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I D E N T I F I C A T I O N  I N F O R M A T I O N  

ENGINE SERIAL NUMBER 

The engine serial number is stamped on the left sMe of the cylinder 
block. 

G E N E R A L  R E P A I R  I N S T R U C T I O N S  

1 Use fender, seat and floor covers to keep thevehide clcm and 
prwem damage. 

2. Durii disassemMy. keep pans in order to facHitat8 rea?smMy. 

3 Observe the following: 

(a) Before pelforming electrical work, disconnect the negative 
(-) cable from the banery terminal. 

(b) If it IS necessary todisconnecl the banery for inspection or 
repair, always disconnect the cable from the negative (-) 
terminal which is grounded to the vehicle body. 

(c) TO prevent damage to the banery terminal post, loosen the 
terminal nut and raise the cable straight up without twlstlng 
or prylng r 

(d) Clean the baneq terminal posts and caMe terminals with a 
shop rag Do not scrape them with a file or other abrasive 
object 

(e) Install the cable terminal to the banery post with the nut 
loose, and tighten the nut after installation. DO not use a 
hammer to tap the termmal onto the post. 

(0 Be sure the cover for the posiive (+) terminal is propetty in 
place. 

4 Check hose and wiring connectors to make sure that they are 
secure and correct 

5 Non-reusable parts 

(a) Always replace coner pins gaskets. O-rings, oil seals, etc 
with new ones 

(b) Non-reusable pans are indicated in the component illu 
strations by the " r "  symbol. 



I 6 Precoated pans 

Precoated pans are bolts and nuts. etc that are coated wtth a 
seal lock adhesive (arrow) at the factory 

(a) If a precoated pan is retightend, loosened or caused to 
move m any way, it must be recoated wlth the spec##& ad- 
hesw 

(b) Recoatlng of Precoated Pans 

(3) Apply the speclied seal lock adhesive to the part's 
threads 

#wm,e 

(c) Precoated pans are indicated in the component illustrations 
by the 'f symbol 

(1) Clean ofl the old adhesive from the part's threads 

7 When necessaty, use a sealer on gaskets to prevent leaks 

(2) Dry wtth compressed air 

8 Carefully observe all speckations for bolt torques Always use 
a torque wrench 

9 Use of s~eclal  servtce tools EST) and s~eciai  servlce ma 
t ~ r  a F (SSM may oe reqwed oeoend ng on the natue of the 
repa r Bt! sure tu ~ s e  SST an0 SSM wnere specd w and folow 
tnr proper nor" procwJre For a st of SST see SST cataoq-e 
A llst of SSM can be found at page IX 

10 When replacing fuses, be sure the new fuse IS the correct ampe- 
rage DO NOT exceed the ratmg or use one of a lower ratlng 

11 Care must be taken when lacklng up and supponlng the vehicle 
Be sure to llfl and support the vehicle at the proper locations 

(a) If the vehlcle 1s to be jacked up only at the f r o n f a r  end 
be sure to block the wheels in order to ensure safety 

(b) After the vehtcle 1s jacked up, be sure to supporl tt on 
stands it 1s exfremely dangerous to do any work on the ve- 
hlcle raised on a jack alone, even for a small job that can be 

12 Observe thefollow~ng precautions to avoid damagtng the parts 

(a) Be careful not to drop electrical components, such as sen- 
sors or relays If they are dropped on a hard floor. they 
should be replaced and not reused 



When separating electrical connectors. pull on the con- 
nector itself (2). not the wires (1). 

When disconnecting vacuum hoses, pull on the end of the 
hose (4). not the mlddle (3). 

When steam cleaning an engme, protect the distributor, 
coll, alr filter, and injection pump from water 

Never use an mpact wrench to remove or ~nstail tempera- 
ture swltches or temperature sensors 

When checking continuity at the wire connector, insert the 
tester probe carefully to prevent termlnals from bend~ng. 

When .smq a vatu-m g u g e  never force the nose onto a 
C~nnectol that IS 100 arqe Jss a nepdown adaptor n 
steao Once tne nose has oeen stretchw 1 may ea* 

13 Tag hoses before disconnecting them 

la When dnscannectmq vat-urn hoses Jse tags to 8dentQ 
no# lnsy shot. o be reconnectw 

( 1 )  VTV for TP. whie side 

(2) VTV for TP. black sde 

(b) After completing a lob. double check that the vacuum hoses 
are properly connected A label under the hood shows the 
proper layout 

R E M O V E  A N D  F I T  E N G I N E  

in the workshop the englne can be removed wlth an overhead crane When replacing the englne, tlghten the bolts se- 
curing the englne mountlnqs, obsewlna the toraue values ilsted in the table on oaoe VII The toroue values for the , > - - -  - - -  - 
Dolls oerween enq ne an0 o r  de ne are hstM n tne ae'lur on Clulcrl an0 Gear Box No other spec a1 prucew-res 
nee1 to oe oosened For tnal reason no speca ~nstrxtrms for r e m o ~ m j  m a  fltt ng tneengfnears n c l ~ d ~  





S T A N D A R D  B O L T  T O R Q U E  S P E C I F I C A T I O N S  

HOW TO DETERMINE BOLT STRENGTH 

Class 

Hexagon 
head bolt 

1 0 N O m r k  1 4T 

hexagon bolt 

Hexagon 
head bolt 

1 """'lt 1 0 izudlng 1 6T 
wlwasher 
hexagon bolt 

1 
Stud b l t  

Welded bolt 

Mark 



SPECIFIED TORQUE FOR STANDARD BOLTS 

Class 

4T 

5T 

6T 

7 r  

Pitch 
n m  Hexagon C 

Nm 

Specified torque 

lead bolt 

7 
Hexagon flange 
Nm 



S S M  ( S P E C I A L  S E R V I C E  M A T E R I A L S )  

I Part Name I part NO 1 ~ s e e t c  I 
I AMV 188 200 03 Cylinder head cover I 

Fiywhed or drive plate mount bolt 1 Oil pump body cover 

1 Sealant / DO00600 I Oil pressure switch or sender gauge I 



E N G I N E  M E C H A N I C A L  

SPECIFICATIONS 

Engine tune-up r Coolant (wilh Heater) 
Engme oil capaclly 

Drain and refill wkh 011 filter change 
wnhom Oil Rlter change 

Dry fill 
Alternator drive belt 

Deflection New hen 
Used belt 

Tension (Reference) New belt 
Used belt 

Injection noule opening pressure 
New nozzle 
Reused noule 

Valve clearance Intake 
Exhaust 

New valve adjusting shim thickness 

Injection timing 
Plunger stroke 

Idle speed 

Aor Condnloner ~dle-up senlng speed 
Inlectlon order 

5.9 laen 
5.0 Mers 
6 4 lifers 

151 - 159bBr 
145 - 155 bar 
0 20 - 0.30 mm. 
040-050mm 
2 50 mm 
2 55 mm 
2Mlmm 
2 65 mm 
2 70 mm 
2.75 mm 
2.80 mm 
2 85 mm 
2.90 mm 
2 95 mm 
3 00 mm 
3 05 mm 
310mm 
3.15 mm 
3 20 mm 
3 25 mm 
3.30 mm 

0.54-Offimm 
700 rpm 

950 rpm 
1 - 3 - 4 - 2 ( A - B - C - D )  



at 250 rpm Standard 
Limn 

Difference of pressure behveen each cylinder 

Warp umil 
Valve seat Refacing angle 

Conctacting angle 
Contacting width 

Cylinder head bolt outer dlameter Standard 
umn 

Cylinder head gasket thickness Mark B 
Mark D 
Mark F 

inside diameter 
Outside d~ameter Standard 

Oversized 0 05 

Valve overall length 

Valve face angle 
Stem diameter 

Stem oll clearance 

Margin thickness 

Free length 
Yellow painted mark 
Blue painted mark 

installed tenscon at 37 0 mm 
Squareness 

Standard lntake 
Exhaust 

Llmit lntake 
Exhaust 

lntake 
Exhaust 

Standard lntake 
Exhaust 

Limn lntake 
Exhaust 

Standard lntake 
Exhaust 

Llmlt lntake 
Exhaust 

Limn 

Lifter diameter 
Cylinder head liner bore diameter 
011 clearance Standard 

Limit 

Warp Limit 

32 0 or more 
20 0 
5 0 or less 

0.20 mm 
20'. 45'. 75' 
45" 
1 8 - 2.2 rnm 
11 800 - 12.000 mrn 
11.60 mm 
1.40 - I .SO mm 
1.50-1.60rnm 
1.60 - 1.70 mm 

103 29 - 103 69 mm 
103 14 - 10354mm 
102.79 mm 
10264 mm 
44.5' 
7 975 - 7 990 mrn 
7.960 - 7 975 rnm 
0.020 - 0 055 mm 
0035-0070mm 
0 08 mm 
OtOmm 
16mm 
17mm 
1 lOmm 
1.2mm 



SPECIFICATIONS (Cont'd) 

Combustion 
Chamber 

Idler pulley 
IenSlOn sprlng 

Cylmder block 

Plston and 
ptslon rlng 

Thrust clearance Standard 

Journal oll clearance 
Llmlt 
Standard 
Llmil 

Journal diameter Standard NO. 1 
Others 

Undersize0 I25 No 1 
Others 

Undersize 0.250 No 1 

Clrcle runout 
Others 
Llmit 

Cam lobe height Standard Intake 
Exhaust 

Limit intake 
Exhaust 

Protrusion 

Shlm thickness 

Free length 
Installed load at 52 1 mm 

Cylinder head surface warpage Limit 
Cyllnder bore dlameter 

Standard Mark 1 
Mark 2 
Mark 3 

Llmlt Standard 
Oversized 0 50 

Mark 1 
Mark 2 
Mark 3 
Oversized 0 50 

Plston oil clearance Standard 
Llmlt 

Piston ring groove clearance NO 1 
NO 2 

Mlnus 0 03 - 
Plus 0 03 mm 
0 03 mm 
0 06 mm 



SPECIFICATIONS (Cont'd) 

Connening rod 

Crankshafl 

Thmst clearance Stan, 
Limil 

Connecting rod oil clearance 
Standard Standard 

Undersize 0.25. Undel 
LimR 

Connenlng rod bearing center wall thickness 
(Reference) Standard Mark 

Mafl 
Mad 

Rod bending Limit per 100 mm 
Twst Limit per 100 mm 
Connening rod bolt oufer diamter Stan' 

Llmit 
Bush inside diameter 
Piston pin diameter 
Pmton pln 011 clearance Standard 

Llmlt 0 05 mm 

Thrust clearance Standard 
Limn 

Thrust washer thickness Standard 
Oversized 0 125 
Oversized 0.250 

Maln iournal 0 1  clearance 
Standard Standard 

Undersized 0.25, Undersized 0.5C 
Limn 

Main journal diameter Standard 
UndersireO.25 
Undersize 0.50 

Main bearing center wall thickness 
(Reference) Standard Mark 1 

Mark 2 
Mark 3 

Crank pln d~ameter Standard 
Understze 0 25 
Underslze 0 50 

Circle runout Llmlt 
Main journal taper and out-of-round Llmit 
Crank pin taper and out-of-round Limn 



TORQUE SPECIFICATIONS 

Pail tlqhtened 

No 2 idler oullev - Cvllnder block 
n ectton pump a r  ve'pu~ley - nlectlan pun 
Camshall Inm ng p. ley Camsnall 
ho 1 d er p~lley boll . Cy nder bock 

Crankshah pulley - Crankshaft 
Glow plug - Cyllnder head 
Glow plug connector - Glow plug 
CamshafI oil seal retainer - Cylinder head 
Cylinder head - Cylinder block 

No 1 Cylinder head cover - Cylinder head 
Right-hand engine hanger - Cyllnder head 
Exhaust manlfold -Cylinder head 
Intake manifold -Cylinder head 
Leh-hand hanger - Cylinder head 
Water outlet housing - Cylinder head 
No 2 timlng belt cover - Cylinder head 
Ma~n bear~ng cap - Cylinder head 
Connecting rod cap - Connecting rod 

Rear oil seal retalner - Cyltnder head 
Rear end plate - Cylinder head 
Flywheel - Crankshah 
Drive plate - Crankshafl 

12 mm head boil 
14 mm head bolt 

I67 
13 
10 
18 
78 
90' turns 
90' turns 
5 0 
37 
52 
24 
37 
19 
18 
103 
54 
90D turns 
13 
12 
123 
98 



T R O U B L E S H O O T I N G  

D I E S E L  E N G I N E  D I A G N O S I S  

GENERAL 

1 Diesel engine problems are usually caused by the engine or fuel system The injection pump is very rarely the cause 
of fuel system problems 

2 Before beginn~ng fuel system tests, first check that the englne compression, valve timing and other major systems 
are wlthln soecif~cat~on 

PRELIMINARY CHECKS 

1 Before performing fuel system checks, ensure that the engine is in good running condnion. If necessav, flrst check 
the compression. timlng and major components or systems 

2 Check the au f~lter, and clean or replace 1 necessary 

3 Check that there IS sufficient fuel in the tank 

4 Check B the fuel is contaminated with gasollne or other fare~gn elements Only good-quality d~esel fuel should be 
used 

5 Bleed air from the system by pumping the priming (hand) pump 30 - 40 times 

6 Check for water In the fuel fllter and fuel tank. and draln as necessary 

7 if the englne wd not crank or I % cranks slowly, flrst troubleshoot the electrical system 



PRECAUTION: 

1 The basic troubleshooting procedures for the diesel engine (valve clearance, compression, bearings, valves. pistons. 
etc ) are the same checks you would make for gasoline engine 

2 Repair of the Injection pump requires consider skill and use of a special test bench 

ENGINE WILL NOT CRANK 

Check alternator output and drlve ben. 
Repalr as necessary (See page 1st) 

(Possible Cause) (Check Procedure and Correction Mehod) 

Check for banery vonage at starter terminals 30 
and 50 
If okay, see manual ELECTRICAL SYSTEM for repair 
procedure 

1. Loose or corroded 
baliery cables 

ENGINE CRANKS SLOWLY-WILL NOT START 

Minlmum crank~ng speed Cold 100 rpm 
Hot 150 rpm 

Check cables from banery to starter and make 
necessary repairs 

(Possible Cause) (Check Procedure and Correction Method) 

Check cables from banery to staner and make 
necessary repairs 

2. Discharged bllnery Check altermtor output and drlve M t .  

3. Improper engine oil Check engine 011 
if improper viscosity, drain and refill with oil of 
VISCOSI~Y recommended by manufacturer 
(See oaoe 1271 



ENGINE CRANKS NORMALLY BUT WILL NOT START 

2. No fuel cut solenoid 
operation 

(Possible Cause) (Check Procedure and Conenion Method) 

With starter swltch turned ON, check for fuel cut off 
solenoid operation noise (clicking sound) while 
repeatedly connecting and disconnecting fuei cut off 
Solenold 
If no nose, check if there is I2 V to solenoid 
when starter swltch is ON 
If 12 V is confirmed, solenoid is faulty and should 
be replaced If not 12 V, refer to DIESEL ELECTRICAL 
SYSTEM DIAGNOSIS and make necessary repalrs 

1. NO fuel to  noale Loosen any one injection pipe unlon nut from Its 
nozzle holder. 
Crank engm for about 5 seconds while confirming 
that fuel IS being discharged from pipe. 
if fuel is comlng om, begin diagnosis from item 4 
If not, begin from item 2. 

fuel pump 
Hmt When feeding fuel tank directly into pump. 
keep container at same level as vehlcle fuel tank 
If engine starts, elther fuel fllter or llne between fuel 
tank and fllter e clogged and should be repalred 
a~~otdln(llv 

3. NO fuel imo 
iniection pump 

- - -  

If engine still does not start (no fuel intake). 
check fuei ifne between fmer and pump 
It normal, pump is faulty and should be replaced 

Disconnect inlet hosesfrom fuel filter, and feed 
clean fuel from separate container dlrectly into 

5. ~au i ty  glow plug 
operation 

Wlth starter swltch turned ON an glow plug 
mdlcator itght illuminated. check that 6 V 1s applied 
to glow plug 
If not, refer to DIESEL ELECTRICAL SYSTEM 
DIAGNOSIS and repalr as necessary. 

Check glow plug for continuily 
If no continuity, a broken wire is indicated and 
glow plug should be replaced 



ENGINE CRANKS NORMALLY BUT WILL NOT START (Cont'd) 

(Possible Cause) (Check Procedure and Correction MMhod) 

adjusted 
Hmt If crankshaft pulley is off more than 10". 
it could indicate a jumped timing belt 

Check tlmer piston stroke and fast idle iever 
opening angle with an injection pump tester when 
cold starl advance is ooerated. 

