { 00126 -0.0134 ) |04|os|os|o7|0ogloo]10]11]12]13]14]15]16]17]18[19]20|21]22|23|24|25(26]|27] 28]29]30]3 1] 32
0.341 - 0.360 ( 0.0134 - 0.0142 ) |os|os|o7]|oslogl10[11[12]13]14{15]16/17]18][18]20]21|22]23]24]25|26|27]|28]|29]|30]31]32
0.261 - 0.380 ( 0.0142-0.0150 ) |06|o7]|os]ogl10]11[12]13]14[15]18]17]18]19]20]21]|22]23124{25]26]|27]28]29]30]31]32
0.381 - 0.400 { 0.0150-0.0157 ) [07]|o8los[1011)1213|14]15]16]17[18]19]20]21|22|23]24]25]26|27]28]29]30]|31]32
0401 - 0.420 ( 0.0158 - 0.0165 ) |o7[o8los[10[11[12[13(14[15]16]17[18]19]20]21]|22|23]24|25]26 27| 28|28 [30[31]32
0.421 - 0440 ( 0.0166-00173 ) |08[0g[10[11]12]13[14]15]16]17[18[19]20]|21]22|23(24 25|26 |27|28[29 (30|31 (32
0441 - 0460 ( 00174 -0.0181 ) |0af10[11[12[13[14|1516]17]18|19|20]21]22]23|24|25|26]27|28[28|30[371|32
0.461 - 0,480 ( 00181 -0.0189 ) [10[11[12]13[14[15[16[17|18]19|20|21|22]2a]24|25]|26(27 | 28|25] 30| 31|32
0481 - 0500 ( 0.0189-00197 ) 1112[13[14l15)16[17]18]18]20]21]22]|2a]24(25]26 |27 28]28|30]31]32|
0.501 - 0,520 ( 0.0197 - 0.0205 ) |11[12[13[14[15[16[17[18]19]20[21]22]23]24|25]|26|27]| 28]28]30]a1]32
0521 - 0540 ( 0.0205-0.0213 ) |12[13[14[15]16]17[18[19]20]21]22]23]|24]25]|26[27|28| 28| 30|31]32
0.541 - 0.560 ( 0.0213-0.0220 ) 13[1a]15]16]17|18]19]20]21[22]23]24]25 |26 |27| 26[28]30[31]32
0561 - 0.580 ( 0.0221 - 0.0228 ) [14{15]16]17[18]19]20{21|22|23]24]25]26]27| 28| 29]30]31[32
0581 - 0.600 ( 00229 - 0.0236 ) [15/16[17[18]19]20[21]22|23]|24 25|26 ]|27]28]25]30[31]32
0601 - 0620 ( 0.0237 -00244 ) [15)16]17][18[19]20]21]22|23]24|25]26]|27] 26|29 30[31] 32
0.621 - 0.640 ( 00244 -0.0252 ) [16]17]18[19]20]21]22]23|24|25[26]27]28]29[30]|31]|32]
0.641 - 0.660 ( 0.0252 - 00260 ) |17/18]19|20[21[22|2324(25]|26(27]28[25]30(31 32

0.661 - 0.680 ( 0.0260-0.0268 ) |18/19]20|21|22123|24|25|26|27|28|29|30{31[32
0.681 - 0.700 ( 0.0268 - 0.0276 ) [19]|20]21]22|28|24|25|26|27|28|29/30{31|32
0.701 - 0.720 ( 0.0276 - 0.0283 ) [19]20]21|22|23|24|25|26|27|28/28|30/31/32
0.721 - 0.740 ( 0.0284 - 0.0291 ) [20,21]|22|23|24|25|26(27|28[29]30[31]32
| 0.741 - 0.760 ( 0.0292 - 0.0299 ) [21[22]|23|24|25|26|27|28|29|30{31|32

0.761 - 0.780 ( 0.0300 - 0.0307 ) |22|23]24|25|26)|27|28/29|30|31|32|
0.781 - 0.800 ( 0.0307 - 0.0315 ) [23/24|25]26/27)28/29|30)31|32
0.801 - 0.820 ( 0.0315-0.0323 ) |23|24]25|26|27)28|29/30|31|32

{
(
(
0821 - 0.840 ( 0.0323-0.0831 ) |24|25/26|27|28[29|30|31|32
{
{
{
(

0.841 - 0.860 ( 0.0331-0.0339 ) |25]26(27]28/28|30 31|32

0861 - 0680 ( 00339 0.0346 ) |26|27|28[29]30]31 32 . i .

0881 - 0.900 ( 0.0347 - 0.0354 ) |27|28/28|30(a1]32 New shim thickness mm (in.)

0901 - 0920 ( 0.0355-0.0362 ) |27/28(29]30[31[32 Shim | Shm | |
0921 - 0.940 ( 0.0363 - 0.0370 ) |28[28{30[31]32 No. ik Thickness sk No Thickness
0941 - 0.960 ( 0.0370 - 0.0378 ) |29]30|31]32]

0961 - 0.980 ( 00378 - 00386 ) |30]31|32 | 01| 2525 [2525(0.0994) | 2925 17 | 2.925{0.1152) |
0981 - 1.000 ( 0.0386 - 0.0394 ) [31]32 02 | 2550 2.550 (0.1004) 2950 18 | 2.950(0.1161) |
1.001 - 1,020 ( 0.0394 - 0.0402 ) [31|32 03 | 2575 2.575(0.1014) 2975 19 2.975(0.1171)
1.021 - 1.040 { 0.0402 - 0.0409 ) |32 04 | 2600 |2.600(0.1024)] 3000 | 20| 3.000(0.1181)

05 | 2625 2.625 (0.1033) 3025 21 | 3.025(0.1191)
06 | 2650 2.650 (0.1043) | 3050 22 | 3.050(0.1201)
07 | 2675 2.675(0.1053) 3075 23 | 3.075(0.1211)
08 | 2700 2.700 (0.1063) 3100 24 | 3.100(0.1220)
09 | 2725 2.725(0.1073) 3125 25 | 3.125(0.1230)
10 | 2750 2.750(0.1083) 3150 26 | 3.150(0.1240)
11 2775 2.775(0.1093) 3175 27 | 3.175(0.1250)
12 | 2800 2.800 (0.1102) 3200 28 | 3.200(0.1260)

13 | 2825 2.825(0.1112) 3225 29 | 3.225(0.1270)
14 | 2850 2.850 (0.1122) 3260 30 | 3.250(0.1280)

Intake valve clearance (Cold): 15 | 2875 [ 2875(0.1132) | 3275 | 31| 3.275(0.1289)
0.20 - 0.30 mm (0.0079 - 0.0118 in.) 16 | 2900 [ 2900(0.1142) | 3300 32 | 3.300(0.1299)

EXAMPLE: The 2.800 mm (0.1102 in.) shim is installed,

and the measured clearance is 0.350 mm (0.0138 in.).

Replace the 2.800 mm (0.1102 in.) shim with a new No.16

2.900 mm (0.1142 in.) shim.

A15091
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ENGINE MECHANICAL

VALVE CLEARANCE

Adjusting Shim Selection Ch

art (Exh

aust)

Installed shim |hickness qqummmmmmmmm):l'mmmw -l |aololaojaclo|lo|loclala
mm@n) (S (2|51 S(SIBIS|BIZ(BISiZ (¥ [2(ZlL|e(=|2(2|1R|alNI8|S (&8 R8RS
5 bt b D b bl b L] o et e b b o] o et e Dol R o B 2 il s B Aoy
Measured clearance alB2Bla dele|laldL|els BL|eiR ' RIe|&|8|L|8|8(8|R 8|k |8]2la
i W @@ e @lel~|~~ i~ ola|e|dal|d e aolola o~ |—|-fafaaia o
) R N Y S T e N T T T K W N R ) e e B i i e R R Kl
[0.000 - 0.020 {_06.0000 - 0.0008 ) ' I o1|o2[o3'04|o5]06[07]08[09[10[11[12[13[14]15[16
__06.021 - 0.040 {_0.0008 - 0.0016 ) [ [ 01]o2|03 nafos|oelo7jcs|os]10[11]12[13]1a[15]16[17
| 0.041 - 0.060 [ 0.0016 - 0.0024 } N otjo2]o3]o4[os o6 |o7|os]oa 10]11[12]13[14[15]16[17]18
0061 - 0.080 { 0.0024-00031 ) | | | | [ [ o1lp2[os]oalos|oslo7|oaloalinl11]12]1a[14[15[16[17]18[19
[ 0.081 - 0.100 ( 0.0032 - 0.0039 ) | 01]02]|03]o4los]os|o7]0sfos|1o[11]12]1a]14]15[16]17]18]18]20
0101 - 0.120 { 0.0040 - 0.0047 ) T o1]{02]03[o4|a5]oe[o7|oaleal1o[11[12]18]14[15[16[17[18[18]20
[[0.127 - 0140 ( 0.0048 - 0.0055 } | 01]o2[0304]o5loe 07 joaloe 1o 1112 (1314 15 16|17 [18[19]20]21
| 6141 0.160 { 0.0056- 0.0063 ) | | ot]oz2jo3lc4losloslozloalog|10 11 1213|1415 |16 [17]18]18|20]21]22
0.161 - 0,180 (_0.0063 - 0.0071 ) ' o01]o2{oa[o4|o5][oe]o7[osos]10]11]12[13]14]15[16[17[18[19]20([21]22[23
0181 - 0.200 ( 0.0071-0.0079 ) o1jo2|oaealos|oslo7]|oa|es]1o]11]12]1a]14]15116 17[18[18|20]21[22723[24
[ 0201 - 0.220 (_0.0079 - 0.0087 ) | o1]o2[o3]o4|o5]06]c7]0alos]16[11[12[13[14[15[16[17] 18[18]20]21|22]23]24
0221 - 0.240 { 0.0DB7 - 0.0094 ) o1|o2|oaloa|os|os|o7[eslog[10]11]1213]14]15[168]1718]10]20]21|22]2a]24[25
0.241 - 0260 ( 0.0095-0.0102 ) [ | o1]o2]os]o4|o5|os[o7 08[og[10[11 12[13[14[156]16]17]18]18[20]21]22|23 24]25]26
0.261 - 0,280 { 0.0103-0.0110 ) ] [01]oz]oa]o4|os|06|07|0sloo]10]11]12[13]14 15]16[17[18]19]20[21|22|23|24]25]26[27
[ 0287 - 0300 [ 0.0111-0.0118 ) 01'0z2|oaloalos|os|o7|oslos 1o [11[1213 1418161718 19 [20]21[22]23|24]25 j26|27]28
[0301 - 0.320 { 0.0119-0.0126 ) | ‘ o01]oz|o3]o4|os|os|a7]osloa [10]11]12]13]1a[15]16]17]18]19]|20]21]22]23]24 |25 ]26]27 |28
0.321 - 0.340 [ 0.0126 -0.0134 | otJo2|oa|o4[05]06|07|0aloal0[i112[13]1415116]17]18[19 20]21][22(23[24[25|2R| 27| 28] 29
0341 - 0344 ( 0.0134- 00,0135 } | 01]02|03|04]05 OGQ’_EEP_MH 12[13[14]15[16]17 13}@20 21|22]23[24|25|26|27] 28/29[30
| 0.350 - 0450 ( 0.0138 -0.0177 ) | |
0.451 - 0.470 { 0.0178- 0.0185 } |03[04[05]06[07[08[09 10(11]12[13[14]15|16[17] 18[15|20]21|22[23]24|25]26 |27 28]29[30[31[32]
[ 0.471 - 0490 (_0.0185-0.0193 } |04[05[06[07]os[oal10]11[12[13[14]15]16[17]18[18]20{21]22,23]24|25[26|27[28]20[a0[31]52
0491 - 0510 ( 0.0193-0.0201 ) [o5|06[07|0a(oali0]11]12[13[14[15][16]17[18]15]20[21|22]23]24 (252627 [ 28]2830(31]32]
0511 - 0530 ( 0.0201-0.0209 } |o6|a7[oslosl1o[11]12]13]14[15]16]17[18[19]2c|21]22|23]24|25[26]27|28]29|30[31 |32
[ 0537 - 0.550 ( 0.0209 -0.0217 ) |07 0glos[10]11[12]13[14]15 16@18_1_9_20 21|22]23|24]25|26[27 | 28)25|30[31[32]
0.651 - 0.670 ( 0.0217 - 0.0224 ) |o7]oeloa[10[11[12[13[14[15/16[17]18[19(20[21|22[23(24|25(26[27[2B[25[30|31[32]
[[0.571 - 0.580 ( 0.0225-00232 ) [08[oa[fo[11]12[1a[14]15[16]17[18]19[20]21|22|23[24]|25(26[27]28]25]30|31]32]
0591 - 0610 ( 0.0233 - 0.0240 } |09[10[11[12[13[14]15[16[17] 18[1a]20|21]22]23|24[25|26]2728[2a|30]31 |32
0611 - C.6a0 { 0.0241-0.0246 ) [10[11]12]13[14[15]16[17[18[19]20|21]22|23]24(25[26| 27| 28[29[30|31] 32
0,631 - 0650 ( 0.0248 - 0.0256 ) |11/12[13[14/15[16/17]18[19]20[21]22 23|24 |25|26]2728[2830[31[33]
0651 - 0.67C { 0.0256-0.0264 ) [11[12[13]14]|15[16[17]18[19'20[21|22[23]24[25]26[27]28[28|30[31]a2]
0671 - 0.890 ( 0.0264 -0.0272 ) [12]13[14][15[16[17]18[19|20[21|22]23 2425|2627 28 29[30[3 1[32
[[0691 - 0.710 (_0.0272-0.0280 ) 13[14[15]16[17[18[18]20]21]22|23|24 [25]26 |27[28]29]30[31]|32
C.711 - 0.730 [ 00280 - 0.0287 ) [14]16]16][17[18[19]20][21]22|23[24[25 26]27|28]29[30)317a2
0731 - 0.750 ( 0.0268 -0.0205 ) [1516]17[18[19]20[21]20123]24]25/26[27]28]26] 303 1|32
0751 - 0.770 ( 0.0296 - 0.0303 ) |15|16|17|18[19[20[21]22]23]24 2535_37“&@“30‘31 32|
C.771 - 0.790 ( 0.0304 - 0.0311 ) [16|17|18[19]20|21]22|23]24|25|26|27 [28]25|30|31[32
’i}'_m - 0.810 (00311 -0.0319 ) [17|18[19|20[21]22[23|24]25|26]|27|26]29|30[31]|32
0.811 - 0.830 ( 0.0319 - 0.0327 ) |18[19[20|21[22|23|24|25]26]27| 28[29[30|31]32]
0831 - 0,850 ( 0.6327 - 0.0335 ) [19]20{21]22]23[24[25[26[27| 26| 25[30]31|32
0851 - 0870 ( 0.0335-0.0343 ) [18]20[21|22(23|24]25|26]27[28]25[30[31[32
[ 6871 - 0,890 ( 0.0343 - 0.0350 | |20[21[22|23[24|25|26(27|28[29]30[a1[a2
[ cag1 - 0.910 ( 0.0351 -0.0358 ) |21]22[23[24]25]26]27|28]29[30]31[3z2 . . .
0.911 - 0,930 ( 0.0359 - 0.0366 ) |22|23(24(25(26 27 |28[2930(31[32 New shim thickness mm (in.)
0931 - 0.850 ( 0.0367 - 0.0374 | |23|24|25[26)|27|28|25|30|31]| 32 ‘ Shim ) Shim )
| 0951 - 0.970 (00374 -0.0382 } [23]24[25|28]27|28]29 30|31 3z No. | o Thickness mark ‘No, Thickness
0.871 - 0.990 ( 0.0382 - 0.0390 ) [24|25[26(27(28(28[30[31]32
0.891 - 1.010 (Lo.osso-o.oaaa )} 25|26[27]28]28[30[31 32 01 | 2525 |2525(0.0894)] 2925 | 17 | 2925(0.1152)
1.011 - 1.030 ( 0.0398 - 0.0406 ) |26|27]28|25]30[31[32] | 02| 2550 [2550(0.1004)[ 2950 | 18| 2.950(0.1161)
1.031 -_1.050 ( 0.0408 - 0.0413 ) [27|28|2g]30[a1]|a32 03 | 2575 2.575(0.1014)| 2975 19 | 2.975(0.1171)
1051 - 1.070 ( 0.0414-0.0421 ) |27[28/29]30/31[32 04 2600 |2600(0.1024) | 3000 | 20 | 3.000(0.1181)
|_1.071 - 1.090 ( 0.0422-0.0429 ) [28]29]30]31[32)] 05| 2625 |2.625(0.1033)] 3025 | 21 | 3.025(0.1191)
1991 - 1110 ( 00430 -.0.0437 ) 23,3011 192 06 | 2850 |2.850(0.1043)| 3050 | 22 | 3.050(0.1201)
- dillo 149 E—gg"isggj‘;gg L 07 | 2675 |2675(0.1053)| 3075 | 23| 3.075(0.1211)
1151 - 1.170 Lo:o453-o:04s1 3132 08 | 2700 2700(0.1063) 3100 | 24| 3.100(0.1220
[1.171 - 1.190 { 0.0481 - 0.0468 ) 32| 09 | 2725 2.725(0.1073) 3125 25 | 3.125(0.1230)
10 | 2750 2.750(0.1083) | 3150 26 3.150{0.1240}
11| 2775 2.775(0.1093) 3175 27 | 3.175(0.1250}
| 12 ] 2800 |2.800(0.1102)| 3200 28 | 3.200(0.1260}
13 2825 | 2.825(0.1112) 3225 r| 29 3.225(0.1270;
14 2850 2.850 (0.1122) 3250 30 | 3.250(0.1280)
Exhaust valve clearance (Cold): 15 2875 | 2875(0.1132) | 8275 | 31| 3.275(0.1289)
0.35-0.45 mm (0.0138 - 0.0177 in.) 16| 2900 [2.800(0.1142)| 3300 | 32 3.300(0.1299)

