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The data contained in this publication may not have
been updated following modifications carried out by
the manufacturer, at any time, for technical or commer-
cial reasons and also to conform to the requirements
of the law In the various countries

This publication supplies features and data together with the suitable methods for repair
operations to be carried out on each single component of the engine

Following the supplied instructions and using the inherent specific fixtures, a correct repair
procedure will be obtained in due time, protecting the operators from all possible accidents.
Before starting any repair, be sure that all accident prevention devices are available and efficient
Therefore check and wear what indicated by the safety provision. protective glasses,

helmet, gloves, safety shoes.

Before use, check all work, lifting and transport equipment
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8210 GENERAL ENGINE p. 1

ENGINE SPECIFICATIONS

Engine type. .. ........... < ... ...8210103
4 - stroke Diesel with direct njection

Cylinders,aumber and arrangement 6,1n Line
Bore x stroke. . . . .. 137 x 156 mm
Oisptacement. .. ... .. .. .. 13,8 L
Compression ratio . . . 1601
Automotive rating X .. ... . .. . 189 kW(256 cV)
AT.. L el . . .. 2200 rpm
Intermittent rating .. . 179 kW(243 CV)
P .. . . 2200 rpm
Continuous rating(10% overload allowed) .153 kW (208 C¢V)
AT Liiiiiiiies e 4 e . .2000 rpm
Engine rotation:

(see from flywheel) . .... . ccw

* Quty according to DIN 70020
- Ambient reference conditions
760 mmHg,20°C;60% relative humidity

TIMING

Valve Timing:

-~ Intake:
opens: before T.0.C ..... ... (i ciiiis veinann.. 16°
closes: after B.D.C .. . .. e e 52°
~ Exhaust:
opens:before B.O.C . .. ... .. .. .. e e 58°
closes: after T.0.C .. ..... . e e e e 18°

Clearance between valves and

rockers for timing checks.. . .. .. ... .. .... 0,55 mm

Operating clearance between valves and rockers,cold engine-
- ntake  ...... . ... ... e e e e Q0,30 mm
- exhaust ....... ... . .. e e e ..0,40 mm

FUEL SYSTEM

In Line 1njection pump type PE

Fixed 1njection pump delivery start advance.. ... ..22°z 1°
Fuel Injectors settIng... . .....viinn ian.... 200 + 5 bar
F1ring order. .. oo vieerevniiniinnces o cennnnnnn. 1-5-3-46-2-4

LUBRICATION

Mimimum o1l pressure
- at full throttle e -- .- 4 05,5 Kg/em?
- when 1dling . . e e - 1,3 kg/em?

COOLING SYSTEM

Forced water circulation controlled by centrifugal pump.
Water temperature controlled by thermostat
Radrator cooling fan drive by v-belt.

STARTING

By starter motar.

ELECTRIC SYSTEM

= Voltage.. ... . L L il i iiieiiaieeea.. 2 v
- Self-regulated alternator .............. . 28Vv,30 A
- Starting motor power..... P - -
- Battery (optienal) . ........ .. . .. ..2,each 150 Ah




8210 GENERAL ENGINE p. 2

ENGINE SPECIFICATIONS
TURBOCHARGING

Engine type. .... . ..., ... ... ... ..8210s102
4 - stroke Diesel with direct 1njection The engine 1s supercharged by a turbocharger driven by
Cylinders,number and arrangement 6, 1n Line the exhaust gases
8ore x stroke. . 137 X 156 mm The turbocharger 1s lubricated with the engine a1l uynder
Displacement.... .. e e .. . . 13,8 ( pressure.
Compression ratio . e . . 151 Cooling 1ntake air with air-water heat exchanger
Automotive rating * . e . Lol 222 kW(302 CV) .
At . . . . . . 2000 rpm
Intermittent rating e .. 211 kW(287 ¢V
AT... . .. .. .. . e 2000 rom
Continuous rating(10% overload allowed).. 190 kW (258 CV)
AT i e e .- . .. 2C0C rpm
Engine rotation:
(see from flywheel) . . . .. . . ccw

* Duty according to OIN 70020
- Ambient reference conditions:
760 mmHg,20°C,60% relative humidity

TIMING
Valve Timing:
- Intake:
opens: before T.0.C ..... ... e e e A T
closes: after 8D C ....... .. B A 6 o
- Exhaust:
opens: before 8.0.C ... ... .... ..... .. .58
closes: after T.O.C . .. . e e .18
Clearance between valves and
rockers for timing checks ..... Q,55 mm

Operating clearance between valves and rockers,cold engine;

- mntake.... .. ... 0,30 mm
S@exhaust. ... L.l Ll Ll i ces e 0,40 mm
FUEL. SYSTEM

In Line injection pump type PE

Fixed njection pump delivery start advance.. .. .20° £ 1°

Fuel Injectors setting .... ............ ..... -250 + 8 bar
Firing order. ... oot ciii 1-5-3-6-2-4

LUBRICATION

Minimum o1l pressure.

- at full throttle .. . .. ...3,5 to 6 bar
- when 1dling . . .. .. v oo . 1,5 102,5 bar

COOLING SYSTEM

Forced water circulation controlled by centrifugal pump.
Water temperature controllied by thermostat.
Radiator cooling fan driven by v-belt

STARTING

8y starter motor

ELECTRIC SYSTEM

S VOLTAge. oot L L L e 24V
- Self-regulated alternator . ................. 28 v, 304
= STArtINg MOTOM POMEI. .. ...\ .eeirenenneennsonnan 8,6 kW
- Battery (optional)........... cu'euununn.. 2, each 150 Ah




8210 GENERAL ENGINE p. 3
ENGINE SPECIFICATIONS
TURBOCHARGING
Engine type. ......... . .. 8210SRI110

4 - stroke Diresel with direct injection

Cylinders, number and arrangement . 6,1n Line
Bore x stroke. 137 X 156 mm
Oisplacement...... ....... 13,8 L
Compression ratio .. . e . 151

Automotive rating * . 253 kW(350 ¢v)
AToooe ciieenn. e e . . .. . 1900 rpm
Intermittent rating... . . .243 xW(330 cv)
AT....... e e e e . . 1900 rpm
Continuous rating(10% overload allowed) 210 kw(285 ¢v)
AT.ioenian.. o e aee eee . . . 1800 rpm
Engine rotation:

(see from flywheel) . . .. . .. (o}

* Duty according to DIN 70020
- Ambient reference conditions
760 mmHg;20°C;60% relative humdity

TIMING

Valve Timing:

- Intake:
opens: before T.D C . .. . e e 16°
closes: after 8.0 C ....... «..... e PP As
- Exhaust:
opens-before B.0.C ... .. .. .. . . . ... ... 58°
closes. after T.0.C . .. . . .. e .. ..18°
Clearance between valves and
rockers for timing checks.... . . . . 0,55 mm

Operating clearance between valves and rackers,cold engine,

- intake, . ... .. ... ... .. .. 0,30 mm

-exhaust....... .. ...... ... 0,40 mm
FUEL SYSTEM

In Line 1njection pump type PE

Fixed 1njection pump delivery start advance.. 20° £ 1°
Fuel njector setting....... .250 + 8 bar
Firing order. ... oenniiiiiiiiinan aan, 1-5-3-6-2-4

The engine 1s supercharged by a turbocharger driven by

the exhaust gases

The turbocharger 1s Lubricated with the engine o1 under

pressure

Cooling 1ntake air with air-water heat exchanger

LUBRICATION

Minimum o1l pressure:

- at full throttle .. e e e

- when 1dling

COOLING SYSTEM

. ..3,5 to 6 bar
. 1,5 to 2,5 bar

Forced water circulation controlled by centrifugal pump.
Water temperature controlled by thermostat

Radiator cooling fan driven by V-belt.

STARTING

By starter motor

ELECTRIC SYSTEM

- Voltage ....

- Self-regulated alternator..... . ..... .
~ Starting motor Power....... ..........

- Battery(optional).....

2,each 150 Ah
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8210

Engine p. 4

FITTING DATA

DESCRIPTION

mm

ENGINE BLOCK - CONNECTING RODS

Cylinder slesve bore dia (fitted and machined) {

Class A
Class B

-

136 955 to 136990
136 990 to 137025

Outside standard cylinder sleeve bore dia

143020 o 143040

Oversize on outside reslacement cylinder bore dia

02s

Cylinder bore dia 1n engine block

142975 to 143CC0

Sleeve interference fit in block

0020 o 0065

Sleeve length

2815 to 282

Sleeve protrusion in block

—002 to +0055

Camshaft bush housing bore dia
a Front

Q Front intermediate

O Rear intermediate

Q Rear

68515 to 68550
68015 to 68050
67515 to 67550
67015 to 67050

Crankshaft bearing housing bore dia

107 976 to 10800

Standard tappet housing bore dia

34010 to 34045

Big end bore dia.

88482 to 88 504

Small end bore dia.

52849 to 52894

Big end standard bearing thickness

| 826 to [ 835

Undersize bearing for replacement big end bore dia

0254-0508-0762-1016

Small end bushing O D

53010 to 5306

Small end bushing fitted | D

48019 to 48035

Piston pin clearance in small end bushing 0019 to 0040
Small end bushing interference fit 0116 to 0212
Crankpin clearance in big end half bearings 0077 10 0139
Max connecting rod parallelsm tolerance

Q At 125 mm from connecting rod stem 007

PISTONS - PINS - RINGS

Piston dia at right angles to pin bore
Class A

Q At 35 mm from base of skirt Class B

136758 to 136782
136793 to 136817

Piston pin bore dia in piston

48 0C0 to 48006

Piston pin dia.