Check injection pressure wiih a noule tester 
(See page 102) 
Openlng pressure. 1.45 - 155 bar 
I1 not as above, nozzle adjustment is improper and 
pressure should be readjusted 
If pressure cannot be adjusted to specification. 
replace mlectlon nozzle 

ROUGH IDLE WITH WARM ENGINE 

(Possible Cause) (Check Procedure and Correction Method) 

With accelerator pedal released, check that 
adjusting iwer is in contact wlth ldle speed 
adjusting screw. Also check if accelerator cable or 
linkage e catching on somethmg 
If necessary adlust so iever is in contact wlth 
screw, or make other reoulred reoairs. 

be rough 
If not as above, adjust wlth idle speed adjusting screw 

-- 
2. Idle speed too low 

3 Fuel leakage ---- -1 Checr for leads at ~ectton pump connect ons, p ~ m p  
o str#o.t#on neso bolts. 8n ectnon noule an0 dclwev I 

Check idle speed (See page 25) 
Idle speed 700 rpm 
Hlnt If less than standard, idling would normally 



ROUGH IDLE WlTH WARM ENGINE (Cont'd) 

5. lmproper operation 
of injection non les  
or delivery valves 

(Possible Cause) (Check Procedure and Correction Method) 

ENGINE SUDDENLY STOPS 

(Possible Cause) 

4. Improper Injection 
timmg 

With englne idling, loosen injection plpe to each 
cylinder ~n order, and check if idle speed changes. 
If no change, a faulty cylinder is indicated. 
Check according to following procedure. 
0 Faulty lnjection noule 
Check mjectlon noule wilh a noule tester. 
(See page 102) 
Opening pressure: 145 - 155 bar 
If not as above, nouie adjustment is improper and 
pressure should be readjusted. 
if pressure cannot be adjusted to specification. 
replace lniectlon noule 

Faulty delivew valve 
If injection pressure s as specified, dellvery valve 
is defective and should be replaced 

Refer to step 7 of ENGINE CRANKS NORMALLY 
BUT WILL NOT START, above. 

(Check Procedure and Correction Method) 

Check to see if engine re-starts according to 
prescribed procedure 
if not, refer to ENGINE CRANKS NORMALLY BUT 
WlLL NOT START, above, and repair as necessary. 

Refer to  ROUGH IDLE WlTH WARM ENGINE and 
repair accordlngly 

Refer to step 3 of ENGINE CRANKS NORMALLY 
BUT WiLL NOT START, above 

- Refer to ENGINE CRANKS NORMALLY BUT WlLL 
NOT START, above, and check accordlngly 
Hint No operallon noise from fuel cut off solenoid 
may be due to loose electrical connectlons. so 
check connectors before proceeding with further 
repars. 



LACK OF POWER 

Hint. 
0 First check that the air cleaner is not clogged or the engine overheating. 

Not applicable if the customer desires an output power htgher than specified for that vehicle For accuracy, adjust 
Wlth a chass~s dynamo 

(Possible Cause) (Check Procedure and Correction Method) 

With accelerator fully depressed, check that 
adjusting lever is in contact w~ th  maxlmum speed 
adlustina screw Also check if accelerator cable or . * 

omqc s catch ng on someln ng 
If nPccssan/ adlust so eder son contact w In  screw 
or nwho other reqdred repaws I 

2. Insufficient 
maximum speed 

Refer to step 3 of ROUGH WITH WARM 
ENGINE J 

Check maximum speed. (See page 25) 
Maximum speed 5.150 rpm 

3. Interchanged 
Overflow screw 
(out) and mlet (no 
mark) fining 

If not as above, adjust with maximum speed 
adjust~ng screw 

Hlnt Overflow screw is marked 'OUT and has 
a inner Jet Although both finings are same size, 
they must not be lnterchanged 



LACK OF POWER (Cont'd) 

(Possible Cause) (Check Procedure and Correction Method) 

Hint When feeding fuel directly Into pump, keep 
container at same level as vehicle fuel tank 
If englne condnion Improves, fuel filter is clogged 
and should be replaced. (See page 95) 
If no increase I" engine condition after replacing 
fuel filter, check priming pump (hand pump) or 
oerform other necessary repain. 

Refer to step 7 of ENGINE CRANKS NORMALLY 
BUT WlLL NOT START I 
Refer to step 9 of ENGINE CRANKS NORMALLY 
BUT WlLL NOT START 

EXCESSIVE EXHAUST SMOKE 

Hunt 
Check that the air cleaner is not clogged 

Check with the customer whether or not 1 consumption has been excessive 

(Possible Cause) (Check Procedure and Correction Method) 

1. Improper injection Refer to step 7 of ENGINE CRANKS NORMALLY 
BUT WlLL NOT START 
Hlnt Black smoke lndicates advanced timlng while 
whlte smoke lndlcates retarded tlming Adjustments 
should be produce accordingly -- 

2. Clogged fuel filter -- Refer to step 5 of LACK OF POWER 
Hint At h~gh speed (2,000 - 3.000 rpm). a clogged 
f~iter tends to produce exhaust smoke whne 

Refer to step 9 of ENGINE CRANKS NORMALLY 
BUT WlLL NOT START. 
Hint- Excessive exhaust smoke is often caused by 

I nozzle ~ressure beino too low 1 



EXCESSIVE FUEL CONSUMPTION 

Hint. Check whether clutch slipping. brakes grabbing, tires wrong size or air filter clogged. 

(Possible Cause) (Check Procedure and Conectlon Method) 

Refer to step 3 of ROUGH IDLE WITH WARM ENGINE. 

2. Idle speed too high - 

4. Improper injection Refer to step 7 of ENGINE CRANKS NORMALLY 
timing BUT WILL NOT START. 

Atler sufficiently warning up engine, check Idle 
speed (See page 25) 
ldle speed 700 rpm 
If not as above, adlust with idle speed adjusting 
screw 

3. Maximum speed too 
high 

Refer to step 9 of ENGINE CRANKS NORMALLY 
BUT WlLL NOT START 

Check maximum speed (See page 25) 
Maxmium speed' 5.i50 rpm 
If not as above, adjust with maximum speed 
adlusung screw 



ENGINE NOISE WHEN WARM (CRANKING NOISE WlTH EXCESSIVE VIBRATION) 

(Possible Cause) (Check Procedure and Correction Method) 

I I If not sufficiently warm, thermostat is faulty and 1 

1. Engine coolant 
temperature too low 

I should be redaced I 

Check coolant temperature with coolant temperature 
gauge 1 

Refer to step 7 of ENGINE CRANKS NORMALLY 
BUT WlLL NOT START I 

ENGINE WlLL NOT RETURN TO IDLE 

3. Faulty injection 
nozzles 

(Possible Cause) (Cheek Procedure and Correction Method) 

Refer to step 9 of ENGINE CRANKS NORMALLY 
BUT WILL NOT START. 

ENGINE WlLL NOT SHUT OFF WlTH KEY 

Binding accelerator 
cable 

(Possible Cause) (Check Procedure and Correction Method) 

Operate adjustmg lever on top of iniect~on pump, 
and check I engine returns to Idle (See page 25) 
if so, accelerator cable is brndlng or improperly 
adjusted and should be repalred accordingly 
If eng~nedoes not return to idle, inlectlon pump 1s ~ 
faulty and should be replaced 

I I If so, staner switch is faulty and should be repaired 

Improper fuel cut 
solenoid operation 

as necessary or replaced 
It engme does not stop, either fuel cut solenold is 
faulty or there is interference by forelgn panicles 
Reoalr as necessaw I 

Disconnect connector of fuel cut solenold, and check I 
if engine stops 



D I E S E L  E L E C T R I C A L  S Y S T E M  D I A G N O S I S  

ENGINE DOES NOT START COLD 

Hmt . Banery voltage at least 12 V - starter swltch OFF . Englne chranks normally 

Fuslble link okay . Check the voltage marked wnh an asterlsk (') lust as the starter swlch IS placed at ON because the voltage will 
change 

I Fuse OK 

I I 

Replace bulb 

Bulb OK 

Check for battery voltage to terminal 3 of pre- 
heating timer connector (on wire harness side) 
If okay. pre-heat~ng timer is faulty and should be 

I 1 replaced 1 

Check that there is 1 V or less to terminal 9 
If okay, tlmer IS faulty and should be replaced 

Check rf voltage to termmal Stan englne and checWlf there is a voltage at 
1 of pre-heatlng tamer 1s termma1 9 of pre-heating timer 
term~nated alter englne 1s If faulty, repalr chargtng system as necessary 
started I i  okay, llmer is faulty and should be replaced 

Staner sw~tch OFF 

I CONTINUED ON PAGE I 6  
Pre-Heating T i m e  - 



CONTINUED FROM PAGE 15 

termlnal 5 of tlmer 0s ~n 
accordance wlth coolant 
temperature 

Currem Row 
16 - 26 secs 
below 50 'C 
Approxmately 1 7 secs 
above 50 'C 

OK 
t I I 

No Voltage Timer is faulty and should be replaced. 

I 
Glow plug okay 

Alter completion of pre- 
heahng. check for voltage 
at termlnal5 agaln when 
Staner swltch 6 placed at 
START 

I I 

Voltage 

NO Voltage 

Staner swttch OFF 
P 

' Place staner swltch at ON 
and check for voltage to glow 
plug a few seconds later 
Thereafler, voltage 
should drop about 112 
Hlnt Check wnh water 
temp at 50 'C or below 

OK 

Voltage 
If okay, replace the resistor. 

remalns at 
banery 
voltage. or 

I 
falls to 0 V 

lnfrnity 
Glow plug Is faulty and should be replaced 

NO Voltage 
- 

at ALL 

Check for baneryvoltage at negatwe (-) side of 
glow plug reslstor 
If no voltage. No 1, glow plug relay Is faulty and 
should be replaced 



2. Fuel Cut Off Solenoid 

I 
Check fuse Check for short circuit and repa~r as necessaly 

With starter switch turned ON, 

Check wire harness from fuse to fuel cut off 
solenoid 

check for fuel cut off solenoid 

/ No Noise 

Noise I 

i 
I Replace fuel cut off solenoid I 

Fuel cut off Solenoid okay. 

operation nalse (clcklng sound) 
whtle repeatedly connecting and 
disconnect~ng fuel cut off solenoid 

NO Norse 



E N G I N E  T U N E - U P  

INSPECTION OF ENGINE COOIANT 
(See steps 1 and 2 on page 11 7) 

INSPECTION OF ENGINE OIL 
(See steps 1 and 2 on page 126) 

INSPECTION OF BATTERY 
(See manual ELECTRICAL SYSTEM) 

Standard specific gravity. 
1 25 - 1 27 when fully charged at 20% 

INSPECTION OF AIR FILTER 

I. lnspen air filter 

Visually check that the element IS not excess~vely dirty, damage 
or ally 

2. Clean air filter 

Clean the element with compressed air 

Flrst blow from the Inside thoroughly Then blow off the outside 
of the element 

INSPECTION OF ALTERNATOR DRIVE BELT 
(See manual ELECTRICAL SYSTEM) 

Drlve belt ddectlon 
New belt 7 - 10 mm 
Used belt 10 - 15 mm 

Drive belt tension (Reference) 
New belt 45 - 55 kg 
Used belt 20 - 35 kg 

INSPECTION OF GLOW PLUGS 
(See page 147) 

INSPECTION OF INJECTION NOZZLES 
(See page lo?) 

Opening pressure 
New nozzle 151 - 159 bar 
Reused nozzle 145 - 155 bar 



ADJUSTMENT OF VALVE CLEARANCE 

Him: Adjust the valve clearance while the engine is cold. 

1. Remove cyllnder head cover 
(See step 13 an page 45) 

Set NO. 1 cylinder to  top dead centrelcompresaion 

(a) Turn the crankshaft pulley clockwise, and align t s  groove 
with the timing polnter. 

(b) Check that the valve liners on the No. 1 cylinder are lwse 
and valve linen on the No. 4 cylinder are tight. 

If not, turn the crankshaft one revolution (3607 and allgn the 
mark as above. 

Adiust valve clearance 

(a) Check only those valves indicated in the figure 
(1) No. 1 EX (3) No. 2 IN 
(2) No. 1 IN (4) No 3 EX 

0 Using a feeler gauge, measure the clearance between 
the valve liner and camshan. 

Record the valve clearance measurements which are 
out of speclficatlon They wrll be used later to deter 
mlne the requlred replacement adlustmg shlrn 

Valve clearance (Cold) 
Intake 0.20 - 0.30 mrn 
Exhaust 0 40 - 0 50 mm 

Turn the crankshaft one revolution (3M)'). and allgn the 
mark as above (See procedure step 3). 

Check only thevalves indicated in the figure 
(5)  NO 2 EX (7) No. 4 EX 
(6) NO 3 IN (8) No. 4 IN 

Measure the valve clearance . 
(See procedure step (a)) 

Remove the adjusting shim 

Turn the crankshan to position the cam lobe of the 
camshaw on the adjusting valve upward 

Using SST, press down the valve IRer. 

Him Before pressing down the valve liner, position the notch the 
exhaust manifold side. 



magnetic ~nge; 
Remove the adiustlns sh~m w~th  small screwdriver and 

Determ~ne the replacement adjusting shlm size following 
Formula or Charts . Uslng a micrometer, measure the thickness of the 

shim which was removed 

Calculate the thickness of a new shim so the vaive 
clearance comes within specified value 

T . . Th~ckness of used shim 
A Measured vaive clearance 
N Thckness of new shim 

intake N = T + (A - 0 25 mm) 
Exhaust N = T + (A - 0 45 mm) . Se ecl a new snlm mlh a Ih CmeSS as c OSP as PO? 

blow 10 me ca C. a!- va des 

Hint Shlms are available in seventeen sizes of 0 05 mm, from 
250mmto330mm 

(f) Install a new adlustlng shim . Place a new adpstlng shlm on the valve leer 

Remove SST (B) 

SST 09248 64010 

(g) Recheck the vaive clearance 

4 Retnstaii cyimder head cover 
(See step 4 on page 63) 



A D J U S T I N G  S H I M  S E L E C T I O N  U S I N G  
C H A R T  

INTAKE 

(A) Measured clearance 

(B) lnsfalled shlm thickness 

New shim thickness mm 

Intakevalve clearance (Cold). 
0 20 - 0.30 mm 

Example: The 2.800 mm shim is installed and the measured dearan- 
ce is 0 350 mm Replace the 2.800 mm shim with a No 21 shim 



A D J U S T I N G  S H I M  S E L E C T I O N  U S I N G  
C H A R T  

EXHAUST 

Exampe Tne 7 800 mm sh m s mstalled and Ine measJrea clearan 
ce s o  350 mm Repacethe 7 800 mm shm wnn a ho l l snlm 



ADJUSTMENT OF INJECTION TIMING 

1. Install SST and dial indicator 

(a) Remove the plug bolt (1) from the distributive head plug of 
the lnject~on pump 

(b) Install SST (plunger stroke measuring tool) and a dial indi- 
cator to the plug bolt hole of distributtve head plug 

SST 09275 54010 

2. Set No. 1 or No. 4 cylinder to 25' or more before top dead 
centerlcompression 

Turn the crankshan pulley c l o c ~ l s e  so the pulley groove Is 25' 
Or more from the timmg pointer 

3. Release automatic cold start device advance 

(a) Using a screwdriver, turn the cold stanlng lever counter- 
clockwse approx 20" 

(b) Put a metal plate (2) (thckness of 8 5 - 10 mm) between the 
cold stanlng lever and thermo wax plunger 

4. Adjust injection timing 

(a) Set the dial indlcator at 0 mm 

(b) Recheck to see that the dial indlcator remalns at 0 mm whlle 
sllghtly rotating the crankshafl pulley clockwse and coun- 
terclockwlse 

ic, S o d y  rotate tnp cranKshatl pul ey c oclrwtse "ntd p. ley 
qrooke IS a rgneo w th In*, urn nq pomter 

(d) Measure the plunger stroke 

Plunger stroke 0 54 - 0 66 mm 



(e) Loosen the following bolts and nuts 

(1) Four un~on nuts of injection pipes at injection pump 
side 

(2) Two bdts holding injectlon pump to injection pump 
stay 

(3 Two nuts holding injectlon pump to timing belt case 

(fl Adjust plunger stroke by slightly tilting the injectlon pump 
body 

if the stroke is less than specified, tin the pump toward the 
engme 

If the stroke IS greater than specified, tilt the pump away 
from the engine 

(g) T~ghten the following bolts and nuts 

(1) Two nuts holding injechon pump to timing belt case 

Torque 21 Nrn 

0 Recheck the plunger stroke 

(2) Two bolts holdlng injection pump to injectlon pump 
stay 

Torque 18 Nm 

(3) Four unlon nuts of mjectton pipes 

Torque 25 Nm 

5. Remove metal plate 

6. Remove SST and dial indicator 

(a) Remove SST and the dial indicator 

SST 09275-54010 

(b) Install a new gasket and the plug bolt of the dlstrlbutiie 
head plug 

Torque 17 Nm 

7. SInR engine and check for leaks 



A D J U S T M E N T  OF I D L E  S P E E D  A N D  
M A X I M U M  S P E E D  

1. lnl ial condlions 

(a) Engine at reach normal operating temperature 

(b) Air cleaner installed 

(c) All accessories switched OFF 

(d) All vacuum lines properly connected 

(e) Valve clearance set correctly 

(q Injection timing set correctly 

2. Conned tachornetel 

3. Adiust idle speed 

(a) Check that the adlustlng lever townes tne ndle spem ad 
.stmg screw (1) when the accelerator peda s reeasw 

If not, adjust the accelerator linkage. 