EXAMPLE; The 2.800 mm (0.1102 in.) shim is installed,
and the measured clearance is 0.500 mm (0.0197 in.).
Replace the 2.800 mm (0.1102 in.) shim with a new No.16

2.900 mm (0.1142 in.) shim.

A15092
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ENGINE MECHANICAL - IDLE SPEED AND MAXIMUM SPEED

TAC

AD4550

IDLE SPEED AND MAXIMUM
SPEED

INSPECTION

1.  INITIAL CONDITIONS

(@) Engine at normal operating temperature.

(b)  Air cleaner installed.

(c) All pipes and hoses of air induction system connected.
(d)  All accessories switched OFF.

(e)  All vacuum lines properly connected.

()  ECD system wiring connectors fully plugged.

(g) Valve clearance set correctly. m

2. CONNECT TACHOMETER
Connect the tester probe of a tachometer to terminal 9 (TAC)
of the DLC3.
3. INSPECT IDLE SPEED
(a) Start the engine.
(b) Check the idle speed.
Idle speed: 650 — 750 rpm
If the idle speed is not as specified, check the troubleshooting
in Di section.
4, INSPECT MAXIMUM SPEED
(a) Startthe engine.
(b) Depress the accelerator pedal ali the way.
(c) Check the maximum speed.
Maximum speed: 4,500 — 4,700 rpm
If the maximum speed is not as specified, check the trouble-
shooting in DI section.
5. DISCONNECT TACHOMETER
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TIMING BELT

TIMING BELT
COMPONENTS

EMDAR—(4

18(184,13) .
Intake Air !

Connector

10(102,7) |-
.o

@@\? 18(184,13) | |ntercooler

Wl

" |

[50(2, 8 inibh | —%

Cylinder Heat Caver

*1Gasket
Timing Belt No.1 Camshaft
Idler Pulley Timing Pulley

Timing Belt Cover  [98(1,000,72) | N
Timing Belt
¥

& 9 6.0 (61, 53 in.-Ib)

rN-m {kgf-cm, ft-Ibf) |: Specified torque

4 Non-reusable part
1 Replace only if damaged
*2 For use with SST

No.1 Air Hose—= @
€ No.2 Air Hose —— —*@ 3 -
£ _

No.2 Camshaft

e\T

Timing Belt Tensioner

iming Pulley

ﬁ

VSV Assembly

[ 8.0(82,71in.Ibf) L\?

*2["31.9 (325, 29)
35 (357, 26)
2316 (322,23) | |

A15093
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Y L \ - A15034

P124865

A10780

REMOVAL

HINT:

If replacing the timing belt before the timing belt warning light
comes on, (light comes on after 100,000 km of driving), be sure
to reset the timing belt counter of the speedometer to zero.

1. REMOVE TIMING BELT COVER
Remove the 6 bolts seal washers and timing belt cover.

2. SET NO.1 CYLINDER TO TDC / COMPRESSION
Turn the crankshaft pulley clockwise, set both No.1 and No.2
camshatft pulley grooves at TDC marks.

3. IF RE-USING TIMING BELT, MARK TIMING BELT
HINT:

If reusing the timing belt, draw a direction arrow on the bolt (in
the direction of engine revolution), and place matchmarks on
the pulleys and belt as shown in the illustration.

4. REMOVE TIMING BELT TENSIONER
Alternately loosen the 2 bolts, remove them and timing belt ten-
sioner.
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ENGINE MECHANICAL —

TIMING BELT

A15096

A15097

y (7S ]

A15098

A15099

5.

REMOVE TIMING BELT IDLER PULLEY

Using a 10 mm hexagon wrench, remove the bolt, timing belt
idler pulley and washer.

6.

T

REMOVE TIMING BELT

REMOVE PUMP DRIVE SHAFT PULLEY

Remove the 4 bolts, pump drive shaft pulley flange and pump
drive shaft pulley.

8.

(@)
(b)
(c)

(d)
(€)

10.

(a)

REMOVE INTERCOOLER (See page TC—11)

REMOVE CYLINDER HEAD COVER

Disconnect the 4 injector connectors

Remove the 2 bolts and disconnect the engine wire pro-
tector.

Using SST, remove the 4 injection pipes

(See page FU-6).

Remove the 4 nozzle holder seals.

Remove the 10 bolts, 2 nuts, cylinder head cover and
gasket.

REMOVE NO.1 CAMSHAFT TIMING PULLEY

Hold the hexagonal wrench head portion of the camshaft
with a wrench, and remove the No.1 camshaft timing
pulley bolt.
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ENGINE MECHANICAL - TIMING BELT

(b) Using SST, remove the No.1 camshalft timing pulley.
SST 09950-40011 (09951-04010, 09952-04010,
09953-04020, 09954—-04010, 09955-04061)
(c) Remove the set key.
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ENGINE MECHANICAL — TIiMING BELT

Pazraz

P22783

EMI158-02

INSPECTION

1. INSPECT TIMING BELT
NOTICE:
« Do not bend, twist or turn the timing belt inside out.
« Do not allow the timing belt to come into contact with
oil, water or steam.
« Do not utilize timing belt tension when installing or re-
moving the mount bolt of the camshaft timing pulley.
If there are any defects, check these points:
(a) Premature parting
«  Check for proper installation.
« Check the timing cover gasket for damage and
proper installation.
(b) If the belt teeth are cracked or damaged, check to see if
the camshatft is locked.

(c) If there is noticeable wear or cracks on the belt face,
check to see if there are nicks on the side of the idler
pulley.

(d) If there is wear or damage on only one side of the belt,
check the belt guide and the alignment of each pulley.

(e) If there is noticeable wear on the belt teeth, check timing
cover for damage and check gasket has been installed
correctly and for foreign material on the pulley teeth.

If necessary, replace the timing belt.

2. INSPECTIDLER PULLEY

(@) Visually check the seal portion of the idler puliey for olil
leakage.

If leakage is found, replace the idler pulley.

(b) Check that the idler pulley turns smoothly.
If necessary, replace the idler pulley.
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ENGINE MECHANICAL — TIMING BELT

Pazvaz

P22690

Protrusion

/ P22743

3. INSPECT TIMING BELT TENSIONER

(a) Visually check the seal portion of the tensioner for oil leak-
age.

HINT:

If there is only the faintest trace of oil on the seal on the push

rod side, the tensioner is all right.

If leakage is found, replace the tensioner.

(b) Holdthe tensioner with both hands and push the push rod
strongly as shown to check that it doesn’t move.

If the push rod moves, replace the tensioner.

NOTICE:

Never hold the tensioner push rod facing downward.

() Measure the protrusion of the push rod from the housing
end.
Protrusion: 8.1 — 8.9 mm (0.319 — 0.350 in.)

If the protrusion is not as specified, replace the tensioner.
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ENGINE MECHANICAL — TIMING BELT

A15101

1]
'\
- S 5 = = =
X . I T a
i B .2 s, 1
3: @@ % % j A15089

A15098

EMIMELT

INSTALLATION
NOTICE:

. When installing, clean up the seal surface of the injec-
tor, injection pipe, fuel inlet pipe, supply pump and
common rail with clean light oil.

. In case of having the common rail and/or injectors re-
placed, must replace injection pipes, too.

. In case of having the supply pump and/or common
rail replaced, must replace fuel inlet pipe, too.

. INSTALL NO.1 CAMSHAFT TIMING PULLEY

(@) Install the set key to the key groove of the camshait.

(b)y  Align the pulley set key with the key groove of the No.1
camshalft timing pulley, slide the No.1 camshaft timing
pulley.

(c) Temporarily install the No.1 timing pulley bolt.

Hold the hexagon wrench head portion of the camshaft
with a wrench, and tighten the No.1 camshaft timing
pulley bolt.

Torque: 98 N-m (1,000 kgf.cm, 72 ft.Ibf)

2. INSTALL CYLINDER HEAD COVER

(a) Remove any old packing (FIPG) material.

(b) Apply seal packing to the cylinder head s shown the il-
lustration.

Seal packing: Part No. 08826—0080 or equivalent

(c) Install the gasket to the cylinder head cover.

HINT:

Replace the gasket if any damage is identified.

{d) Install the cylinder head cover with the 10 bolts and 2
nuts.
Torque: 9.0 N-m (92 kgf-cm, 78 in.-Ibf)

3. INSTALL INTERCOOLER (See page TC-12)

4. INSTALL PUMP DRIVE SHAFT PULLEY

Align the knock pin of the injection pump drive gear with the

knock pin hole of the pump drive shaft pulley, install the pulley

and No.2 camshaltt timing pulley flanges with the 4 bolts.
Torque: 31 N-m (316 kgf-cm, 23 ft.Ibf)
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i A15129

A15095

5%%’ "\; /5

b s
>

A15096

P12458

A10780

5. SET NO.1 CYLINDER TO TDC / COMPRESSION

Set the timing pulley at each position.

NOTICE:

When turning the crankshaft, the valve heads will hit
against the position top. So do not turn it more than neces-

sary.

6. INSTALL TIMING BELT

NOTICE:

The engine should be cold.

HINT:

If re—using the timing belt, align the points marked during re-
moval, and install the belt with the arrow pointing in the direction
of engine revolution.

7. INSTALL TIMING BELT IDLER PULLEY

{a) Using a 10 mm hexagon wrench, install the washer and
timing belt idler pulley with the bolt.
Torque: 35 N-m (350 kgf-cm, 25 ft-Ibf)

(b) Check that the idler pulley moves smoothly.

if it doesn’t move smoothly, check the idler pulley and washer.

8. SET TIMING BELT TENSIONER

(a) Using a press, slowly press in the push rod using 981 —
9,807 N (100 — 1,000 kgf, 220 —2,205 Ibf) of force.