47 995 to 48000

dia of 134 mm)
Ring groove width in piston  { 2nd groove

3rd groove

4th groove

ist Top grouve (measured on bore

3720 to 3750
3050 to 3.070
3050 to 3070
5530 to 5.550




8210

Engine p. 5

DESCRIPTION

mm

Ring thickness

a Top compression ring, deuble tacer, chromium plated (measured at | S mm frem dia. 134 mm)
0 2nd compression ring, straght

3 3rd compression ring, straight

O 4th ol scraper ring, slotted. spring-loaded

3575 to 3595
2978 o0 29%0
2,978 to 2990
5478 to 5450

Piston fit in sleeve (measured on standard axis to pin, 35 mm from piston base)
a Clearance

0173 to 0232

Piston pin clearance in piston 0 to 00!
Ring clearance in piston (vertcal)
G Top compression ring, double taper G125 10 0175

Q 2nd compression ring, straight
@ 3rd comprassion ring, straight
Q 4th ol scraper ring

0060 w0 0092
0060 to 0092
0040 to 0072

Ring gap in sleave

a Top compression ring, double taper
4 2nd compression ring, straight

Q 3rd compression ring, straight

O 4th ol scraper ring

060 to 080
050 to0 070
050 to 070
040 o 060

Piston weight

3325 10 3370 ¢

CRANKSHAFT - BEARINGS

Man journal dia.

102874 to 102 90!

Main bearing housing bore dia

107 976 to 108001

Standard main bearing thickness

2487 to 2496

Main bearing undersize range

0254-0508-0762-1 016

Crankpin dia. 84708 to 84735
Main journal in bearing

a Clearance 0085 to 0148
Centre main journal length between thrust washers 6500 to 6510

Centre main bearing housing width over thrust washer faces

60 150 to 60200

Centre main bearing housing plus thrust washer width

64780 to 64930

Standard thrust washer thickness

2311 to 2362

Thrust washer oversize range (0 127 mm)

2438 to 2489

Between shaft and centre main bearing with thrust washers

0 Clearance 0070 w 0320
Max permissible misalignment on main journals (total gauge reading) 005

Max permissible misalignment between crankoins and main journals +025

Max main journal ovalization after grinding 0008

Max. main journal and crankpin taper after grinding 0012




8210 Engine p. ¢

DESCRIPTION mm

CYLINDER HEAD

Valve guide housing bore in head 17977 w0 17995
Valve gude OD 18C0S to 18030
Valve guide oversize 004-020-024
Valve gude fitted 10 11025 to [1045
Valve guide interference fit in head 0010 to 0053 .
Valve stem dia 10982 to 11 CCO
Valve stem and guide interference
a Clearance 0025 1o 0063
Val I inlet 45 = §’
alve seat angle exhaust 45° = g
Valve face | inlet 45° = §
aive face angle axhaust 45° + §°
Max valve stem distorsion over one complete revolution with dial gauge stylus in midstem
positicn 004
Valve seat width ~ 43
inlet 61080 to 61 10S
Vaive seat OD {exhaust 51080 to 51105
Val £ 1D inlet 609C0 to 60930
ave seat il | exhaust 50900 to 50930
inlet
Valve seat interference fit n head {exhaust 0 150 to 0205
inlet 4t (8
Valve fitted depth in cylinder head {exhaust 13t 19
Nozzle protrusion over cyhnder head 1Sto2
YALVE SPRINGS
Qutside free spring height ~ 847
Inside free spring height ~ 752
Outside spring height under 41 = 2 kg S81 £ 05
Inside spring height under 15 = 065 kg 526
VALVE GEAR
Camshaft bushing housing fitted In engine block
a Front 68515 to 68550
a Front intermediate 68015 to 68050
0 Rear intermediate 67515 to 67550
a Rear 67015 to 67050
Bushing interference fit In engine block There should be

always interference

Bushing fited ID after reaming:

a Front
O Front intermediate
O Rear ntermediate
QO Rear

62599 to 62660
62099 to 62.160
61600 to 61 661
61.100 to 61 160




8210

Engine

DESCRIPTION

Camshaft journal dia.
a Front
QO Front intermediate
QO Rear intermediate
O Rear

62500 to 62530
620C0 to 62030
61 5C0 to 61530
610C0 to 61030

Camshaft journal and bushing fit
Front

Front intermediate
Rear intermediate
Rear

Q Clearance

C 069 to 0160
0069 to 0160
0070 to 0 18!
0070 to 0160

Cam lift - intake and exhaust

8

Tappet housing bore dia

34010 to 34045

Measured a: rop and base

«Crowned» tappet OD {Mexured at middle

33840 to 33860
33920 to 33940

Oversize spare tappet

010-020-030

Tappet interference fit in housing (with reference to max tappet cia)

a Clearance

C070 to 0125

Rocker axle bore dia

25000 o 25033

Rocker shaft dia

24 %79 o 25CC0

Rocker shaft interference fit
Q Clearance

= 0054

Rocker bushing seat dia.

28939 to 28972

Rocker bushing O D

29032 to 29070

Rocket bushing 1D (with fitted bushing)

25020 to 2504!

Rocker bushing interference fit in shaft
a Clearanca

0020 to 0062

MAIN AND SCAVENGE OIL PUMPS

By-pass valve opening calibration pressure

I £0 1 kglem?

Ol pressure renef valve opening start

S£025 kg/em?®

INJECTION PUMP

Distance between flange and oump body 135
Camshaft énd float 002 10 006
Spider pin end float ~1

Drstance between knuckle pin and speed governor case 35

Idle spring operation range 20=02
Counterweights end float (for checking silentblock oreloading) 005w Ol




8210

Engine p. g

FITTING DATA

DESCRIPTION

CYLINDER BLOCK - CONNECTING RODS

Cylinder sleeve bore diameter (fitted and machined) {Class A

Class 8

136 955 ~ 136 990
136 990 - 137 025

Qutside normal cylinder sleeve bore dia

143020 -~ 143040

Oversize on outside replacement cylinder bore diameter

005-025

Cyhnder bore dia in engine block

142 975 -~ 143 C00

Sleeve interference fit in block 0020 - 0065
Sleeve length 2815 - 282
Sleeve protrusion in block 0 - 0065

Camshaft bush housing bore diameter
g Front

a Front ntermediate

a Rear intermediate

a Rear

68515 ~ 48550
680:5 - 68050
&7 515 - 67550
&7 015 — 67 050

Crankshaft bearing housing bore dia

107 976 + 108 CQ!

Normal tappet housing bore diameter

34009 - 34034

Big end bore diameter

88 482 —~ 88 504

Small end bore diameter

54582 ~ 54899

Big end bearing thickness

| 826 - 1835

Undersize bearing for replacement big end bore diameter

0 254-0 508-0 762-1 014

Small end bushing O D

55016 - 55067

Small end bushing fitted | D

50019 - 50035

Piston pin clearance n small end bushing 0019 - 0040
Small end bushing interference fit 0117 - 01215
Crankpin clearance in big end half bearings 0077 - 0139
Max. connecting rod parallelism tolerancs
a At 125 mm from connecting rod stem 007
PISTONS - PINS - RINGS

Class A 136 813 - 136827

a At 305 mm from base of skirt {Class 8

136 848 — 136862

Piston pin bore diameter n piston

50000 <~ 50 Coé

Piston pin dameter

49 995 50 000

-




8210 Engine p. g

DESCRIPTION mm

Ist top groove (measured on bore diameter of 134 mm) 3720-3750

Ring groove width in piston 2nd groove 3 070-3 090

g8 P 3rd groove 3050-3 070

4th groove 3530-5550

a Top compression ring, double tacer, chromium plated (measured at ¢ 134 mm) 3575-3595

O 2nd compression ring, straight 2978-2390

a 3rd ol scraper ring, straight 2978-2990
a 4th ol scraper ring, slotted. spring-ioaded 5478-5 490
Piston fit in sleeve (measured on normal axis to pin, 33 mm from piston base)

g Clearance 0128-0177
Piston pin clearance in piston 0-00!!
Ring clearance in piston (vertcal)

O Top compression ring, double taper 0125-0 165
G 2nd compression ring, straight 0080-0112
a 3rd ol scraper ring, straight 0060-0092
g 4th ol scraper ring, slottad 0040-0072
Ring gap in sleeve

a Top compression ring, double taper 050-075

O 2nd compression ring, straight 050-075

g 3rd ol scraper ring, straight 050-0¢60

a 4th ol scraper ring, slotted 040-040
CRANKSHAFT - BEARINGS

Main journal diameter 102 874102 SO1

Main bearing housing bore diameter 107 976108 Q01

Main bearing thickness 2485-2495

Main bearing undersize range 0254-0 508-0 752-1 016

Crankpin diameter 84 708 -84 735

Main journal in bearing

a Clearance 0085-0157
Centre main journal length between thrust washers 65C0—65 10
Centre main bearing housing width over thrust washer faces 60 13~6022
Centre main bearing housing plus thrust washer width 64 7864 93
Standard thrust washer thickness 2311-2362
Thrust washer oversize range 0127
Between shaft and centre mamn bearing with thrust washers.

