Publication No. L32035008
Date 01 -1995

marine engines

sezione 8

8291 series

workshop manual

IVECO aifo



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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8291 GENERAL ENGINE p.1
‘—/J
ENGINE SPECIFICATIONS
TURBOCHARGER
ENgiNe LyPe. ..ottt ity 8291sM49.11
4 - stroke Diesel with direct njection The engine 1s supercharged by two turbocharger driven by
Cylinders,number and arrangement............... 12 at 90°Vee the exhaust gases.
BOre X STrOKe.......ovvuiiiiiieieieannennnnnnns 145 X 130 am THe turbocharger 1s (ubricated with the engine o1l under
Displacement. ... .......c.ciiiiiiiiiinnaannnnnnn, 25,8 ¢ pressure.
COmDreSS10N PBLI0. ... eureesnenennecnoanncnnennns ..15,9:1
Net power at flywheel (%):
MaX pOWEr. . .eiiiit i 375 ku(490 cv)
L L 1800 rpm
Engine rotation:
(see from flywheel) ......ivviiiiiniineoniennennnrnnnnns cew
\ LUBRICATION
N
* Net rating at flywheel according to 150 3046~1 Minimum o1l pressure:
- Ambient reference conditions: - at full throttle. ... .iiiviireiinnninnnnnnnnss 5 kg/ca?
750 mmHg;25°C;30% relative humidity - when 1dling................ Ceteeetsectatanranns 2 kg/cm?
TIMING COOLING SYSTEM
Valve Timing:
- Intake:
Opens: before T.D0.C ....ccvveeivneronenanaannanens 12° 18 Cooling by dual water circuit:
Closes: after B.D.C ...uovureiernennnvnnncnnnnnnen 30° 18 - Pramary circuit (closed) by fresh water.
- Secondary circuit (open) by sea water.
~ Exhaust:
opens: before B.D.C .......ovieveerinennninnennns 55° 30° Water circulation 1s provided by a self priming pump fea-
closes: after T.D.C ..ovvuiernnnnenrrrenanennnnns 16° 18 turing a neoprene mpetler.
N ~learance between rockers Complete sea water circuit 1s protected from corrosion by
and actuators for t1mIng checkS...........ocuvenn... 0,25 mm replaceable sacrifical anodes.
STARTING
Operating clearance between rockers
and actuators,cold engine; By starter motor.
=~ intake. . ... 0,15 to0 0,20
sexhauSt. ... i, cessaenan 0,35 to 0,40 mm
ELECTRIC SYSTEM
FUEL SYSTEM
B (=15 2.+ T 24V
- Self-regulated alternator.................... 28 v,100 A
In line injection pump type BOSCH PE12P130A = StArtINg MOTOr POWE ... ..uuennneennnennnnooncnnnnns 9 kv
- Battery (optional).....c.coiiiviinnnnannnn. 2,each 176 Ah
Boost control(LDA) on 1njection pump
MARINE GEAR (on request)
Fixed injection pump delivery start advance............. 21°
Fuel injectors settIng.........coovuvnnnnnnnnnn. 250 + 8 bar
. firing order......... teerencenans 1-12-5-8-3-10-6~7-2-11-4-9 Hydraulic drive with 1ntegral thrust and o1l cooler
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ENGINE SPECIFICATIONS
TURBOCHARGER
Engine type. ... i, 82915RM11.10
4 - stroke Diesel with direct injection The engine 1s supercharged by two turbocharger driven by
Cylinders,number and arrangement............... 12 at 90°Vee the exhaust gases.
Bore x stroke..... ceccasencenassane earreceanas 145 X 130 m The turbocharger 1s lubricated with the engine o1l under
Displacement. ... ... iiiiiiiiniiiininin, eed25,8 L pressure.
COMDresSIoN PATIO. . ettt eeae e, 15,9:1 Turbine housing cooled with fresh water.
Net power at flywheel (%): Cooling intake air with-water heat exchanger.
HaX pOMer. .o i e 810 kw(1100 ¢Vv)
[} S TR R T T T TP 2100 rpa
Engine rotation:
(see from flywheel) ..... teteeateencntactacanstocccnnons ccw

* Net rating at flywheel according to IS0 3046-1
- Ambient reference conditions:
750 maHg;25°C;30% retative humidity

TIMING

Valve Timing:
- Intake:

opens: before T.0.C .............. vereen tetreeanes 12° 18
closes: after B.0.C ........cviveienrnrnnnnnnnnn. 39° 30°
- Exhaust:
opens: before 8.0.C .......... tesestaceracteanenan 65° 30°
closes: after T.0.C .........cc...... testaaanas ...16° 18
Clearance between rockers
and actuators for t1mING checkS..................... 0,20 m
Operating clearance between rockers
and actuators,cold engine;
-~ intake.................... Cesestaccsaseces 0,15 t0 0,20 mm
- exhaust...... tretetieceeenttetaascanscnnnn 0,35 to 0,40 mm

FUEL SYSTEM

In line 1njection pump type BOSCH PE12P130A
Boost control(LDA) on injection pusp
Fixed injection pusp delivery start advance.............21°

Fuel injectors setting...................... ++..250 + 8 bar
Firing order.....................1-12-5-8-3-10-6-7-2-11-4~9

LUBRICATION
Minimum o1l pressure:
- at full throttle............... teecetatannacnns 5 kg/ca?
~when vdling. .. ..iiiiiiiiiii i, 2 kg/cat

COOLING SYSTEM

Cooling by dual water circuit:
- Primary circuit (closed) by fresh water.
- Secondary circuit (open) by sea water,

Water circulation is provided by a self priming pump fea-
turing a neoprene impeller,

Complete sea water circuit 1s protected from corrosion by
replaceable sacrifical anodes.

STARTING

By starter motor.