{b)  Align the holes of the push rod and housing, pass a 1.5
mm hexagon wrench through the holes to keep the set-
ting position of the push rod.

{c) Release the press.

9. INSTALL TIMING BELT TENSIONER
{a) Temporarily install the timing belt tensioner with the 2
bolts while pushing the idler pulley toward the timing belt.
{b) Tighten the 2 bolts.
Torque: 13 N-m (133 kgf-cm, 9 ft.Ibf)



ENGINE MECHANICAL - TIMING BELT

Hexagon
Wrench

(c) Remove the 1.5 mm hexagon wrench from the tensioner.

10. CHECK VALVE TIMING

Turn the crankshatt pulley clockwise and check that each pulley
aligns with the timing marks (TDC mark) as shown in the illustra-
tion.

If the marks do not align, remove the timing belt and reinstall it.

11. INSTALL TIMING BELT COVER
Instal! the timing beit cover with the 6 seal washers and bolts.
Torque: 6.0 N-m (61 kgf-cm, 53 in..Ibf)
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TIMING GEAR

COMPONENTS
¥ Intercooler VSV Assembly
Intake Air '

]
i

100027 |
&}
-

— No.1 Air Hose—’wf \
@ No.2 Air Hose - ~—* a5 ¢ Gasket
[9.0(92, 78 in.Ibf) [ § ©
= = il
A C@ ﬂ
Cylinder Heat Cover
*1Gasket —

Timing Belt No.1 Camshaft
Idler Pulley Timing Pulley

Timing Belt Cover [ 88(1,000,72)

Timing Belt

Timing Belt Tensioner

*2[31.9(325,29) | |

31(316, 23) ‘ [ 35357, 26) |

i
&° &> 601,53 in.ibf) |

*2[ 31.6 (322, 23)
| 35 (357, 26)

A15093

| N'm (kgf-cm, ft-Ibf) |: Specified torque

# Non—reusable part
*1 Replace only if damaged
*2 For use with SST
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Wats Pump Rulley Timing Belt No.2 Cover

Fan

Fluid Coupring

Drive Belt

[18(184,13) |

# Crankshaft Front
Qil Seal

o Un !
Supply Pu}i\

Bearing

Drive Gear
Crankshatft i
Timing Gear i
¢ O-Ring
" & Supply Pump Drive
¢ O-Ring Gear Seal Snap Ring
No.2 Ildler

Vacuum Pum
P No.1 Idler Idler Gear Sub Gear

25 Sub Gear

Snap Ring
I 50 (510, 37) | \‘

Wave Washer
Thrust Plate

@,\ Idler Gear Shaft

Wave Washer

Idler Gear Spring

' N-m (kgf-cm, ft-Ibf) | : Specified torque
@ Non-reusable part

Y A15106
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ENGINE MECHANICAL - TIMING GEAR

Vacuum Pump

P11675

A15108

EMORW-3

REMOVAL

NOTICE:

When removing the crankshaft pulley and timing gear as
the timing belt is off and the valve interferes with the piston,
never,turn the crankshaft to the right beyond the dead point
above the No. 1 cylinder.

1.

3.

REMOVE TIMING BELT AND PULLEYS

(See page EM-11)

REMOVE DRIVE BELT, FAN AND WATER PUMP
PULLEY (See page CO-5)

REMOVE TIMING BELT NO. 2 COVER

Remove the 4 bolts, nut and timing belt No. 2 cover.

REMOVE VACUUM PUMP

Remove the vacuum hose.

Remove the 2 nuts and vacuum pump.
Remove 2 the O-rings.

REMOVE CRANKSHAFT PULLEY
Using SST, remove the pulley bolt and plate.
SST 09213-58012, 09330—-00021
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(b) Using SST, remove the crankshaft pulley.
SST  09950-50012, (09951-05010, 09952-05010,
0995305010, 09954—05020)

N K™ " :
IR .

= &

Y { RS A15109

6. REMOVE TIMING GEAR COVER

(@) Remove the bolt, crankshaft position sensor and O—ring.

(b) Remove the bolt, crankshaft position sensor and O-ring
and disconnect the 3 clamps.

(c) Remove the bolt, nut and washer and disconnect the vac-
uum pipe.

Y L . || [ A15110

(d) Remove the 14 bolts and 2 nuts.

A15111

(e) Using a screwdriver, pry out the timing gear cover.

{fi  Remove the O-ring.
{g) Remove the crank angle sensor plate.

Pi2111
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ENGINE MECHANICAL — TIMING GEAR

P12470

Service

Bot  uf :

Idler Sub—Gear 567

A11473

7. CHECK THRUST CLEARANCE OF IDLER GEAR
Using a dial indicator, measure the thrust clearance.
Standard thrust clearance:
0.06 — 0.11 mm (0.0024 — 0.0043 in.)
Maximum thrust clearance: 0.30 mm (0.0118 in.)
If the thrust clearance is greater than maximum, replace the
thrust plate. If necessary, replace the idler gear and/or idler
gear shaft.
8. REMOVE TIMING GEARS

NOTICE:
«  The matchmarks on each gear faces the front of the
engine.

+  Take care not to damage the gear teeth when remov-
ing and installing the gears. Do not use parts that are
scratched or damaged, they cause noise.

(a) Remove the crankshaft timing gear.
(1) Secure the idler sub—gears to the idler gear with a
service bolt.
Recommended service bolt:

Thread diameter 6 mm
Thread pitch 1.0 mm
Bolt length 28.0 mm (1.10in.)

HINT:

When removing the idler gear, make sure that the torsional
spring force of the sub—gears has been eliminated by the above
operation.

(2) Using SST, remove the crankshaft timing gear.
SST 09950-50012 (09951-05010, 09952-05010,
09953-05010, 09954—-05020)
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P11656

P1iga2

A11475

P11631

> ?7 Service Bolt
Nﬁ:

P11694

(b) Remove the 2 bolts, thrust plate, idler gear assembly and
idler gear shaft.

(c) Remove the supply pump drive gear.
(1) Using SST, remove the supply pump drive gear set
nut.
SST  09960-10010 (09962—-01000, 09963—-00600)
(2) Remove the O-ring.

(3) Using SST, remove the supply pump drive gear.
SST  09950-50012 (09951-05010, 09952-05010,
09953-05010, 09954-05020)
NOTICE:
« Tighten the 2 bolts of SST more than 8 mm (0.31 in.).
+  Set the SST so that it is balanced.

8. DISASSEMBLY IDLER GEAR

(@) Mount the idler gear and No.2 idler sub—gear in a vise.
NOTICE:

Be careful not to damage the gears.

(b)  Using SST, turn the No.1 idler sub—gear clockwise and re-
mave the service bolt.
SST  09960-10010 (09962-01000, 09963—-00600)
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(¢} Using snap ring pliers, remove the snap ring.

Pi1687

Wave (d) Remove the wave washer.
© Washer (e) Remove the No.1 idler sub—gear.
No.1 Idler =3 fy  Remove the idler gear spring.
SumGear@ . ; 0 P i i
el (g) Remove the idler gear assembly from the vice and turn it
Gear upside down.

P11E83

(h)  Mount the idler gear in a vise.

NOTICE:

Be careful not to damage the gear.

(i) Using snap ring pliers, remove the snap ring.

'.ﬂr?" Ry
ll.ﬂ‘{‘:‘:“‘: ¥ ,f

No.1 Idler
Sub-Gear

e <
///’EH‘ENN{, P11€82
Wave (i, Remove the wave washer.
O \asher (k)  Remove the No.2 idler sub—gear.

()  Remove the idler gear spring.

PI16B4
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P11674

P11676

P11673

EM1§7=-02

INSPECTION

1. INSPECT IDLER GEAR

(a) Using a cylinder gauge, measure the inside diameter of
the idler gear.
Idler gear inside diameter:
44.000 - 44.025 mm (1.7323 - 1.7333 in.)

(b) Using a micrometer, measure the diameter of the idler
gear shaft.
Idler gear shaft diameter:
43.955 - 43.990 mm (1.7305 - 1.7319 in.)
(c) Subtract the idler gear shaft diameter measurement from
the idler gear inside diameter measurement.
Standard oil clearance:
0.010 - 0.070 mm (0.0004 — 0.0028 in.)
Maximum oil clearance: 0.20 mm (0.0079 in.)
If the clearance is greater than maximum, replace the gear and
shaft.

2. INSPECT RADIAL BALL BEARING BEARING
Check that bearing is not rough or worn.
If necessary, replace the bearing. (See page EM-28)
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3. CHECK BACKLASH OF TIMING GEARS
Using a dial indicator, measure the backlash.
Standard gear backlash:
0.02 - 0.15 mm (0.0008 — 0.0060 in.)
Maximum gear backlash: 0.20 mm (0.0079 in.)
If the gear backlash is greater than maximum, replace the gears
as a set.

Balance Shaft No.1 x Qil Pump Balance Shaft No.2 x Injection Pump

P11653 PF11695
P11652 P11671 P11670 209204
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|
- P11658

P11666

A15113

Ai5114

REPLACEMENT

HINT:

There are 2 methods (a and b) to replace the oil seal as follows:

(@)

(b)

REPLACE CRANKSHAFT FRONT OIL SEAL

If the timing gear cover is removed from the cylinder block:

(1) Using a screwdriver and hammer, tap out the oil
seal.

(2) Using SST and a hammer, tap in a new oll seal until
its surface is flush with the timing gear cover edge.

SST 09214-76011

(3) Apply MP grease to the oil seal lip.

If the timing gear cover is installed to the cylinder block:
(1) Using SST, remove the oil seal.
SST 09308-10010, 09950-20017

(2) Apply MP grease to a new oil seal lip.

(3) Using SST and a hammer, tap in the oil seal until its
surface is flush with the timing gear cover edge.

SST 09214-76011
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—'A11470

P11662

A15116

A

1
A}

(O
)i

At1474

2. REPLACE SUPPLY PUMP DRIVE GEAR OIL SEAL
(a) Ifthe timing gear cover is removed from cylinder block:
(1) Using a screwdriver and hammer, tap out the oil
seal.
(2) Using SST and a hammer, tap in a new oil seal until
its surface is flush with the timing gear cover edge.
SST 09223-78010
(3) Apply MP grease to the oil seal lip.
(b) If the timing gear cover is installed to the cylinder block:
(1)  Using a screwdriver, pry out the oil seal.
NOTICE:

Be careful not to damage the supply pump drive gear. Tape
the screwdriver tip.

(2) Apply MP grease to the oil seal lip.

(3) Using SST and a hammer, tap in a new oil seal until
its surface is flush with the timing gear cover edge.

SST 09223-78010

REPLACE RADIAL BALL BEARING

Using SST, remove the bearing.

SST 09950-40011 (09951-04010, 09952-04010,
09953-04020, 09954—-04010, 09955—-04041)
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(b) Using SST and a press, press in a new bearing.
SST  09214-76011, 09223-00010

W

Y

P1238
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Cut—Off Mark

F‘H?QD|

@,_ Idler

No.2 Idler , Gear
Sub—Gear '\9

Spring
Wave
- Washer
\
—
i
| =

P11686

Service Bolt

P11630

EMAT-01

INSTALLATION

NOTICE:

«  Wheninstalling, clean up the seal surface of the injec-
tor, injection pipe, fuel inlet pipe, supply pump and
common rail with clean light oil.

» Incase of having the common rail and/or injectors re-
placed, must replace injection pipes, too.

. In case of having the supply pump and/or common
rail replaced, must replace fuel inlet pipe, too.

1. ASSEMBLE IDLER GEAR

(@) Mount the idler gear in a vise.

HINT:

Install the idler gear with the cut—off mark facing downward.
NOTICE:

Be careful not to damage the gear.

(b} Install the idler gear spring.

(c) Install the No.2 idler sub—gear.

(d} Install the wave washer.

HINT:

Align the pins on the gears with the spring ends.

Using snap ring pliers, install the snap ring.

(€)

(fy  Using SST, align the holes of the idler gear and No.2 idler
sub—gear by turning the No.2 idler sub—gear clockwise,
and install a service bolt.

SST 09960-10010 (09962—01000, 09963—00600)

(g) Remove the idler gear assembly from the vice and turn it

upside down.
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(h)  Mount the idler gear and No.2 idler sub—gear in a vise.
NOTICE:
Be careful not to damage the gears.

P11692

(i)  Remove the service bolt.

Service Bolt

F11688

_ Wave (i)  Install the idler gear spring.
(o) Washer (k) Instali the No.1 idler sub—gear.

No.1 Idler O [ Install the wave washer.
Sub—Gear {—|)INT:
ff'@Ji ldler Gear | - Align the pins on the gears with the spring ends.
=

F11685

(m) Using snap ring pliers, install the snap ring.

P11667

(n)  Using SST, align the holes of the idler gear and No.1 idler
sub—gear by turning the No.1 idier sub—gear clockwise,
and install a service bolt.

SST  09960-10010 (09962—01000, 09963—-00600)

P11693
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P12095

P12107

P12378

2.

INSTALL TIMING GEAR

NOTICE:

(a)

The matchmarks on each gear faces the front of the
engine.

Take care not to damage the gear teeth when remov-
ing and installing the gears. Do not use parts that are
scratched or damaged, they cause noise.

Install the crankshaft timing gear.

(1) With the crankshaft key groove facing upward,
install the crankshaft timing gear into the crank-
shaft.

(2) When doing this, the matchmarks of the oil pump
drive shaft gear and crankshaft timing gear should
be matched at "1".

(3) Using SST and a hammer, tap in the timing gear.

SST 09223-00010

Install the supply pump drive gear.

(1) Install the set key to the groove of the supply pump
drive shaft.

(2) The matchmarks on the No.2 balance shaft driven
gear should be aligned with "3" marks.

(3) Install a new O-ring to the supply pump drive gear.

(4) Install the supply pump drive gear set nut.