(b) Start the engine. 

(c) Check the idle speed 

Idle speed 700 rpm 

(dl Adjust the idle speed. 

Disconnect the accelerator linkage . Loosen the lock nuf of the idle speed adjusting 
screw (2). 

Adjust the idle speed by turning the IDLE SPEED AD 
JUSTING SCREW . Securely tighten the lock nut, and recheck the idle 
speed 

Reconnect the accelerator linkage 

Atler adjustment, adjust the accelerator llnkage 

4. Adjust maximum speed 

(a) Check that theadjusting lever touches the maximum speed 
adjusting screw (3) when the accelerator pedal is depressed 
all the way. 

If not, adlust the accelerator linkage 

(b) Start the engine. 

(c) Depress the accelerator pedal all the way 

(d) Check the maximum speed 

Maximum speed- 5.150 rpm 



(e) Adjust the maxlmum speed 

D~sconnect the accelerator llnkage . Cut out the seal wire of the maxlmum speed adlusting 
screw (I) 

Loosen the lock nut of the maxlmum speed adjusting 
screw 

Adjust the rnaxlmum speed by turntng the MAXIMUM 
SPEED ADJUSTING SCREW (1) 

I * ~ M ~ ~ ~ s  I Hlnt Adjust at Idle speed Then raise englne speed and recheck 
the rnmmurn speed 

Securely tghten the lock nut . Recheck the maxlmum speed 

Reconnect the accelerator Ihnkage 

Afler adjustment adjust the accelerator lhnkage 

Seal the maxlmum speed adlustlng screw wnh a new 
seal wre (2) 





C O M P R E S S I O N  C H E C K  

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

1. Warm up  and stop engine 

Allow the engine to reach normal operating temperature 

2. Disconnect injection pump (fuel cut solenoid) connector 

3. Remove glow pluga (See step 3 on  page 30) 

I 1 4. Check cylinder compression pressure 

(a) install SST (attachment) to the glow plug hole 

SST 0999240024 (0999240121) or V A  G 1381 and Adapter 
1381111 

(b) Connect SST (compression gauge) to SST (attachment) 

SST 0999200024 (09992-00121) or V A G 1381 and Adapter 
1381111 

(c) Fully open the throttle valve 

(d) Whlle cranking the engtne, measure the compresslon pres 
sure 

Hlnt Always use a fully charged battery to obtam englne rev0 
lutlon of 250 rpm or more 

(e) Repeat steps (a) through (d) for each cyl~nder 

Notice Thls measurement must be done in as shon a tlme as 
possible 

Compress!on pressure 32 0 or more 

Minimum pressure 20 0 

Dltference beween each cylinder 5 0 or less 

(1) If tne cylmder compresson I" one or more cyllnaers s ou. 
polr a smal, amounl of cngme o lnro In r  Cylondrr thro-qn 
In? qlow p .g nole ano repeat steps (a) tnro..qn tal lor 1w 
cylmder wnh low compresslon 

It a m  nq o!l helps the rampresslon chances are that 
Ihe p ston rmgs an0 or cy rider bore arr worn or aa 
maged 

If pressure stays low, a valve may be sticklng or seat- 
mg ~mproperly, or there may be leakage past the 
gasket 

5. Reinstall glow plugs 
(See step 12 on page 40) 

6. Reconnect injection pump (fuel cut solenoid) connector 



T I M I N G  B E L T  

Hint: If replacement the timing belt before the timing beit 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. 

COMPONENTS 

(1) Crankshaft Pulley (9) Camschaft Timing Pulley 
(2) Timing Pointer Grommet (10) Set Key 
(3) NO 2 Tlming Belt Cover (1 1) Glow plug contact mil 
(4) Gasket (12) Glow Plug 
(5) Timing Belt (13) Tension Spring 
(6) Tlmlng Belt Guide (14) Injection Pump Drive Pulley 
(7) Crankshaft Timing Pulley (15) No 1 Idler Pulley 
(8) NO 2 ldler Pulley 



REMOVAL OF TIMING BELT 

1. Remove alternator drive belts 

2. Remove water pump pulley 
(See steps 2 and 3 on page 119) 

3. Remove glow plugs 

(a) Remove the four nuts holdlng the glow plug contact rall to 
the glow plugs 

(b) Remove the nut holding the glow plug contact rall l o  the 
mtake manifold 

(c) Remove the two heat Insulators and glow plug contact rall 

(d) Using a 12 mm deep socket wrench (1). remove thefour 
glow plugs 

4. Remove crankshsn pulley 

(a) Usmg SST, remove the pulley bolt 

SST 09213-54015 (91651.60855) and 09330-00021 

(b) Using SST, remove the pulley 

SST 0921360017 (0921340060) 



Remove No. 1 timing belt cover 

Remove the eleven bolts, washers, riming belt cover, two gas- 
kets and grommet (for timing pointer). 

Remove timing belt guide 

Set No. 1 cylinder to  top d a d  center/compression 

(a) Ls ng the crankzhaft pulley bolt allgn ns groove wnn tne 
tmng polnter oy lurn ng tne crankshaft p.lley clocW se 

(b) Check that timing marks of the camshaft timing pulley and 
NO 2 timmg belt cover are ailgned 

If not, turn the crankshaft one revolution (3EQ0) 

Remove timing bell 

Hml I re us ng tne ttmmg belt oraw a olrect#on arror on the 
I rn ng be l ( n dlrectmn d eng ne revolut on) an0 place rnatcn 
marks on the pulleys and timlng belt. 

(a) Loosen the No. 1 idler pulley bolt ( I ) ,  and shift left as tar as 
It will go 

(b) Temporarily tighten the pulley bolt (I),  and then reiteve the 
timing belt tenston 



(c) Remove the timing bell 

9. Remove No. 1 idler pulley 

(a) Remove the two bolts (1 and 2). 

(b) Loosen the bolt (3). and remove it, the idler pulley and ten- 
slon spring 

lo. Remove camshafl timing pulley 

(a) Usmg SST, remove the pulley bolt 

SST 09278-54012 

(b) Using SST, remove the timing pulley Remove the set key 

SST 09213-60017 (09213-00060) 

11. Remove injection pump drive pulley 

(a) Using SST, remove the pulley bolt 

SST 09213-54015 (9165160855) and 0933040021 



(b) Using SST, remove thedrive pulley. 

SST 09213€0017 (0921300060) 

12. Remove No. 2 idler pulley 

Remove the boll, idler pulley and spacer 

13. Remove crankshan timing pulley 

Using SST, remove the liming pulley. 

SST 0921360017 (09213-000501 



INSPECTION OF TIMING BELT COMPONENTS 

1. Inspect timing bell 

Notlce . DO not bend, twist or turn the timing belt inside out 

DO not allow the timlng belt to come into contact wlth oil. 
water or steam. . DO not utilize timing belt tension when installing or re- 
moving the mount bolt of the camshaft timlng pulley 

If there are any defects as shown in thefigures, check the 
following polnts 

(a) Premature paning 

Check for proper installation . Check the timing cover gasket for damage and proper 
(nstailation 

(b) If the belt teeth are cracked or damaged, check to see if 
ellher the camshafils locket 

(c) If there are cracks or noticeable wear on the belt face. 
check to seed there are nicks on the slde of the idler pulley 
lock and water pump. 

(0) f there swear or oamaqe on only one slde of Ine belt 
cneck tne oe I g ~ l o e  an0 the a gnment of 1ne eacn pJlley 



(e) if there is noticeable wear on the belt teeth, check liming 
cover for damage and check for correct gasket installation. 
Check for foreign material on the pulley teeth 

If necessary, replace the tlming belt 

Inspect idler pulleys 

Check the turning smoothness of the idler pulley. If necessary. 
replace the idler pulley. 

(a) No. 1 idler pulley 

(b) No 2 Idler pulley 

Inspect tension spring 

(a) Measure the free length of the tension sprlng (1) 

Free length (1). 44 4 - 45.4 mm 

If the free length IS not as specBed, replace the tension spring 

(b) Measure the tension of the tension spring at the specified 
installed length 

Installed tension: 59 Nm at 52.1 mm 

if the installed tension is not as specified, replace the tension 
spring. 



Install crankshan timing pulley 

(a) Al~gn the pulley set key with the key groove of the timing 
pulley 

(b) Using SST and a hammer, tap in the timing pulley, faclng 
the flange side Inward. 

SST 09223-4601 1 

lnstall No. 2 idler pulley 

(a) Install the spacer and ldler pulley with the bolt Torque the 
bolt 

Torwe 33 Nm 

Install Injection pump drive pulley 

(a) Ahgn the pulley set key with the key groove of the drwe 
pulley 

(b) Sitde the drive pulley, faclng the timing mark (or Range side) 
outward 

(c) Usmg SST, install and torque the bolt 

SST09213-54015 (91651M1855) and 0933000021 

Torque 64 Nm 

Notice DO not use an Impact wrench 

Install camshan timing pulley 

(a) Install the set key to the key groove of the camshan 

(b) Altgn the pulley set key with the key groove of the timing 
pulley 

(c) Slide the tlm~ng pulley, faclng the tlmtng mark outward 

(d) Using SST. Install and torque the bolt 

SST 09278-54012 

Torque. 98 Nm 

Temporarily install No. 1 idler pulley and tension spring 

Hint 
The bolt lengthsfor bolt types (1). (2). and (3) shown in the 
illustration are' 

(1) 76.5 mm 
(2) 42.9 mm Color: Yellow 
(3) 41.3 mm Color: Silver . Bolt (3) IS combined with the idler pulley 



(a) lnstall the idler pulley wnh the three bolts Torque the Wo 
bolts (1 and 2) 

Torque 19Nm 

(b) Install the tension spring 

(c) Pry the bracket of the idler pulley toward the left as far as fi 
wlll go and tighten the bolt (3) 

(d) Check that the idler pulley moves smoothly 

6. Set No. 1 cyllndw to top dead centrelcompression 

Set the tmng and drive pulleys at each position 

Notlce 
The engine should be cold 

When turnlng the crankshaft or camshaft, thevalve heads 
wlll hi against the piston top so do not turn them move than 
necessary 

7. Install t h i n g  belt 

Hint: If re-using the timing belt, align the points marked during 
removal, and install the timing belt wlth the arrow pointing In the 
direction of engine revolution. 

(a) Remove any oil or water from each pulleys, and keep them 
clean 

(b) Install the timing belt on the crankshaft timing and No. 1 
idler pulleys. 



(c) Usmg SST, slightly turn the injection pump drive pulley 
clockv4se Hang the timing belt on the drive pulley, and 
align the timing marks of the dive pulley and tlmtng belt 
case 

SST 09278-54012 

(d) Check that the timing belt has tension between the crank- 
shaft tlmrng and lnlectlon pump drlve pulleys 

I 

(e) Using SST, sllghtly turn the camshah tlmmg pulley clock 
wtse Hang the timlng belt on the tlmlng pulley, and allgn 
the ttmmg marks of the timing pulley and tlmlng belt case 

SST 09278-54012 

(1) Check that the tlmlng belt has tension between the in~ectlon 
pump drive and camshah timlng pulleys 

8. Check valve timing 

(a) Loosen the No 1 ldler pulley bolt (1). and stretch the tlmlng 
belt 

(b) Turn the crankshaft pulley four revolutions from top dead 
centre to top dead centre 

Hint. Always turn the crankshah clockwise 



(c) Check that each pulley aligns with the timing marks as 
shown in the flgure 

If the marks do not align, remove the timlng belt and reinstall 1 

(d) Torque the No. 1 idler pulley bolt (1). 

Torque: 44 Nm 

9. Install timing belt guide 

Install the belt guide, facmg the cup side outward 

10. Install NO. 1 timing belt cover 

(a) Install the two gaskets and grommet to the timing belt cover 

(b) Install the t~mlng belt cover with the eleven bolts 

11. Instail crankshan pulley 

(a) Ailgn the pulley set key with the key groove of the pulley. 

(b) Using SST, tap in the pulley 

SST 0922363010 



(c) Using SST, install and torque the bolt 

SST 09213-54015 (91651.60855) and 09330-00021 

Torque. 167 Nm 
i 

12. lnotall glow plugs 

(a) Using a 12 mm deep socket wrench ( I ) ,  install and torque 
the four glow plugs 

Torque 13 Nrn 

(b) Place the laver heat insulator M the intake manbid 

(c) Place the glow plug connector on the glow plugs and lower 
heat insulator 

(d) Install the upper heat insulator with the plate washer and 
nut 

(e) lnsrail the fife nuts holding the glow plugs to the glow plug 
connector 

Torque 1 Nm 

13. Install waer pump pulley 
(See steps 4 and 5 on page 121) 

14. Install alternator drive beiis 
Adlust the dnve belt (See manual ELECTRICAL SYSTEM) 





C Y L I N D E R  H E A D  

COMPONENTS 



Oil Filler Cap 
Gasket 
Cylinder Head Cover 
Engine breather (PVC)-hose 
Gasket 
Heat Insulator 
Exhaust Manifold 
Gasket 
Camshaft Bearing Cap 
Camshaft Bearing 
Camshaft 
Adjusting Shim 
Valve L i e r  
Keeper 
Sprlng Retainer 
Valve Spring 
Spnng Seat 
0 1  Seal 
Valve Guide Bush 
Valve 
Rrght-hand Engine Hanger 
Cylinder Head 
Cylinder Head Gasket 
Gasket 
Intake Manifold 
Water Outlet and Outlet Housing Assembly 
Gasket 
Left-hand Enoine Hanaer 
No 2 ~irntng%elt cover 
Oil Seal 
Camshan Oil Seal Retainer 
Gasket 

+ Non-reusable pan 



REMOVAL OF CYLINDER HEAD 
(See page 42) 

Drain englne coolam (See page 117) 

Remove timing bell 
(See steps 1 to 8 on pages 29 to 32) 

Remove camshaft timing pulley 
(See step 10 on page 32) 

Remove injection pipes 
(See step 2 on page 100) 

Remove injection nozzles 
(See steps 3 and 4 on page 101) 

Engine breather (PVC)-hose 

7. Remove No. 2 timing belt cover 

Remove the four baits and belt cover 

8. Remove water outlet and outlet housing assembly 

(a) D~sconnect the by-pass hose from the thermo wax of the In- 
jectlon pump 

(b) Remove the four bolts, the water outiet, outlet housing as 
sembiy and gasket 

9. Remove left-hand englne mounting 

10. Remove Intake manifold 

Remove the six bolts. two nuts, intake manifold and gasket 



11. Remove exhaual manifold 

(a) Remove the four boks and heat insulator. 

(b) Remove the six bolts, two nuts, two plate washers, exhaust 
manlold and gasket. 

12. Remove rigm-hand engine mourning 

13. Remove cylinder head covw 

Remove the elght bolts, two nuis. cginder head cover and 
gasket. 

14. Remove cylindw head 

(a) Uniformly loosen and remove the eighteen cylinder head 
bolts in several passes In the sequence shown 

Notice Head warp or cracking could resun from removing bolts 
in mcorrect order. 



(b) LR the cyllnder head from the dowels on the cylmder block 
and place the head on wooden blocks on a bench 

t h t  If the cyllnder head 15 dfkult to I. off pry w!th a s c w  
dnver beween the cyimder hedd and block 

Not~ce Be careful not to damage the cyllnder head and cyltnder 
block surfaces of cyllnder head gasket slde 

DISASSEMBLY OF CYLINDER HEAD 
(See page 42) 

1. Remove ~(lmshafl oil seal retainer 

Remove the four bolts, retainer and gasket. 

2. Remove camshsfl 

(a) Set the key groove of the camshafl (2) faclng upward (1) by 
turnlng the camshaft with a wrench 

(b) Uniformly loosen and remove the ten beanng cap bolts m 
several passes in the sequence shown 

(c) Remove the five beartng caps and camshan 

(d) Remove the ten bearings from the bearing caps and cy- 
linder head 

1 1 Hint Arrange the bearing caps and bearings in correct order 

(3) Upper 

0 0 8 0. (4) Lower 



Hint Arrange the valve lifters and shims in correct order 

(A) Inlet 
(8) Exhaust 

4. Remove valves 

(a) using SST, compress the valve spring and remove the two 

SST 09202-43013 

(b) Removethe spring retainer, valve spring, valve and spring 

Hint Arrange the valves, valve springs, spring seats and spring 
retamers in correct order 

I , I (c) Using nesdle-nose pliers remove the oil seal 



INSPECTION, CLEANING AND REPAIR OF CYLINDER HEAD 
COMPONENTS 

1. Clean top 01 pistons and top of block 

(a) Turn the cmnkshafl and bring each piston to top dead 
centre. Using a gasket scraper, remove all the carbon from 
the piston top. 