ELECTRIC SYSTEM

L~ 18 2 [P 24V
- Self-regulated alternator...... F . 28 v,100 A
= StArting POTOP POWEr. . .u e virreneceannnnasnonnnnne 9 k¥
- Battery (optionat)..... tecsesercarnnenanas 2,each 176 Ah

MARINE GEAR (on request)

Hydraulic drive with integral thrust and oil cooler
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ENGINE SPECIFICATIONS
TURBOCHARGER
Engine type. ... ittt i, 8291SRM12.11
4 - stroke Diesel with direct 1njection The engine 15 supercharged by two turbocharger driven by
Cylinders,number and arrangement............... 12 at 90°Vee the exhaust gases.
Bore X STPOKe.........ociiiiiiininraninrneennns 145 X 130 s The turbocharger 1s lubricated with the engine o1l under
Displacement.............civviiiiiiiiiiiiiiiiaannnn.. 25,8 L pressure.
DL T Y 4 T 15,9:1 Turbine housing cooled with fresh water.
Net power at flywheel (*): Cooling 1ntake air with-water heat exchanger.
HaX POMOr . .\ iuetis tireeiieaerenennannnns 882 kW(1200 CV)
At ettt 2100 rpm
Engine rotation:
(see from flywheel) ..........oviviiinienmninnnnnnnn., ccw

¥ Net rating at flywheel according to IS0 3046-1
- Ambient reference conditions:
750 mmHg;25°C;30% relative humdity

TIMING
Valve Tiaming:
~ Intake:
opens: before T.0.C ....ccovvveiennnninnnnnnnncns. 12° 18°
closes: after B.D.C .....cccvvvemininennnnnnnn. ..39° 30
- Exhaust:
opens: before B.D.C .........ceeviiiienniininnnn.. 65° 30°
closes: after T.0.C ......vvneennieneeennnnnnnnnns 16° 18'
Clearance between rockers
and actuators for timing checks............ teseaaann 0,20 mm
Operating clearance between rockers
and actuators,cold engine;
- intake....... St eneeeiretraatisctaanenaaans 0,15 to 0,20 m
-exhaust................... vesestssssnarase 0,35 to 0,40 ma
FUEL SYSTEM
In line injection pump type BOSCH PE12P130A
Boost control(LDA) on njection pump
Fixed injection pump delivery start advance............. 21°
Fuel injectors setting..........cccceuverennn... 250 + 8 bar
Firing order.................. ¢+ 1-12-5-8-3-10-6~7-2-11-4-9

LUBRICATION
Minimum o1l pressure:
- at full throttle.. . .. ... iiiiiiiiiiiiinnnnnn., S kg/cm?
~when dlINg. .ottt 2 kg/cm?

COOLING SYSTEM

Cooling by dual water circurt:
- Primary circuit (closed) by fresh water.
- Secondary circuit (open) by sea water.

Water circulation s provided by a self priming pump fea-
turing a neoprene mpeller.

Complete sea water circult 1s protected from corrosion by
replaceable sacrifical anodes.

STARTING

By starter motor.

ELECTRIC SYSTEM

D =18 < - T 2L v
- Self-requlated alternator............covvun... 28 V,100 A
= STArtINg MOTOP POWE . ... .uiicieiereecsoneensaonnane 9 kW
- Battery (optional).....cciivivinnnnnnnnnnnn 2,each 176 Ah

MARINE GEAR (on request)

Hydraulic drive with integral thrust and oil cooler
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—’
ENGINE SPECIFICATIONS
TURBOCHARGER

EngIne type. ...l 8291SRM75.10

4 - stroke Diesel with direct injection The engine 1s supercharged by two turbocharger driven by

Cylinders,number and arrangement............... 12 at 90°Vee the exhaust gases.

Bore X stroke....... ..., 145 X 130 om The turbocharger 1s lubricated with the engine 01l under

Displacement.................. ... L 25,8 L pressure,

CoBPressIon ratio. .. .oueruuuuneeennne e, 15,9:1 Turbine housing cooled with fresh water.

Net power at flywheel (%): Cooling ntake air with-water heat exchanger.

Bax power.......... ........ Ceeeiieterncarons 552 kw(7s0 cv)

A e 1800 rpm

Engine rotation:

(see from flywheel) ..........coiiviuiiieniiinnnnnnn, ccw

LUBRICATION
~

* Net rating at flywheel according to IS0 3046-1 Mimimum o1l pressure:

- Ambient reference conditions: - at full throttle. .. oiviriiinnnnnnnnnonnnn.. 5 kg/cm?
750 mmHg;25°C;30% relative humidity = when 1dling. o viiiiirii it ie i, 2 kg/cm?
TIMING

COOLING SYSTEM
! Valve Timing:
' = Intake:
! opens: before T.0.C ............. Cesaeeanas cerenan 12° 18* Cooling by dual water circuit:
closes: after B.D.C ..........ooovivinnnennnn., 39° 30° ~ Primary circuit (closed) by fresh water.
| - Secondary circuit (open) by sea water.
. = Exhaust:
opens: before B.0.C .................eeiiunnnnnn. 65° 30° Water circulation 1s provided by a self priming pump fea-
closes: after T.0.C ..........comrinnnnnnn, .. .16° 18 turing a necprene 1mpeller.

Clearance between rockers Complete sea water circuit is protected from corrosion by

and actuators for timing cheeks....... Ceereetanaenns 0,20 m replaceable sacrifical ancdes.

~— STARTING

Operating clearance between rockers

and actuators,cold engine; By starter motor.

- InrEke. L 0,15 t0 0,20 mm

=exhaust.. ... e, tesnraen 0,35 t0c 0,40 e

ELECTRIC SYSTEM
FUEL SYSTEM
i L < U 2 v
~ Self-regulated alternator............. R 28 v,100 A
In Line Injection pump type BOSCH PE12P130A = STArTING BOTOr POMWE . ... teiereseenrnnnnnenennnnns 9 ku
- Battery (optiocnal)........ vesecsecaancnns 2,each 176 Ah
Boost control(LDA) on njection pump
MARINE GEAR (on request)

Fixed injection pump delivery start advance............ .21

Fuel injectors SetLING.vernennnnnan tecesnscsass 250 + 8 bar

Firing order.................... +1-12-5-8-3-10-6-7-2-11-4~9 Hydraulic drive with integral thrust and oil cooler