o Clearance 0076-0328




8210

Engine p. 19
DESCRIPTION mm
Max permissible misalignment on main journals (total gauge reading) 005
Max. permissible misalignment between crankpins and main journals +025
Max man journal ovalization after grinding 0 o8
Max main journal and crankpin taper after grinding 0012
CYLINDER HEAD
Valve guide diameter in cylinder head 17 977 17 995
Valve gude O D 18 CO5-18 030
Oversize of the valve guides 0 04-0 20-0 24
Valve gude fitted | D 11025~11 045
Interference fit between valve guide and housing in head 0010-0053
Valve stem diameter 1098211 0CO
Fit between valve stem and valve guide
a Clearance 0025 ~ 0063
Valve seat angle Inlet 60° =5
&€ ) Exhaust 45° = §

Infet 60° 30" = 5
Valve face angle {Exhaust 45930 & §
Max valve stem distorsion over one complete revolution with dial gauge stylus in mid-
stem position 004
Valve seat width ~ 43

Infet 59 080-5% 105
Valve seat O D. {Exhaust 5107551 050
Inlet 58 90058 930
Valve seat | D {Exhaust 50 50050 930
. Inlet 0 1500 205
Valve seat interference fit in head {Exhaust 0 145-0 190
Valve fitted depth in cylinder head []E‘iitaust : ;:: g
Spray nozzle protrusion n cylinder head 1 5=2
VALYE SPRINGS
Free outer spring height ~905
Free inner spring height ~83 |
Quter spring height under 50 = 2 kg 581 =05
Inner spring height under 21 2 & 065 kg 526




8210

Engine p. 11

DESCRIPTION

YALVE GEAR

Bush housing dia for camshaft in crankcase
a Front

a Intermediate front

O Intermediate rear

a Rear

68 515-68 550
68 015-68 050
67 515-67 550
67 015-67 050

Fit between bushings and housings 1n the crankcase

Interferance
always necessary

Bushing fitted [ D after reaming
a Front

a Intermediate front

a Intermediate rear

a Rear

62 599-62 660
62099 -62 180
61 6CO-61 661
61 100-61 160

Camshaft journal diameter
a Front
a Intermediate front

62 500-62 530
62 00042 030

a Intermediate rear 61 500-61 530
a Rear 61 000-61030
Camshaft journal and bushing fit
Front 0069-0 160
CI Intermediate front 0065-0 160
g Llearance Intermediate rear 0070-0 16l
Rear 0070-0 160
Inlet 7 921
Cam ift {Exhaust 8

Tappet housing bore diameter

34009-34034

"Crowned"” tapped O D {Measured at middle

Measured at top and base

33888-33 863
3392033 940

Oversize spare tappet 0 10-020-0 30
Tappet interference fit in housing (with reference to max tappet diameter)
a Clearance 0069-0 114

Rocker axle bore diameter

25 000-25 033

Rocker shaft diameter

24 979-25C00

Rocker shaft interference fit
a Clearance

= 0054

Rocker bushing seat diameter

28939-28 572

Rocker bushing O D

29 030-29 060

Rocker bushing (with fitted bushing) 25020-25 04}
Rocker bushing interference fit n shaft
g Clearance 0020-0 062




8210 Engine p. 1o

DESCRIPTION mm

OIL PUMP

Drive shaft diameter on rear cover 25910-25 940
Bushing 1 D (after fitting) 20 040-20 061
Gear shaft O D 19 987 -20 000
Driven gear bushing seat diameter 22910-22 940
Oriven gear bushing O D 22979-23 CCO
Bushing 1D (after fitung) 20020~-20053
Clearance between driving gear shaft and bushing 0040-0074
Clearance between driven gear shaft and bushing 0 020-0 060
Ol pressure relief vaive seat dia 17016-17 043
Oil pressure relief valve diameter 16 982-17 000
Rellef valve interference fit in seat 00160061
Calibration pressure for by pass valve (kg/cm?) I =01

Oil pressure relief valve opening start (kg/ecm?) 55-6




8210 Engine p. 13

FAULT-FINDING DIAGNQSIS

TROUBLE POSSIBLE CAUSE REMEDY
The engine does Battery charged partally Check batteries and charge them
not start If necessary. replace them

Battery terminal connections corroded Clean, check and tighten nuts on battery terminals Replace
or loose cable terminals and nuts f badly corroded

Incorrect timing of injection pump  Check and carry out injection pump tming
Deposits or water in fuel hnes Detach pipes and clean them with air Disasse and clean in-
jection pump Dry fuel tank and refuel

Insufficient fuel reserve Refuel
Defective fuel pump Overhaul pump or change 1t
Air bubbles in fuel lines or in njection Check pipes and fuel feed pump to detect the reasons of arr

pump presence, bleed air from injection pump unscrewing the rele-
vant plug and manually operating fuel feed pump

Defective starter Repair or replace starter
Inefficient thermo-starter At low temperature switch on thermo-starter If inefficient,
reolace 1t
The engine syops Too low idling Adjust idle speed by adjusting screw

Uneven delivery of injection pump  Adjust delivery If broken, replace pumping element spring
Replace tappets plunger and barrel, if seized or not sealing

Foreign matter or water in fuel pipings  Detach pipes and clean with air Disasse and clean mnjection
pump Clean fuel tank and refuel.

Fuel filters clogged Remove filter elements and replace them, If necessary

Abnormal clearance between valves Adjust clearance
and valve rockers

Valves burnt, corroded or cracked Replace valves

Air in fuel feed or injection systems Check pipes for passible cracks, check for loose connectors
Replace worn parts, then bleed air from pipes and proceed
to deaerate injection pump and fuel filter unscrewing the re-
levant plugs and operating the fuel feed pump manually

Fuel filter and fuel feed pump valves Replace fuel fiter and overhaul fuel feed pump valves

clogged
Injection pump controls broken Replace defective parts and check pump uming

Non-disengagement  of engne Check engne brake system to detect the reason of non-

brake disengagement and replace worn or damaged parts
The engine warms Defectve water pump Check clearance between impeller blades and pump casing
up excessively Overhaul the assembly and replace gasket

Thermostat fature Valve stem jamming n guide

Parually ineffective radiator Wash out possible scaling in compliance with the nstrucuons

gven for the type of scale remover used Detect and repar
possible leaks from radiator hoses
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TROUBLE POSSIBLE CAUSE REMEDY
The engine warms Scale in water passages in engine block Wash thoroughly in compliance with directions given for the
up excessively and cylinder head type of scale remover used
Insufficient tension of water pump beit  Check and adjust belt tensions
Coohing water level too low Top-up radiator with water
Incorrect engine timing Check uming and proceed to correct timing

Incorrect mnjection pump calibration On test bed correct pump delivery so that injection has the

(upwards or downwards) prescribed delivery
Air cleaner clogged Clean arr cleaner and inherent system
The engine is under Incorrect tming of injection pump  Check pump uming and cerrect it

power and its
operation is uneven Excessive wear in plungers and barrels Overhaul njection pump and replace worn-out parts
of injection pump

Incorrect calibration of speed go- Check governor calibration and again calibrate it, f necessary
vernor

Injector nozzles clogged or ncorrect Clean nozzle holes with suitable tool and totally overhaul in-
injector operations. jectors

Foreign matter or water n injection  Thoroughly clean and refill with new fuel
feed system

Defecuve fuel feed pump Disassemble pump, and If necessary, replace pump com-
ponents

Incorrect clearance between valves Check clearance and proceed to a correct adjustment

and rockers

Low compreassion With tocl 99395682 check compression pressure at T D C
If this 15 less than 20 kg/cm?, averhaul the engine

Defective turbocharger Overhaul the assembly or replace 1t

Air cleaner clogged Clean arr cleaner and inherent system

Incorrect adjustment of injection pump Adjust stops correctly
peak capscrew or of control rod stop

The engine knocks Incorrect injector operations Check that nozzle pin does not cause resistance and calibra-
abnormally tuon is of prescribed value
Fuel lines clogged Remove pipes. clean them and replace those which are da-

maged or clogged
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TROUBLE POSSIBLE CAUSE REMEDY
The engine knocks Incorrect injectton pump timing Correct pump timing so that njection takes place according
abnormally to the prescribed advance angles

Crankshaft knocks because of exces- Recondition cranckshaft journals and mount undersize
sive clearance of one or more main bearings
bearings or of high thrust clearance Replace thrust washer halves with oversized cnes

Crankshart unbalancad Check shaft alignment, if necessary correct as required and.
check balance

Flywheel capscrew loose Replace loose screws and tighten to the prescribed torque
value

Connecting rods out-of-alignment  Straighten connecting rods under a hydraulic press, and check
parallelism

Piston knocks due to slap Replace cylinder sleeves and pistons

Noisy piston pins due to excessive Replaca piston pin with an oversize one and adjust piston hubs
clearance in piston and in connecting and connecting rod bushings Replace bushings with new ones
rod bushing

Loose bushings in connecuing rod seat

Tapping due to norsy valve system  Adjust clearance between valves an rockers and check If the-
re arzs broken springs or excessive clearance between stems
and guides, or tappets and seats