(5) Using SST, torque the nut.

SST 09960-10010 (09962—01000, 09963—00600)
Torque: 103 N-m (1,050 kgf.cm, 76 ft.1bf)
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P12094

P12109

()

Install the idler gear.
(1) Coat the idler gear shaft with engine oil as shown in
the illustration.

(2) Install the idler gear shaft to the cylinder block.

(3) Align the idler gear assembly timing marks "5" and
"4" with the crankshaft timing gear mark "5" and sup-
ply pump drive gear timing mark "4”" respectively,
and mesh the gears.

(4) Align the thrust plate set bolt holes.

(5) Install the thrust plate with the 2 bolts. Torque the
bolts.
Torque: 50 N-m (510 kgf-cm, 37 ft.1bf)
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Service \

Bolt

209482

P12098

A5

{d)

(c)

(6) Remove the service bolt.
Install the crank angle sensor plate.

INSTALL TIMING GEAR COVER

Install a new O—-ring to the timing gear case.

Remove any old packing (FIPG) material and be careful

not to drop any oil on the contact surfaces of the timing

gear cover and cylinder block.

= Using a razor blade and gasket scraper, remove all
the old packing (FIPG) material from the gasket sur-
faces and sealing groove.

«  Thoroughly clean all components to remove all the
loose material.

*+ Using a non—residue solvent, clean both sealing
surfaces.

Apply seal packing to the timing gear cover as shown in

the illustration.

Seal packing: Part No. 0882600080 or equivalent

. Install a nozzle that has been cuttoa2—3 mm (0.08
—0.12 in.) opening.

+  Parts must be assembled within 5 minutes of ap-
plication. Otherwise the material must be removed
and reapplied.

«  Immediately remove nozzle from the tube and rein-
stall cap.

Install the timing gear cover with the 14 bolts and 2 nuts.

Torque: 13 N-m (133 kgf-cm, 10 ft.|1bf)
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A15110

F13335

A5y

A1510A

(e)

Connect the vacuum pipe with the bolt, nut and washer.
Torque: 13 N-m (133 kgf-cm, 10 ft-1bf)

Install a new O-rings to crankshaft position sensor and
camshaft position sensor.

Install the crankshaft position sensor with the bolt, and
connect the 3 clamps.

Torque: 8.5 N-m (87 kgf-cm, 75 in.-Ibf)

Install the camshaft position sensor with the bolt.
Torque: 8.5 N-m (87 kgf.cm, 75 in.-Ibf)

CHECK SUPPLY PUMP DRIVE SHAFT THRUST
CLEARANCE

Temporarily install the No.2 camshaft timing pulley and
flange with the 4 bolts.

Move the No.2 camshaft timing pulley back and forth to
check that the supply pump drive shaft has sufficient
thrust clearance.

Reference: 0.15 — 0.55 mm (0.0059 — 0.0217 in.)

If the thrust clearance is not sufficient, loosen the 2 supply pump
nuts and 3 pump stay bolts, then retighten them.

If the thrust clearance is still not sufficient, remove the timing
gear cover and then reinstall it.

(@)
(b)

(c)

INSTALL CRANKSHAFT PULLEY

Align the pulley set key with the key groove of the pulley.
Using SST and a hammer, tap in the pulley.

SST 09214-60010

Using SST, install and torque the plate bolt.
SST  09213-58012, 09330-00021
Torque: 365 N-m (3,700 kgf-cm, 269 ft-1bf)
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New O-Ring

F12093

Vacuum Pump
P11675

AT5173

6.
(@)

INSTALL VACUUM PUMP
Install 2 new O-rings to the vacuum pump.

Install the vacuum pump with the 2 nuts.

Torque: 21 N.-m (214 kgf.cm, 15 ft-Ibf)

INSTALL TIMING BELT NO. 2 COVER

Remove any old packing (FIPG) material and be careful
not to drop any oil on the contact surfaces of timing gear
cover and timing belt No. 2 cover.

*  Using a razor blade and gasket scraper, remove all
the old packing (FIPG) material from the gasket sur-
faces and sealing groove.

. Thoroughiy clean all components to remove all the
loose material.

+ Using a non—residue solvent, clean both sealing
surfaces.

Apply seal packing to the timing gear cover as shown in
the illustration.
Seal packing: Part No. 0882600080 or equivalent

+ Install anozzle that has been cuttoa2—-3 mm (0.08
—0.12in.) opening.

. Parts must be assembled within 5 minutes of ap-
plication. Otherwise the material must be removed
and reapplied.

«  Immediately remove nozzle from the tube and rein-
stall cap.

Install the timing belt No. 2 cover with the 4 bolts and nut.

Torque: 10 N-m (102 kgf-cm, 7 ft.Ibf)

INSTALL TIMING BELT AND PULLEYS

(See page EM-16)

INSTALL WATER PUMP PULLEY, FAN AND DRIVE

BELT (See page CO-8)
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CYLINDER HEAD
COMPONENTS

EMIsC-a2

*1 Gasket | 12(122,9) Intercooler

Intake Air
Connecto

@ No.2 Air Hose

Exhaust Manifold

Hear Insulator Turbo Pressure

Sensar

Exhaust Manifold;
w/ Turbocharger | .-~
Assembly |

® Gasket

19 (194, 14) |

Turbocharger
Stay

| N'm (kgf-cm, ft-Ibf) | : Specified torque

@ Non-reusable part
¢ *1 Replace only if damaged

A15125
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Engine Wire

" Spring
Injector
% Back-up Ring

EECATISS o

.l

Nozzle Holder\@
[9.0(92, 80 in. 1bi) ]\\n % Nozzle
; Leakage
® "] Pipe

Cylinder Head Cover

Gasket

19(194,63)

& Gasket
Glow Plug
Camshaft Bearing Cap ? ': Connector - :{SV "
s : ssemoly

Camshaft

| 1st B5 (867, 63)
2nd Turn90°
3rd Turn 90 °

Cylindef' Head ﬁ
Timing Belt No.2 Cover by

Key : :

No.1 Camshaft Pulley l 3; T £ P elis
X OGasﬁ@ 24 {]@ # Gasket

b - [0 00T Maniod

Check

Valve

e

e

No.2 Nozzle
Leakage
Pipe

Timing Belt i~ & Washer
[6.0(61,53n..1bf) | o @//
) ;
’ Timing Belt Idler
o

| N'm (kgf-cm, ft-Ibf) | : Specified torque
4 Non-reusable part % Precoated part

Y

Timing Belt Tensioner

& Gasket /°
-

2
/4

S

£ <

° £ &»@;
; o

Common Rail

Q@

9
e

Throttle
Body

- :. o)

A15126
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Adjusting Shim

E3—o-o
@— Valve Lifter
Gﬁ— Keeper

Spring Retainer

%— Valve Spring
& —

Spring Seat

&—— & Oil Seal

E Valve Guide
Bushing

Semi Circular Plug |

Cylinder Head

: %7 Nec. 1 Engine Hanger

* Water Temperature Sender Gauge

19(194,14)

Vel Water Qutlet Housing

| N-m (kgf-cm, ft-lbf) | : Specified torque

4 Non-reusable part
* Precoated part

Y

AlG127
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EATMB -0

REMOVAL
NOTICE:
When removing the injection pipes, clean them up with a
brush and compressed air.
1. DRAIN ENGINE COOLANT
2. REMOVE INTERCOOLER (See page TC-11)
3. REMOVE TURBOCHARGER AND EXHAUST MAN-
IFOLD ASSEMBLY (See page TC-5)
DISCONNECT ENGINE WIRE
5. REMOVE DIESEL THROTTLE BODY
(See page ED-5)

»

6. REMOVE INJECTION PIPE (See page FU-6)
7. REMOVE FUEL INLET PIPE (See page FU-16)
8. REMOVE CYLINDER HEAD COVER

(See page EM-11)
9. REMOVE INJECTORS (See page FU-6)

10. REMOVE EGR COOLER PIPE
(a) Remove the 2 water hoses.
(b) Remove the 2 bolts, nuts, EGR cooler pipe and 2 gaskets.

A15135

S

Zr o, 11. REMOVE EVRV
M’ (a) Disconnect the vacuum hose, and remove the 2 bolts and
¢ ;ﬁ//g E-VRV.

SN2 @ﬁj (1bz) Remove the EGR valve and gasket.
JIPIRY T
2 ;‘f/?msrae

: 7 ) REMOVE OIL FILTER (See page LU—2)
: S, i /l/J’/

13. REMOVE LEAKAGE PIPE NO. 2 (See page FU-6)

14. REMOVE INTAKE MANIFOLD

Remove the 4 bolts, 2 nuts, intake manifold and gasket.
15. REMOVE GLOW PLUG (See page ST-1)

16. REMOVE COMMON RAIL (See page FU-21)
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17. REMOVE CAMSHAFT

(@) Uniformly loosen and remove the 15 bolts in several
passes, in the sequence shown.

(b) Remove the 5 camshaft bearing caps.

(c) Remove the intake and exhaust camshafts.

18. REMOVE CYLINDER HEAD

(@) Uniformly loosen and remove the 18 cylinder head bolts,
in several passes, in the sequence shown.

NOTICE:

Head warpage or cracking could result from removing

bolts in incorrect order.

(b) Lift the cylinder head from the dowels on the cylinder
block, and place the head on wooden blocks on a bench.

j '}]“ | JB o assian|  HINT:
If the cylinder head is difficult to lift off, pry with a screwdriver be-
tween the cylinder head and block.
NOTICE:
Be careful not to damage the contact surfaces of cylinder
head and block.
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A15141

EMTMC-01

DISASSEMBLY

1. REMOVE WATER OUTLET HOUSING
Remove the 2 bolts, water outlet housing and gasket.
2. REMOVE ENGINE HANGER NO. 1

3.  REMOVE SEMI CIRCULAR PLUG

4, REMOVE VALVE LIFTERS AND SHIMS

HINT:

Arrange the valve lifters and shims in correct order.

5. REMOVE VALVES

(a) Using SST, compress the valve spring and remove the 2
keepers.
SST  09202-70020 (09202—00010)

(b) Remove the spring retainer, valve spring, valve and
spring seat.

HINT:

Arrange the valves, valve springs, spring seats and spring re-

tainers in correct order.

(c) Using needle—nose pliers, remove the oil seal.
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Gasket Scraper 7 ﬁ

&)

A15145

A15148

EM08

INSPECTION
1. CLEAN TOP SURFACES OF PISTONS AND CYL-
INDER BLOCK

(a) Turn the crankshaft, and bring each piston to the top dead
center (TDC). Using a gasket scraper, remove all the car-
bon from the piston top surface.

(b) Remove all the gasket material from the top of the cylinder
block.

NOTICE:

Be careful not to scraich the surfaces.

(c) Using compressed air, blow carbon and oil from the bolt
holes.

CAUTION:

Protect your eyes when using high—compressed air.

2. BREMOVE GASKET MATERIAL

Using a gasket scraper, remove all the gasket material from the
cylinder block contact surface.

NOTICE:

Be careful not to scratch the cylinder block contact sur-
face.

3. CLEAN VALVE GUIDE BUSHINGS
Using a valve guide bushing brush and solvent, clean all the
guide bushings.

4. CLEAN CYLINDER HEAD
Using soft brush and solvent, thoroughly clean the cylinder
head.
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Guide Bushing

209148

5. INSPECT FOR FLATNESS
Using a precision straight edge and feeler gauge, measure the
surfaces contacting the cylinder block and manifolds for war-
page.

Maximum warpage: 0.15 mm (0.0059 in.)
If warpage is greater than maximum, replace the cylinder head.

6. INSPECT FOR CRACKS

Using a dye penetrate, check the combustion chambers, intake
ports, exhaust ports and surface contacting the cylinder block.
If cracked, replace the cylinder head.

7. CLEAN VALVES

Using a gasket scraper, chip off any carbon from the valve
head.

Using a wire brush, thoroughly clean the valve.

8. INSPECT VALVE STEMS AND GUIDE BUSHINGS

Using a caliper gauge, measure the inside diameter of the
guide bushing.

Bushing inside diameter:

6.010 — 6.030 mm (0.23661 — 0.23740 in.)
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Valve
Stem

EMO963 EMO964

(b) Using a micrometer, measure the diameter of the valve
stem.
Valve stem diameter:

Intake 5.970 —5.985 mm (0.23504 — 023563 in.)
Exhaust 5.960 — 5.975 mm (0.23465 — 0.23524 in.)
(c) Subtract the valve stem diameter measurement from the

guide bushing inside diameter measurement.
Standard oil clearance:

Intake 0.025 - 0.060 mm (0.0010 —0.0024 in.)
0.035— 0.070 mm (0.0014 — 0.0028 in.)
Maximum oil clearance:

Exhaust

Intake 0.08 mm {0.0031 in.)

Exhausl

0.10 mm (0.0039 in.)

445°
EMO254 EMO180 208147
-
Margin Thick@ \
' £ =
* EM0D181

Overall Length

EM25634

If the clearance is greater than maximum, replace the valve and
guide bushing. (See page EM-52)

9. INSPECT AND GRIND VALVES

(@) Grind the valve enough to remove pits and carbon.

(b) Check that the valve is ground to the correct valve face
angle.
Valve face angle: 44.5°

(c) Check the valve head margin thickness.
Standard margin thickness:

Intake 1.1 mm (0.043 in.)

Exhauslt
Minimum margin thickness:

1.2 mm (0.047 in.)

Intake 0.6 mm (0.023 in.)

Exhaust

0.7 mm (0.027 in.)
If the margin thickness is less than minimum, replace the valve.

(d) Check the valve overall length.
Standard overall length:

Intake 105.15~ 10575 mm (4.1398 — 4.1634 in.)
105.02 - 105.62 mm (4.1346 ~ 4.1583 in.)
Minimum overall length:
Intake: 104.65 mm (4.1201 in.)
Exhaust: 104.52 mm (4.1150in.)
If the overall length is less than minimum, replace the valve.