8291 GENERAL ENGINE p. 5
ENGINE SPECIFICATIONS
TURBOCHARGER
ENgIne Type. .. ...iiiiiiiiiiiiiiiireaaaeaeas 8291SRM75.11
4 - stroke Diesel with direct njection The engine 1s supercharged by two turbocharger driven by
Cylinders, number and arrangement............... 12 at 90°Vee the exhaust gases.
Bore x stroke...., Ceeettteeccrecnetteeacanennnn 145 X 130 mm The turbocharger s lubricated with the engine o1l under
Displacement........ ... .ciiiiiiiiiiiiiiiiiiaeinanns 25,8 L pressure.
- ST T T 15,9:1 Turbine housing cooled with fresh water.
Net power at flywheel (%): Cooling ntake air with-water heat exchanger.
Max power......... 4 eteetmesencsiecasatenoaan 552 kW(750 cv)
At..... feee ettt iiieataranteanctetacctrasacnenaensen 1800 rpm
Engine rotation:
(see from flywheel) .......cooivmieunemennnnnnnnnnnn RPN o |

* Net rating at flywheel according to 150 3046~1
~ Ambient reference conditions:

750 wmig;25°C;30% relative humidity

TIMING
Valve Timing:
- Intake:
opens: before T.0.C .....oviiveirnnnnnnnnnne eeaes 12° 18'
closes: after 8.0.C ......cvuuieniennrnnincnnnnnns 30° 18
- Exhaust:
opens: before B.D.C .......ccovviiuinriennncinnns $5° 30°
closes: after T.D0.C .....ovenienniinnnneennnnnnn. 16° 18

Clearance between rockers
and actuators for tIMING Checks...........cceueeunnn. 0,25 m

Operating clearance between rockers
and actuators,cold engine;

- intske....... teecetticennsntesccntaccarens 0,15 to 0,20 mm
- exhaust........ teeeosrsssenaccecacacnnnons 0,35 to 0,40 em

FUEL SYSTEM

In line injection pump type BOSCH PE12P130A

Boost control(LDA) on 1njection pump

Fixed injection pump delivery start advance............. 21°
Fuel injectors settIng.........cceevvunnennnnnn. 250 + 8 bar
Firing order..........c.ccc....... 1-12-5-8-3-10-6~7-2-11-4-9

LUBRICATION
Hinmimum o1l pressure:
- at full throttle.........coviiiunnan.an., veeeesd kg/cm?
- when wdling.............. cecenns ceeesesaenaan «e .2 kg/cm?

COOLING SYSTEM

Cooling by dual water circuit:
- Primary circuit (closed) by fresh water.
- Secondary circuit (open) by sea water.

Water circulation 1s provided by a self priming pump fea-
turing a neoprene mpeller.

Complete sea water circult 1s protected from corrosion by
replaceable sacrifical anodes.

STARTING

By starter motor.

ELECTRIC SYSTEM

-~ Voltage.................. ceteescasenernenans teseens 2V
- Self-regulated alternator.......ccccveuunn... 28 v,100 A
- Starting motor power....... teseecanraaa cevesscacess? kW
- Battery (opticnal)........ Cesssrcasaaaa ...2,each 176 Ah

MARINE GEAR (on request)

Hydraulic drive with integral thrust and o1l cooler
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ENGINE SPECIFICATIONS

TURBOCHARGER

EngIne type. ..., 8291SRM75.31

4 - stroke Diesel with direct 1njection The engine 1s supercharged by two turbocharger driven by

Cylinders,nusber and arrangesent......... ceeaen 12 at 50*Vee the exhaust gases.

Bore x stroke........................ vectessean 145 X 130 m The turbocharger 1s lubricated with the engine o1l under

Displacesent................oiiiiiiiiii, 25,8 1L pressure.

Compression rat10......cceivuuunineennnnnnnnen ., 15,9:1 Turbine housing cooled with fresh water,

Net power at flywheel (%): Cooling intake air with-uater heat exchanger.

HaX POMer. .. i 552 kW(750 ¢v)

Attt teertenaan ceeesecancanacns 2100 rpa

Engine rotation:

(see from flyvheel) ..........ooooiiiiimininnin, .Ccw

) \ LUBRICATION

g

* Net rating at flywheel according to ISO 3046-1 Ninimum o1l pressure:

- Ambient reference conditions: - at full throttle......oooouiiiiinnnnnnninn... S kg/cam?
750 mmHg;25°C;30% relative humidity = when wdling...................... setteciianaaas 2 kg/ca?
TIMING

COOLING SYSTEM
Valve Timing:

- Intake:
opens: before T.0.C ..........oeunnnnnnnnn... ...12° 18° By fresh water and prearranged for keel-cool ing.
closes: after 8.0.C .......... tessicectncnnnennnss 30° 18°
- Exhaust:
opens: before 8.0.C ................. ceetsaeans..55° 30
closes: after T.0.C .............. PR cevessess16® 18°

Clearance between rockers

and actuaters for timing checks..................... 0,25 m

~ STARTING
Jperating clearance between rockers
and actuators,cold engine; By starter motor.
-intake......... cevees.0,15 t0 0,20 mm
~exhaust................ teescane cesecncene .0,35 to 0,40 s

ELECTRIC SYSTEM
FUEL SYSTEM

= VOltage. e 24 v
- Self-regulated alternator.................... 28 v,100 A
‘n Line injection pump type BOSCH PE12P130A ~ Starting motor power...... Gereseioanas Geraetssonnas 9 kv
- Battery (optionald..........ooueununnn.... 2,each 176 Ah

30st control(LDA) on injection pump
MARINE GEAR (on request)

ixed injection pump delivery start advance.............21°
vel injectors setting................... vecees.250 + 8 bar

“iring order............. teceaese1=12-5-8-3-10-6~7-2-11-4-9 Hydraulic drive with integral thrust and oil cooler

N
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SEA WATER PUMP

GENERALITIES

The sea water circulation for cooling the fresh water
and the marine ger oil is ensured by a self-priming
pump type neoprene impeller

INSTRUCTION FOR USE

Each time the engine Is started, check that the sea wa-
ter Intake valve is open. Dry running of the pump would
damage the impeller (1) in a very short time.