The engine smokes

abnormaily
1) Black or dark Excessive pump delivery Detach pump and adjust delivery according to the data of ca-
grey smoke: libration table

Injection pump retarded excessively Correct timing
Injection pump excessively advanced Correct tming

Nozzle holes (or some of them) par- Repiace njectors with a set of new injeczors, or clean and rs-
tially or totally clogged condiucn the original ones with suitable fixtures

Air cleaner clogged or wern-out Clean or replace filter element

Nozzle pin intermittently locked in Check injectors, check for possible locked pins, broken springs,
open position too low calibration

Governor adjustment over max Bench adjust governor, according to table data
stated

Nozzle sprays are sent to the head be- Check nozzle protrusion as to head face
cause of incorrect injector assembly

Excessive Ift of injector pin due to ab- Replace affected nozzle
normal wear

Engine compression loss due to Overhaul engine or repair concerned parts.
— Piston rings stuck
— Cylinder sleeve worn-out
— Valves worn-out or adjusted un-
correctly
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TROUBLE

POSSIBLE CAUSE

REMEDY

l) Dark grey or
black smoke:

Incorrect type of injector, or injectors
of different types or uncalibrated

Injection pipes of inadequate inside bo-
re, pipe ends squashed because of re-
peated refitting

Replace injectors or calibrate them

Check conditions of ends and connectors Replace where ne-
cessary

2) Blue, grey/blue,
or clear grey
smoke

Excessive injection delay

Injector needles blocked or defective
Injectors

Oil seeping through piston rings due
to stuck rings or to wear of sleave
walls

Engine oif seeping through intake val-
ve guides, due to wear of valve stems
or guides

Engne too cold (thermostat missing or
not present)

Correct pump timing

Check for blocked needles or broken springs

Overhaul engine

Recondition cylinder head

Replace thermostat

3) Blue, grey/blue,
or grey/white
smoke

Thermostarter electrovalve and re-
sistor blocked in open positon
(simultaneously)

Thermostarter resistor blocked in
open position.

Reolace electrovalve and thermostzat

Replace resistor

The engine does
not stop

Governor braken

Seizure of flow pushrod

Hard pushrod motion

Governor parts cause resistance

Excessive clearance betwesn the va-
rious governar parts

Unscrew the joint connecting fuel supply, then reparr as ne-
cessary

Unscrew the jont connecting fuel supply and reparr as re-
quired

Clean pushrod seat, and check that malfunciion 15 not due
to careless mounting of rod

Free of governor sleeve and from control leve!

Remove all clearances, only leaving minimum tolerances in
case replace worn-out parts

Stepless change of
max. speed (engi-
ne not loaded)

Governor springs too weak, causing an
excessive sensitivity from governor

Excessive clearance between the va-
rous parts transmitting control to
pump

Replace governor springs

Adyust all clearances among the various parts transmitting con-
trol (be sure that pushrod stroke is exactly as prescrived)

The pump does
not deliver fuel

Foreign matter in pipes.
Dirty fuel filters.

Squashed pipes

Air in imjection pump

Clean thoroughly
Clean thoroughly.

Replace pipes or, If possible repair them (the low pressure
ones)

Deaerate pump
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TROUSBLE

POSSIBLE CAUSE

REMEDY

The pump does
deliver fuel

Plunger tappets may be seized

Plunger seized

Delivery valve seizad

Remove part and reparr it (if falure s minar). if necessary,
replace 1t

Change defective pumping element, as barrels and piston are
not interchangeable

If fallure 1s only due to foreign matter, clean vaive and shgtly,
regrind taper faces with an emery cloth, if reasens are diffe-
rent, replace pair valve holder - valve which are not inter-
changeable from each other

The pump does
not deliver enough
fuel

Imperfect seal unions

Imperfect seal in delivery valves of so-

me elements

Pumping elements worn-out

Be sure that fuel feeding pipe nut washers are not broken
or deformed, then tighten joints very carefully

Replace ther pair valve - tube holder

Replace pumping elements

The pump feeds
abnormally

Air bubbles in fuel feed pump
Plunger return spring broken
The plunger 1s about to seize

Tappet pin worn-out

Deaerate fuel feed pump
Replace spring
Thoroughly clean plunger and its cylinder

Replace tappet

Injection start faul-
ty timed

Uneven delivery start

Eccentric damaged

Adjust delivery start replacing adjusting shims

Replace camshaft, using the stroboscopic check method

The control rod
shakes

Vibration due to high pump stress

Critical engine rpm

Check the efficiency of spring small blocks of adjusting device

Check the efficency of spring small blocks of adjusting device

INJECTORS
The injector drips

Nozzle and needle valve (pin) are not

sealed

Thoroughly clean nozzle i the trouble 1s due to foreign mat-
ter preventing normal operation, otherwise raplace the nozzle
valve pair

Too high injection
pressure

Incorrect injector calibration
Valve seized inside spray nozzle

Adjusting spring too strong

Calibrate injector with the greatest care
Replace nozzle-valve pair

Replace spring with a more suitable one

Fuel seeps from
injector unions

The upper ar bleeder plug 1s not

tightened

Nozzle check nut not tghtened

Tighten 1t

Tighten 1t

Abnormal jet

Nozzle holes clogged by carbon de-

posits

Holes deformed due to wear

Clean nozzle holes with the suitable tool and steel wire of
smaller diamter than holes Then clean the whole nozzle

Replace nozzle-valve pair
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TROUBLE POSSIBLE CAUSE REMEDY
INJECTION
PUMP
Injection pump Electromagnet for excess fuel device Check electric contacts on control button and on that same
Difficult starting electromagnet
Thermo-startar Remove thermo-siarter irom MeLcIon Manifolc and check its
efficiency

Solenoid valve for the nlet of Check its correct coerauon
atmospherc  pressure  in the
thermao-siarter reservoir

Air in fuel feed system Deaerate system untl cnly diesel ail comes out from filter drain
screw
Fuel filters clogged Replace filters, clean the filter corresponding to hand primer

Injectors with nozzles seized or Check injectors, overhaul or replace nozzle, procsed to ca-
clogged librate

Incorrect pump keying on engine Check if the static keying of injection pump on engne s
correct

Starting delivery not complying with Place injection pump on test bed and verify excess fuel de-

calibration table Iivery
Uncorrect idling Accelerator lever stop screw With the vehicle at idling running, carry out accurate adjust-
ment
Linkage Cneck linkage, starung from accelerator pecal to the cennec-

ton on speed governor lever Remove possiole resistances

Abnormal idling Injector uncalibrated or nozzles seized Check injectors, overhaul or replace nozzles, procead to ca-
or clogged librate
Speed governor On test bed check the correct setting up and operation of

speed governor

Unbalanced delivery Check and adjust at test bench
Low efficiency Fuel filters clogged Replace filters, clean filter ot hand primer and on suction pump
reservoir
Air cleaner dirty Through the pilot lamp In the cab, check if the cartridge 13

clogged, if necessary, clean 1t or replace it

Injector uncalibrated or nozzles seized Check injectors, overhaul cr replace nozzles, proceed to ca-
or clogged librate

Worng pump keying on engme Check if the static keying of injection pump on engine mests
the calibraticn table

Inection pump has insufficent fuel Detach njection pump from engine and verify calibration at
inlet. test bed

LDA device Be sure that the diaphram has no holes, that the control spring
1s adequate and with a correct load (test bench checking)
Verify that the turbocharger compressor wheel can rotate
freely and the tabs have no failure marks Check for adequa-
te pressure inside intake manifold according to engine rpm
at full load
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TROUBLE

POSSIBLE CAUSE

REMEDY

Excessive exhaust
smoke with cold
engine

Wrong injection pump keying on
engine

Injector uncalibrated or nozzles seizad
or-clogged

Insufficent compression pressure

Check the static keying of injection pump on engine

Check injectors. overhaul or replace nozzles, procaed to ca-
ibrate

Check with motometer

Excessive exhaust
smokes (black)
with engine under
load

Excessive fuel delivery to engine
Low air induction

Wrong injection pump tming c¢n
engine

Injectors uncalibrateg or nozzles ser-
zed or clogged

Check max pump delivery at test bench
Check ar cleaner through its suitable inspecticn hole
Check the static tming of injection pump on engine

Check injectors, overhaul or replace nozzles. proceed to ca-
hibrate

Excessive fuel
consumption

Fuel leakages

Dirty arr cleaner

Injectors uncalibrated. or nozzle seizad
or clogged

Injection  pump  excessively uncali-
brated

Abnormal operation of L D A device

Incorrect pump keying on engine

Check pipes and joints

Througn the pilot lamp in the cab check if the cartridge is clog-
ged, If necessary, clean it or replace 1t

Check injectors, overhaul or replace nozzles, procaed to ca-
librate

Check and adjust injection pump at test bench

Check and adjust at test bench

Check static pump keying on engine
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DISMANTLING THE ENGINE

FIGURE 17
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FIGURE 20

Remove the oil breather (4) together with its line  Take
off compressor head cooling water line (i) Disconnect
pipe (3)

Remove ail dipstick (2)

FIGURE 2!