Exhaust
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EMO255

Width

A15150

IN 1.2 1.6 mm (0.047 — 0.063 in.)
EX 1.6 — 2.0 mm (0.063 — 0.079 in.) s,

IN: 70°

EX: 75m5°
%

=)

IN1.2-1.6 mm (0.047 — 0.063 in.)
EX 1.6 -2.0 mm (0.063 -0.079 in.)

Z{9354

(e)
If the valve
replace the
NOTICE:

Check the surface of the valve stem tip for wear.

stem tip is worn, resurface the tip with a grinder or
valve.

Do not grind off more than minimum overall length.

10. INSPECT AND CLEAN VALVE SEATS

(a) Usinga45” carbide cutter, resurface the valve seats. Re-
move only enough metal to clean the seats.

(b) Check the valve seating position.
Apply a light coat of prussian blue (or white lead) to the
valve face. Lightly press the valve against the seat. Do
not rotate valve.

(c) Check the valve face and seat for the following:

« If blue appears 360° around the valve face, the
valve is concentric. If not, replace the valve.

« If blue appears 360° around the valve seat, the
guide and face are concentric. If not, resurface the
seat.

«  Check that the seat contact is in the middle of the
valve face with the following width:

Intake 1.2—1.6 mm (0.047 —0.083 in.)

Exhaust 1.6 —2.0 mm (0.063 - 0.079in.)

If not, correct the valve seats as follows:

(1)

If the seating is too high on the valve face, use 25°
and 45° cutters to correct the seat.

Intake:

If the seating is too low on the valve face, use 70°
and 45° cutters to correct the seat.

Exhaust:

If the seating is too low on the valve face, use 75°
and 45° cutters to correct the seat.
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15151

Deviation

EMO988

EMOBOT

EMD281

(d) Hand-lap the valve and valve seat with an abrasive com-
pound.
(e) After hand—lapping, clean the valve and valve seat.

11. INSPECT VALVE SPRINGS
{a) Using a steel square, measure the deviation of the valve
spring.
Maximum deviation: 2.0 mm (0.079 in.)
If the deviation is greater than maximum, replace the valve
spring.

(b} Using a vernier caliper, measure the free length of the

valve spring.
Free length:
Paint Color
Blue 46.8 mm {1.843 in.)
None 46.5 mm (1.831 in.}

if the free length is not as specified, replace the valve spring.

(c) Using a spring tester, measure the tension of the valve
spring at the specified installed length.
Installed tension: at 33.1 mm (1.303 in.)

If the installed tension is not as specified, replace the valve

spring.

Paint Color
Blue 149.9-166.1 N (15.3 -16.9 kgl, 33.7 — 37.4 Ibf)
None 150.2—-1658N (15.3 - 16.9 kgf, 33.8 — 37.3 Ibf)

P11631

12. INSPECT CAMSHAFT FOR RUNOUT
(a) Place the camshaft on V-blocks.
(b) Using a dial indicator, measure the circle runout at the
center journal.
Maximum circle runout: 0.03 mm (0.0012 in.)
If the circle runout is greater than maximum, replace the cam-
shaft.
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EMB195

13. INSPECT CAM LOBES
Using a micrometer, measure the cam lobe height.
Standard cam lobe height:

Intake 47.180—47.280 mm (1.85748 — 1.86141 in )
Exhaust 48.070 - 48.170 mm (183252 — 1.89645 in.)
Minimum cam lobe height:

Intake 46.76 mm (1.8409 in.)

Exhaust 47.65 mm (1.8760 in.)

If the cam lobe height is less than minimum, replace the cam-
shaft.

14. INSPECT CAMSHAFT JOURNALS
Using a micrometer, measure the journal diameter.
Journal diameter:
27.969 — 27.985 mm (1.1011 - 1.1018 in.)
If the journal diameter is not as specified, check the ail clear-
ance.
15. INSPECT CAMSHAFT BEARINGS
Check the bearings for flaking and scoring.
If the bearings are damaged, replace the bearing caps and cyl-
inder head as a set.
16. INSPECT CAMSHAFT JOURNAL OIL CLEARANCE
(@) Clean the bearing caps and camshaft journals.
(b} Place the camshaft on the cylinder head.
(c) Lay a strip of Plastigage across each of the camshaft jour-
nals.
(d) Install the bearing caps. (See page EM-56)
Torque: 19 N-m (194 kgf-cm, 14 ft-1bf)
NOTICE:
Do not turn the camshaft.
(e) Remove the bearing caps.
()  Measure the Plastigage at its widest point.
Standard oil clearance:
0.025 - 0.062 mm (0.0010 — 0.0024 in.)
Maximum oil clearance: 0.10 mm (0.039 in.)
If the oil clearance is greater than maximum, replace the cam-
shaft. If necessary, replace the bearing caps and cylinder head
as a set.
(g) Completely remove the Plastigage.
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Y A09548

¥ A15156

17. INSPECT CAMSHAFT THRUST CLEARANCE
{a) Install the camshaft. (See page EM-56)
(b) Using a dial indicator, measure the thrust clearance whiie
moving the camshaft back and forth.
Standard thrust clearance:
0.035 - 0.185 mm (0.00138 — 0.00728 in.)
Maximum thrust clearance: 0.25 mm (0.0098 in.)
If the thrust clearance is greater than maximum, replace the
camshaft. If necessary, replace the bearing caps and cylinder
head as a set.
18. INSPECT CAMSHAFT GEAR BACKLASH
(a) Install the camshafis. (See page EM-56)
(b)  Using a dial indicator, measure the backlash.
Standard backlash:
0.035 - 0.089 mm (0.00138 — 0.00350 in.)
Maximum backlash: 0.189 mm (0.00744 in.)
If the backlash is greater than maximum, replace the cam-
shafts.

19. INSPECT VALVE LIFTERS AND LIFTER BORES

(@) Using a caliper qugem measure the lifter bore diameter
of the cylinder head.
Lifter diameter:
31.000 - 31.021 mm (1.22047 - 1.22130in.)

(b) Using a micrometer, measure the lifter diameter.
Lifter diameter:
30.966 ~ 30.976 mm (1.21913 — 1.21953 in.)
(c) Substract the lifter diameter measurement from the lifter
bore diameter measurement.
Standard oil clearance:
0.024 — 0.055 mm (0.00094 — 0.00217 in.)
Maximum oil clearance: 0.08 mm (0.0031 in.)
If the oil clearance is greater than maximum, replace the lifter.
If necessary, replace the cylinder head.
20. INSPECT INTAKE AND EXHAUST MANIFOLDS
Using a precision straight edge and feeler gauge, measure the
surface contacting the cylinder head for warpage.
Maximum warpage: 0.40 mm (0.0157 in.)
If warpage is greater than maximum, replace the manifold.
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[ 21. INSPECT CYLINDER HEAD BOLTS
Using vernier calipers, measure the minimum outer diameter of
the compressed thread at the measuring point.
Standard outer diameter:
Elongated 11.8 - 12.0 mm (0.465 - 0.472 in.)
Thread Minimum outer diameter: 11.6 mm (0.457 in.)
* ,_\ ¢ If the outer diameter is less than minimum, replace the bolt.

Measuring

EMB8697
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Both intake and exhaust

(0.4344-0.4353)

Bushing bore ‘ _

. ‘ .

diameter mm (in.) Bushing size

| 10.985- 11.006

| (0.4325-0.4333) Use STD ]
11.035 - 11.056

Use O/S0.05

wo3j7on

Sharp 6 mm,
Heamer =

AGS40

EMIME-D1

REPLACEMENT
1. REPLACE VALVE GUIDE BUSHINGS
(a) Using SST and a hammer, tap out the guide bushing.
SST 09201-10000 (09201-01060) 09950-70010
(09951-07100)

(b)  Using a caliper gauge, measure the bushing bore diame-
ter of cylinder head.

(c) Select a new guide bushing (STD or O/S 0.05).
If the bushing bore diameter of the cylinder head is greater than
11.006 mm (0.4333 in.), machine the bushing bore to the follow-
ing dimension:
Rebored cylinder head bushing bore dimension:
11.035 — 11.056 mm (0.4344 — 0.4353 in.)
If the bushing bore diameter of the cylinder head is greater than
13.077 mm (0.5148 in.), replace the cylinder head.

(d) Using SST and a hammer, tap in a new guide bushing un-
til there is 10.3 — 10.7 rnm (0.406 — 0.421 in.) protruding
from the cylinder head.

SST 09201-10000 (09201-01060) 09950-70010
(09951-07100)

(e} Using a sharp 6 mm reamer, ream the guide bushing to
obtain the standard specified clearance (See page
EM—44) between the guide bushing and valve stem.
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2. REPLACE NOZZLE HOLDER GASKETS
{a) WUsing a screwdriver, pry off the nozzle holder gasket.

A0D554

{b) Using SST and a hammer, tap in & new nozzle holder gas-
ket until its surface is flush with the upper edge of the cyl-
inder head cover.

SST  09950-60010 (09951—-00280, 09951-00500,
09952-06010), 09950-70010 (09951-07100)

(c) Apply a light coat of MP grease to the nozzle holder gas-

ket lip.
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L

Y o0 I

A15141

A15163

ZMIME &

REASSEMBLY

HINT:

1} -

o~ — — —
jo I o N =

(H

(c)

Thoroughly clean all parts to be assembled.

Before installing the parts, apply fresh engine oil to ali slid-
ing and rotating surfaces.

Replace all gaskets and oil seals with new ones.

INSTALL VALVES
Install the oil seal.

Install the valve.

Install the spring seat.
Install the valve spring.
Install the spring retainer.

Using SST, compress the valve spring and place the 2
keepers around the valve stem.
SST 09202-70020 (09202—00010)

Using a plastic—faced hammer, lightly tap the valve stem
tip to assure a proper fit.

INSTALL VALVE LIFTERS AND SHIMS

Install the valve lifter and shim.

Check that the valve lifter rotates smoothly by hand.
INSTALL WATER TEMPERATURE SENDER GAUGE

INSTALL SEMI CIRCULAR PLUG

Remove any old packing (FIPG) material.

Apply seal packing to the semi circular plug as shown.
Seal packing: Part No. 0882600080 or equivalent
Thickness: 0.5 mm (0.020 in.)

Install the semi circular plug to the cylinder head.

NOTICE:
Prevent FIPG from being stuck to the camshaft thrust
groove.
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5. INSTALL WATER OUTLET HOUSING

Install a new gasket, the water outlet pipe with the 2 bolts.
Torque: 19 N-m (194 kgf-cm, 14 ft.Ibf)

6. INSTALL ENGINE HANGER NO. 1

Install the engine hanger to the cylinder head.
Torque: 47 N-m (479 kgf-cm, 35 ft.1bf)
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P A15167

X Measuring Point
Measuring
Tip

A 4

1‘ Protrusion

Y A15166

EAMIRAG-1

INSTALLATION
NOTICE:

()

When installing, clean up the seal surface of the injec-
tor, injection pipe, fuel inlet pipe, supply pump and
common rail with clean light oil.

In case of having the common rail and/or injectors re-
placed, must replace injection pipes, too.

In case of having the supply pump and/or common
rail replaced, must replace fuel inlet pipe, too.

CHECK PISTON PROTRUSION AND SELECT CYL-

INDER HEAD GASKET

Check the piston protrusions for each cylinder.

(1) Clean the cylinder block with solvent.

(2) Sent the piston of the cylinder to be measured to
slightly before TDC.

(3) Place a dial indicator on the cylinder block, and set
the dial indicator at 0 mm (0 in.).

Use a dial indicator measuring tip @ shown in the illustra-

tion.

Make sure that the measuring tip is square to the cylinder

block gasket surface and piston head when taking the

measurements.

(4) Find where the piston head protrudes most by slow-
ly turning the crankshaft clockwise and counter-
clockwise.

{5) Measure each cylinder at 2 places as shown in the
illustration, making a total of 8 measurements.

{6) Forthe piston protrusion value of each cylinder, use
the average of the 2 measurements of each ¢ylin-
der.

Protrusion: 0.005 — 0.254 mm (0.00020 — 0.01000 in.)

{(When removing piston and connecting rod assembly)
If the protrusion is not as specified, remove the piston and con-
necting rod assembly and reinstall it.
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(b) Select a new cylinder head gasket.

HINT:

There are 5 sizes of new cylinder head gaskets, marked "A”",
"B", "C", "D” or "E” according.

e Installed cylinder head gasket thickness:
Front A 0.80 - 0.90 mm (0.0315 — 0.0354 in.)
B 0.85 —0.95 mm (0.0335 — 0.0374 in.)
v 0.90 - 1.00 mm (0.0354 — 0.0394 in.)
X gne D 0.95— 1.05 mm (0.0374 — 0.0413 in.)
E 1.00—1.10 mm {0.0394 - 0.0433 in.)

Select the largest piston protrusion value from the mea-
surements made, then select the appropriate cylinder
head gasket according to the table below.

Piston protrusion  mm (in.) Gasket size
0.005 —0.054 (0.00019 - 0.00213) Use A
0.055-0.104 (0.00217 — 0.00409) Use B
0.105—-0.154 (0.00413 - 0.00608) Use C
0.155—-0.204 (0.00610 - 0.00803) Use D
0.205 — 0.255 (0.00807 — 0.01004) Use E
2. SET NO. 1 CYLINDER TO APPROX. 90° BTDC/COM-
PRESSION

Using the crankshaft pulley bolt, turn the crankshaft, and set the
dot mark of the crankshaft timing pulley at the position of 90°
BTDC.

NOTICE:

If the timing belt is disengaged, having the crankshaft tim-
ing pulley at wrong angle can cause the piston head and
valve head to come into contact with each other.

3. PLACE CYLINDER HEAD ON CYLINDER BLOCK

(a) Place a new cylinder head gasket in position on the cylin-
der block.