Under normal operating conditions of the engine
chack every 800 hours the state of the neoprene im-
peller, after removing first the cover

Make sure that it is free from cracks or excessive we-
ar of the lobe.

if not replace it




S’

p—

i

8291

ENGINE p. 8

FRESH WATER-SEA WATER
HEAT EXCHANGER

OIL-WATER HEAT EXCHANGER

GENERALITIES

When the fresh water crculating in the engine reaches
temperature vaiues in excess of

8§5°C

1s convayed under thermostatic conirol to the fresh wa-
ter-sea water heat exchanger, where 1t 1s cooled and re-
turned to circulation

This heat exchanger consists essentially of a cast ron
body with the fresh water circulation therein and a cop-
per tube bundle containing the circulating sea water for
coniing the fresh water

On the engine 1s also fitted an oil water heat ex-
changer composed by a cast 1ron body, n which the

fresh water passes and a copper tube stack in which

the sea water passes ccoling the fresh water.

MAINTENANCE

To ensure a right efficiency of the heat exchangen
it 1s necessary to clean regularly the tube stack |

For ensuring the perfect efficiency of the fresh water-
sea water heat exchanger it Is necessary to clean pe-
riodically the tube bundle-

- Remove the tube bundle from the exchanger body
and immerse it into a solution of water and anti-incry-
stator type ‘P3" or the like (*) which does not attack
copper, brass, aluminium and tin

- After the end of the reaction (indicated by efferve-
scence) after about 15 to 20 minutes, rinse the tube
burdle aboundingly with running water for completely
ehminating any residue of the solution and re-assem-
ble the bundle into the exchanger body.

(*) When using solvents observe the prescriptions of
the makers.

OIL-WATER HEAT EXCHANGER
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FITTING DATA
DESCRIPTION mm

ENGINE BLOCK-CONNECTING RODS

Cylinder sleeve bore dia

145000 to 145030

Cylinder bore dia. in engine block

{

upper
lower

164000 to 164.040
158.500 to 158.540

Sleeve pilot dia.

{

upper
lower

164.003 to 164028
158.461 to 158486

Sleeve interference fit in block

{

upper
lower

—0.028 to +0037
0.014 t0 0079

Sleeve length

261.500 to 262500

Camshaft bush housing bore dia.

( front

front intermediate
{ center

rear intermediate
rear center

{ rear

rear intermediate center

76480 to 76 520
76 980 to 77.020
77.480 to 77520
77.980 to 78020
78.480 to 78.520

78,980 to 79,020
78,480 to 79,520

Main bearing housing dia.

118000 to 118.022

Engne block tappet dia.

26.000 to 26025

Big end bore dia.

97.950 1o 97972

Small end bore dia.

59.963 to 59 994

Standard big end bearing thickness 1810 to 1.819
Undersize scale for spare big end bearing g;é;(l)%?z-o S08-

Small end bushing O.D.

60.109 to 60160

Small end bushing fitted 1D

55.015 to 55030

Small end - bushing interference fit 0115 to 0.197
Crankpin clearance in big end bearing 0.025 to 0048
Max. connecung rod misalignment, 125 mm from axis 0.060 to 0120

PISTONS - PINS - RINGS

Standard piston dia. at right angle to pin bore,
21 mm from skirt base

144813 to 144827

Gudgeon pin dia. In piston

55.002 to 55.008

Gudgeon pin dia.

54.982 to 54.990

Top groove, double taper measured
on 142 mm bore da

2nd groove

Bottom groove

Ring groove width i piston

3.705 to 3.735
3040 to 3.060
6030 to 6.050
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'  DESCRIPTION

"T

Ring thickness

Top compression ring. double taper,

chromium plated. measured on 142 mm 3575 to 3 595

bore da.
2nd compression ring, straight
Ol scraper ring

2978 to 2990

2,975 to 5,990

Piston fit in sleeve (clearance) 0173 10 0217
Gudgeon pin clearance in piston 0012 10 0026
(Top compression ring. double taper,
chromium plated 0.110 1o 0160
Ring clearance in piston (vertical) 2nd compression ring, straight 070 o 0,105
| Ol scraper 040 w0 0,075
rTop compression ring, double taper, 0.6 0.75
chromium plated O to Q,
Ring gap in sleeve 2nd compression ring, straight 050 10 075
NOnl scraper 040 to 0,70

CRANKSHAFT - BEARINGS

Standard main journal dia.

112975 to 112,995

Main bearing housing bore dia.

118000 to 118022

Standard main bearing thickness

2460 to 2.469

Main bearing undersize range (spare)

0.127-0254-0508-
0.762-1 016

Standard crankpin dia.

94.232 to 94252

Main journal clearance n bearing

0067 10 0127

Center main journal length

50.300 to 50.350

Center main bearing housing width over thrust washer faces

43324 10 43372

Theust washer thickness

3.378 w0 3429

Center main beanng housing plus thrust washer width

50080 to 50230

Crankshaft thrust clearance

0070 to 0270

CYLINDER HEAD

Valve guide housing bore i head 17.000 to 17018
Vaive gude O.D. 17.028 to 17039
Valve guide oversize 004 - 024
Vaive gude fitted 1D. 10.025 to 10.040
Valve guide mterference fit n head . 0.010 to 0039
Valve stem dia. 9985 10 10000
Valve stem clearance :n guide 0.025 1o 0055
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OESCRIPTION mm
Inlet 60°
Valve seat angle {Exhausl 45°
Inlet 60°+ 15
Valve face angle { Exhaust 45° + |5
Inlet 53172 10 53202
Valve seat OD {Exhaust 47.136 to 47 161
Max valve stem distorsion over one complete tevolution with dial gauge stylus
in midstem position 003
I 14
Valve seat interference fit in head {|Enx:\taust 8“12 :g g%gf
Val D Inlet 53000 to 53030
alve seat Exhaust 47000 to 47025
Valve fitted deep n cylinder head Infet 0,22 to 0,02
Exhaust 0,95 to 1,20

VALVE SPRINGS

Released spring height ~74
Spring height under 45%25 kg 575
Spring height under 80+ 4 kg 465

VALVE GEAR

Bush fitted ID. after reaming’
O front

O front intermediate

O center

Q rear intermediate

Q rear center

QO rear intermediate center
Q rear

70570 to 70620
71070 to 71 120
71570 to 71620
72070 to 72120
72570 to 72,620
73,070 to 73,120

73,570 to 73,620

Camshaft journal dia

0 front

Q front mtermediate

O center

O rear intermediate

O rear center

O rear intermediate center

{ rear

70.470 to 70500
70.970 to 71 000
71470 to 7! 500
71.970 to 72000
72470 to 72.500
72,970 to 73,000

73,470 to 73,500

Camshaft journal clearance in bushes:
0 Clearance

0.070 to 0.150

Cam hft - Intake and exhaust

8.210

Tappet housing bore dia.