Take cff the viscostatic fan assembly 4 and position it
vertic lly Loosen tensioner 3 and remove water pump
belts 2 Withdraw the alternator. 1

FIGURE 22

Loosen screws (3) and remove pulley (2)
Withdraw damper and then water pump (1)

FIGURE 23

[

J
A\

18515

Fil tool 99350351 (1) to fiywheel (2), then almost totally
slacken flywhes! hub check nut (3 figure 24

This pretects the operator from cossible sudden hub re-
lease during withdrawing

FIGURE 24

Fit puller 99340032 with relevant brackets to crankshaft
damper hub (2), position clamp (6) and with hydraulic
unit 99341033 (4) and hydraulic pump 99341034 (1) ex-
tract damper hub (2)
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~ FIGURE 25 " FIGURE 28

i FIGURE 19
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FIGURE 31 '
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FIGURE 37

Rotate engine and position 1t vertically
Position tool 936071 [ (2) and withdraw cylinder slee-
ves (1) To position plate (3) remove il nozzles

NOTE - If cylinder sleeves cannot be withdrawn with
tool (2) owing to excessive interference, use hydraulic
device 99305007

FIGURE 38

Again position engine horizontally Unscrew bolts (3) se-
curing thrust plate (2) and take off camshaft (1)
Withdraw camshaft support bushings using a suitable
driver

Place a pair of rings and lift engine block with a hast,
then remove front end plate

This plate s to be removed only to prevent deteriora-
tion during engine block handling and washing

ENGINE BLOCK

After engine disassembly, clean engine block thoroughly

CHECKS AND MEASUREMENTS

Check cylinder sleeve surface for traces of seizure, sco-
ring, excessive ovalization, taper and wear

FIGURE 39

(=)

NOTE - To define the class it pertains to (A or B), ne-
ver measure cylnder sleeve internally (with the compo-
nent free) because 1t 1s easly distortable

FIGURE 40

To check cylinder sieeve bore (4) for ovalization, taper
and wear, use gauge 99395687 (2) equipped with a dial
gauge reset with micrometer (2, fig 39) having a diame-
ter of 137 mm
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I FIGURE 4! FIGURE 43
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FIGURE 47

FIGURE 45
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Oetaiis on camshaf bushings and their housing on engine block

L 2196

To remove and insert bushing use a suitable tool
During insertion, take care to position bushings so that
their holes are aligned with those of capscrew seats and
those for lubrication oil
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Crankshaft journal and main half-bearing details
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FIGURE 51

13762
Main journal measurements

Before regrinding, with micrometer (1) measure crank-
shaft journals (2) and define the undersize diameter re-
quired

Remember that ovality must be imited to O CC8 mm and
taper to 0012 mm

Undersize range is 0254 - 0508 - 0762 - 1 016 mm

NOTE - Crankshaft journals and crankpins must always
be ground to the same undersize class

CHECK OF CRANK SHAFT JOURNAL AND
CRANKPIN ALIGNMENTS

FIGURE 52

This check must be carried out after grinding, placing

crankshaft (1) on two V-blocks (2) and using dial gauge (3)

@ Main journal alignment max tolerance 0 20 mm (total
dial gauge reading), and 0 10 mm between two ad-
joining journals.

FIGURE 53

POSIZIONE LIMITE 625 |1 a5

- % e
\ POSIZIONE WOAMALE

PERXI O BIELLA {__[ '.’\
\ \"17’

A A

POSIZIQNE LIMITE

PEANO 01 8ANCY

- ———

NN/
TT/' L

o Crankpin alignment as to main journals Each pair of
crankpins and each pair of main journals should lie
cn the same plane Max tolerance 1s = 0 25 mm
Max allowed tolerance between shaft rotation axis and
crankpin surfaces, 1s = 0 10 mm

FIGURE 54

. N

T !

218

Flywheel face check

Flywheel mounting flange when the shaft I1s rotated,
crankshaft flange eccentricity relative to main journals (B)
should not exceed 0 04 mm, crankshaft flange runout
on periphery (A) (on a dia 2 to 4 mm less than the max
resting surface dia ) should not exceed 0 02 mm

FIGURE 55

e

Check that lubrication arcuit caps have no leakages at
an internal pressure of 1S bar If so, replace them using
tool 99386010 (1) for fitting

p. 28
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FIGURE 56
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Detalls of front, intermediate and rear main journal fillets
J

g 125

FIGURE 57
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Oetails of crankpin fillets

FIGURE 58
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Details of central main journal fillets
When grinding main journals, carefully observe fillet va-
lues, as these should not change as to those indicated

FIGURE 59
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Insertion of a calibrated wire for clearance measurement

g Thoroughly clean all parts and wipe-out ol

a Place a calibrated wire on crankshart journals (1) pa-
rallel to the longitudinal axis (see the arrow)

O Insert caps and tighten the screws (zlready lubrica-
ted) at the prescribed torque

0 Remove caps and measura clearancs, comparing the
calibrated wire width (arrow) with scale graduation
on the container (2)

FIGURE 60

16540

Check the measurement of crankshaft (2) end float by
gauge (1)

Standard clearance 1s 0 075 to 0 328 mm

If excessive end float 1s noticed, replace thrust washers
with new ones of standard thickness or oversized by
0 127 mm if necessary
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ENGINE FLYWHEEL RING GEAR
REPLACEMENT

FIGURE 6!

d 23459
It ring gear teeth (1) of engine starter flywneel (2) are
seriously damaged, replace the whole ring gear
To remove/install ring gear cn flywhesl use a surtable drift

before installation, heat ring gear to 80°C

FIGURE 62

Engine flywheel assembly

Using tool 99360351 (2) and torcue wrench (3) ughten
capscrews (1) to a torque of 102 Nm (105 kgm), then
furtherly ughten by 60°

NOTE - Screws can be reused as long as thread dia (mea-
sured at 25 mm from tip) 1s not lower than 155 mm

PISTON-CONNECTING ROD ASSEMBLY

FIGURE 63

2 - . 23a8t
Piston ring (1) removal/installation by mezrs of rame-
verinstaller 59360184 (2)

FIGURE 44

23462]

Piston ring {1) assembly/disassembly by means of roud-
nose oliers (2)

FIGURE 45

Piston pin removal (1) If it is difficult to remove the pin,
use a suitable driver
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FIGURE 66

23484
PISTON-CCNNECTING ROD ASSEMBLY COMPONENTS

I Piston - 2 Douole taper nng 3 Ring - 4 Qi scmaper »rg S Pn 6
Piston rings - 7 Half oearngs - 3 Cznnacring rod

FIGURE 67

S
\/ 16549

Measure piston diameter (2) by micrometer gauge (1)
to define clearance

NOTE - Diameter must be measured 33 mm from skirt
base

FIGURE 68

Piston-cylinder liner clearance can be checed not only
by measuring piston and liner diametars, but also with
a feeler gauge (1), as indicated in the figure

PISTON RINGS

FIGURE 69

23485

Checking clearance between piston rings (1) and relevant
grooves cn piston (2) by feeler gauge (3)

FIGURE 70

16552

Check piston ring thickness (2) with micrometer gauge (1)
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FIGURE 72 FIGURE 74
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Detail of the first groove for double taper compression
ring
Groove height 1s measured on 134 mm dia

TS

3513

FIGURE 73

Oragram for measuring X clearance between the first pi-
ston groove and the double taper ring

Due to the special shape of the first compression ring
(double taper section), the gap between groove and ring
1s measured as follows position prston (1) so that it pro-
trudes from engine block with ring (2) haif out of cyfin-
der sleeve (3)

@ @@ On this position, insert feeler gauge and check gap (X)

\\MQO betwesen ring and groove Gap should be 0 122 to 0 163
mm.
\

16554

Checking clearance between double taper ring (2) and
Its groove on piston, with a feeler gauge (1)
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8210103
FIGURE 69
1595, 1990 5 490 1720, 1090 5510
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Detalls of pistons, piston pins and rings.
*Dimension obtaned on 34 mm dia.

8210SI02-SRI10

FIGURE 71
3720, 3070 | [ 5530 L 3575, | 2978
3750 3099 | |_5.550 3535 2338

5478
5430

XXM IR RO

SOOI

Oetalls of pistons, piston pins and rings

2466

* Dimension obtained on 134 mm dia.
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FIGURE 75

{ 1ssss

Piston ring end (2) gap inspection by feeler gauge (1)
8210SI02-SRI10

Gap between ring ends in cylinder sleeve should be
a Top compression ring, double taper mm 0 50-0 75

g 2nd compression ring, straight mm 050-075
a 3rd ol scraper ring, straight mm 0350-060
a 4th oi scraper ring, slotted mm 040-0 60

8210103

Ring gap in sleeve
a Top compression ring, double taper MM 060 to 080

0 2nd compression ring, straight mm 050 to 070

T 3rd compression ring, straight mm 050 to 0.70

O 4th off scraper ring ~ mm 240 0 060
FIGURE 76

16556

If the gap is less than the minimum allowed, rectify pi-
ston ring ends with tool 99360188, if gap is greater than
the maximum allowed, replace rings.