NOTICE:

Be careful of the installation direction.

(b) Place the cylinder head in position on the cylinder head
gasket.

4. INSTALL CYLINDER HEAD BOLTS

HINT:

+ The cylinder head bolts are tightened in 3 progressive
steps (steps (b), (d) and (e)).

« If any bolts is broken or deformed, replace it.

(a) Apply a light coat of engine oil on the threads and under
the heads of the cylinder head bolts.

(b) Install and uniformly tighten the 18 cylinder head balts, in

Y U 1l ' A15139 several passes, in the sequence shown.

Torque: 85 N-m (867 kgf-cm, 63 ft.1bf)
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Painted Mark )O

O
o

ol 7 (X

A15226

Timing Mark

Timing Mark

A15227

Mark the front of the cylinder head bolt with paint.
Retighten the cylinder head bolts 90° in the numerical or-
der shown.

Retighten cylinder head bolts by an additional 90°.
Check that the painted mark is now facing rearward.
INSTALL GLOW PLUG AND GLOW PLUG CONNEC-
TOR (See page ST4)

INSTALL CAMSHAFT

Rotate the crankshaft about 90° counterclockwise from
the TDC position to lower the piston.

Place the camshaft No. 1 with its camlobs #3 and #4 fac-
ing downward on the cylinder head as shown in the il-
lustration.

Mesh the gear point marks of the camshaft No. 1 and No.
2.

Rotate the camshaft No. 2 with its gear in mesh to place
it on the journal of exhaust side cylinder head as shown
in the illustration.

Remove any old packing (FIPG) material and be careful
not to drop any oil on the contact surfaces of the bearing
cap No. 1 and cylinder head.

» Using a razor blade and gasket scraper, remove all
the old packing (FIPG) material from the gasket sur-
faces and sealing groove.

. Theroughly clean ali components to remove all the
loose material.

. Using a non—residue solvent, clean both sealing
surfaces.
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FIPG (f)  Apply seal packing to the camshaft bearing cap No. 1 as

shown in the illustration.

| Seal packing: Part No. 08826-00080 or equivalent

Thickness: 0.5 mm (0.020 in.)

* Install a nozzle that has been cut to a 4 mm (0.16
in.) opening.

«  Parts must be assembled within 5 minutes of ap-
plication. Otherwise the material must be removed

Qil Passage

% A15181 and reapplied.
« Immediately remove nozzle from the tube and rein-
stall cap.
NOTICE:

Prevent FIPG from being stuck to the oil passage of the
bearing cap No. 1.

(g) Install the 5 bearing caps in their proper locations.

(h) Install and uniformly tighten the 10 bearing cap bolts in
several passes in the sequence shown.

Y L} 1r v A15138

7. INSTALL CAMSHAFT OIL SEAL

Using SST and hammer, install the camshatft oil seal.
SST 09223-50010

8. INSTALL COMMON RAIL (See page FU-22)

9. INSTALL GLOW PLUG (See page ST-1)

Y A15180




EM-60

ENGINE MECHANICAL — CYLINDER HEAD

10.

nuts.

A15135 16-

20.

.
22.
23.

INSTALL INTAKE MANIFOLD

Install a new gasket and intake manifold with the 4 bolts and 2

Torque: 29 N-m (296 kgf-cm, 21 ft.Ibf)
INSTALL EGR VALVE
Install the gasket and EGR valve.

Install the E~VRYV with the 2 bolts, and connect the vacu-
um hose.
Torque: 20 N-m (204 kgf-cm, 15 ft.|bf)

INSTALL EGR COOLER PIPE

Install new 2 gaskets and EGR cooler pipe with the 2 bolts
and nuts.

Install the 2 water hoses.

INSTALL INJECTOR (See page FU-8)

INSTALL LEAKAGE PIPE NO. 2 (See page FU-8)
INSTALL CYLINDER HEAD COVER

(See page EM-16)

INSTALL FUEL INLET PIPE (See page FU-18)
INSTALL INJECTION PIPE (See page FU-8)
CONNECT ENGINE WIRE

INSTALL DIESEL THROTTLE BODY (See page

ED-7)

INSTALL TURBOCHARGER AND EXHAUST MAN-
IFOLD ASSEMBLY (See page TC-8)

INSTALL INTERCOOLER (See page TC-12)

INSTALL OIL FILTER (See page LU-2)

FILL WITH ENGINE OIL AND ENGINE COOLANT
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CYLINDER BLOCK
COMPONENTS

Alternator Drive Beit Tensioner

)

= @ Gasket

=

62 (632, 4

Water Pump T
13(133,10) : -

T

Water Pump Cover
@ .. @ Gasket ... Drive Belt

Vacuum Pipe

Fan
@ | 8.0(82,71in.1bf)
\ . _# Oil Filter
& Gasket AGS e
Ol Cooler /G; : Oil Cooler Cover
& Gasket '

16(163,12) _|“/

Engine Wire

[ N-m (kgi-cm, ft-Ibf) | : Specified torque

¢ Non-reusable part

Y A15118
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RH Engine Mounting Bracket

13 (133, 10)

Water Inlet

4 O-Ring

Thermostat

16 (163, 12)

& Gasket

: \ Driven Rotor

Timing Gear Case .-~~~

Supply Pump
Drive Gear

LH Engine Mounting
Bracket .

Alternator

Bracket \

Crank Angle

Idler Gear Sensor Plate

Thrust Plate 13 (133, 10)

Idler Gear Shaft

Crankshaft Pulley

365 (3,700, 269)

Crankshaft -~~~
Timing Gear Supply Pump

=

& Crankshaft Front

Oil Seal i (\
¢ O—Ring
¢ Supply Pump Drive @ D
Gear Oil Seal 37214, 15)
[ N-m (kgf-cm, ft-lbf) ]:Specified torque s ) [ e, 5] |

y ® Non—reusable part 21 (214, 15) A15119
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Piston Ring (No.2 Compression)
Piston Ring (No.1 Compression

. , o Piston Pin
Piston Ring (QOil Ring M/T:[ 145 (1,479, 107)
4 Snap Ring A/T:| 178 (1,820, 131)
Piston _____&_____ ﬁ/ [ 8.0(82, 71in..Ibf) |
] @// Connecting Rod Bushing \;lywheel
U Qil Orifice \
Connecting Rod— J -. J ¢ Oil Seal :
Balahée shaft Connecting Rod Bearing
Drive Gear RH Balance Shatft

Thrust Washer

P Rear End Plate
49{'@’ T 13 (133, 9)
: 'Upper Main | Rear Oil Seal Retainer

LH Balance Shaft o | Bearing

Oil Nozzle —_ | | Upper Crankshat
L \‘&ﬁ% q}hw Thrust Washer
[ 26(265,19) [ =

— Crankshaft

.‘ Lower Main Bearing
; : @/ Lower Crankshaft
b/ Thrust Washer
ing Rod Bearing+—————Qp @\
Connectlﬁg od Bearing . \v | Wil BiSaiG BB
Connecting Rod Cap’*-/—f_/% @

: 1st 50 (510, 37
1st 35 (357, 26) i ‘Eé ® Gaskel 2nd Tu(rn 90° )
2nd Turn 90 : ol Ifl

Low Engine Qil Level
Warning Sensor

® Gasket
N-m (kgf-cm, ft-Ibf) | : Specified torque )
[t ’

y ¢ Non-reusable part A15120
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PU1E7T

£11660

Em1M8-01

DISASSEMBLY

1. REMOVE CLUTCH COVER AND DISC
2. REMOVE FLYWHEEL
Remove the 8 bolts and flywheel.

3. REMOVE REAR END PLATE

Remove the bolt and end plate.

4. INSTALL ENGINE TO ENGINE STAND FOR DIS-
ASSEMBLY

5. REMOVE TIMING BELT AND PULLEYS
(See page EM-11)

6. REMOVE CYLINDER HEAD
(See page EM—41)

7. REMOVE ALTERNATOR AND ALTERNATOR BRACK-
ET (See page CO-5)

8. REMOVE WATER PUMP (See page CO-5)

9. REMOVE SUPPLY PUMP (See page FU-16)

10. REMOVE OIL COOLER (See page LU-19)

11. REMOVE TIMING GEARS (See page EM-21)

12. TIMING GEAR CASE (See page LU-7)

13. REMOVE WATER INLET AND THERMOSTAT
(See page CO-11)

14. REMOVE WATER TEMPERATURE SENSOR

15. REMOVE ENGINE MOUNTING
16. REMOVE OIL PAN
17. REMOVE PLUG HOLE

18. REMOVE REAR OIL SEAL RETAINER
Remove the 5 bolts and retainer.
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Balance

P11721

yl
RH Balance
Shaft

P11794

Balance
Shaft

P12248

Balance Shaft
Driven Gear

Washer

P12247

P11663

19. CHECK THRUST CLEARANCES OF RH AND LH BAL-
ANCE SHAFTS OF ENGINE BALANCER
Using a dial indicator, measure the thrust clearance while mov-
ing the balance shaft back and forth.
Standard thrust clearance:
0.065 — 0.140 mm (0.0026 — 0.0055 in.)
Maximum thrust clearance: 0.25 mm (0.0098 in.)
If the thrust clearance is greater than maximum, replace the bal-
ance shaft thrust washer.
If necessary, replace the balance shaft.
20. REMOVE RH AND LH BALANCE SHAFTS
(a) Remove the 2 bolts and RH balance shaft.
(b) Remove the 2 bolts and LH balance shaft.

21. DISASSEMBLE RH AND LH BALANCE SHAFTS
(@) Mount the weight of the balance shaft in a vise.
NOTICE:

Be careful not to damage the balance shatft.

{b) Remove the bolt, balance shaft driven gear and thrust
washer.

22, CHECK CONNECTING ROD THRUST CLEARANCE

Using a dial indicator, measure the thrust clearance while mov-
ing the connecting rod back and forth.

Standard thrust clearance:

0.10 - 0.30 mm (0.0039 - 0.0118 in.)

Maximum thrust clearance: 0.40 mm (0.0157 in.)
If the thrust clearance is greater than maximum, replace the
connecting rod assembly. If necessary, replace the crankshatft.



EM-66

ENGINE MECHANICAL - CYLINDER BLOCK

O

P11722

P11785

Plastigage

P11784

23. REMOVE CONNECTING ROD CAPS AND CHECK OIL
CLEARANCE

(a) Using a punch or numbering stamp, place matchmarks on
the connecting rod and cap to ensure correct reassembly.

(b) Remove the connecting rod cap bolts.

(c) Using the 2 removed connecting rod bolts, pry the con-
necting rod cap back and forth, and remove the connect-
ing cap.

HINT:

Keep the lower bearing inserted with the connecting rod cap.

(d) Clean the crank pin and bearing.

(e) Checkthe crank pin and bearing for pitting and scratches.

If the crank pin or bearing is damaged, replace the bearings.

If necessary, grind or replace the crankshaft.

(f)  Lay a strip of Plastigage across the crank pin.
(g) Install the connecting rod cap with the 2 bolts.
(See page EM-83)
1st
Torque: 35 N-m (357 kgf.cm, 26 ft.Ibf)
2nd Turn 90 °
NOTICE:
Do not turn the crankshaft.

(h)  Remove the 2 bolts, connecting rod cap and lower bear-
ing. (See procedure (b) and (c) above)

(i)  Measure the Plastigage at its widest point.

Standard oil clearance:

STD: 0.036 — 0.054 mm (0.0014 — 0.0021 in.)
If the oil clearance is greater than maximum, replace the bear-
ings. If necessary, grind or replace the crankshaft.
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Mark 2, 3, 4, 5 or 6

HINT:

I using a standard bearing, replace it with one having the same
number. If the number of the bearing cannot be determined, se-
lect the correct bearing by adding together the numbers in-
printed on the crankshaft and connecting red, then selecting
the bearing with the same number as the total. There are 5
sizes of standard bearings, marked "2", "3, "4”, 5" and "6" ac-
cordingly.

Number Marked
Cylinder block 1 2 3
Crankshaft 1]2]3[1]2]3][1]2]3
Use bearing 21343 4|54 5|6
EXAMPLE: Cylinder block "2" + crankshaft "1”
= Total number 3 {Use bearing "3")
Y A11054
Reference
Connecting rod big end inner diameter:
Mark "1" 62.014 — 62.020 mm (2.4415—2 4417 in.)
Mark "2" 62.020 - 62.026 mm (2.4417 —2.4420 in.)
Mark "3" 62.026 — 62,032 mm (2.4420 — 2 4422 in.)
Crankshaft pin diameter:
Mark "1" 58.994 — 59,000 mm (2.3226 — 2.3228 in.)
Mark "2" 58.988 — 58.994 mm (23224 — 2.3226 in.)
Y No.1 At1053 Mark "3" 58.982 — 58.988 mm (2,3221 — 2.3224 in.)
Standard sized bearing center wall thickness:
Mark "2" 1.486 — 1.489 mm (0.0585 — 0.0586 in.)
Mark "3" 1.489 — 1.492 mm (0.0586 — 0.0587 in.)
Mark "4" 1.492 - 1.495 mm (0.0587 — 0.0589 in.)
Mark "5" 1.495 - 1.498 mm (0.0589 ~ 0.0590 in.)
Mark '6" 1.498 — 1.501 mm (0.0590 — 0.0591 in.)
() Completely remove the Plastigage.
24. REMOVE PISTON AND CONNECTING ROD AS-
SEMBLIES
(a) Using a ridge reamer, remove all the carbon from the top
of the cylinder.
(b) Push the piston, connecting rod assembly and upper
bearing through the top of the cylinder block.
HINT:

b ),

o~

P11837

Keep the bearings, connecting rod and cap together.
Arrange the piston and connecting rod assemblies in cor-

rect order.
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P12245

P11753

P11743

25. CHECK CRANKSHAFT THRUST CLEARANCE
Using a dial indicator, measure the thrust clearance while prying
the crankshaft back and forth with a screwdriver.