26.000 to 26 025

"Crowned" tappet OD. (measured at middle)

25.927 to 25.960

Tappet interference fit mn housing 0040 to 0098
Camshaft thrust plate thickness 5.970 to 6000
Thrust plate housing thickness 6.070 to 6.145
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OESCRIPTION

nm

Camshaft thrust clearance

0070 to 0175

Injection pump drve shaft support bushing dia

70873 to 70909

Injection pump drive shaft support bushing OD

70970 to 71 000

Bushing interference fit n housing

0,084 to 0,165

Bush fited 1D after reaming

65,025 to 65,050

Ijecton pump drive shaft dia

64970 1o 65000

Bush - drive shaft clearance

0025 to 0,080

OlL PUMP

Clearance among drving gear, driven gear, pump casing 0060 0 0136
Clearance among dnving gear driven gear cover 002 o 0105
Drving side - driven side tooth clearance 0l

Ol L PRESSURE BOOST VALVE

Relief vaive opening pressure

45 kg/em?
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S

DIAGNOSTIC
TROUBLE

POSSIBLE CAUSE

REMEDY

The engine does

Battery charged parvally

Check batteries and charge them

not start If necessary. reolace trem
Battery termmnal connecuons cor- Clean. check and ugnten nuLts on battery termminais, Reolace
roded or loose. caole terminals and nuts, if bagly corrogea
Incorrect timing of injection pump Checx ana carry out injection pump timing
Debosits or water i fuel lines. Detacn poes and ciean them with ar Disasse ang clean
injeczon pump Dry fuel tank and refuel
Insufficient fue! reserve, Refuel.
Defecuve el pumo. Overhaul cumo or change 't
Asr buboles in iuel ines or n injec-  Check oi0es ana fuer feed pumd 1o Qetect the reasons of air
ton pump. presence, bieed ar from mnjecton oumo unserewing the
relevant plug and manually operztng fue: feec sumo.
Defecuve suarter Reoar or resiace starter
Inefficient thermo-starter At low temperature switch on thermo-sarter If nefficent,
reoiace it
The engine stops Too low wgiing Agjust icle soeed by aqjusung screw

Uneven deuvery of injecuon oump.
Foreign matter or water in fuel
pioings.

Fuel filters clogged.

Abnormai clearance petween vaives
and valve rockers.

Valves burnt, corrogea or cracked.

Air in fuel feed or injection systems

Fuel filter and fuel feed pump valves
clogged.

Injection. pump controls broken

Adjust celivery If broken, reptace cumD.ng e'ement soring
Replace tappets plunger and barrei. ii se'zeg or not seaung

Oetacn pioes and clean with ar. Oisasse ana cean injection
pumo Clean fuel tank and refuei.

Remove fiiter aiements ana reorace tnem. i necessary

Agqyust clearance.

Replace vaives.

Check pipes for passiole cracks. cneck for 100se connectors
Replace worn parts. then bleeq arr from oioes ang orocead to
deaerate injecton pump and fuel filter unscrewing tne retevant
plugs and operaung the fuel feea pump manuaily.

Replace fuel filter and overhaul fuel feea pump valves.

Reolace defectve parts and check pump uming

The engifie warms
up excessively

Oefecuve water pump.

Thermostat failure.

Check clearance between imoeller blades and pump casing.
Overhaul the assemoly and replace gasket

Valve stem jamming in guide
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TROUBLE

POSSIBLE CAUSE

REMEDY

The engine warms
up excessively

Scaie n water passages N engne
J10Ck and Jy'nger nead.

Insyificient tension of water pumo
helt.

Coonng water levet 100 low
incorrect engine uming

ncorrect ijection oumo calibrauon
{(uowaras or downwarcs).

Aur cieaner clogged.
Sagine orake engacea cartaily be-

cause of the seizure of engine brake
nrotile valve.

Wasn tnorougly. 'n comonance with directions given for the
type of scale remover useg.

Check ang aqgjust oert tens«ons.

Fill the expansion tank with water, restoring
the level.

Check uming and proceed to Correct trming

On test bed correct pump gelivery so that injectien has the
prescribed delvery

Clean arr cleaner and inherent system.

Qvenaut throttle vaive assemoly, reolace worn-out parts .f
necessary

The engine is under
power and ics
operation is uneven

.ACOrrect Uming Of inecuon oumo

Agtomaue  acvance  of
sumo cerecuve.

rjecuon

Sxcessive wear n owngers and bar-
reis of injection oump

incorrect calibraton of soeed gov-
2rnor.

inlector nozzles cloggea or Incor-
rect INjector 0oeratons.

Foreign matter or water in njection
ieed system.

Defecuve fuel feea pumo.
Incorrect clearance petwesan vaives
and rockers.

Low comopression.

Defecuve twrbocharger
Aur. cleaner clogged.

éngme brake engaged partually, be-
ciuse of throttle valve seizure.

Incorrect adjustment of wjecuon
pump peak capscrew or of centrol
rog stop.

Check oump uming and correct It

On test Dea check Njecuon dumo cceraton: If the observed
values go not comoiy with the orescrioeg ones, reolace nner
sorings of advance unit

Ovehaul INjecton oumo ard resiace worn-out Parts

Check governor caubration ang again cahbrate it, if necessary
Clean nozzle holes with suiable tool and tetally overhaut
injectors.

Thorougly clean and refili with new iuer.

Disassemble pumo, ana. if necessary, redlace oum> compo-
nents.

Check clearance and procead to a correct adjustment

With tool 395682 check compression oressure. (f this 15 less
than 20 kg/cm?, averhaul the engine.