CONNECTING RODS

FIGURE 77

16557

Check for connecting rod axis misalignment, using gau-
ge 99395363 (1)

Max allowable tolerance s 0 07 mm measured 25 mm
from the longrtudinal rod cantreline

For misalignment over the allowed tolerance, straighten
connecting rod using a hydraulic press

FIGURE 78

’ 16558
Straightening connecting rod stem (2) by press (1),
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FIGURE 79
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L_J 27005

Details of connecting rods, bearings, busking, piston pin

" Dimension to be obtained after fitung the bushing Details of connecting reds. bearings, bushing and piston

pmn

*Oimension to be obtained after fitting the bushing
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27006
Bushing (2) removal/refitting is carried out by hydraulic
press (1) with the ad of a surtable tool
After fiting, remove the portion of bushing protruding
laterally from connecting rod small end, then re-grind
bushing to obtain diameter 48.019 to 48.035 mm

8210103

FIGURE 80

%

n

Bushing (3) removalffitting 1s carried out by hydraulic press
(1) with the aid of installer/remover tool $9360270 (2)
After fitting, remove the portion of bushing protruding
laterally from connecting rod small end, then re-grind bu-
shing to obtain diameter 50 019 to 50 035 mm

8210SI02-SRI10

I~

16560

FIGURE 81

16561

Checking connecting rod weight tolerance
On connecting rod weight, the tolerance is =20 ar

It must be checked with the connecting rod complete
with small end bushing, cap, screw and nuts

FIGURE 82

16562

NOTE - Before installing the connecting rod-piston as-
sembly, check its squareness It should be perfect If not
replace the affected parts
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FIGURE 83

23469

DIAGRAM FOR INSERTING THE COMNECTING ROD - PISTON
ASSEMBLY IN CYL'NCER

| Stamp mark area with the number of the cylinder wnich the cennecting
rod pertans to - 2 Raised arrow indicarng 2ngine directicn of rotation
3 Camshaft

NOTE - In case of connecting rod removal and installa-
tion, replace old screws and nuts with new ones

FIGURE 84
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16563

Connecting rod-piston (1) installation in cylinder sleeves
(2) with piston ring clamp 99360603 (3)

Installation of connecting rod-piston assemblies in cylin-

der sleeves must be carried out checking that:

a Each piston - connecting rod assembly i1s of a same
class (A or B).

o0 The connecting rod number corresponds to cylinder
number

a Writng "LATO PUNTERIE" (TAPPETS END) stam-
ped on piston crown Is positioned towards camshaft

a Connecting rod numbers are positioned at camshaft
end

g Piston ring openings are shifted 120° cne another

Thoroughly lubricate pistons, rings, and cyfinder sleeve

instdes included 8210SI02-SRI10

O piston ring openings are shifted $0° one another,
Thorougnly lubricate pistons, rings. and inside of cylinger

sleeves 8210103

FIGURE 85

- O

oh

16564

o
-

After installation, with dial gauge (1) check that the pi-
ston protrusion (2) 1s —0 275 to +0 225 in relation to
the block face
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FIGURE 86
16565
Application of calibrated wire (arrow) to detect crankpin clearance
To detect clearance, operate as follows a Place a cap and tighten nuts at prescribed torque
g Thoroughly clean all components and wipe out oll Screws and nuts must be lubricated
0 Insert on crankshaft journals (1) a calibrated wire (see g Remove cap and detect clearance comparing calibra-
arrow) ted wire width (see arrows) with scale graduation on
contamner (1)
CAMSHAFT
FIGURE 87

1 A
Fg R It -

Camshaft details

FIGURE 88

16566

Camshaft journal and lobe surfaces should be smooth. With dial gauge {1} check journal (2) alignment; misalign-
If pick-up or scoring are detected, remove the whole shaft ment should not exceed 0 10 mm, if higher, straighten
and its bushings. shaft with a press
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FIGURE 89

With camshaft on V-blocks, with dial gauge (1) check cam
lobe lift, which should be 7 921 mm for intake and 8 mm
for exhaust

FIGURE 90

13768

To check camshaft running clearance, measure bushing
bore | D. and camshaft pin (3). the difference is the real
clearance

If clearance over 0.161 mm is detected, replace bushings
and, f necessary, also camshaft.

16567

FIGURE 91

Camshaft (1) installauon

Before installing camshaft, lubricate journals with engine
oil

VALVE SYSTEM CONTROL

FIGURE 92

When ntalling valve system gears the numbers 1-2-3 (see
arrows) on the gears should be in line with the same num-

bers on adjacent gears
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8210103

8210SI02-SRI10

16572
PMS «TOC CHIUSURA = CLOSING
PMI = 83DC ASPIRAZIONE = INTAKE
ANTICIPO INIEZIONE = IN[ECTION ADVANCE  SCARICO = EXHAUST
APERTURA = OPENING ORDINE O SCOPPIO a FIRING ORDER
Valve system diagram
Data refers to theoretical check gap of 0 55 mm bet-
ween valves and rockers

CYLINDER HEADS

FIGURE 94

16573

Removal/installation of valves 1s carried out with tool
99360138 (1)

FIGURE 95

@

S\ 16574

PARTS COMPOSING VALVE ASSEMBLY

I External spring washer - 2 Valve - 3 Bottom internal spring cap - 4 Inter
nal sprng - 5 External spnng - 6 Top cap - 7 Retainer cotters

FIGURE %6

Cylinder head bottom view

| Exhaust valve housing
2 Intake valve housing

FIGURE 97

Check for leakages using the proper tool (I, 2. 3)
With a pump let In water heated to about 90°C and
to a 4 to 5 kg/cm? pressure No leakage should be de-
tected, if so, replace cylinder block

FIGURE 98

16577

Cylinder head face (1) check is carried out with a straigh-
tedge (2) and a feeler gauge (3) If distortions greater than
0 |5 mm are observed. dress head using suitable grinder
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FIGURE 99

16578
With magnetic base dial gauge (2) check for maladju-
stment and clearance between valve stem (1) and its seat
If clearance i1s excessive, replace valve and. in case, val-
ve guide

FIGURE 100

Valve guide insertion/removal

With reamer 99395723 measure valve guide diameters,
which should be 11025 to |1 045 mm If not, replace
valve guides

Guides are supplied as spares with oversized diameters
(004-020-024 mm)

Valve guide (3) assembly 1s carried out with remover/in-
stler tool 99360143 (i) complete with component
99360299 (2)

FIGURE (01
24:0.3
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Oiagram for correct fitting of exhaust and intake valve

guides

FIGURE 102

025
— 045 .
LN ey gy LN
g 5

f - (T 57,250
SCARICO 48,000 57500
SCARICQ = EXHAUST
ASPIRAZIONE = INTAKE

ASPIRAZIONE (s

Valve anc valve guide detals
* Dimension to be obtained after valve guice fitung

FIGURE 103

After valve guide fitting, rebcere valve guide (2) hole using
reamer 99350331 (1)

FIGURE 104

If valve seats have to be replaced, proceed as follows
o Use tool (1)

On cutter (3) adjust stop (2)

Use cutter to remove valve seat

Clean seat with compressed air

ona
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FIGURE 105 FIGURE 107
J
I
i
‘
D I
17977
17 995 \
— \ 16535
If valve seats (2) are replaced or they ars damaged, aress
! ts g HUN 9
3500 S0 58900 LSO So0l s seats using HUNGER tool 99360419 (1)
13 600 58 930 50 930
'~ 68 800 56.800
69 000 57000
59 080 31075
rsmos"' l"5109o']
49 000 < S
1149 160 ° %76 FIGURE 108
Cylinder head and valve seat details /
C
// /_—__\
FIGURE 106 @
-
16536
Oetecticn of valve contact line in its seat
If contact (see arrows) 1s offset as to valve head seat
dress seat
To dress valve faces, insert valve stem in the self cente-
ring chuck of grinder 99301014 and adust the support
to operate at 45°30' xS’ for exhaust valves, and at
60°30" =5’ for intake valves After dressing, check that
stand-n 1s | 4 to | 8 mm for intake valves, and | 3 to
13767
I 9 mm for exhaust valves
Valve seat (1) fitting 1s carried out with a suitable instal-
ler/remover tool (2), heating to about 50°C the cylin-
' der head and cooling to —180° valve seats (for instance,
| 'naliqud nitrogen tank)
intake 0 150 to 0 205 mm
Fitung interference {exhaust 0145 to 0 190 mm
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16587

Valve spring rate (external and internal) must be chec-
ked using tester 99305049, comparing load and elastic
strain with data of figs 110 and |11 relaing to new
springs

MHGURE 118

FOLA LIMAA « S Fug
IAVOUA THASLA o YALVY CLOSEE
VALYOUA APIATA « YaLYE OrEN

Detalls for the test of external intake and exhaust valve
springs

AGURE 111
MOLLA UBERA |

. e
YO DA+ $4VE SLTHO
1A YOUA AHATA o YALVE OPEN

Details for the test of internal intake and exhaust valve
springs

CYLINDER HEADS

FIGURE 93

Removal/installation of valves 1s carried out wrth tool
99360138 (I).

FIGURE 94

— !