Standard thrust clearance:

0.040 — 0.240 mm (0.0016 — 0.0094 in.)

Maximum thrust clearance: 0.30 mm (0.0118 in.)
If the thrust clearance is grater than maximum, replace the
thrust washers as a set.

Thrust washer thickness:

STD 2.430 — 2.480 mm (0.0957 — 0.0976 in.)
U/S 0.250 2,655 — 2,605 mm (0.1006 — 0.1026 in.)
U/$0.125 2,493 — 2,543 mm (0.0981 — 0.1001 in.)

26. REMOVE MAIN BEARING CAPS AND CHECK OIL
CLEARANCE

(@) WUniformly loosen and remove the main bearing cap bolts
in several passes, in the sequence shown.

(b) Using the removed main bearing cap bolts, pry the main
bearing cap back and forth, and remove the main bearing
caps, lower bearings and lower thrust washers (No.5
main bearing cap only).

HINT:

+  Keep the lower bearing and main bearing cap together.

»  Arrange the main bearing caps and lower thrust washers
in correct order.

(c) Lift out the crankshaft.

HINT:

Keep the upper bearings and upper thrust washers together

with the cylinder block.

(d} Clean each main journal and bearing.

(e} Check each main journal and bearing for pitting and
scratches.

If the journal or bearing is damaged, replace the bearings. If

necessary, grind or replace the crankshatft.
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plastigage

P11791

P117%2

Mark 2, 3,4,5
oré

A11055

(fy  Place the crankshaft on the cylinder block.

(g) Lay a strip of Plastigage across each journal.

(h) Install the main bearing caps. (See page EM-83)
1st
Torque: 50 N-m (510 kgf.cm, 37 ft-lbf)
2nd Turn 90 °

NOTICE:

Do not turn the crankshaft.

()  Remove the main bearing caps. (See procedure (a) and
(b) above)

(i)  Measure the Plastigage at its widest point.
Standard clearance:
STD: 0.030 - 0.048 mm (0.00118 — 0.00189 in.)
Maximum clearance: 0.10 mm (0.0039 in.)

HINT:
If replacing the cylinder block subassembly, the bearing stan-
dard clearance will be:

0.030 - 0.048 mm (0.00118 — 0.00189 in.)
If the oil clearance is greater than maximum, replace the bear-
ings. If necessary, grind or replace the crankshaft.
HINT:
If using a standard bearing, replace it with one having the same
number. If the number of the bearing cannot be determined, se-
lect the correct bearing by adding together the numbers im-
printed on the cylinder block and crankshaft, then selecting the
bearing with the same number as the total. There are 5 sizes
of standard bearings, marked "2”, "3", "4, "5” and "6” according-

ly.

Number Marked
Cylinder block 1 2 3
Crankshaft 112[83[1]2]3]|1]2]3
Use bearing 2|13|4]|13|4|5]4|5|6

EXAMPLE: Cylinder block "2" + crankshaft "1”

" = Total number 3 (Use bearing "3")
Y A11056

Reference
Cylinder block main journal bore diameter:

Mark "1"

75.000 - 75.006 mm (2.8528 — 2.8530 in.)

Mark 2"

75.006 —75.012 mm {2.9530 - 2.8532 in.)

Mark "3"

75.012 - 75. 018 mm (2.8532 — 2.9535 in.)
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Crankshaft journal diameter:

Mark "1" 68.994 — 70.000 mm (2.7557 — 2.7559 in.)
Mark "2" 69.988 — 69.994 mm (2.7554 —2.7557 in.)
Mark "3" 69.982 — 69.988 mm {2.7552 — 2.7554 in.)

Standard sized bearing center wall thickness:

Mark "2" 2,482 — 2.485 mm (0.09772 — 0.09783 in.)
Mark "3" 2485 -2.488 mm (0.09783 - 0.09795 in.)
Mark "4" 2.488 - 2.481 mm (0.09795 — 0.09807 in.}
Mark "5" 2.491 ~2.454 mm (0.09807 — 0.08818 in.)
Mark "6" 2.494 — 2.497 mm (0.09819 -~ 0.09831 in.}

(k) Completely remove the Plastigage.

27. REMOVE CRANKSHAFT

(a) Lift out the crankshaft.

(b) Remove the upper bearings and upper thrust washers
from the cylinder block.

HINT:

Arrange the main bearing caps, bearings and thrust washers in

correct order.

28. REMOVE CHECK VALVES AND OIL NOZZLES
Remove the 4 check valves and oil nozzles.

F11939

29. REMOVE CYLINDER BLOCK ORIFICE

& Gy nderBiok Remove the cylinder block orifice from the cylinder block.

! Orifice

4?@1@
T
=

P12244

30. CHECK FIT BETWEEN PISTON AND PISTON PIN
Try to move the piston back and forth on the piston pin.
If any movement is felt, replace the piston and pin as a set.

P11746
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ADE501

31. REMOVE PISTON RINGS

(a) Using a piston ring expander, remove the 2 compression
rings and oil ring.

(b) Remove the coil by hand.

HINT:

Arrange the rings in correct order only.

32. DISCONNECT CONNECTING ROD FROM PISTON

(@) Using a small screwdriver, pry off the snap ring form the
piston.

(b) Gradually heat the piston to approx. 60°C (140°F).

(c) Using a plastic—faced hammer and brass bar, lightly tap
out the piston pin and remove the connecting rod.

HINT:

. The piston pin are matched set.

«  Arrange the pistons, pins, rings, connecting rods and
bearings in correct order.
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Gasket

Scraper

P11935

Precision

Straight Edge

Feeler

Gauge

At Tow=d B 1Yo v B LYo woned M LYo BB
b o )
il
b 0 0 )
“P20 =0 on2 0220 0

AT1057

Pi1744

No.1

2
Mark1,20r3

P11742

EMISL-02

INSPECTION

1. CLEAN CYLINDER BLOCK

(a) Remove the gasket material.
Using a gasket scraper, remove all the gasket material
from the top surface of the cylinder block.

(b) Clean the cylinder block.

Using a soft brush and solvent, thoroughly clean the cylin-
der block.

2. INSPECT TOP SURFACE OF CYLINDER BLOCK FOR
FLATNESS

Using a precision straight edge and feeler gauge, measure the

surfaces contacting the cylinder head gasket for warpage.
Maximum warpage: 0.10 mm (0.0039 in.)

If warpage is greater than maximum, replace the cylinder block.

3. INSPECT CYLINDER FOR VERTICAL SCRATCHES
Visually check the cylinder for vertical scratches.

If deep scratches are present, rebore all the 4 cylinders. If nec-
essary, replace the cylinder block.

4. INSPECT CYLINDER BORE DIAMETER

HINT:

There are 3 sizes of the standard cylinder bore diameter,
marked "1”,"2" and "3" accordingly. The mark is stamped on the
top of the cylinder block.
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o @ Thrust
Direction
© Axial
Direction

Front <=

10 mm
(0.39in.)

Middle

10 mm
(0.38 in.)

Diameter

A11058

3 Ridge Reamer
7/ ~

P11937

Elongated
Thread

Measuring
Point

F11749

__ Cylinder
Block Orifice

P11737

Using a cylinder gauge, measure the cylinder bore diameter at
positions A, B and C in the thrust and axial directions.
Standard diameter:

STD Mark 96.000 — 96.010 mm (3.7795 — 3.7799 in.)
STD Mark 96.010 - 96.020 mm (3.7799 — 3.7803 in.)
STD Mark 96.020 — 96,030 mm (3.7803 — 3.7807 in.)

Maximum diameter:

| STD | 96.23 mm (3.7886 in.} |

If the diameter is greater than maximum, rebore all the 4 cylin-
ders. If necessary, replace the cylinder block.

5. REMOVE CYLINDER RIDGE
If the wear is less than 0.2 mm (0.008 in.), using a ridge reamer,
grind the top of the cylinder.

6. INSPECT MAIN BEARING CAP BOLTS
Using vernier calipers, measure the minimum diameter of the
compressed thread at the measuring point.
Standard diameter:
13.500 — 14.000 mm (0.5315 - 0.5512 in.)
Minimum diameter: 12.60 mm (0.4961 in.)
If the diameter is less than minimum, replace the bolt.

7. INSPECT CYLINDER BLOCK ORIFICE
Visually check that the orifice is not clogged.
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8. CLEAN PISTON
=3 (a) Using a gasket scraper, remove the carbon from the pis-
g ton top.

Scraper

AD9459

(b) Using a groove cleaning tool or broken ring, clean the pis-
ton ring grooves.

Piston
Ring
Groove

ADD460

(c) Using solvent and a brush, thoroughly clean the piston.
NOTICE:
Do not use a wire brush.

AQD4E1

9. INSPECT PISTON AND PISTON RING

(@) Inspect the piston oil clearance.

HINT:

There are 3 sizes of the standard piston diameter, marked "1,

"2" and "3" accordingly. The mark is stamped on the piston top.

(1) Using a micrometer, measure the piston diameter at

right angles to the piston pin center line, 63.63 mm
(2.5051 in.) from the piston head.

Atsiee Piston diameter:
STD Mark 1 95.920 - 95.930 mm (3.77637 — 3.77676 in.)
STD Mark 2 95.930 — 95.940 mm (3.77676 — 3.77715 in.)
STD Mark 3 95.940 — 95,950 mm (3.77716 — 3.77755 in.)
(2) Measure the cylinder bore diameter in the thrust
directions. (See page EM-83)
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No.1

Front
Mark

Y A5

New Piston Ring

Feeler
Gauge

Y A15122

Feeler
Gauge

No.2 and Oil Ring

/ New
4 Piston Ring

Y A15123

A11060

(3) Subtract the piston diameter measurement from the
cylinder bore diameter measurement.

Standard oil clearance:

0.070 - 0.090 mm (0.00276 — 0.00354 in.)

Maximum oil clearance: 0.14 mm (0.0055 in.)
If the oil clearance is greater than maximum, replace all the 4
pistons and rebore all the 4 cylinders. If necessary, replace the
cylinder block.
HINT:
(Use new cylinder block): Use a piston with the same number
mark as the cylinder bore diameter marked on the cylinder
block.

(b) Inspect the piston ring groove clearance.
(1)  No.1 ring:
Install a new No.1 piston ring to the piston. Using a
feeler gauge, measure the clearance between new
piston ring and the wall of the ring groove.
Ring groove clearance (No.1):
0.091 — 0.135 mm (0.00358 - 0.00531 in.)

(2) No.2 and oil ring:
Using a feeler gauge, measure the clearance be-
tween the new piston ring and the wall of the ring
groove.

Ring groove clearance (No.2 and oil ring):

No.2 0.090 —0.130 mm (0.00358 — 0.00512 in.)
ol 0.030 —0.070 mm (0.00118 — 0.00276 in.)
If the clearance is greater than maximum, replace the piston.

(c) Inspect the piston ring end gap.
(1) Insert the piston ring into the cylinder bore.
(2) Using a piston, push the piston ring a little beyond
the bottom of the ring travel, 120 mm (4.72 in.) from
the top of the cylinder block.
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Using a feeler gauge, measure the end gap.

Standard end gap:

%
&

Y ADD46Y

=

/
UL

=

]
ey

PO1035 EMO2E8 200064

Z00065

PO1034 EMO230

No.1 0.27=0.39 mm (0.0106 —0.0154 in.}
No.2 0.47-0.57 mm (0.0185-0.0224 in.)
Qil 0.20 - 0.40 mm (0.0078 - 0.0157 in.)

Maximum end gap:

No.1 0.85 mm (0.0335 in.)
No.2 1.07 mm {0.0421 in )
Qil 0.77 mm {0.0303 in.)

If the end gap is greater than maximum, replace the piston ring.
If the end gap is greater than maximum, even with a new piston
ring, rebore all the 4 cylinders or replace the cylinder block.

Inspect the pistion pin fit.
At 80°C (176°F), you should be able to push the piston

pin into the piston pin hole with your thumb.

Using a rod aligner and feeler gauge, check the connect-

ing rod alignment.

(1)

Check for bend.

Maximum bend:
0.03 mm (0.0012 in.) per 100 mm (3.94 in.)

If bend is greater than maximum, replace the connecting rod as-

sembly.

{2)

Check for twist.

Maximum twist:
0.15 mm (0.0059 in.) per 100 mm (3.94 in.)

If twist is greater than maximum, replace the connecting rod as-

sembly.
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(fy  Using vernier calipers, measure the minimum diameter of
the compressed bolt at the measuring point.
Standard diameter:
8.500 - 8.600 mm (0.3346 - 0.3385 in.)
Minimum diameter: 8.30 mm (0.3268 in.)
If the diameter is less than minimum, replace the connecting rod
bolt.

P11750

(@) Inspect the piston pin oil clearance.
(1) Using caliper gauge, measure the inside diameter
of the connecting rod bushing.
Bushing inside diameter:

Mark A 34.012 - 34.016 mm (1.33905 - 1.33921 in.)
Conrieeting Mark 8 34.016 — 34.020 mm (1.33921 — 1,33937 in.)
Rod Mark C 34.020 - 34,024 mm (1.33937 - 1.33952 in.)

Bushing

EMB175

(2) Using a micrometer, measure the piston pin diame-
ter.
Piston pin diameter:

Mark A 33.996 - 34.000 mm (1.33842 — 1.33858 in.)
Mark B 34.000 - 34.004 mm (1.33858 ~ 1.33874 in.)
Mark C 34.004 - 34.008 mm (1.33874 - 1.33889 in.)

(3) Subtract the piston pin diameter measurement from
the bushing inside diameter measurement.
Standard oil clearance:

[/‘ EMB210

0.012 - 0.020 mm (0.00047 — 0.00079 in.)