Overhaul the assembly or replace it.

Clean air cleaner and inherent system.

Overhaul throte valve assembly: replace warn-out parts if
necessary.

Adjust stops correctly.

The engine knocks
abnormaily

Uncorrect injector operaucns.

Fuei hnes clogged.

Check that nozzle pin does not cause resistance and calbrauon
15 of prescribed value.

Remove pipes: clean them and replace those which are
damaged or clogged.
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TROUBLE

POSSIBLE CAUSE

REMEDY

The engine knocks
abnormaily

Uncorrect injection oumo tming

Crankshaft knocks because of ex-
cessive clearance of one or more
main bearings or of high thrust
clearance.

Cranckshart unbalanced.

Flywnes! capscrew loose.

Connecung rods out-of-alignment.

Piston knocks due to siap.

Noisy piston pins due to excessive
clearance in oiston and in connecting
rod bushing

Loose bushings in connecung rod
seat,

Tapping due to noisy valve system.

Correct oumo tming so that injecuion takes place according to
the prescrioed advance angles.

Reconaiuon cranckshait journalis and mount undersize bear-
ngs.
Replace thrust washer halves with oversized ones.

Checx shaft alignment: if necessary correct as required and
check daiance.

Repiace loose screws ang ughten to the prescrived torcue
value.

Straignten connecting -ocs under a nydraguc oress, and check
paraiiensm

Reolace cyuncer slesves ang pistens

Replace oiston oin ‘wth an oversize one ang adjust diston huos
and connecting rod dusnings Restace busnings with new ones

Adjust c'earance Jetween vaives an rockers and check if thers
are proken sorings Or excessive C.2arance cetween siems and
guides. or taopets and seats.

The engine smokes
abnormally

I) Black or dark
grey smoke:

Excessive pump delivery.

After starung the automatc fuel
excess gevice does release.

Injecuon oumo retarded excessively
(or advance governor defecuve).

Injecuon  pump excessively adv-
danced.

Nozzle holes (or some of them)
paruaily or totally clogged.

Aur cleaner clogged or worn-out.

Nozzle pin intermmtently locked in
open posiuon.

Governor adjustment over max.
statea.

Nozzle sprays are sent to the head
because of incorrect injector assem-

bly.

Excessive Lft of injector pin due to
abnormal wear,

Engine compression loss due to:

- Piston rings stuck.

-~ Cylinder sleeve worn-out.

- Valves worn-out or adjusted un-
correctly.

Oetacn sump and agjust delivery according to the data of
caubrauon taole.

Check and. in case. repiace this cevice.

Correct uming, veriiy governor

Correct timing

Replace njectors with a set of new injectors. or clean ang
reconartion the original ones with suitaole fixtures

Clean or replace filter element.

Check injectors, check for possiole locked pins. broken
springs, 100 low calibration,
Bench adjust governor. accoraing fo tacle data.

Check nozzie protrusion as to head face.

Replace affected nozzie.

Overhaul engine or repair concerned parts
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TROUBLE

POSSIBLE CAUSE

REMEDY

1) Dark grey or
black smoke:

ACOrract yoe Of necor or riec-
sors 3t ciiferent types or urcai-
sratec

nlecuon Joes of .nagequate ns.ce
Jore >pe ards squashed tecause
i redeatec refitung

Qedrace njectors or caiorate them

Check conaitons of ends anc conrectors Reniace where
~ecessary

2) Blue, greybiue,
or clear grey
smoke

Sxcessive 'niection gelay or autorra-
UC agvance gevice worn-out

niector ~eeales slocked or cefec-
ive neclors

Cu 22208 TMroLgn DISTON rings cue
10 ST ~AgS or 0 wear of sieeve
~ails

Ingne i seeong through ntake
-aive guces. 2ue 10 wear of vaive
slems or Juides

Ingine 150 Coid {thermostat missing
3r =0t sresent)

Correct oumo uming ang check governor

Check for blockes needles or droken sorings

Overnaul engine.

Recondiion cyinder heaa.

Reprace thermostat

The engine does
not stop

Governor nroken

Seizure of flow oushrog

Serzure of injecuon oump puroing
element.

Harge pusnrog mouon

Governor parts cause resistance.

Excessive clearance between the
various governor parts

Unscrew the joint connecung fuet supply.
necessary

then repair as

Unscrew the jont connecung fuel supply zna reoar as

" required.

Unscrew the joint connecung suoply and repair as required.
Ciean pusnrog seat. and check that maifuncuion is not due to
careless mounting of rod

Free of governor sieeve and from control level

Remove all clearances. only leaving minimum 10lerances; in
case replace worn-out parts

Stepless change of
max. speed (engine
not loaded)

Governor springs too weak. causing
an excessive sensitvity from gov-
ernor.

Excessive clearance between the
vanous parts transmutung control to

pump.

Replace governor springs.

Adjust all clearances among the various parts transmitung
control (be sure that pushrod stroke is exactly as prescrived).

The pump daoes not
deliver fuel

Foreign matter n pipes.
Owty fuel fiiters.

Squashed oipes.

Air in injecton pump.

Clean thorougly
Clean thorougly

Replace pipes or. if possible repair them (the fow pressure
ones).

Deaerate pump.
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TROUBLE POSSIBLE CAUSE REMEDY
The pump does Plunger tappets may ce seizeg Remove part and repair it (if falure s minor); if necessary,
deliver fuel replace it.

Plunger seized

Delivery valves serzed.

Change aefectve pumping element. as barrels and piston are
not interchangeable

If failure 1s only due to foreign marter. clean vaive and shguly
regring taper faces with an emery cioth: i reasons are
afferent, replace par valve holder - valve with are not
intercnageaole from eacn otner

The pump does not
deliver enough fuel

Imperfect seal unions

Imperfect seal in delivery valves of
some elements.

Pumping elements worn-out.

Be sure that fuel feeaing pipe nut washers are not broken or
deformea: then tighten joints very carefully

Replace the pair valve - wbe hoider.

Replace pumping elements

The pump feeds
abnormally

Aur bubbles in fuel feea pump.
Plunger return spring broken.
The plunger 1s about to seize.

Tappet pin worn-out.