9, 2
D _
N

Pang )

\% 16574

e

VALVE ASSEMBLY COMPONENTS

| €<sarnalsorng vasner - 1 Vaive - 3 Bomiem ntarmal scr g cap - + Internal
soring - 5 Exteral speng - 5 Tso cao - 7 Reweer comers

FIGURE %5

CYLINDER HEAD BOTTCM ViEw

| Exraust valve ncusing
2 Intake valve housing

FIGURE 96

Check for leakages using the proper tool (I, 2. 3).
With a2 pump let In water heated to about 90° C and to
a 4 to S bar pressure

No leakage should be detected, if so, replace cylinder
block.
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16577

Cylinder heac face check is carried out with a straight-
edge (2) and a feeler gauge (3) If distortons greater than
015 mm are observed. dress head using 2 suitable
grinder

FIGURE 98

With magnetic base dial gauge (1) check for maladjust-
ment and clearance between valve stem (2) and its seat
If clearance 1s excessive, replace valve and, in case, valve
guicde.

FIGURE 99

ot S e &

Valve guide insertion/removal
Using a reamer, measure valve gude diameters which
should be 11025 to 11045 mm

If not, replace valve guides

Guides are supplied as spares with oversized diameters
(004-020-024 mm). Valve gude (3) assembly s
carned out with drift 99360143 (1) complete with
component 99360299 (2).
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DIAGRAM FOR CORRECT ATTING OF EXFAUST AND INTAKE VALVE
GUIDES

FIGURE 10|
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SCARICO Dﬁﬂﬁﬂ 39000)  ASPIRAZIONE

27014

VALVE AND VALVE GUIDE DETAILS

FIGURE 102

After valve gude fitting, rebore valve gude hole (2)
using reamer 99390331 (1)
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FIGURE 107

FIGURE 109

SPRING FREE |

VALVE CLOSED

kga1=2 l

== T\

16586

Detection of valve beat line on Its seat

If contact (see arrows) 1s offset as to valve seat, dress
seat

To dress valve faces, insert valve stem in the self-
centering chuck of grinder 99301014 and adjust the
support to operate at 45°30" % 5’ for both intake and
exhaust valves. After dressing, check that stand-in1s | 4
to | 8 mm for intake valves and | 3 to | 9 for exhaust
valves

FIGURE 108

16587

Valve spring rate (external and internal) must be
checked using tester 99305049 (1), comparing load and
elastic stran with data of figures 109 and 110.

m~
: 17 o
g’ :;_ kg71=35
T VALVE OPEN
1 =4
27016

DETAILS FOR TESTING EXTERMNAL INTAKE AND EXHAUST VALVE
SPRINCS

FIGURE |10
SPRING FREE |
§ VALVE CLOSED
;J‘kg15.7:0‘65|
o~
N
~N <
) kg307+15
« VALVE OPEN
l 27017

OETAILS FOR TESTING INTERNAL INTAKE AND EXHAUST VALVE
SPRINGS
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CYLINDER HEAD ASSEMBLY

FIGURE 112

Lol

! 0 | ; |

o 10 reso0

To assemble and tighten cylinder heads {!) procesd as

follows

a On engine block position gasket with word "ALTO"™
(TOP) towards the operator

o Assemble cylinder head and check their alignment
using a straightline

o After lubricating screws with UTDM, tighten them

following the diagram in fig | {4

FIGURE 113

Using tool 99395202 (1) tighten screws by (20°

For the engine 8210103 the tightening torque is 294 Nm
(30 kgm).

NOTE - The screws can be reused as long as thread ex-
ternal dia 1s not lower than 17 5 mm

FIGURE (14

@0 0

8210s102-SR110 216

Order plan of torque of cylinder head screws
The screws should not be tightened in less than two suc-
cessive pnases corrasponding to the order specified in
the ilustration

Ist phase preughtening 200 Nm (20 S kgm)

2nd phase preugntening 2C0 Nm (20 5 kgm)

3rd phase angle 120°
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ROCKER SHAFTS - PUSHRODS

FIGURE IS

23473

ROCKER SHAFT ASSEMBLY

| Retaner sphit ring - 2 Thrust washer 3 Rocker - 4 3racket - S Rocker
spacar spring - 6 Shaft

Check for scores or seizura in contact surfaces If detec-
ted, replace worn cut components

Check clearance between valve rocker and rocker shaft,
and between bracket and rocker shaft. It should be 0 020
to 0062 mm and 0 to 0.054 mm respectively

Parts causing oversize to prescribed clearance must be
replaced

Verify seal of caps at the end of each shaft

8210SI02-SRI10

\
\
‘\\ rEEn

FIGURE 117

-

36

T

- 21

Details for checking rocker spacer springs

FIGURE ({8

16593

Rocker bushing (2) assembly, using suitable remover/in-
staller tool (I)

When inserting new bushings take care they do not pro-
trude from rocker sides
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8210SI02—-SRI1O

FIGURE 116

25,020
25,041
16592

Bracket, rocker shaft. rocker and inherent bushing details

8210103

FIGURE 116

28,939 29,032
28,972 29,070

BRACKET ROCKER SHAFT, ROCKER AND INHERENT BUSHING QOETAILS

27019
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FIGURE 119

o SSSTRENNE S

— &" ‘_‘/‘ -
— (O — (O
Rocker and valve clearance adjustment using wrench
99350108 (). box wrench (2) and feeler gauge (3)
Running clearance is 0 30 mm for intake, and 0 40 mm
for exhaust Position to firing stroke the cylinder on which
clearance must be adjusted, the valves of this cylinder

are closed when those of the symmetrical cylinder are
in balance condition

Symmetric cylinders are 1-6, 2-5, 3-4

" NOTE - To adjust valve-rocker clearance more quickly

during engine re-assembly, proceed as follows

@ Rotate crankshaft, have cylinder | valves in balance
condition and adjust the valves marked with an aste-
risk, as indicated in the following scheme

Cylinder No I 2 3 4 5 )
Intake - - * - » =
Exhaust —_ =k

a Rotate crankshaft, have cylinder 6 valves in balanca
condrtion and adjust the valves marked with an asterisk,
as indicated in the following scheme

Cylinder No l 2 3 4 S 6

intake = * — * —- =

Exhaust * — * _ * —
FIGURE 120

A

Pushrods should be free from distorsion; the spherical
seats in contact writh rocker adjusting screw and with tap-
pet (see the arrows) should not show signs of pick-up
or wear If so, replace them

Intake and exhaust pushrods are identical, and, therefo-
re, interchangeable

13769

LUBRICATION
FIGURE 121

INCINE WITECQUT CIL SUMP - 3OTTOM “igw

I Odsucucn sccop 2 2ever valve 3 Cuoump 2 Qu c2rvery lire to

meal 2xcrarges 5 Calver, lre

NOTE - Replacement of an oil pump gear raguires the
P pumb g

replacement of mating gear Trus will restore the pump

to 1ts imiwal efficiency

FIGURE 122

16596

With feeler gauge (1) check clearance between gears and
cover face Clearance should be 0015 to 0 067 mm
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FIGURE 124 FIGURE 125

With feeler gauge (1) check gap between gea- O O and
pump casing It should be 0 130 to 0210 mm
With installer/remover tool (1) insert bushing on oil pump

cover

FIGURE 26 FIGURE 129

99

\
U {Kg 375 +ax

§ 4 3 Z 1 291

LONGITUDINAL SECTION THROUGH OIL PRESSURE RELIEF VALVE

41
11

| Spit pin - 2 Threaded cap 3 Spring - 4 Valve body - 5 Valve

%
% | g 3,15% o:xs]

131

Detalls for testing filter by-pass spring valve

FIGURE 127
v L Z 4 |
0, ~thwnv v
s a4 7
5 4 3 2 1 us?

LONGITUDINAL SECTION THROUGH 8Y-PASS VALVE

| Cap - 2 Gasket - 3 Valve body - 4 Spring - 5 Valve
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FIGURE 128

| Kg 103 ¢ o

BYN

\

62

34

\ | Kg 1515% as |

Details for oil pressure check valve spring

FIGURE 131

0

or—13
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137

FIGURE 130
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LONGITUDINAL SECTION THROUGH CiL PUMP

I Drivirg gear - 2 Driven gear - 3 Top control snait 4 Front cover 5
Cear & Body -7 Busmings 8 Oriven gear totiom shaft - 9 Valve - 10
1 Rear busming |1 Rear cap

INSTRUCTION FOR INSTALLING OIL SUMP ON
ENGINE BLOCK

To re-assembly oil sump (if previously disassembled) ca-

refully follow this procedure and the diagram in the figu-

re, so as to avod ol seeping from ol sump

a Use jointing compound on the secticns of the sea-
ling gasket, taking care that the holes in the sump
exactly correspond to those in the gasket Also, the
gasket should protrude at least | mm as to the rear
flange face

@ With sealing compound, coat connection areas of ga-
sket elements

@ When compound is dried, check that the protruding
porton of the gasket is between 05 and | 5 mm
It these values are exceeded the surplus portion must
be trimmed

a Sump assembly must be carried out with the engine
block complete with 1ts valve system cover and rear
support

Q@ Instalt sump on engine block bottom, and shide It un-

ul it contacts the rear support

Screw down screws from No 3 to No. 36

Tighten screws | and 2 (to have vertical clamp)

Screw down (about 3/4 of total tightening) screws

from No 37 to No 4|

Loosen screws | and 2

Tighten screws 37 to 4/

Alternately tighten screws 3 to 36

Again check screws 37 to 41, (in case they are loo-

se). and tighten screws | and 2

o0oo

aooao
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FIGURE (32

A/ 4 g
i 19 N
.