(b) Remove all the gasket material from the top of the cyl~nder 
block 

(c) Using compressed air, blow carbon and 011 from the bolt 
h n h  

I 1 2. Remove gaskel material 
I Ilt 

Using a gasket scraper, remove all the gasket materlal from the 
manlfold and cyimder head surface 

Notice Be careful not scratch the surfaces 

Cautiow Protect your eyes when using hlgh pressure alr 

3. Clean valve guide bush 

Using a valve guide bush brush and solvent, clean all the gulde 

sw55a3 

4. Clean cylinder heads 

U m g  a soft brush and solvent thoroughly clean cyllnder heads 



5. Inspect cylinder head for flatness 

JSmg a precwon slratqnt edge and th ckmess gaLge measure 
me s.rtaces contaclmq the cy now olocr man folos lor AdrP 

Maxlmum warp 0 20 mm 

If warp is greater than maximum, replace the cyltnder head 

6. Inspect cylinder head for cracks 

usmg a dye penetrant, check the make and exhaust pons, head 
surface and the top of the head for cracks 

If cracket replace the cyllnder head 

7. Clean valves 

(a) Uslng a gasket scraper, chip any carbon from the valve 
head 

(b) Using a wire brush, thoroughly clean the valve 

8. Inspect valve stems and guide bush 

(a) Usmg a callper gauge, measure the lnslde dsameter r'thp 
guide bush 

Bush mside diameter 8 010 - 8 030 mrn 



(b) Using a micrometer, meE 
Stem 

Valve stem diameter. 
Intake 7 975 - 7 99C 
Exhaust 7 9M1 - 7 975 

(c) Subtract the valve stem r 
gulde bush inslde diamet 

Standard oil clearance. 
Intake 0 020 - 0 055 
Exhaust 0 035 - 0.070 

MaYlmum o l  clearance. 
Intake 0 08 mm 
Exhaust 0 l o  mm 

If the clearance is greater that 
gude bush 

9. If necessary, replace valve ! 

(a) Uslng SST and a hammet 

SST 09201 -M)Oll 

(b) Using a caliper gauge, m, 
the cyllnder head 

(c) Select a new guide bush ( 

If the bush bore diameter of th 
13 025 mm, mach~ne the bush 

Rebored cylinder head bush b 
13054-13075mm 

If the bush bore dlameter of th 
13 075 mm, replace the cyllnd 



(d) Using SST and a hammer, tap in a new guide bush to where 
there is 10 8 - 11.2 mm protrudmg from the cylinder head 

SST 09201 6001 1 

(e) Using a sharp 8 mm reamer, ream the guide bush to obtain 
the standard specified clearance (See page 50) between the 
guide bush and vaive stem 

inspect and grind valves 

(a) Grind the vaive enough to remove plts and carbon 

(b) Check that the wive is ground to the correct vaive face 
angle 

Valve face angle. 44 5' 

(c) Check the valve head margin thickness (1) 

Standard margin thickness 
intake 1 6 mm 
Exhaust 1 7 mrn 

Mmmum margln thickness: 
intake t 1 mm 
Exhaust 1 2 mm 

if the margln thickness (1) is less than mintmum, replace the vaive 

(d) Check the vaive overall iength (2) 

Standard overall length 
Intake 103 29 - 103 69 mm 
Exhaust 103 14 - 103 54 mm 

Minimum overall length 
intake 102 79 mm 
Exhaust 102 64 mm 

If the overall iength (2) 15 less than minimum. replace the valve 



(e) Check the surface of the valve stemp tip for wear. 

If the valve stem tip is worn, resurface the tip wlth a grinder or 
replace the valve. 

Notice Do not grind off more than the minlmum overall length 

1 1. lnspea and clean valve seats 

(a) Uslng a 45" carblde cutter, resurface the valve seats Re- 
move only enough metal to clean the seats 

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

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

If blue appears 36Varound the face, the valve Is 
concentm If not, replace the valve . If blue appears 3W' around the valve seat, the gucde 
and face are concentrtc If not, resurface the seat . Check that the seat contact 1s on the middle of the 
valve face with the following width (1) 

If not, correct thevalve seats as follows 

(1) If the seating 15 too high on the valve face, use 20' 
and 45' cuners to correct the seat 



(2) If the seatlng rs too low on the valve face use 75' 
and 45' cutters to correct the seat 

(d) Hand lap thevalve and valve seat wfih an abraslve cam 
pound 

(e) Aner hand lapplng clean the valve and valve seat 

12. Inspect valve springs 

(a) Usmg a steel square, measure the squareness of the valve 
spring (1). 

Maximum squareness 2 0 mm 

If squareness (1) is greater than maximum, replace the valve 
sprlng 

(b) Using calipers, measure the free length of the valve sprlng 

(2) Palnted mark 

Free length 
Yellow painted mark 46 20 mm 
Blue painted mark 49.14 mm 

If the free length is not as specified, replace the valve sprlng 

-- - - 

(c) Using a spring tester, measure the tenslon of the valve 
spring at the specified installed length 

Installed tenston 301 - 332 N at 370  rnm 

If the Installed tension is not as specified, replace thevalve 
spring 



Inspect camshalts and bearings 

Inspect camshan for runout 

(a) Place the camshafi on V blocks 

(b) Uslng a dlal Ind~cator, measure the clrcle runout at the 
centre lournal 

Max~mum clrcle runout 0 10 mm 

If the clrcle runout IS greater than maxlmum, replace the cam 
shaft 

Inspect cam lobes 

Uslng a micrometer, measure the cam lobe height 

Standard cam lobe height 
intake 53 850 - 53 870 mm 
Exhaust 54 990 - 55 010 mm 

Minimum cam lobe helght 
Intake 53 35 mm 
Exhaust 54 49 mm 

If the cam lobe height is greater than maxmum. replace the 
camshafi 

C lnspen camshan lournals 

U m g  a micrometer measure the lournal dlameler 

Journal dlameter 
Standard No 1 34 969 34 985 mm 

Others 27 969 27 985 mm 

Undersm 0 125 No 1 34 844 34 860 mm 
Others 27 844 27 860 mm 

Underslze 0 250 No 1 34 729 34 735 mm 
Others 27 719 27 735 mm 

If the journal dlameter IS no1 as speclfled check the 011 clearance 





Inspect earnshaft thrust clearance 

(a) Install the camshafts 
(See step 3 on page 59) 

(b) Using a dial indicator, measure the thrust clearance while 
movlng the camshaft back and foiih 

Standard thrust clearance' 0 080 - 0 280 mm 
Maximum thrust clearance- 0 35 mm 

If the thrust clearance Is greater than maximum, replace the 
NO 1 beanngs. If necessary, replace the camshaft 

lnspect valve lifters and lifter bores 

(a) Using a caliper gauge, measure the lifter bore dlameter of 
the cylinder head 

Lifter bore diameter 40 960 - 40 980 mm 

(b) Usmg a mlcrometer. measure the lifter dlameter 

Llfter diameter 40 892 - 40 902 mm 

(c) Subtract the lifter diameter measurement from the lifter bore 
diameter measurement 

Standard oil clearance 0 058 - 0 088 mm 
Max~mum oll clearance 0 10 mm 

If the o l  clearance is greater than maximum, replace the ItRer 
If necessary, replace the cylmder head 

15. lnspect intake and exhaust manifolds 

Usmg a preclslon straight edge and feeler gauge, measure the 
surface contacting the cylmder head for warp 

Maximum warp 0 40 mm 

If warp IS greater than maximum, replace the manifold 

16. Inspect cylinder head bolts 

Usmg calipers, measure the outer d~ameter of the compressed 
thread (2) at pant (1) 

Standard outer dlameter 11 800 - 12 000 mm 
M!n!mum outer diameter 11 60 mm 

If the outer diameter is less than minimum. replace the bolt 



REPLACEMENT OF CAMSHAFT OIL SEAL 

Hint There are two methads (A and B) to replace the oil seal as 
follows 

REPLACE CAMSHAFT OIL SEAL 

A. If camshan oil seal retainer is removed trom cylinder head: 

(a) Uslng a screwdr~er and hammer, tap out the oil seal 

(b) Using SST and a hammer, tap in a new o ~ l  seal unt~l its sur- 
face 1s Rush with the oil seal retalner edge 

SST 09223 4601 1 

(c) Apply MP grease to the otl seal lip. 

4 I 8. If camshan oil seal retainer is installed to the cylinder head: 

(a) Using a knle, cut off the oil seal lip. 

(b) Using a screwdriver, pry out the oil seal 

Not~ce Be careful not to damage the camshaft Tape the 
screwdriver tip 

I \ 
EMW,. 

(c) Apply mUItIpurpo~e grease to a new o l  seal Ilp 

(d) Uslng SST and a hammer tap In the od seal untlls rs  sur 
face e Rush wlth the oil seal retamer edge 

SST 092234601 1 



ASSEMBLY OF CYLINDER HEAD 
(See page 42) 

Hint 
Thoroughly clean all parts to be assembled. . Before installing the parts, apply new engine oil to all sliding 
and rotating surfaces . Replace all gaskets and oil seals with new ones 

1. Install valves 

(a) install the following patfs 

(1) Oil seal 

(2) Valve 

(3) Spring seat 

(4) Valve spring 

(5) Sprlng retalner 

(b) Using SST, compress the valve sprlng and place the Wo 
keepers around the valve stem 

SST 09202-43013 

(c) Usmg a plastic-faced hammer, ilghtly tap the vaive stem llp 
to assure proper fit. 

2. Install valve lifters and shims 

Check the valve liner rotates smoothly by hand 



3. Install camshafts 

Hint. Dlfferem the bearing are used for the No 1 and others 

(1) No. t 
(2) Others 

(a) Install the ten bearings to the bearing caps and cylindet 
head 

01) Place the camshaft on the cylinder head, fmng the key 
groove (4) upward (3) 

(c) Install the five bearing caps in their proper locations 

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

(e) Install and uniformly tighten the ten bearing cap bolts care- 
fully In the sequence shown 

Torque 25 Nm 



4. AdjuJt vslve clearance (See page 19) 

Valve clearance (Cold) 
intake 0 20 - 0 30 mm 
Exhaust 0 40 - 0 50 mm 

5. Install Camshafl oil seal retainer 

install a new gasket and the retainerwith the four bolts 

Torque 18Nm 

INSTALLATION OF CYLINDER HEAD 
(See page 42) 

1. Check piston protrusion and select cylinder head gasket 

A. Check protrusions of No. 1 and No. 4 pistons 

(a) Align thetiming marks of the crankshafl timing pulley and 
tlmlng belt case 

(b) Place a dial indicator on the cylinder block, and set the dlal 
lndlcator needle on the piston measuring point 

(c) Find where the piston head protrudes most by slowly turn 
ing the crankshafl clockwise and counterclockwise 



(d) Set the dial Indicator at 0 mm 

(e) Measure the piston protrusion from the cylinder block by 
slldlng the dial indicator. 

Protrusion: 0 68 - 0 97 mm 

Him. For each plston, measure the plston protrusion at two 
measuring points. 

When rernovlng pfston and connectrng r r d  assemb yl 
If tnc pratrus on IS not as spec I w remove tne piston and con- 
necting rod assembly (See page 68) and reinstall 11 (See 

8. Check protrusions of No. 2 and No. 3 pistons 

(a) Turn the crankshall 112 of a revolution (180') 

(b) Measure the piston protrusions 
(See procedure steps A (b) to (e)) 

C. Select new cylinder head gasket 

Hint There are three sizes of new cylinder head gasket 
elgher ' 0 ' .  "D' or 'P, or lndlcated by a cutout mark 

(1) Mark 0.  D orF 
(2) Cutout mark 

Arrow tndlcates front 

Plston protrusion 
mm 

New cyllnder head gasket thickness 
Mark 0 1 40 - 1 50 rnm 
MarkD 150-1M)mrn 
Mark F 1.M) - 1 70 rnrn 

Gasket sfze When selecting a new cylinder head gasket, use the largest 
value from the elght measurements made d the plston pro- 
truslon 

marked 



2. Set No. 1 cylinder to  top dead centrelcompre! 

Hint Set the No 1 cyfmder to top dead centreluc 
avoid interference wnh tne piston top and valve t 

(a) (Chamshan Posimn) 
Set the camshan by turnlng the hexagonal v, 
the key groove (2) upward (1) 

(b) (Crankshan Posit~on) 
Using the crankshaft pulley bolt, align the tln 
the tlmlng pulley timing belt case by turnlng 

3. Install cylinder head 

A. Place cylinder head on cylinder block 

(a) Place a new cylmder head gasket In posmor 
block 

Notice Be careful of the ~nstallat~on dtrectlon 

(b) Place the cylinder head ~n paslt~on an the cy 
gasket 

8. Install cylinder head bolts 

Hmt 
The cylinder head bolts are tightened in three 
steps 

II any d boils break or dlston, replace them 

(a) Apply a kght coat of englneo~l an the thread 
heads of the cylhnder head bolts 

(b) Rrst, Install and uniformly tighten the elghlet 
bolts carefully in the sequence shown 

Torque 78 Nrn 

Hint The bolt lenghts for boll types (A) and (8) s 
~llustratlon are 

(A) 107 mm 
(0) 127 mm 

If any one of the bolts does not meet the torque : 
redace the bolt 



(d) 2nd retlghten the cylmder head bolts 90" ~n the numerlcal 
order shown 

(e) 3rd retlghten cyllnder head bolts by an addltlonal 90- 

(1) Check that the painted mark (3) 1s now facing rearward 

," , 

I I 4. Install cvlinder head cover 

(a) Apply seal packlng (4) to the cylmder heads as shown !n the 
flgure 

Seal packlng Pa* No AMV 188 200 03 

. _\i 
I -  - \ 

.*, ,* > 

I I (b) Install the gasket to the cyfmder head cover 

(c) Install the cylinder head cover with the eight bolts 
""IS 

Torque' 5 Nm 

i and fwo 

'I 6 Install exhaust rnanllold - i (a) Install a new gasket and the exhaust manlfold w!ih the SIX 

, - bolts and two nuts 

Torque 52 Nm 

5. Install right-hand engine mounting 

, . Torque' 37 Nm 



(b) Install the heat Insulator with the four bolts. 