Maximum oil clearance: 0.03 mm (0.0012 in.)
If the oil clearance is greater than maximum, replace the bush-
ing. If necessary, replace the piston and piston pin as a set.

10. INSPECT RH AND LH BALANCE SHAFT

(@) Using cylinder gauge, measure the inside diameter of the
balance shaft bearing.
Bearing inside diameter (from front side):

No.1 42.000 - 42,020 mm (1.6535—-1.6543 in.)
No.2 41.000-41.020 mm (1.6142 - 1.6150 in.)
No.3 32.000 - 32,020 mm (1.2598 - 1.2606 in.)

P12876
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(b) Using a micrometer, measure the diameter of the balance
shaft main journals.

Main journal diameter (from front side):

No.1 41.841 - 41.960 mm (16512 -1.65201in.)
No.2 40.931 - 40.950 mm (1.6115-1.61221in.)
No.3 31.941 — 31.960 mm (1.2575 - 1.2583 in.)

(c) Subtract the balance shaft main journal diameter mea-
surement from the balance shaft bearing inside diameter
measurement.

Standard oil clearance:

No.1 0.040 - 0.079 mm (0.0016 ~ 0.0031 in.)
No.2 0.040 - 0.079 mm (0.0016 — 0.0031 in.}
No.3 0.050 ~ 0.089 mm (0.0020 — 0.0035 in.}

Maximum oil clearance:

No. 1 0.18 mm (0.0071 in.)
No.2 0.19 mm (0.0075 in.)
No.3 0.18 mm (0.0071 in.}

If the clearance is greater than maximum, replace the cylinder
block and balance shaft.

11. INSPECT CRANKSHAFT FOR RLUINOUT
(a) Place the crankshaft on V-blocks.
{b) Using a dial indicator, measure the circle runout at the
center journal.
Maximum circle runout: 0.06 mm (0.0024 in.)
If the circle runcut is greater than maximum, replace the crank-
shaft.

12. INSPECT MAIN JOURNALS AND CRANK PINS

(@) Using a micrometer, measure the diameter of each main
journal and crank pin.
Main journal diameter:

Mark 1 £9.994 — 70.000 mm (2.75566 — 2,75580 in.)

Mark 2 £69.988 —69.994 mm (2.75543 - 2.75566 in.)

Mark 3 69.982 — 69.988 mm (2.75519 — 2.75543 in.)

P11734
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Crank pin diameter:

Mark 1 58.994 - 59.000 mm (2.32259 - 2.32283 in.}
Mark 2 58.988 — 58.994 mm (2.32236 — 2.32259 in.)
Mark 3 58,982 — 58.988 mm (2.32212 — 2.32236 in.)

If the diameter is not as specified, check the oil clearance (See
page EM-64). If necessary, grind or replace the crankshaft.
(b) Check each main journal and crank pin for taper and out—

of-round as shown.

Maximum taper and out—-of-round:

0.020 mm (0.0008 in.)

if the taper and out—of-round is greater than maximum, replace
the crankshaft.
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REPLACEMENT
1. REPLACE CONNECTING ROD BUSHING
(@) Using SST and a press, press out the bushing.
SST  09222-67010 (0922206010, 09222—-06030)

(b)  Using a round file, lightly file off any roughness from the
small end of the connecting rod.

(c) Attach the bushing to SST with the ball of SST inside the
oil hole of the bushing.
SST  09222-67010 (09222-06020)

(d) Align the oil holes of a new bushing and the connecting
rod.

(e) Using SST and a press, press in the bushing.
SST 09222-67010 (09222-06010, 09222-06020,
09222-06030)
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EMB516

Piston
Pin

EMB198

P12866

SST

P12867

Cut Positior

(f)  Using a pin hole grinder, hone the bushing to obtain the
standard specified clearance (See page EM-72) be-
tween the bushing and piston pin.

(@) Check the piston pin fit at normal room temperature. Coat
the piston pin with engine oil, and push it into the connect-
ing rod with your thumb.

2. GRIND AND HONE MAIN JOURNALS AND/OR CRANK
PINS

Grind and hone the main journals and/or crank pins to the fin-

ished undersized diameter (See page EM-72).

Install new main journal and/or crankshaft pin undersized bear-

ings.

3. REPLACE CRANKSHAFT REAR OIL SEAL
HINT:
There are 2 methods (A and B) to replace the oil seal which are
as follows.
(a) If the rear oil seal retainer is removed from the cylinder
block:
(1) Using a screwdriver and hammer, tap out the oil
seal.

(2) Using SST and a hammer, tap in a new oil seal until
its surface is flush with the rear oil seal retainer
edge.

SST 09223-15030, 09252-10010

(3) Apply MP grease to the oil seal lip.

(b) Ifthe rear oil seal retainer is installed to the cylinder block:
(1) Using a knife, cut off the oil seal lip.
(2) Using a screwdriver, pry out the oil seal.
NOTICE:
Be careful not to damage the crankshaft. Tape the screw-
driver tip.
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(3) Apply MP grease to a new oil seal lip.

(4) Using SST and a hammer, tap in the oil seal until its
surface is flush with the rear oil seal retainer edge.

SST 09223-15030, 09252—10010
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REASSEMBLY

NOTICE:

«  Wheninstalling, clean up the seal surface of the injec-
tor, injection pipe, fuel inlet pipe, supply pump and
common rail with clean light oil.

« Incase of having the common rail and/or injectors re-
placed, must replace injection pipes, too.

« In case of having the supply pump and/or common
rail replaced, must replace fuel inlet pipe, too.

HINT:

«  Thoroughly clean all parts to be assembled.

. Before installing the parts, apply fresh engine cil to all slid-
ing and rotating surfaces.

+  Repiace all gaskets, O—rings and oil seals with new parts.

1. ASSEMBLE PISTON AND CONNECTING ROD
(@) Install a new snap ring on one side of the piston pin hole.
(b) Gradually heat the piston to 80°C (176 °F).

AN
;\j ADIF05

(c) Coat the piston pin with engine oil.

(d)  Align the front marks of the piston and connecting rod,
and push in the piston pin with your thumb.

(e) Install a new snap ring on the other side of the piston pin
hole.

AD9506

2. INSTALL PISTON RINGS
a) Install the coil by hand.
(b) Install a piston ring expander, install the oil ring.

P11745
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Qil Ring Ends

EMO242

Front
Mark

No.1

A15124

A11063

HINT:
Face the end gap of the oil ring in the opposite direction of coil
joint.

(c) Using a piston ring expander, install the 2 compression
rings with the code mark facing upward.

Code mark:
No.1 NP
No.2 N

(d) Position the piston rings so that the ring ends are as
shown.

NOTICE:

Do not align the ring ends.

3. INSTALL BEARINGS

(@) Align the bearing claw with the groove of the connecting
rod or connecting cap.

{b) Install the bearings in the connecting rod and cornnecting
rod cap.
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4.

INSTALL CYLINDER BLOCK ORIFICE

Install the cylinder block orifice to the cylinder brock.

)

7.

INSTALL OIL NOZZLES AND CHECK VALVES

Align the pin of the oil nozzle with the pin hole of the cylin-
der block.

install the oil nozzle with the check valve. Install the 4 oil
nozzles and check valves.

Torque: 25 N-m (260 kgf-cm, 19 ft.1bf)

INSTALL MAIN BEARINGS
Align the bearing claw with the claw groove of the cylinder
block, and push in the 5 upper bearings.

Align the bearing claw with the claw groove of the main
bearing cap, and push in the 5 lower bearings.
PLACE CRANKSHAFT ON CYLINDER BLOCK

Place the crankshaft on the cylinder brock.

INSTALL UPPER THRUST WASHERS

Push the crankshaft toward the front (rear) side.

install the 2 thrust washers to the No.5 journal position of
the cylinder block with the oil grooves facing outward.
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FP12243
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Mark

9. PLACE MAIN BEARING CAP AND LOWER THRUST
WASHERS ON CYLINDER BLOCK

(@) Instali the 2 thrust washers on the No.5 bearing cap with
the grooves facing outward.

(b) Install the 5 main bearing caps in their proper locations.

HINT:

Each bearing cap has a number and front mark.

10. [INSTALL MAIN BEARING CAP BOLTS

HINT:

+  The main bearing cap bolts are tightened in 2 progressive
steps (steps (b) and (d)).

. If any one of the main bearing cap bolt is broken or de-
formed, replace it.

(a) Apply a light coat of engine oil on the threads and under
the heads of the main bearing cap bolts.

{b) Install and uniformly tighten the 10 bolts of the main bear-
ing caps in several passes, in the sequence shown.
Torque: 50 N-m (510 kgf-cm, 37 ft-1bf)

If any one of the main bearing cap bolts does not meet the

torque specification, replace the main bearing cap bolt.

(c) Mark the front of the main bearing cap bolt with paint.

(1) Retighten the main bearing cap bolts 90 ° in the nu-
merical order shown above.

(2) Check that the painted mark is now at a 90 ° angle
to the front.

(3} Check that the crankshaft turns smoothly.

(4) Check the crankshaft thrust clearance(See page
EM-80).

11. INSTALL PISTON AND CONNECTING ROD AS-
SEMBLIES

Using a piston ring compressor, push the correctly numbered

piston and connecting rod assemblies intoc each cylinder with

the front mark of the piston facing forward.
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12. PLACE CONNECTING ROD CAP ON CONNECTING

Front Mark
(Protrusion) ROD
(a) Match the numbered connecting rod ¢ap with the con-
necting rod.
(b) Install the connecting rod cap with the front mark facing
forward.

P1i782

(c) Install the connecting rod cap bolts.

HINT:

«  The connecting rod bolts are tightened in 2 progressive
steps (steps (b) and (d)).

. If any connecting rod bolt is broken or deformed, replace
it.

Connecting (d) Apply a light of engine oil on the threads and under the

\ HOC{EaP Bolt heads of the connecting rod cap bolts.

rzes| (€)  Install and alternately tighten the bolts of the connecting

rod cap in several passes.

Torque: 35 N-m (357 kgf-cm, 26 ft.1bf)
If any one of the connecting rod bolts does not meet the torque
specification, replace the rod bolt.
(f)  Mark the front of the connecting rod bolt with paint.

(@) Retighen the connecting rod cap bolts 90° as shown .

.~ Painted Mark _ _ "
g(f (h)  Check that the painted mark is now at a 90" angle to the
= front.
. O ;
nt O SN :

g (i)  Check that the crankshaft turns smoothly.
13. CHECK CONNECTING ROD THRUST CLEARANCE
(See step EM-64)
14, INSTALL REAR OIL SEAL RETAINER
(a) Remove any old packing (FIPG) material and be careful
not to drop any oil on the contact surfaces of the retainer

and cylinder block.

« Using a razor blade and gasket scraper, remove all
the old packing (FIPG) material from the gasket sur-
faces and sealing groove.

«  Thoroughly clean all components to remove all the
loose material.

. Using a non—residue solvent, clean both sealing
surfaces.
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(b)

HINT:

Apply seal packing to the retainer as shown in the illustra-
tion.
Seal packing: Part No. 08826--00080 or equivalent
» Install anozzle that has been cutto a2 -3 rmm (0.08
—0.12 in.) opening.

Avoid applying an excessive amount to the surface.

()

. Parts must be assembled within 5 minutes of ap-
plication. Otherwise the material must be removed
and reapplied.

. Immediately remove nozzle from the tube and rein-
stall cap.

Install the retainer with the 5 bolts.
Torque: 13 N-m (133 kgf-cm, 10 ft-1bf)

15. ASSEMBLY RH AND LH BALANCE SHAFTS

(@) Mount the weight of the balance shaft in a vise.

NOTICE:

Be careful not to damage the balance shafts.

(b)  Align the balance shaft knock pin with the knock pin hole
of the balance shaft driven gear, install the thrust washer
and balance shaft driven gear.

(c) Install and torque the bolt.

Torque: 36 N-m (367 kgf-cm, 27 ft.1bf)

16. INSTALL RH AND LH BALANCE SHAFTS

(a}) Instali the RH balance shaft with the 2 bolts.

(b) Install the LH balance shaft with the 2 bolts.

Torque: 13 N-m (133 kgf.cm, 10 ft-Ibf)

17. INSTALL PLUG HOLE

18. INSTALL ENGINE MOUNTING
Torque: 68 N-m (693 kgf-cm, 50 ft-1bf)

19. INSTALL WATER TEMPERATURE SENSOR

20. INSTALL WATER INLET AND THRMOSTAT

(See page CO-13)
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Adhesive
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2T
22,

23.
24.
25.
26.

27.
28.

29.
30.

INSTALL OIL COOLER (See page LU-19)
INSTALL OIL PAN AND TIMING GEAR CASE
(See page LU-12)

INSTALL SUPPLY PUMP (See page FU-18)
INSTALL TIMING GEARS (See page EM-31)
INSTALL WATER PUMP (See page CO-8)
INSTALL ALTERNATOR AND ALTERNATOR BRACK-
ET (See page CO-8)

INSTALL CYLINDER HEAD (See page EM-56)
INSTALL TIMING BELT AND PULLEYS

(See page EM-16)

DISCONNECT ENGINE FROM ENGINE STAND
INSTALL REAR END PLATE

Install the rear end plate with the bolt.

32.

Torque: 8.0 N-m (82 kgf.-cm, 71 in..Ibf)

INSTALL FLYWHEEL (M/T) OR DRIVE PLATE (A/T)
Apply adhesive to 2 or 3 threads of the mounting bolt end.
Adhesive:

Part No. 08833—00070, THREE BOND 1324, or equiva-
lent

Install the flywheel or drive plate on the crankshaft.
Install and uniformly tighten the mounting bolts in several
passes, in the sequence shown.

Torque:

M/T: 145 N-m (1,479 kgf-cm, 107 ft.Ibf)

A/T: 178 N-m (1,820 kgf-cm, 131 ft.1bf)

M/T:

INSTALL CLUTCH COVER AND DISC