2204

COOLING SYSTEM
WATER PUMP DISASSEMBLY

FIGURE 135

N

SEETEETETEETEEEEEEEEEEEEESEsSsSSS

6 23474

LONGITUDINAL SECTION THROUGH WATER PUMP

| impeller 2 Retamer ring - 3 Seal gasket - 4 Water pump body - 5 Control shaft with bearing - 6 Driving gear
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ENGINE ASSEMBLY

FIGURE 255

16729

Using brackets 99361015 and 99361014 install engine
block on revolving stand 99322230 Tighten screws (1)
and nuts (2) of front plate (3) to a torque of 78 Nm (8

kgm)
Fit cylinder hiners as indicated

FIGURE 256

16509
Insert camshaft bushings using an appropriate tool
Lubricate bushings and fit camshaft (1) fixing 1t to the front
plate of the engine block with a suitable plate Lock
screws to a torque of 78 Nm (8 kgm)

FIGURE 257

Insert ol spray nozzles (1)

FIGURE 258

Place half-bearings (1) on main bearings
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FIGURE 259
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FIGURE 263

23478

Position seal ring (1) on camshaft

FIGURE 2564

On housing fit seal ring (1) and seal (2)

FIGURE 265
el
T Sy

16737

Insert the complete flywheel housing on engine block and
tghten screws (1) amth a torque wrench (2; to the pre-
scribed value

FIGURE 266

16738

Insert guide pins (1) and engine flywheels (2), lock rota-

von with tool $3380351 and tignten screws to 95 Nim
torgue

FIGURE 267

Using tool 99395207 (2) lock screws (1) to a €0° angle

FIGURE 248

23481

Rotate engine block positioning 1t verucally Place con-
nectng rod half-bearings in their seats, then insert con-
necting rod-piston-ring assemblies in the cylinder sleeves
using oiston ring clamp 99360603 (1) as described
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FIGURE 249
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FIGURE 275

- " 23482
Install damper wheel hub (1) and using tcrcie wranch
(3) and torque multiplier (2) tghten nut $31 Nim 35 kgm)

NOTE - Lubricate nut with minium disgersion in ergine
ol

FIGURE 274

// 16749

Lubricate tappets (1) with engine oil and insert them in
their seats

FIGURE 277

=

On engine block position cylinder head gaskets (1) with
the world "ALTQO", (TOP) towards cylinder heads

15590

' FiGURE 278
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FIGURE 281

16750

Insert rocker pushrods (1) in thewr housings

FIGURE 282

™~ 1675!

Insert caps (1) on valves (2)

FIGURE 283

Insert rocker shaft assemblies (1) on heads (2).

FIGURE 284

With a torque wrench (1) lock nuts to a 59 Nm (4 kgm)
torque

FIGURE 285

Asindicated at page |36, adjust clearance between roc-
kers and valves using wrench 99350108 (1) and feeler
gauge (2)

FIGURE 286

Insert waters lines (I and 2) on engmne block and cylin-
der heads Fit the complete fuel housing
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TIGHTENING TORQUES (TEMPORARY DATA)

Engine p.gg

DESCRIPTION TORQUE Nm (kgm)
Self-capscrew, main bearing caps (crankshaft and ol pump) A 412 (42)
Capscrew, sump to engine block 4 (1 4)
Capscrew, sump to front cover (4 (14)
Capscrew, sump to rear cover 14 (14
Nut, front cover to plate and front engine mounting 59 (8)
Stud. front plate to engine block 59 (6)
Capscrew, front cover to engne block plate 49 (5)
Capscrew, front plate to engine block 78 (8)
Capscrew, rear engine mounting to engine block 98 (10)
Capscrew, rear engine mounting to engine block 78 (8)
Capscrew, rear engine mounting to engine block 137 (14)
Capscrew, front cover to plate 29 (3)
Stud, intake manifold to cylinder heads 39 (4)
Capscrew, exhaust manifold to cylinder heads 3253 3)
Capscrew nut, connecting rod cap 275 (28)
Selfdocking capscrew, engine flywheel 95 +60°
Nut, damper hub 931 (99)
Self-locking capscrew, pin, driven gear to engine block 78 (8)
Capscrew, thrust plate to camshaft 78 (8)
Self-locking capscrew, camshaft driven gear 59 ()
Cap, oil filter vaive 68 (6 9)
Capscrew, heat exchanger to casing 24 (25)
Nut, cover to heat exchanger 24295
Nut, heat exchanger to bracket 49 (5)
Nut, heat exchanger to filters 49 (%)
Capscrew, heat exchanger to engine block 59 (6)

A Wet lubrication UTDM oll.

* Lubricate with graphite ol W.
° Lubricate with minium dispersion n engine oll.
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DESCRIPTION TORQUE Nm (kgm)
Thermostarter, 24V 65 (6 6)
Capscrew, engine block water inlet elbow 24 (295)
Nut, heat exchanger water outlet 24 (25)
Capscrew, water inlet pipe to engine block 24 (29)
Capscrew, water outlet pipe to engine block 49 (5)
Stud. elbow to front engine block water outlet 49 (5)
Stud. upper water delivery to front engine block water outlet 24 (25)
Capscrew, bottom delivery water pipe to pump 24 (295)
Capscrew, BEHR fan to pulley 24 (25)
Capscrew, air compressor 59 (6)
Capscrew, air outlet manifold to compressor 24 (25)
Nut, compressor gear 118 (12)
Nut, rocker holder shaft 5% (6)
Self-locking capscrew, injection pump housing to engine block 98 (10)
Self-locking capscrew, laminations to njection pump union 59 (6)
Nut, manifold capscrew for injection pump connection shaft 47 (4 8)
Stud. injector bracket to cylinder head 49 (5)
Self-locking capscrew, front and rear cover to ol pump casing 429 (3)
Nut, turbocharger capscrew to rear exhaust manifold 62 (63)
Collar, ar pipe sleeve from turbocharger to intercooler an
Collar, air inlet sleeve to turbocharger an
Capscrew, oil delivery pipe to turbocharger 45 (4 6)
Capscrew, dran ol pipe to turbocharger 45 (4.6)
Nipple, ol dehvery pipe ta turbocharger 136 (13 9)
Pipe union, filter to injection pump 3334
Pipe union, piston cooling ol nozzle 49 (5)
Capscrew, ol pump suction pipe to cover 49 (5)

A Wet lubrication, UTDM ol
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DESCRIPTION TORQUE Nm (kgm)
Capscrew, ol pump intake pipe to front interior intermediate cap 49 (5)

Capscrew, oil filter body to engine block 49 (5)

Pipe union, ail delivery pipe to turbocharger 77 (7 8)

Valve, oil pressure check 78 (79) .
Valve, oll filter safety 136 (13 8)

Capscrew, front cover and housing to plate 29 (3)

Capscrew, housing to front cover 29 (3)

Stud alternator housing to front engine block cover 2% (3)

Nut, alternator capscrew to housing 88 89)

Nut, pulley to alternator fan 52 (53)
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& SPECIAL TOOLS

o
TOOL NO. DESCRIFTION
ENGINE
99315067 Base. engine.
99340035 Puller, pulley hub/water pump impeller
99340205 Puller, shde hammer,
993402i5 Tool part for removing clutch shaft guide bush, or bearing, in crankshaft (use with 99340205)
99342145 Remover, injector sleeve .
99350108 Wrench, tappet adjustment,
99355039 Retainer, nut. damper flywheel
99360138 Remover/installer engine valves.
99360143 Remover/installer valve guide.
99360183 Pliers, compressor piston rings.
99360184 Plers, engine piston rings
99360299 Remover/installer, valve guide (use with 99360143).
99360314 Remover/installer cartridge fiiters,

H 99360320 Rotator, crankshaft, tappet adjustment and valve gear uming

hagl 99360351 Retainer, engine flywheel.
99360423 Installer, crankshaft rear seal (use with 99370006).
99360460 Connection, engine cylinder compression test (use with $93956682).
99360500 Lifter, crankshaft.
99360502 Set of eyes, Iift, cylinder heads.
99360503 Set of eyes, Iift, engine block.
99360545 Bracket, engine flywheel assembly/disassembly (use with 99360551).
99360551 Bracket, engine flywheel assembly/disassembly.
99360585 Rocking sling, engine removal/installation.
99360603 Compressor, standard and oversize piston installation in cylinders.
99360605 Compressor, standard and oversize piston installation in cylinder
99360772 Plate, threaded.
99360773 Ring
99360774 Ring
99360778 Screw, forcing
99360788 Set of studs.
99360790 Set of adapters.

) 99361014 Brackets, engine to swinging stand 99322220
{ 99361015 Brackets, engine to swinging stand 99322220
—— 99365010 Burnisher, injector sleeve,
99365063 Spreader, injector sleeve,
99370005 Handle, driver, interchangeable
99370006 Handle, driver, nterchangeable.
99374316 Remover/installer, crankshaft rear seal (usewith 99370005)
99386010 Remover/installer crankshaft core plugs
99390331 Reamer, valve guide
99390789 Set of taps, to thread injectors sleeves to be extracted
99394017 Dresser, lower injector sleeve portion (use with $9394019)
99394019 Bushing, pilot
99394031 Cutter, injector housing (use with 99394019).
N
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