Install lrnake manifold 

(a) Install a new gasket to thecylinder head. w i ~ r u s m n  
upward (1) 

(b) Install a new gasket and the ~ntake man~fold wlfh the S M  
bolts and two nuts 

Torque 24 Nm 

8. Install lefl-hand engine mourning 

Torque 37 Nm 

9. Install water outlet and outlet housing assembly 

(a) Install a new gasket. the water outlerand outlet housmg 
assembly wnh the four bolts 

Torque 19 Nm 

(b) Connect the by-pass hose to the thermo wax of the Inlet- 
tion pump 

10. Install No. 2 timing beH cover 

Install the timing belt cover with the four bolts 

Torque, 18 Nm 



11. Install engine breather (PVC)-hose 

12. Install injection noales 
(See steps 1 and 2 on page 107) 

13. Install injection pipes 
(See step 3 on page 107) 

14. Install camshafl timing pulley 
(See step 4 on page 36) 

15. Install timing beil 
(See steps 6 to 14 on pages 37 to 40) 

16. Fill with engine coolant (See page 117) 

17. StaR engine and check for leaks 

18. Recheck engine coolam level and oil level 



C Y L I N D E R  B L O C K  

COMPONENTS 



P~ston Ring (No 1 Compression) 
Piston Ring (No. 2 Compression) 
Plston Ring (Oil Ring and Coil) 
Pwon 
Piston Pin 
Snap Ring 
Connectmg Rod Bush 
Connecring Rod 
Connecting Rod Bearing 
Connectmg Rod Cap 
Crankshaft Front 0 1  Seal 
011 Pump (Tlmlng Belt Case) 
Gasket 
Cyllnder Block 
Gasket 
Rear Oil Seal Retamer 
Crankshaft Rear 011 Seal 
Dust Cover 
Rear End Plate 
Flywheel 
Crankshaft 
Main Bear~ng 
Crankshaft Thrust Washer 
Man Bearing Cap 

+ Non.reusable pan 



PREPARATION FOR DISASSEMBLY 

1. Remove clutch cover and disc 

2. Remove flywheel 

3. Remove rear end plate 
Remove the Wo bolls, end plate and dust cover 

4. Install engine to engine stand lor disassembly 

5. Remove alternator 

6. Remove liming bell and pulleys 
(See page 29) 

7. Remove cylinder head (See page 44) 

8. Remove injection pump (See page 110) 

9. Remove water pump (See page 119) 

lo. Remove oil pan and oil pump 
(See page 130) 

11. Remove oil cooler (See page 138) 



DISASSEMBLY OF CYLINDER BLOCK 
(See page 66) 

1 Remove rear oil aeal retainer 

Remove the four bolts retalner and gasket 

2 Check connecting rod thrua clearance 

Usmg a dlal lndlcator measure the thrust clearance whlle 
m w q t h e  connectlng r o d  back and fonh 

Standard thruR clearance 0 080 0 300 mm 
Maxlmum thrust clearance 0 35 mm 

If the thrust clearance Is greater than maximum replace the con 
nectlng rod assembly If necessary replace the crankshan 

3 Remove connecting rod caps and check oil clearace 

(a) Uslng a punch place the machmarks on the connectlng 
rod and cap to ensure correct reassembly 

(b) Remove the connectlng rod cap nuts 

(c) Usmg a plastlc faced hammer llghtly tap the connectlng 
rcd bolts and lfl ofl the connectlng rod cap 

Hlnt Keep the lower bearing Inserted In the connectlng cap 



(d) Cover the connectlng rod bolts wlth a shon plece of hose to 
protect the crankshaft from damage 

(e) Clean crank pm and bearlng 

(f) Check thecrank pln and bearing for plnlng and scratches 

If the crank pin or bearing are damaged, replace the bearlngs 
If necessary, grind or replace the crankshail 

(g) Place a strlp of Plastlgage (1) across the crank pln 

(h) Install the connectmg rod cap 
(See step 7 on page 89) 

Torque 1st 54 Nm 
2nd 9l)'turns 

Hlnt Do not rotate the crankshat 

(I) Remove the connectlng rod cap 

(j) Measure the Plastigage at widest polnt 

Standard oil clearance 
Standard 0 036 - 0 064 
Undersue 0 25 and Undersize 0 50 0 023 - 0 073 

Maximum o l  clearance 0 10 mm 

If the 011 clearance IS greater than maulmum, replace the bear 
mgs If necessary. grind or replace the crankshaft 



Hint If using a standard bearing, replace with one havlng the 
same number marked on the connecting rod cap There are 
three slzes of standard beanngs, marked "1". "2' and " 3  accord- 
' m y  1 (Reference) ( l ) M a k 1 2 o r 3  

Standard w e d  bear~ng centre wall th~ckness 
Mah"1' 1 478 1482 mm 
Mark'P" 1 482 - 1 488 mm 
Mark " 3  1 486 - 1 490 mm 

\ -4 

Hint 
I . Keep the bearings. connec;lng rod and cap together . Arrange the plston and connectlng rod assemblies I" cor- 

rect order 

(k) Completely remove the Plast~gag~ 

- + 

1 1  2 3 4 1  

I 
cM5,aa 

5 Check crankshan thrust clearance pi Uslng a dlal lndlcator measure the thrust clearance whlle prylng 
the crankshaft back and foiih wlth a screwdrrver 

Standard thrust clearance 0 040 0 250 mm 
Maximum thrust clearance 0 30 mm 

If the thrust clearance IS greater than rnaxlmvm replace the 

& thrust washers as a set 

Thrust washer thickness 
E U W , ~  Standard 2 430 2 480 rnm 

Oversued 0 125 2 493 2 543 mm 
I Overstzed 0 250 2 555 2 605 mm 

4 Remove plston and connecttng rod assembhes 

(a) Remove the all carbon from the plstor, rlng rldge 

(b) Cover the cannectlng rod bolts 
(See page 70) 

(C) Push the plston Connectmg rod assembly and upper bear 
~ n g  through the top of the cylmder block 

I , . ,  ? 

6 Remove main bearing caps and check 011 clearance 

(a) Remove the ten main bearlrlg cap bolts 



(hl Jslng Ine removed man bearlng cap oo8ts. ply tne man 
bear nq cap bark ana fonh. an0 remove the man oearlng 
cam lower mam Dearlngs and owe, thrust wasners (No 3 
maln bearing cap only) 

Hint 
Keep the lower main bearlng and main bearing cap to- 
gether 

Arrange the main bear~ng caps and lower thrust washers In 
correct order 

(c) Lfl oUf the crankshafi 

Hlnt Keep the upper maln bearings and upper thrust washers 
together wlth the cylinder block 

(d) Clean each maln journal and bearlng 

(e) Check each main lournal and bearing for pmlng and 
scratches 

If the puma1 or bearing are damaged. replace the heartngs If 
necessary g m d  or replace the crankshan 

(1) Place the crankshan onthe cylinder block 

(g) Place a strip of Plastigage (1) across each journal 

(h) Install the main bearlng caps 
(See step 5 on page 88) 

Torque 103 Nm 

Hint Do not rotate the crankshatl 



(i) Remove the main bearing caps 

0) Measure the Plastigage at its wldest point 

Standard clearance. 
Standard 0034-0065mm 
Underslze 0 25 and Undersize 0 50 0 033 0 079 mm 

Maximum clearance. 0.10 mm 

If the oil clearance is greater than maximum. replace the bear- 
mgs If necessary. grind or replace the crankshaft 

Hint. If usmg a standard beanng, replace with one havlng the 
same number marked on the lower rlght rear of the cyllnder 
block There are three sizes of standard bearings, market '1 ', ' 2 '  

and " 3  accordmgly 

(1) Mark 1, 2 o r3  
(2) Bearing No 
Arrow mdlcatesfront 

(Reference) 
Standard sized bearing centre wall thickness 

Mark ' I '  1 979 - 1 903 mm 
Mark '7' 1 983 - 1 987 mm 
Mark ' 3  1 987 - 1991 mm 

(k) Completely remove the Plastigage 

7. Remove crankshan 

(a) Lin out the crankshatt 

(b) Remove the upper main bearings and upper thrust washers 
from cyllnder block 

H m  Arrange the man bearing caps. bearings and thrust 
washers In correct order 

(A) Upper bearlng cups 
(6) Lower bearlng cups 

8. Remove check valves and oil nozzles 
(See page 141) 



h' 1 INSPECTION OF CYLINDER BLOCK 

3. Inspect top of cylinder block for flatness 

Using a precision stratght edge and feeler gauge. measure the 
Surfaces contacttng the cyllnder head gasket for warp 

Maximum warp 0 20 mrn 

If warp 1s greater than maximum, replace the cylinder black 

\ 

4. Inspect cylinder for verlical scratches 

Vlsuaily check the cylinder for vertoal scratches 

If deep scratches are present. rebore all four cylinders If neces 
sary replace the cyl~nder black 

1. Remove gasket material 

USlng a gasket scraper, remove all the gasket material from the 
cyllnder block surface 

2. Clean cylinder block 

Using a son brush and solvent, clean the cylinder block 

(2) I 5. Inspect cylinder bore diameter 

(1) Mark 1.2 or 3 
(2) Cyl~nder No 

Arrow indmtes front 



Using a cylinder gauge, measure the cyllnder bore dlameter at 
positions A. Band C ~n the thrust and axial directions 

(1) Thrust Direction 
(2) Axla1 D~rectlon 
(3) Mlddle 

Arrow Indicates front 

Standard d~ameter 
Standard Mark "1 ' 92 000 - 92 010 mm 
Standard Mark '2' 92 010 - 92 020 mm 
Standard Mark '3' 92 020 92 030 mm 

Maxlmum diameter 
Standard 92 23 mrn 
Overslze 0 50 92 73 mm 

If the dbameter is greater than marlmum, rebare all four cyhn 
ders If necessary, replace thecyl~nder block 

6. Remove burrs in cylinder surface 

If the wear is less than 0,2 mm, grlndlng of the cyilnder wlll not 
be necessary However, a ridge below the piston r:ng at the top 
of the cylinder, in the cyimder wall, must be removed wlth a 
ridge reamer 

DISASSEMBLY OF PISTON AND CONNECTING ROD 
ASSEMBLIES 

1. Check fin between piston and piston pln 

Try to move the piston back and forth on the plston pln 

If any movement IS felt. replace the piston and pin as a set 

2. Remove piston rings 

(a) Using a plston ring expander, remove the two compression 
rings 



(b) Remove the oil dng and coil by hand. 

Hint Arrange the rings in correct order only. 

3. Disconnect connecting rod from piston 

(a) Using needle-nose pliers, remove the snap rings. 

(b) Gradually heat the piston to approx 60 "C 

(c) Using a plast~c-faced hammer and brass bar, lightly tap out 
the ptston pln and remove the connectlng rod 

Hint . The piston and pm are a matched set . Arrange the plstons, pins, rings. connecttng rods and bear- 
ings In correct order 



INSPECTION OF PISTON AND CONNECTING ROD 
ASSEMBLIES 

Clean piston 

(a) Using a gasket scraper. remove the carbon from the ptston 
top 

(b) Using a groove cleaning or broken ring, clean the piston 
rlng grooves 

(c) Uslng solvent and a brush, thoroughly clean the pisron 

Notice Do not use a wlre brush 

Inspect piston diameter and oil clearance 

Hlnt There are three slzes of the standard piston dlameter, 
marked '1'. '7' and " 3  accordmgly The marke 4s stamped on 
the top of the piston (1) 

The arrow (3) indicates the front 

(a) Using a micrometer, measure the piston diameter at right 
angles to the plston pin centre line, the indicated distance 
(2) from the piston head 

Dlstance 5827-5633mm 
Piston dlameter 

Standard Mark ' 1 ' 91 940 - 91 950 mm 
Standard Mark '"2 91 950 - 91 960 mm 
Standard Mark '3' 91 960 - 91 970 mm 
Oversized 0 50 92 440 - 92 470 mm 



(b) Measure the cg~nder bore d~ameter ~n the thrust dlrecttons 
(See page 75) 

(c) Subtract the pcston diameter measurement from the cylln- 
der bore dlameter measurement 

Standard oil clearance 0 050 - 0 070 mm 
Maximum 011 clearance 0 14 mm 

If the 011 clearance 1s greater than maximum. replace ail four 
plstons and rebore all four cyimders If necessary replace the 
cyimder block 

Hmt (Use cyimder block subassembly) When mstall~ng a stan 
dard p~ston mstali one with the same number mark as the 
standard bore dlameter mark on the cylinder black 

(1) Cylinder NO 
(7) Mark 1 2 or 3 
(3) Arrow lndlcates front 
(4) Mark 1 2 or 3 

I I U I I B 2 I U I 6 I "  

3. Inspect clearance between wall of ring groove and new 
plston ring 

No 1 rmg (A) 

Install a new No 1 plston rlng to the pwon Uslng a feeler 
gauge, measure the clearance between the plston rlng and wall 
of the piston rlng groove 

Rlng groove clearance 
No 1 0 028 - 0 077 mm 

No 2 and oil rmgs (6) 

Using a feeler gauge, measure the clearance between new 
p~ston m g  and the wall of the piston rmg groove 

Ring groove clearance 
No 2 0060-0105mm 
011 0 030 - 0 070 mm 

If the clearance a qreater than maximum, replace the p!ston 



4. inspect piston ring end gap 

(a) insert the piston rlng Into the cylinder bore 

(b) Uslng a plston, push the piston rlng a ilnie beyond the 
bottom of the ring travel. 140 mm from the top of the cylin- 
der block 

(c) Uslng a feeler gauge, measure the end gap 

Standard end gap 
No 1 0 350 - 0 650 mm 
N o 2  0300-0600mm 
01 0 200 - 0 500 mm 

Max~mum end gap 
NO 1 1 50 mm 
NO 2 1 40 mm 
011 140mm 

if the end gap 1s greater than maximum, replace the piston rlng 
It the end gap 1s greater than maxlmum, even wlth a new plston 
rng rebore ail four cyilnders or replace the cylinder Mock 

5. inspect piston pin fii 

At 60 "C, you should be able to push the piston pin ~nto the piston 
pln hole wlth your thumb 

6. inspect connecting rod 

A. inspect connecting rod alignment 

Uslng a rod allgner check the connecting rod alignment 

Check for bend~ng 

Max~mum bend~ng 
0 05 mm per loo mm 

If bent IS greater than maximum, replace the connecting rod as- 
sembly 

. Check for twist 

Maximum tw~st 
0 15 mm per 100 mm 

if tW1st IS greater than maxlmum, replace the connecmg rod as 
sembly 



B Insped connedmg md bofts 

Uslng calipers measure the dlameter of the compressed bolt (1) 

Standard dlameter 8 400 8 600 mm 
Mlntmum dlameter 8 20 mm 

If the dlameter 1s less than mlnlmum replace the connectmg rod 1 1 bolt 

I m a m 2  

C. Inspect piston pin oil clearance 

(a) Uslng a callper gauge, measure the rnslde diameter of the 
connecting rod bush 

Bush made d~ameter 27 008 27 020 mm 

(b) Using a micrometer, mesure the plston pln d~ameter 

Piston pin dlameter 27 000 - 27 012 mm 

(c) Subtract the piston pm dlameter measurement from the 
bush lnside dlameter measurement 

Standard oil clearance 0 004 - 0 012 mm 
Maxcmum oil clearance 0 05 mm 

7. If necessary, replace connecting rod bush 

A. Remove connecting rod bush 

Uslng SST and a press, press out the bush 

SST 09722 64010 (09222 02020,09222-02040) 

8. Install new connecting rod bush 

(a) Uslng a round f~le, llghtly file off any roughness from the 
small end of the connectmg rod 



(b) Attach the bush to SST with the ball (2) of SST inside the oil 
hole (1) of the bush 

SST0922264010 

' - 2 )  

EM5858 

(c) Align the oil holes (3) of the bush and connectlng rod 

(d) Uslng SST and a press press In the bush (4) 

SST 0922264010 

C Hone connectlng rod bush and check plston pln fit 

(a) Us~ng a pm hole grmder hone the bush to o b t m  the Stan 
dard speclfled clearance (see page 80) between the bush 
and plston pln 

(b) Check the piston pin fit at normal room temperature Coat 
the pwton pin with engine 01, and push it Into the con- 
nectlng rod with your thumb 



Hmt 
Bore all four cylinders for the oversized plston outslde dla- 
meter 

Replace the piston rings wlth ones to matcll the oversized 
PlStO"5 

Kepp oversized pistons 

Oversized (0 50) piston diameter 
92 440 - 92 470 mm 

Calculate amount to bore cylinder 

(a) Usmg a mlrrorneter, measure the plston diameter at right 
angles to the plston pm centre Ilne, the mdlcated d~stance 
(1) from the plston head 

D~stance 58 27 - 58 33 mm 

(b) Calculate the amount each cylinder is to be rebared as 
follows 

Sere to be rebored = P + C - H 

P - Piston dlameter 

C = Plston clearance 
0 050 - 0 070 mm 

H =Allowance for honlng 
0 02 mm or less 

Bore and hone cylinders to  calculated dimensions 

Max~murn honmg 0 02 mm 

Cautlon Excess honlng will destroy the final roundness 



INSPECTION AND REPAIR OF CRANKSHAFT 

1. Inspect crankshan for runout 

(a) Place the crankshan on V-blocks. 

(b) Using a dlal indicator, measure the ctrcle runout at the 
centre journal 

Maximum circle runout. 0 06 mm 

If the circle runout is greater than maxtmum. replace the crank- 
<haft 

I l l l O P 1  

- - .  

2. Inspect main journals and crank pins 

(a) Uslng a micrometer, measure the dlameter of each maln 
journal and crank p ~ n  

Maln iournal dlameter 
Standard 61 985 - 62 000 mm 
Undersize 0 25 61 745 - 61 755 mm 
Underwe 0 50 61 495 - 61 505 mm 

Crank ptn diameter 

Ewo,,5 Standard 52.988 - 53 000 mm 
Undersize 0 25 52 745 - 52 755 mm 

If the d~arneter is not as specified, check the o ~ l  clearance 
(See pages 69 to 73) 

(b) Check each maln lournai and crank pin for taper and out 
of-round as shown 

Maxlmum taper and out-of-round 0 02 mm 

If the taper or out-of-round IS greater than maximum, grind or 
replace the crankshan 

3. If necessary, grind and hone main journals andlor crank pins 

Grlnd and hone the main journals andlor crank pins to the fin 
lshed underslzed diameter (See procedure step 2) 

Install new main journal andlor crank pin underslzed bear~ngs 



REPLACEMENT OF CRANKSHAFT OIL SEAL! 