Deaerate iuel feed pump.
Repiace spring
Thorougly clean plunger and its cylinger

Replace tappet.

Injection start
faulty timed

Uneven delivery start.

Eccentric damaged.

Adjust delivery start replacing adjusting shims,

Replace camshaft. using the stroboscopic check method.

The control rod
shakes

Vibrauon due to high pump stress.

Critical engine rpm.

Check the efficiency of spring small blocks of adjusung device.

Check the efficiency of spring small blocks of adjustng device.

INJECTORS
The injector drips

Nozzle and needle valve (pin) are
not sealed.

Thorougly clean nozzle, if the trouble 1s due to foreing matter
prevenung normal operauon; otherwise replace the nozzle
valve parr.

Too high injection
pressure

Incorrect injector cafibratuon.
Valve seized inside spray nozzle.

Adjusting spring too strong

Calibrate injector with the greatest care.
Replace nozzie valve parr.

Replace spring with a more suitable one.

Fuel seeps from
injector unions

The upper ar bieeder plug 15 not
tightened.

Nozzle check nut not tightened.

Tighten 1t

Tighten

Abnormal jet

Nozzie holes clogged by carbon
deposits.

Holes deformed due to wear.

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

Replace nozzie-valve parr.
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Injector uncaiibratea or nozzles
seized or clogged

Wrong pump uming on engine
Injecton pump has insufficient fuel
nlet,

LDA device.

~’
TROUBLE PQOSSIBLE CAUSE REMEDY
INJECTION Electromagnet for excess fuel de- Check e'ectric <ontacts on <ONrol SLIGA 31 on that same
PUMP vice electromagnet
Injection pump
Difficult scarting
Arr in fuel feed system Deaerate syste™ untl Cniy c.esel ol comes oLt ‘ram futar
drain screw
Fuel filters cloggea Replace fters <ean tne fiter orresponcirg 10 ~anc srimer
Injectors with nozzies seized or Check ‘njectors  overhaur or reolace ~0zz'e zrocseg to
cloggeaq. canorate
N .
Incorrect pump uming on engine Check i the statc tming of ‘njection Sump on engne s
correct.
Starung dehvery not complying with  Place njection pump on test bed ana verily excass iuel
calbrauon table celivery
Uncorrect idling Accelerator lever stoo screw With the vehice at 'cing runmng, carry out accurare icjust-
ment.
Linkage Check unkage starung from acce'erator zecai to the connec-
ton on spesg governer ever Remeve 5Css.Cie ~esisiances.
Abnormal idling Injector uncalibratea or nozzles Check njectors. overhaui Or rediace ~ozzies' sroceeq to
seized or clogged. cahbrate
Speed governor On test bed check the correct setting uo ang ooerauon of
speed governor
Unbalanced delivery Check and aciust at test sench
T Low efficiency Fuel filters cloggec. Replace futers. c'ean filter cu hanc primer and on sucuon
puMmO reservoir
Aur cleaner dirty ThrOugh the oilot 'amp 'n the ¢apb. check i the carrdge s
cloggea: 1 necessary. cean -t or replace

Check injectors. overhaul or resiace nozzies. proceed to
cahibrate

Check if the statc timing of injection pumo on engne mearts
the catibrauon table.

Detach injecton pump from engine ang veniy calibration at
test bed.

B8e sure that the dlaohram has no holes. that the control sprng
s adequate and vath a correct load (test bench checking).
Venfy that the turbocharger compressor wheel can rotate
freely and the tabs have no failure marks. Check ‘or acequate
pressure inside intake mamiioid according to engine rom at full
load.
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TROUBLE

POSSIBLE CAUSE

REMEDY

Excessive exhaust
smoke with cold
engine

Wrong injection pump ummng on
engine.

Injector uncaibrated or nozzies

seized or clogged

Insufficient compression pressure

Check the sta< 1 ~ing of njectcn dump on engne

Check ‘njecters. overhaul or repiace n0zz'es sroceed 0
caiibrate

Check with meis~eter

Excessive exhaust
smokes (black)
with engine under
load

Excessive fuel cenvery to engine.
Low air nouction.

Wrong injection pump uming on
engine.

Imjectors uncalibrated. or nozzies
seized or clogged

Defective advance variator

Check max puTc cenvery 3t test nencn

Check ar ciearer mrough 1ts suItadle nspect:on rowe

Check the statc tming of injection pump on angne

Check njecters overhaul or reolace nozzies. orocaea o
calibrate.

Qverhaui or raciace variator

Excessive fuel
consumption

Fuel leakages

Dirty air cleaner.

Injectors uncalbrated, or nozzie
seized or clogged.

Injection pump excessively uncah-
brated.

Abnormal operation of L.D A. de-
vice.

Incorrect pump timing on engine.

Defecuve advance varator

Check pipes arc :onts

Througn the .ot lamp i the <ap cneck if the cartriage s
cloggea: if necessary. clean .t or reoiace it

Check injecters. overhaui or reolace nozzies. sroceed to
caiibrate.

Check and acwst injection pump at test bencn

Check and aciust at test bench

Check static pumo uming on engine

QOvernaul or rasiace vanator
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~ ENGINE DISASSEMBLY
~ Remove:
F g ol dipstick(1),
a ol cap(2). 1

Secure engine to stand 99322230 (3) using brackets
99361011 (2).

Dran oif from engine oil sump, and cooling fluid from
engine block.
- From front side of engine detach (1}

16770

~ Lock crankshaft rotation using tool 99360351 (1)
positioned as indicated.

fuel

O expansion tank (1) complete with thermostat
and water filter(2).
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Take off:

D oil water heat exchanger(1),

03 sea water pump(2).

0 alternator(3) with stretcher and belt.
0 pulley (4) with damper.

0O sweet water pump(5) with relevant pipes.

Remove:
g the exhaust manifolds(1).

[

Take off:
O gas water mixers(1).
0 awr filters(2).