Hint There aretwo methods (A and 6 )  to re 
 follow^ 

1. Replace crankshan front oil seal 

A. It oil pump is removed from cylinder bloc 

(a) Us~ng a screwdriver and hammer, tap 0 

(b) Uslng SST and a hammer, tap In a new 
of 0 5 mm from the oll pump case edge 

SST 09214-60010 

(c) Apply Multipurpose grease to the 011 se 

EL If oil pump is installed to the cylinder blo 

(a) Using a knlfe, cut off the oil seal Ilp 

(b) Uslng a screwdrver, pry out the oll sea 

(c) Apply Multipurpose grease to a new oil 

(d) Using SST and a hammer, tap in the 011 
0 5 mm from the 011 pump case edge 

SST 09214-60010 



2. REPLACE CRANKSHAFT REAR OIL SEAL 

A. If rear oil seal retainer is removed from cylinder block: 

(a) Using a screwdriver and hammer, tap out the all seal 

(b) Using SST and a hammer, tap in a new oil seai until rs  sur- 
face IS flush with the rear oil seai retainer edge 

SST 09223-63010 

(c) Apply Muitlpurpose grease to the oil seal Ilp 

6. If rear oil seal retainer is installed to cylinder block: 

(a) Using a knrfe, cut off the oil seal lip. 

(b) Using a screwdrwer, pry out the oil seai 

Notice Be careful not to damage the crankshafi Tape the 
screwdriver tlp 

(1) Cut Position 

(c) Apply Muitlpurpose grease to a new 011 seai lip 

(d) Using SST and a hammer, tap in the oli seai untii its surface 
IS flush with the rear o l  seai retamer edge 

SST 0922363010 



ASSEMBLY OF PISTON AND CONNECTING RO 

1. Assemble p idon  and connecting rod 

(a) install a new snap ring on one side of the 1 

(b) Gradually heat the plston to about 60 'C 

(c) Allgn the front marks of the plston (1) and 
(2) and push I" the plston p ~ n  wlth your I t  

Install piston rings 

(a) Install the coll by hand 

(b) Install the oll ring by hand wlth the ccde n .. -- , -. 
Code mark Tor N 

Hint Face the end gap of the oil ring (4) an the opposite directton 
of coil ) a r t  (3) 



(Cl USlng a plston rlng expander, Install the two compresston 
rlngs with the code mark (3) faclng upward 

Code mark No 1 IT or IN 
NO 2T2or2N 

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

Notlce DO not allgn the rlng ends 

(4) 011 rlng 
(5) No 1 ring 
(6) Front mark (arrow) 
(7) NO 2 ring 

(8) Coil 

1 EM5567 

3. Install bearings 

(a) Allgn the bearing claw with the groove of the connectmg 
rod or connecting cap 

(b) lnstall the bearlngs m the cannenlng rod dnd ronnecting 
rod cap 

Not~ce Install the bear~ng with the oll hole ~n the connecting rod 



ASSEMBLY OF CYLINDER BLOCK 
(See page 66) 

HinV . Thoroughly clean all pans to be assembled . Before installing the pans, apply new engine oil to all sliding 
and rotating surfaces . Replace all gaskets. O-rings and oil seals with new parts 

I. Install oil nozzles and check valves 
(See page 142) 

2. lnstall main bearings 

(a) Ahgn the bearmg claw with the claw groove of the main 
bearing cap or cyllnder block 

(b) Install the bearlngs ~n the cylinder block and main beanng 
cap 

Notice Install the bearing with the oll hole in the cylinder block 

I 1 3. lnstall upper thrust washers 

4. Place crankshall on cylinder block 

\ r 

<( QP 
Y 

I 

1 

5 lnstall maln bearmg cap and lower thrust washers 

(a) lnstall the thrust washers on the No 3 main bearing cap 
wnh the grooves faclng outward 

- 1 

Install the thrust washers under the No 3 maln bearing cap po 
smon of the cylmder block wlth the 011 grooves faclng outward 



(b) install the main bearing caps In their proper locations 

(C) Apply a light coat of engine oil on the threads and under the 
heads of the mam bearing cap boits. 

(dl Install and uniformly tighten the ten main bearing cap boits 
in several passes in the sequence shown 

Torque lo3 Nm 

(e) Check that the crankshan turns smoothly 

(1) Check the crankshan thrust clearance 
(See step 5 on page 71) 

6. Install piston and connecting rod assemblies 

(a) Cover the connecting rcd bolts with a shorf prece of hose to 
protect the crankshan from damage. 

lh, Ls ng a plston rmq compressor ~ u s h  the corrert y n m  
oewa ~ M o n  and connect nq roc assemb.ss ram eecn c, 
I nder wtn Inofront mar* ' I ,  of tne plston lac ng iowara 

7. Install connecting rod caps 

A. Place connecting rod cap on connecting rod 

(a) Match the numbered connectiig rod cap wlth the connect- 
lng rod 

(b) install the connecting rod cap whh the front mark (2) facing 
forward 



8. Install connecting rod cap nuts 

Hint . The cannectlng rod cap nuts are tightened In two Progres 
sive steps 

If any of the connecting rod bolts break or distort, replace 
them 

(a) Apply a hght of englne oil on the threads and under the nuts 
d the connecting rod cap 

(b) 1st. install and alternately tighten the nuts of the connecting 
rod cap I" several passes 

Torque 54 Nm 

If any one of the connectng rod cap nuts does not meet the 
torque speclflcation, replace the cap nut 

(c) Mark the front (1) of the connecting rod cap nut wlth 
palnt (2) 

(d) Next, retighten the connecting rod cap nuts ninety degrees 
a mdicated I" the ~llustratlon 

(e) Check that the painted mark (3) is now at a 90'angle to the 
front 

(1) Check that the crankshaft turns smoothly 

(g) Check the connecting rod thrust clearance 
(See step 2 on page 69) 

8. Install rear oil seal retainer 

Install a new gasket and the retamer with the four bolts 

Torque I 3  Nrn 



POST ASSEMBLY 

1. lnstall oil cooler 
(See page 139) 

2. Install oil pump and oil pan 
(See page 135 and 136) 

3. Install water pump 
(See page 121) 

4. lnstall injection pump 
(See page 11 1) 

5. lnstall cylinder head 
(See page 60) 

6. Install pulleys and timing belt 
(See page 36) 

7. lnstall alternator 

8. Remove engine stand 

9. Install rear end plate 

Install the end plate with the bolt 

Torque 12 Nm 

10. Install flywheel 

(a) Apply a llght coat of engine oil on the threads and under the 
heads of the bolts 

(b) lnstall the flywheel on the crankshafi 

(c) lnstall and unlforrnly tighten the elght mount bolts ~n several 
passes, In the sequence shown 

Torque 123 Nm 

11. Install clutch disc and cover 



F U E L  S Y S T E M  

SPECIFICATIONS 

Fuel heatel 

1n)ect~on 
nozzles 

Nozzle type 
Nozzle opening pressure 
Adjusting shim thickness 

Approximately 0.7 n 

DN4PD57 
See page 1 
0.900 mm 
0.925 mm 
o 950 mm 
0 975 mm 
1 ooo mm 
1 025 mm 
1 050 mm 
1 075 mm 
1 too mm 
1 125 mm 
1 150 mm 
1 175 mm 
1.200 mm 
1 225 mm 
1 250 mm 
1 275 mm 
1 300 mm 
1 325 mm 
1 350 mm 
1 375 mm 
1 400 mm 
1 425 mm 
1 450 mm 
1 475 mm 
1 500 mm 
1 525 mm 
1 550 mm 
1 575 mm 
1600 mm 
1 625 mm 
1 650 mm 
1 675 mm 
1 700 mm 
1 725 mm 
1 750 mm 
1 775 mm 
1 600 mm 
1.825 mm 



SPECIFICATIONS (Cont'd) 

lnlectlon pump Part No. 
wlthout Tachometer 
with Tachometer 
Dlrectcon of rotation 
lnlecttan order 
Roller helght variation 
Plunger sprlng squareness 
Sprlng free length 

Dellvery valve spring 
Plunger spring 
Coupllng sprlng 

Pickuo sensor resistance 
T mer'aa A ng screw prolrus on PIP zenmq 
P .nger sprmg sn m th ckness 

Plunger adjusting shtm thickness 

F ywe ght rloder lrlrust clearance 
Go\ernor shall protrus on 
Gwernor qear aalusl nq rrasher th ckness 

J22 1005475 
J22 10054760 
Clockwise as seen from drive sldl 
1 - 3 - 4 - Z ( A - 6 - C - D )  
0.02 mm 
2 0 m m  

24 4 rnm 
30 0 mm 
166mm 
mo - 800 n 
7 5 - 0 O m m  
0 5 m m  
0 8 m m  
l O m m  
1 2 m m  
1 5 m m  
1 0mrn 
20mm 
1.5mm 
20mm 
2 1 m m  
2 2 m m  
2 3 m m  
2.4 mm 
2 5 m m  
2.6 mm 
2 7 m m  
2 6 m m  
2 9 m m  
0 15 - 0.35 mm 
2.0 - 2.5 mm 
1 05 mm 
1 25 mm 
1 45 mrn 
1 65 mm 
1 85 mm 



Nozzler holder body - Nozzle holder retamng nut 
lnlectlon nozzle - Cyllnder head 
Nozzle leakage plpe - lnlectlon pipe 

Pan ttghtened 

Inlectlon pipe - lnlectlon nozzle 
lnlectlon plpe - lnlectlan pump 
Fuel inlet hollow screw lnpction pump body 
Regulator valve In]ectlon pump body 
Feed pump cover lnlectlon pump body 
Dlstr~but~ve head lnlectlon pump body 
Governor lhnk support bolt 
Dellvery valve holder D~strlbutlve head 
Dtstr~but~on head plug - Dlstrlbutlve head 
Governor cover - lnlectian pump body 
Fuel cut off solenold - D~strlbut~ve head 
PIC~UP sensor - lnlectlon pump body 
Fuel mlet plpe lnpct!on pump 
Fuel outlet plpe lnlectfon pump 
lnlectlon pump - T~mlng belt case 
Pump suppon - lnlectlan pump 
Pump support - Cylmder block 
Dlstrlbut~ve head plug bolt 

Nm 



1 SST 

REPLACEMENT OF FUEL FILTER 

1. Disconnect fuel filter warning switch connector 

2. Drain fuel from fuel finer 

(a) Connect a vinyl hose to the drain cock, and ~nsert ather end 
of the vinyl hose ~n a container 

(b) Loosen the draln plug. and drain the fuel 

3. Replace fuel finer 

4. Remove fuel finer 

Uslng SST, remove the fuel fllter 

SST 09228-64010 

8. Remove fuel finer warning switch from fuel finer 

Using pliers, remove the warnlng swltch and O-rlng 

Notice Be careful not to damage the warning switch 

C. lnstall fuel finer warning switch to  new fuel filter 

(a) lnstall a new O-ring to the warning swltch 

(b) Apply fuel to the 0 rmg of the warnlng switch 

(c) install the warning switch to a new fuel filter by hand 



0. Install new fuel liner 

(a) Check and cleantheluel finer installation suriace 

(b) Apply fuel tothe gasket of a new fuel fllter 

l J  

(c) Llghlly screw the fuel fllter into place and tcghten n untll the 
gasket contacts the seat 

(d) Usmg SST tighten II addn1onai314 turn (I) 

SST O W 2 8  64010 

4 Ftll fuel llnef wnh fuel 

Operate The hand pump unt~l you feel mare resistance 

5 Connect fuel flner warnlng swnch connector 

6 Start englne and check for fuel leaks 



F U E L  H E A T E R  S Y S T E M  

SYSTEM CIRCUIT 

(1) Banev 
(2) Maln fuse 
(3) Line fuse 
(4) ALT 80A 
(5) Sraner Swltch 
(6) Fuse IGN 7 5A 
(7) Fuel Heater Relay 
(8) Vacuum Swnch 
(9) Fuel Heater 



INSPECTION OF COMPONENTS 

FUELHEATER 

Inspect fuel heater 

Using an ohmmeter (1). measure the resistance between the 
termmais 

Resistance Approximately 0 7 n at 20 'C 

if the resstance 4s not as speclied, replace the fuel heater to- 
gether w!th fuel fllter cap 

VACUUM SWITCH 

1. Inspect swilch continuity 

Using an ohmmeter (2). check that there IS no continulty e- 
between the terminals 

If cantlnulty IS not as speclfled, replace the vacuum swltch 

2. Inspect switch operation 

(a) Apply a vacuum of 200 t 50 mmHg or mor to the pan 

(b) Using an ohmmeter, check that there IS continuity between 
the terminals 

If operation IS not as specWd, replace the vacuum swltch 

FUELHEATERRELPiY 

Localm In the englne companment relay box 

1. Inspect relay continuily 

(a) Using an ohmmeter, check that there is continulty between 
terminals 1 and 3 (4) 

(b) Check that there 1s no contlnulty between terminals 2 
and 4 (5) 

If cont~nuity is not as specified, replace the relay 



2. Inspect relay operation 

(a) Apply batteryvoltage (2) across terminals 9 and 3 

(b) Using an ohmmeter. check that there is continuity between 
terminals 2 and 4 (1) 

If operation is not as speclfted, replace the relay 



I N J E C T I O N  N O Z Z L E S  

REMOVAL OF INJECTION NOZZLES 

(1) Fuel Hose 
(2) Noule Leakage Plpe 
(3) Gasket 
(4) lnlectlon Nozzle 
(5) Nozzle Seat 
(6) Gasket 
(7) Clamp 
(8) lnjenion Pipe 

Non-reusable part 

3. Remove glow plug connector 
(See step 3 on page 30) 

2. Remove injection pipes 

(a) Loosen the union nuts of the four ~niectic 

(b) Loosen the nuts of the two upper clamp: 
lniectlon plpes mclud~ng the upper and I8 



3 Remove nozzle leakage plpe 

(a) Disconnect the fuel hose from the n o d e  lealtage pipe 

Ib) Remove the four nuts leakage plpe and four gaskets 

4 Remove ~nject~on nozzles 
Usmg SST remove the fourm(ect,on nozzles seats and 
gaskets 

SST 09268-64010 

Hint Arrange the injection nozzles in correct order. 



TEST OF INJECTION NOZLES 

1. Injection pressure test 

(a) Pump the handle several times to flush out the fimlngs 
Then tighten the nozzle 

Caution Do not place your fingers of the norrle mjectlon hole 

(b) Install the lnlectlon nozzle to the injection nozzle hand 
tester and bleed air from the union nut 

(c) Pump the tester handle a fewtlmes as fast as possible to 
discharge the carbon from the injection hale 

(d) Pump the tester handle slowly and observe the pressure 
gauge 

(e) Read the pressure gauge just as the mlectlon nozzle stans 
to spray 

Openlng pressure 
New norrle 151 - 159 bar 
Reused nozzle 145 155 bar 

Hlnt Proper nozzle operatlo" can be determined by a ranllng or 

I , creaklng sound 

If the apenmg pressure IS not as speclfled, dlsassernble the 
nozzle holder and change the adiustlng shtm on the top of the 
pressure sprlng 
(See page 104) 

Adjusted openlng pressure 145 - 155 bar 



Hint 
Varyng the adjusting shin1 thickness by 0 025 mm changes 
the ~nlectlon pressure by about 3 5 bar 

Only one adjusting shim should be used 

(0 There should be no dripplng aflet iniectlon 

(1) Faulty 
(2) Good 

Leakage lest 

An e ma nla .. nq prpssueat abo-1 10 - 20 bar nr on. open ng 
prezsuro (all -71 ny l e w r  nand el checr t l w  I n w  7 no or pp 
rng for 10 wronds from the n vcl on ho P or arollnfl tne reta I ?  

Ing nut 

It the nozzle drips wdhn 10 seconds, replace or clean and over- 
haul the nozzle assembly 

(3) Good 
(4) Faulty 

Spray panern test 

(a1 The lnlectlon nozzle should shudder at a certam pumping 
speed between 15 50 tlmes (old nozzle) or 30 - 60 tlmes 
(new nozzle) per mlnute 

(b) Check the spray panern during shuddering 

(5) G o d  
(6) Faulty 

If the spray patfern IS not correct during shuddering, the nozzle 
must be replaced or cleaned 



COMPONENTS 

(I)  Nozzle Holder Retaining Nut 
(2) Nozzle Assembly 
(3) Distance Piece 
(4) Pressure Pln 
(5)  Pressure Sprlng 
(6) Adjust~ng Shim 
(7) Nozzle Holder Body 



DISASSEMBLY OF INJECTION NOZZLES 

Disassemble injection nozzles 

(a) Using SST, remove the nozzle holder retaining nut. 

SST 0926864010 

Notice When disassembling the noule. be careful not to drop 
the Inner parts 

(b) Remove the pressure spring, shim. pressure pin, distance 
piece and the nozzle assembly 

CLEANING AND INSPECTION OF INJECTION NOZZLES 

1. Nozzle cleaning 

(a) To wash the noules Use wooden stick and brass brush. 
wash In clean diesel fuel 

Hint Do not touch the m u l e  mating surfaces wilh your fingers 

(b) Using a wooden stick, remove the carbon adhermg to the 
nozzle needle tip 

(c) Uslng a brass brush, remove the carbon from the exienor 
of the nozzle body (axcept lapped surface) 

(d) Check the seat of the noule body for burns or corrosion 

(e) Check the nozzle needle tip for damage or corrosion 

If any of these conditions are preeent, replace the nozzle as 
sembly 



2. Inspect nou le  assembly 

(a) Wash the nozzle ~n clean diesel fuel 

Hlnt Do not touch the nozzle mating surfaces wlth your fmgers 

(b) Tilt the nozzle body about 60 degrees and pull the needle 
out about one third of 11s length (1) 

(c) When released, the needle should sink down into the body 
slot smoothly under its own weight 

(d) Repeat this test, totatlng the needle sl~ghtly each tlme 

If the needle does not sink freely, replace the nozzle assembly 

ASSEMBLY OF INJECTION NOZLES 
(See page 104) 

1. Assemble iniection n o n l e  holders 

(a) Assemble the nozzle holder retamng nut, the nozzle assem 
bly. dlstance p w e .  pressure pln, pressure spnng, ad[ustlng 
shlm and nozzle holder body, and flnger tighten the retaln- 
,ng nut 

(b) U m g  SST, tighten the retaining nut 

SST 09268-64010 

Torque 37 Nm 

Nottce Over torqulng could cause nozzle dtston~on and needle 
adheson or other defects 

2. Perform pressure and spray panern lest 
(See pages 102 and 103) 



INSTALLATION OF INJECTION NOZLES 
(See page loo) 

1. lnstall injection nozzles 
(a1 Place new four gaskets and the four nozzle seats lnto the 

Inlectlon nozzle holes of the cyl~nder head 

(b) Uslng SST, ~nstall the four tnlect~on nozzles 

SST 0926864010 

Torque 64 Nm 

Nottce. Over torquing could cause nozzle d~stof i~on and nePdle 
adhesion or other defects 

2. Install nozzle leakage pipe 
(a) Install new four gaskets and the leakage pipe wtth the nuts 

Torque 29 Nm 

(b) Connect the fuel hose to the return plpe 

3. Install injection pipes 
(a) Place the two upper clamps on the ~ntake manifold 

(b) Install the four !nlect!on pipes 

Torque 25 Nm 

(C) Secure the inlection pipes wlth the two upper clamps and 
bolts 

4. Install glow plug connector 
(See step 12 on page 40) 

5. Stan engine and check tor fuel leaks 



I N J E C T I O N  P U M P  

REMOVAL OF INJECTION PUMP 



Inlectm Pump Drive Pulley 
Fuel Hose 
Gasket 
Fuel Outlet Pipe 
Fuel Hose 
Gasket 
Inlectlon Pump Support 
Gasket 
Fuel Hose 
Fuel Inlet Pipe 
Gasket 
Inlectlon Pump 
Thermo Wax Water By-pass Hose 

+ Non-reusable pan 



1. Drain coolant 
(See page 11 7) 

2. Disconnect accelerator linkage 

3. Remove timing ben 
(See steps 1 to 8 on pages 29 to 32) 

4. Remove injection pump drive pulley 
(See step 11 an pages 32 and 33) 

5. Disconnect water by-pass hoses from thermo wax 

6. Disconnect injection pump connector 

7. Disconnect fuel hoses from injection pump 

8. Remove injection pipes 
(See step2 on page 100) 

(b) Before removing the lnlectlan pump, check tf the parlod 
hnes are ahgned 

If not, place new matchmarks for relnstallatlon 

(c) Remove the two nuts and inlectlon pump 

Notlce DO not hold or carry the pump by the adjustmy lever 

10. Remove fuel inlet and outlet pipes from injection pump 



COMPONENTS 

NO 2 Adpstlng Lever 
No 1 Adjusting Lever 

(13) Thermo Wax 

Full Load Set Screw 
(14) 0 Rlng 

ldle Speed Adpst~ng Screw 
(15) 011 Seal 
(16) Pump Body 

Maxlmum Speed Adlustlng Screw (17) 0 Rlng 
Sprlng Seat 
Damper Spmg 

(18) P~ckup Sensor 

Speed Control Sprlng 
(19) 0 Rlng 

Regulator Valve 
(20) Adlustlng Lever 

Fuel Inlet Hollow Screw 
(21) 0 Rlng 

Gasket 
(22) Gasket 

ldle up Lever 
(23) Governor Cover 
(24) Lever Return Spmg 

+ Non-reusable pan 



INSTALLATION OF INJECTION PUMP 
(See page 108) 

1. Install fuel inlet and outlet pipes to injection pump 

Torque. 23 Nm 

2. Install injection pump 

(a) Align the pericd lines (or matchmarks) of the inlectlon pump 
and tlmlng belt case 

(b) install the two nuts holdlng the injection pump lo  the liming 
belt case 

Torque 21 Nm 

(c) Install the pump suppon with the four bolts 

Torque 18 Nm 

3. Check injection timlng (See page 23) 

4. Install injection pipes 
(See step 3 on page 107) 

Torque 25 Nm 

5. Connect fuel hoses to injection pump 

6. Connect injection pump connector 

7. Connect water by-pass hoses to thermo wax 

8. Install injection pump drive pulley 
(See step 3 on page 36) 

9. Install tlming belt 
(See steps 6 to 14 on pages 37 10 40) 

10. Connect accelerator linkage 

I I. Fill with engine coolant (See page 117) 

12. Stati engine and cheek lor fuel leaks 

13. Check idle speed and maximum speed 
(See page 25) 



F U E L  T A N K  A N D  L I N E  

COMPONENTS 

(A) 56 Lner Tank 
(6) 65 Liter Tank 
(C) Fuel Pump 

(1) Bolt. 5 pieces 
(2) Botl. 5 pieces 
(3) Fuel Sender Gauge 
(4) Fuel Suction Tube 
(5) Fuel Tank 
(6) Fuel Suction Tube 
(7) Fuel Tank 
(8) Fuel Tank 



COMPONENTS (Cont'd) 

(A) Fuel Tank Protector, Small Type PRECAUTION~ 
(0) Fuel Tank Protector, Large Type 

(1) Tank Protector Bracket 
1. Always use new gaskets when replacing the fuel tank or 

(2) Fuel Tank Protector, Small 
component parts. 

(3) Fuel Tank Protector, Large 2. Apply the proper torque to  all tightening parts. 

lnspen fuel lines and connections 

(a) Insert the fuel lines and connections for cracks, leakage or 
deformat~on 

(b) Inspect the fuel tank vapour vent system hoses and con 
nectlons for looseness, klnks or damage 

(c) Inspect the fuel tank for distortion. cracks, fuel leakage or 
tank mount bolts looseness 

(d) lnspect the filler neck far damage or fuel leakage 

(e) Hose and tube connections are as shown in the ~llustmtion 

If problem is found, repalr or replace the parts as necessary 

(4) Pipe (5) Hose 

(6) Clip 



C O O L I N G  S Y S T E M  

SPECIFCATIONS 

1 Engm coolant capacity I 

1 Thermostat Valve opening temperature 1 84-9O0C I Valve 11" at 95 'C 10 mm 

TORQUE SPECIFICATIONS 

Cyllnder block - Drain plug 1 Waler pump Cylndef block 
Water outlet -Water outlet housing 



T R O U B L E S H O O T I N G  

Englne overheats 

Poss~ble cause 

Fan belt loose or m~sslng 

Din, leaves or insects on radlator 

Hoses. water pump. thermostat housing, 
radlator. heater, core plugs or head gask 
leakage 

Thermostat faulty 

lnjectlon tlmlng retarded 

Flwd couplmg faulty 

Rad~ator hose plugged or roned 

Water pump faulty 

Rad~ator plugged or cap faulty 

Cylinder head or black cracked or block, 

' See manual ELECTRICAL SYSTEM 

Remedv 

Adjust or replace belt 

Clean radiator or condenser 

Repalr as necessary 

Check thermostat 

A d p t  tlmlng 

Replace f lu~d couplmg 

Replace hose 

Replace water pump 

Check radlator 

Repar as necessary 

Page - 

123 

122 

23 

119 

119 

123 

Hmt If the englne tends to overheat, removal of the thermostat will adversely effect coollng efficlency 



C H E C K  A N D  R E P L A C E M E N T  O F  E N G I N E  
C O O L A N T  

1. Check engine coolant level at reverse tank 

The coolant level should be between the "LOW' and "FULL lines 

If low, check for leaks and add coolant up to the "FULL' h e  

2. Check engine collant quality 

There should not be any excessive deposns of rust or scales 
around the radlator cap or mdtator flller hole. and the coolant 
should be free from oil 

If excessively dirty, replace the coolant 

1 ) 3. Replace engine coolant 

I 1 1 (a) Remove the radiator cap 

(c) Close the drain cocks 

Torque (Engine drain cock) 29 Nm 

(d) Fill the system with coolant 
Use a good brand of ethylene-glycol base coolant, mixed 
according to the manufacturer's drectlons 

Capaclty (with Heater). 9 2 liters 

(e) Reinstall the radiator cap 

( f )  Warm up the engine end check for leaks 

(g) Recheck the coolant level and reflll as necessary 



WATER P U M P  

COMPONENTS 

(1) Drlve Belt 
(2) Fan 
(3) Fluid Coupl~ng 
(4) Water Pump Pulley 
(5) NO 1 Tlmlng Belt Cover 
(6) Gasket 
(7) Pulley Seat 
(8) Water Pump 
(9) Gasket 

( lo) Tension Sprlng Bracket 
(1 1) Tlmlng Po~nter Grommet 
(12) Crankshaft Pulley 

+ Non-reusable pan 



I REMOVAL OF WATER PUMP 

1. Drain engine coolant (See paqe 117) 

2. Remove drive belts 

3. Remove fan, fluid coupling and water pump pulley 

Remove the four nuts holding the fluid coupling to the pulley 
seat, and remove the fan. flutd coupllng assembly and pulley 

4 Remove crankshafl pulley and No 1 timing belt covet 
(See steps 4 and 5 on p a w  30 and 31) 

5 Remove t m n g  beii tensoon spnng 

Using needle nose pllers remove the tenson sprlng 

1 6 Remove water pump 



INSPECTION AN REPAIR OF WATER PUMP COMPONENTS 

1 Inspect water pump 

Turn the pulley and check that the water pump bearing moves 
smoothly and quletly 

If necessary replace the water pump 

2 Inspect fluld couplmg 

Check the Ruld couplmg for damage and sllcon o l  leakage 

If necessary replace the fluid coupilng 

3. Replace pulley seat 

(a) Uslng SST and a press, press the shall of the bearing and 
remove the pulley seat 

SST 0923600101 (09237-00010.0923700050) 

(b) Using SST and a press, press the shaft of the bear~ng and 
install a new pulley seat to a distance of 76 5 - 77 5 mrn 
between the pulley seat and pump body 

SST 09236-00101 (0923700010) 



INSTALIATION OF WATER PUMP 
(See page 11 8) 

1 Install water pump 

Install a new gasket the water pumD and tenslon sprlng bracket 
wlfh the SIX bolts 

Torque 23 Nm 

2 Install t m n g  bell tenslon Sprlng 

Usmg needle nose pllers install the tenslon sprlng 

3 Install No 1 lrmlng bell cover and crankshafl pulley 
(See steps 10 and 11 on pages 39 and 40) 

4. Install water pump pulley, fluid coupling and fan 

Install the pulley seat, the fluid coupling and fan assembly wiih 
the four nuts 

5. lnotall drive bells 

6. Fill with engine coolsnt (See page 117) 

7. Start engine and check for leaks 



T H E R M O S T A T  

REMOVAL OF THERMOSTAT 

I. Drain engine coolant (See page 117) 

2. Remove water Outlet 

Remove the three bolts, water outlet and gasket from the water 
outlet houslng 

3. Remove Thermostat 

I INSPECTION OF THERMOSTAT 

Inspect thermostat 

Note The thermostat is numbered with the valve openlng tem- 
perature 

(a) Immerse the thermostat ~n water and gradually heat the 
water 

I I (b) Check the valve openlng temperature I Valve opening temperature 
86 - 90 'C 

I r m m s  I 
If the valve lift is not as specifled, replace the thermostat 

.. .. 

(d) Check that valve sprlng 1s tight when the thermostat 1s fully 
ciosed 

If necessary, replace the thermostat 

INSTALLATION OF THERMOSTAT 

1. Place thermostat In water outlet housing 

If the valve openlng temperature a not as specifled, replace the 
thermostat 

(c) Check the valve lie (1) 

Valve l f l  
10 mm or more at 100 "C 

2. Install water outlet to  water inlet housing 

Install a new gasket and the water outlet with the three bolts 

Torque 19Nm 

3. Fill wilh engine cooolant (See page 117) 

4. Stan engine and check for leaks 



R A D I A T O R  

CLEANING OF RADIATOR 

Uslng water or a steam cleaner, remove any mud and din from 
the radiator core 

Ca.tlOn I us nq a h (ln pressure type c eaner oe caret, ?lot l o  
dnrlun me llns of Ine rad ator core I tne cleanPr nu77 e press..re 
15 30 05 oar derp a 0 slance of a1 least 40 50 -nl nPheen lrlc 
ladlator core and cleaner nozzle 

INSPECTION OF RADIATOR 

1. Inspect radiator cap (2) 

Uslng a radlator cap tester ( I )  V A G 1274, pump the tester and 
measure the rellef valve openlng pressure 

Standard opening pressure 
0 75 - 1 05 bar 

Mlnlmum opening pressure 
0 6 bar 

If the openlng pressure IS less than minlmum, replace the ra- 
diator cap 

2. Inspect cooling system for leaks 

(a) Fill the radlator with coolant and attach a radiator cap 
tester (3) V A G 1274 

(b) Warm up the engme. 

(c) Pump it to 1 2 bar, check that pressure does not drop 

If the pressure drops, check for leaks the hoses. radlalor or wa- 
ter DumD If no external leaks are found, check the heater core. 
r,  moer olock and neao +no  encrna leads can IIP fomfl  
cnwr  trle near exrrvanger r y  rlozr n ack and c , !  mer neno 



L U B R I C A T ! O N  S Y S T E M  

SPECIFICATIONS 

1 Eng~ne oil capacny I See page 1 I 
011 pressure at idling 0 3 bar or more 

Llmlt 
Slde clearance Standard 

0 40 mm 

Llmlt 
0035-0085mm 

Tip clearance 
0.15 mm 

Standard 0110-0240mm 
L m t  0 30 mm 

TORQUE SPECIFICATIONS 

Part t~ghtened 

Englne otl d r m  plug 
011 pump bcdy cover - Tlmlng bell case 
Rellefvalve plug Tlmlng belt case 
011 pump (timlng belt case) - Cyllnder block 
011 pump ( tmng belt case) - lnlectmn pump 
011 stralner - 011 pump (tlmlng belt case) 
011 slialner - Cyhnder block 
Oll pan Cylmder block 
Oll pan 0 1  pump ( tmng belt case) 
011 pan - Rear 011 seal remner 
011 Cooler - Oil filter bracket 
011 cooler bracket - Cylmder block 
011 cooler bracket - Cyllnder block 
Rellef valve plug 011 fllter bracket 
011 nozzle check valve - Cyllnder block 



T R O U B L E S H O O T I N G  

I Problem I Posslble cause I Remedy I page 

Oil leakage Cylinder head, cyllnder block or oil pump 
body damaged or cracked 

Oil seal faulty 

Gasket faulty 

Repalr as necessary 

Replace oil seal 

Replace gasket 

Low 011 oressure Oil leakage 

Relief valve faulty 

Oil pump faulty 

Poor englne 011 quallty 

CrankshafI bearlng faulty 

Connect~ng rod bearlng faulty 

Repalr as necessary 

Repair relief vaive 

Repa~r oil pump 

Replace englne oil 

Replace bearlng 

Replace bearing 

1 011 fllter blocked / Replace oil filter ) 127 

1 Hlgh od pressure 1 Relief valve faulty I Repair relief valve 1 133 



OIL PRESSURE CHECK 

Check engine oil quality 

Check the oil for detenoration, entry of water, dfscolorlng or 
thlnnlng 

If thequallty is poor, replace the oli 

Only use englne 011, grade API 

(A) Use Multlgrade of a good brand, grade VW 505 00 
Use Multigrade of a good brand, grade API-CD 
Use Multlgrade of a goad brand, grade VW 501 01 

(6) Use a special oil for the runnlng ~n perlod of the englne. 
grade VW 500 00 

(C) Use atype of o l  of a good brand, grade API-CD 

Take account of amb~ent temperatures expected In the 
perlod until the next o!l change 

Check engine oil level 

The od level should be between the 'L'  and 'F' marks on the 
dlpsttck 

If low, check the for leakage and add oli up to F' mark 

Remove oil pressure switch or sender gauge 

lnstall oil pressure gauge (1) V.A.G 1342 

Warm up engine 

Allow the englne to reach normal operatlng temperature 

Cheek oil pressure 

011 pressure 
At ldlhg 0 3 bar or more 
At 3,000 rpm 0 3 5 5 bar 

Reinstall oil pressure switch or sender gauge 

Apply adheslve to lwo or three threads 

Adhesive Part No AMV 188 200 03 or equivalent 

Start engine and check for leaks 



R E P L A C E M E N T  O F  E N G I N E  O I L  A N D  O I L  
F I L T E R  

Notlce 
Prolonged and repeated contact w~ th  mcneral 011 will result 
In the removal of natural fats from the skm leadmg to dry- 
ness. lrrltation and dermatitis In addltlon, used englne 011 
contalns potent!ally harmful contammants whlch may cause 
skin cancer . Care should be taken, therefore, when changlng engine oll, 
to minimize the frequency and length of time your sktn 1s 
exposed to used englne 011 Protective clothlng and gloves. 
that cannot be penetrated by 011, should be worn The skln 
should be thoroughly washed wlth soap and water. or use 
waterless hand cleaner, to remove any used englne o ~ l  Do 
not use gasoline, thlnners or solvents 

In order to preserve the envlronmenf, used 011 must be dls- 
posed at only at desgnated dlsposal sltes 

Drain engine oil 

(a) Remove the all flller cap 

(b) Remove the 011 draln plug, and dram the 011 into a container 

Replace oil filter 

(a) Usmg SST, remove the 011 fllter 

SST 09228-10001 

(b) Check and clean the oll fllter lnstallatlon surlace 

(c) Apply clean englne 011 to the gasket of a new oll fllter 

(d) Llghtly screw the 011 filter lnto place, and tlghten 11 untII the 
gasket contacts the seat 

(e) Using SST tlghten 11 addlIlonal314 turn 

SST 09228-10001 



3. Fill with engine oil 

(a) Clean and install the oil drain plug with a new gasket 

Torque 39 Nm 

(b) Fill with new engine oil (speclication see page 126) 

Capacity 
Drain and refill 
with oil filter change 

5 9 liters 
withoUf01 filter change 

5.0 liters 
Dry fill 6.4 Men 

(c) Rernstall the oil filler cap 

4. Start engine and check for leaks 

5. Recheck engine oil level (See page 126) 



O I L  P U M P  

REMOVAL 

Hint When repairing the 011 pump, the oil pan and stmlner should be 
removed and cleaned. 

(A) 011 Pan and 011 Strainer, 2WD 
(8 )  011 Pand and Oil Stramer, 4WD 

(1) 011 Pump Viming Belt Case) 
(2) Gasket 
(3) Gasket 
(4) 011 Stramer, 4WD 
(5)  Gasket 
(6) D r m  Plug 
(7) Oil Pan, 4WD 
(8) 011 Pan, 2WD 
(9) 011 Strainer, 2WD 



1. Drain engine coolam (See page 117) 

2. Drain engine oil (See page 127) 

3. Remove timing belt and pulleys without camshan timing 
pulley 
(See pages 29 to 33) 

4. Remove water pump (See step 6 on page 113) 

Remove orl pan 

(a) Remove the fourteen bolts and four nuts 

(b) Insert the blade of SST between the cyilnder block and oli 
pan cut ofl applied sealer and remove the oli pan 

SST 09032-00100 

N o t m  
Do no1 use SST for the tlming belt case slde and rear oli 
Seal retalner 

Be careful not to damage the 011 pan flange 

Remove oil strainer 

Remove the two bolts. hvo nuts, od strainer and gasket 

Remove oil pump (timing belt case) 

!dl I* Ih Aulornal c COO Slarl Dw CFI 
D ~ronnec l  Ine lhermo n;u waler 0, pass nose from Ine 
tlmlng belt case 

(b) Before removing the two nuts holding the tlming belt case 
to the mjecrion pump, check if the iniectlon pump perlod 
ihes are aifgned 

If not, place new matchmarks for remtallation 

(c) Remove the two nuts 



7) (dl Remove the f ie  bolts, timlng belt case and gasket. 



COMPONENTS 

(1) Crankshaft Front Oil Seal 
(2) Tlming Belt Case 
(3) Driven Rotor 
(4) DrNe Rotor 
(5) Pump Body Cover 

(6) Plug (7) Gasket 

(8) Sprw *Nan-reusable pan 
(9) Relief Valve * Precoated part 

DISASSEMBLY OF OIL PUMP 

1. Place timing beIt case on wooden blocks 

Notice. Be careful not to damage the timing pointer (10) 

(1 1) Clearance 



2. Remove relief valve 

Using a 12 mm hexagon wrench (I), remove the plug, gasket. 
sprlng and relief vaive 

3. Remove drive and driven rotors 

Remove the six screws. pump body cover, the drive and driven 
rotors 

INSPECTION OF OIL PUMP 

inspect rellef valve 

Coat the valve wilh engine oil and check that ii falls smoothly in- 
to rhevaive hole by ns own welght 

If is not, replace the rdief vaive If necessary. replace the oil 
pump assembly 

Inspect drive and driven roton 

inspect rotw body clearance 

Using a feeler gauge, measure the clearance between the driven 
rotor and body 

Standard body clearance 0 144 - 0 219 mm 
Max~mum body clearance 0 40 mm 

If tne ocay clearance IS greater than max mum replace me ro 
tors as a set If necessary repace me o p.mP assemolv 

Inspect rotor side ciearance 

Usmg a feeler gauge and precision straight edge, measure the 
clearance between the rotors and precislon stralght edge 

Standard side ciearance 0 035 - 0 085 mm 
Maxmum side ciearance 0 15 mm 

If the slde clearance is greater than maxtmum, replace the rotors 
as a set If necessary, replace the oil pump assembly 



C Inspect rotor t ~ p  clearance 

Usmg a feeler gauge measure the clearance between the drlve 
and drlven rotors 

Standard tlp clearance 0 110 0 240 mm 
Maxmum tlp clearance 0 30 mm 

clearance 1s greater than mmmum replace the rotors 

REPLACEMENT OF CRANKSHAFT FRONT OIL SEAL 
(See page 84) 

ASSEMBLY OF OIL PUMP 
(See page 132) 

1. Place timing belt case on wooden blocks 

N011ce Be careful not todamage the tlmlng polnter (1) 

(2) Clearance 

2. Install drive and driven rotors 

(b) Apply adhewe to two or three threads of the screws 

Sealant Pan No D 000 600 or e~ulvalent 



(c) Install the pump body cover w th  the SIX screws 

Torque I 0  Nm 

1 

I 1 2. Install relief valve 

(a) Insert the rellef valve and sprlng mto the installallon hole of 
the tlmlng belt case 

(b) Using a I 2  mm hexagon wrench (I), ~nstall a new gasket 
and the plug 

Torque 37 Nm 

7--  

INSTALLATION OF OIL PUMP 
(See page 129) 

1. lnstall oil pump (timing belt case) 

(a) Place a new gasket on the cylinder block 

(b) Install the tlmmg belt case wlth the flve bolts 

Torque 23 Nm 

~ : e ; ~ ~ h e  mpct~on pump penod lnes (or m a t c h a r b )  
are allgned 

If not correct, al~gn the perlod hnes (or matchmarks) by tllllng 
the qectlon pump 

(c) Install the two nuts holding the lnpctlon pump to the tlmlng 
' -  . belt case 

L U o I n  

(e) Connect the thermo wax water by pass hose to the tlmlng 
belt case 

2. lnstall oil strainer 

lnstall a new gasket and the oll strainer wlth the two bolls and 
two nuts 

Torque 12 Nm 



Install oil pan 

(a) Remove any old packlng (FIPG) materlal and be careful not 
to drop any ail on the contact surfaces of the mi pan and 
cyllnder block 

5 nq a rnror olade am qasdet scraper rernob~ a 1 
trle old pacmg (FIPGI rnater al from Ine ga-he! s.r 
faces and seallng groove 

Thoroughly clean all components to remove all the 
loose mater'al . Usmg a non-restdue solvent, clean both seallng sur- 
faces 

NotIce Do not use a solvent whlch will affect the palnted sur- 
faces 

(b) Apply seal packing to the oil pan as shown in the flgure 

Hint Apply at least 5 mm (preferably sl~ghtly more) of seal pacn- 
mg to the pomons of the 011 pan ln contact w th  the tlrnmg belt 
case (1) and rear od seal retamer (2) 

Seal packlng Part No AMV 188 200 03 or equivalent . lnstall a nozzle that has been cut to a 5. mm openlng 

Hmt Avo~d applylng an excesslve amount to the surface Be 
particularly careful near 011 passages 

reappl~ed 

Immediately remove nozzle from the tube and reln 
Stall cap 

(c) Install the oil pan with the fourteen bolts and four nutc 

Twque 180 bar 

lnstall water pump 
(See step 1 on page 121) 

lnstall pulleys and timing belt 
(See steps 1 to 3 and 5 to 14 on pages 36 to 40 

Fill with engine oil (See page 128) 

Fill with engine coolant (See page 117) 

Stall engine and check tor leaks 



O I L  C O O L E R  A N D  R E L I E F  V A L V E S  

COMPONENTS 

Gasket 
011 Cooler 
Gasket 
011 Filter Bracket 
011 Fllter 
Valve. Used as dummy-plug. 
to prevent od to flaw to maln hole 
Gasket 
Spr~ng 
Rellef Valve 



REMOVAL OF OIL COOLER AND RELIEF VALVES 

1. Drain engine coolant (See page 117) 

2. Remove exhaust manifold 
(See step 12 on page 45) 

3. Remove orl filter (See page 127) 

Remove relief valves 

Remove the plug, gasket, spring and relief valve Remove the 
WO rellef valves 

Note Arrange the sprlng and relief valves I" correct order 

(1) Front 
(2) Rear 

Remove oil cooler and oil filter bracket assembly 

Remove the eleven bolts, rwo nuts, the all cooler, f~lter bracket 
assembly and gasket 

Separate oil cooler and oil finer bracket 

Remove the four nuts, the oil cooler and rwo gasket from the 
flller bracket 



INSPECTION OF OIL COOLER AND RELIEF VALVES 

1. Inspect relief valve 

Coat the valve wnh englne oll and check that it falls smoothly in 
to the oil f~lter bracket by its own weight. 

If i a  not, replace the relief valve. If necessary, replace the o l  
filter bracket. 

2. Inspect oil coller 

Check the oil cooler for damage or clogglng 

If necessary. replace the oil cooler 

INSTALUTION OF OIL COLLER AND RELIEF VALVES 
(See Page 137) 

1. Assemble oil cooler and oil filter bracket 

Install new gaskets and the od cooler to the fllter bracket with the 
four nuts 

Torque 14Nm 

2. Install oil cooler and oil flner bracket assembly 

Install a new gasket, the oil cooler and filter bracket assembly 
wnh the eleven bolts and two nuts 

Torque. Bolt 19 Nm 
Nut (C) 21 Nrn 

Hlnt The bolt lengths for bolt types A and B shown In the 
illustration are 

A 35mm 
8 Z5mm 



-- 

3 Install rellet valves 

Install the rellel valve sprlng and a new gasket wlth the plug In 
stall the two rellef valves 

Torque 36 Nm 

4. Install oil filter (See page 127) 

5. Install exhaus manifold 
(See step 6 on page 63) 

6. Fill with engine coolant (See page 117) 

7. Starl engine and check for leaks 

8. Check engine oil (See page 126) 



O I L  N O Z Z L E S  A N D  R E L I E F  V A L V E S  

COMPONENTS 

(1) Oil Nozzle 
(2) Relief Valve 
(3) 011 pan 

REMOVAL OF OIL N O A E S  AND RELIEF VALVES 

1. Drain englne oil (See page 127) 

2. Remove oll pan 
(See step 5 an page 130) 



3. Remove relief valves and oil non les  

Remove the four reilefvalves and 011 nozzles 

INSPECTION OF OIL NOZZLES AND RELIEF VALVES 

1. Inspect relief valves 

Push the valve with a wooden stick to check if ~t a stuck 

If stuck, replace the relief valve 

2. Inspect oil nozzles 

Check the 011 nozzle for damage or clogglng 

If necessary, replace the oil nozzle 

INSTALLATION OF OIL NOZZLES AND RELIEF VALVES 
(See page 141) 

I .  Install oil nozzles and relief valves 

(a) Ahgn the pin of the oll nozzle wlth the pin hole of the cgln 
der block 

(b) Install the o l  nozzle wlth the rellef valve Install the four o l  
nozzles and rellef valves 

Torque 25 Nm 

2. Install oil pan 
{See step 3 on page 136) 

3. Fill wRh engine oil (See page 128) 

4. Start engine and check for leaks 



S T A R T I N G  S Y S T E M  

SPECIFICATIONS 

system 
2 - 3 seconds 

Coolant temperature sensor resistance 

at -20 'C 10 - 2 0  k n  

atO0C 4 - 7 k n  

at 20 C 2 - 3 k R  

at 40 'C 0 9 - 1 3 k R  

a1 60 "C 0 4 - 0 7 k n  



P R E - H E A T I N G  S Y S T E M  

SYSTEM CIRCUIT 

(1) Banety 
(2) Mam fuse (MAIN 2 OL) 
(3) Cables 
141 AM1 GO A 
(5) AM2 30A 
(6) Glow 80 A 
17\ Slarler switch 
i8j  NO 2 Glow Plug Relais 
(9) Glow Plug Reslstor 

(lo) No 1 Glow Plug Relay 
(1 1) Lme fuse 
(12) Glow Plugs 
1131 Pre-Heatlno Timer 
j i4j  Fuse ~ G N  ?'SA 
(15) Fuse GAUGE lOA 
(16) Glow Plug Indicator Light 
(17) TO Discharge Warning Light 
(18) Coolant temperature sensor 



INSPECTION OF PRE-HEATING SYSTEM 

Him- Refer to Diesel Electrical System Diagnosis for inspection 
procedures (See page 15) 

Heat-up time 01 glow indicator I igM 

Turn the starter switch ON, measure the heat-up time 
For heat-up tlme. see diagram. 
( I )  Heat-up tlme in seconds 
(2) Coolant temperature tn "C 

(2) 
I T 0 5 5  

INSPECTION OF HEATING SYSTEM 

PRE-HEATING TIMER 

inspect pre-heating timer circuit 

Location. in the food well at the passenger side 

Disconnect the connector from the pre-heating timer, and check 
the connector on the wlre harness side (A) as shown !n the 
foiiow~ng chart 

Voltage 4 -Ground 

1 Contlnully I 10 -Ground I I continuity I 
1 voitage 1 I t  -Ground Turn starter swiich OFF No voitage / Turn sraner switch START 1 a e o a g e  I 



NO. 1 GLOW PLUG R E W  

Location In the engine compartment on the left slde 

I , 1. Inspect relay continuity 

(a) Uslng an ohmmeter check that there IS contlnulty (2) be 
tween termlnals E and g 

(b) Check that there 1s no cont!nuny (1) between termlnals B 1 1 andG 

If contlnulty 1s not as speclfled replace the relay 

SIO&9S 

I 1 2 Inspect relay operation 

NO. 2 GLOW PLUG RELAY 

/I Locatlon In the englne compartment on the left side 

9 

1. Inspect relay continuity 

(a) Apply battery voltage (4) across termlnals E and g 

(b) Usmg an ohmmeter, check that there IS continuity (3) be- 
tween termmals B and G 

If operation 1s not as spec~f~ed, replace the relay 

(a) Uslng an ohmmeter, check that there is continuity (5) be- 
tween terminals E and g 

(b) Check that there 1s no contlnuny (6) between terminals B 
and G 

If continu~ty 1s not as specfied. replace the relay 



2. lnsen relay operation 

(a) Apply baney voltage (2) across terminals E and g 

(b) Using an ohmmeter, check that there 15 continuity (1) be- 
tween termlnals 6 and G 

If operation is not as specified, replace the relay 

GLOW PLUG 

lnspect glow plug 

Uslng an ohmmeter (3). check that there 1s cont~nuity between 
the glow plug terminal and ground 

If there is1 no continuity, replace the glow plug 

Hmt . Be careful not to damage the glow plug plpes as ~t could 
cause an open clrcult or shorten llfe of the plugs . Avoid gening oil and gasoltne on the glow plug when 
cleanlng 

Durlng inspection, be sure to wipe any 011 off the glow plug 
termma1 and bakelite washer wlth a dry cloth 

Be careful apply more than 7 volts to the glow plug as 11 
could cause an open clrcult 

GLOW PLUG RESISTOR 

lnspect glow plug resistor 

Uslng an ohmmeter (4). check that there IS contlnulty between 
the resmor term~nals 

If there is no continuity, replace the resistor 

COOIANT TEMPERATURE SENSOR 

Inspect temperature sensor 

Uslng an ohmmeter (5), measure the resistance belween the 
Sensor termlnals 

Resistance Refer to chart 

If the reststance 1s not as speched, replace the sensor 



( 1 )  Thermistor 
(2) Resistance kll 
(3) Temperature ~n 'C 