Remove:

O fuel filters(1)

J turbochargers(2)

O ai1r-water heat exchanger(3)

Take off:
0 engine mounting(1),
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Take off:
a engine Lifting eye(1).
iemove: O intake manifolds(2).
inj tete with pipes
Q from the injection pump(1), the fuel delivery O o1l breather(3) complete pipe

pipes , the return fuel pipe; from the filter,
the inlet pipe.
0 from the injectors and from the injection pump,
the fuel delivery pipes, with the tool 99352160
Q take off the clamps and fuel delivery pipes;the
return fuel pipes from the injectors.

%TE When you intend to change (or during a sim-
ple disassembling) one or plus injection
pipes, from the injection pump to the injec-
tors, you must replace all the relevant
clamps complete with pad and screw.

Disconnect:

O Fuel leak-back lines (1) from injectors (3).

O Fuel delivery lnes (2) from mnjectors (3) and

injection pump. using wrench 99352120 (4).

O Injectors (3) from cylinder heads. using puller
99340205 (6) and puller 99342135 (5)

N

Remove oil filters(1) from the support(2)
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I

J W
1749¢

gl;c‘:n?fft inlet (4) and outlet (3) ol pipes from Injection
Then remove the output oil pipes from the injec-
tion pump governor to the crankcase.

Install fixture (2) on injection pump (1) unions; discon-

NeCt pump from engne removing the screws which
secure 1t to ther supports

Disconnect:

O Rocker shafts (2) from housings (4), remowving cap-
screws by wrench 99389856 (7).

B Housings (4). bndges (6) and rods (1) from cylinder
heads (5).

[ Disconnect cylinder head (5) and withdraw pushrod (1)
sleeves (3).

From engine disconnect:

. Ol sump (2).

Stop crankshaft rotation using tool 99360351 (1) and
remove the screws securing flywheel (2) to crankshaft.
On crankshaft, screw down guide pins (4), apply bracket
(3) on flywhee! (2) and take off this using a hoist.

From flywheel housing (1) disconnect rear cover (2)
and remove the flywheel housing (1) from engne
block. :
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Disassemble gear () from camshaft (2).

Remove lubrication line (3).

Disconnect gear (4) from njection pump shaft (5) and
draw this out from its support.

Jetach cover (1) with seal from the rear side of the

:ngine.

Posititon engine block vertically

Withdraw pistons as follows:

O Loosen connecting rod cap nuts (1)

O Rotate crankshaft until the piston 1s exactly on TD C.
In different posttions the piston could not be with-
drawn as the connecting rod interferes with ¢ylinder
sleeve.

O Remove connecting rod cap (2) and withdraw piston
(6) from cylinder sleeve

Position engine block horizontally

Remove upper (4) and side (3) screws securing main

bearing caps to engne block. and withdraw them

NOTE - Center bearing housing (5) and cap carry
thrust washers for crankshaft end float.

16768

Using hosst (1) and fixture 99360500 (2) installed on
crankpins, withdraw crankshaft (3) from engine block.

Remove oil catchers (1) and ail spray nozzles (2).




ENGINE p. 25

8291
Yy I
Al N
[B U7 LJ“/* eﬁ\\“
o . 7
T ‘@ic-_..,,j\ ey
R TR L
@ (ﬁ}'“’ Sz N ——iCYp )
- 1= = 37 h.
dE (S @\‘«
- \"Q“ 167%
From engine block remove camshaft (1) taking care
not to damage bushings
Withdraw tappets (2) and take off rear plate (3)
e
\.—r‘
il 16794
This figure shows how withdraw tappets (l) from
engine block using workshop tool 345075 (2). This
. operaton s carried out when only tappet checks or
I~ removals are necessary. In this case, remove only the
components which make 1t possible to withdraw cam-
shaft from engmne block.

REPAIR ACTIONS
ENGINE BLOCK

CHECKS AND MEASUREMENTS

After engine disassemtly, clean engine block thoroughly
and nspect cylinder sleeves, which should not show
prck-ups, score marks, out-of-roundness. taper or wear.

To check cylinder sleeve bore for ovality. taper or wear,
use gauge 99395687 (1) with attacned dual gauge

previously set 10 zero against ring gauge (2) (145 mm
dia.).

: 13 MSRAZONE IPC

| | \
A { " ll‘
il 2ovsmme 7 {Ir Iy
g ! \\ 2
= e \ 5

g | \\X-/_/’/
- ._P_mm_‘f 1 MSURAZIONE = It MEASUREMENT
|+ ' MISURAZIONE » 2nd MEASUREMENT

21 — ¥ MSURAZIONE = Jré IEASUREMENT

Each sleeve cylinder bore must be measured at three
dfferent pomnts on two planes at right angles, as
indicated in the dragram. Max. wear is usually observed
on first measurament level (B axis).
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145,000
145030

I

L 1

If higher values than those indicated in the figure are
detected. replace cyiinder sleeves, as the sleeve bore s

hqud nitrided dnd must not be ground. honed or
dressed.

28

Ei i
”' 164040
ii."’,-f g
{ )
—

S S ,
— B B

"hgabove scheme indicates cylinder sleeve bore and
- AD X

f necessary. cylinder sleeves can be removed and
nserted n different seats several times.

Check engine block face for distorsion, using a straigh-
tedge and a feeler

If necessary. remove dowels (2) and. using fixture (1}
withdraw sieeves from engine block and grind surfaces.

NOTE - Remove as little matenal as possible. consider-
ng that the same thickness must be removed from
sleeve shoulder seats using a suitable fixture.

Take off cylinder sleeves (2) from engine block uung
plate 99360785 and tool 99360799 (1) positioned as
indicated in the figure.

Thoroughly check cylinder sleeve housings and engine
block side surfaces. Inspect conditions of gap on cylinder
block bores.

If rusted or mis-sealed. replace them,
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Always replace water seals (3 and 4).
Side the upper brass sealing ring (2) into cylinder
sleeve (1), and lubricate lower sleeve end before g \
inserung 1 in cylinder through plate 99360785 (5) and /_\ "2

tool 99360799 (6).

Through gauge (1) measure cylinder sleeve protrusion
(2) as to engne block face. It should be 0.03 to 0.09
mm.

18 140

Normal tappet clearance 15 0.040 to 0098

Spare oversize tappet ranges are: 01 - 02 - 0.3 mm
Tappet surface in contact with camshaft lobe should be
smooth and free from dents. Shignt dents may be
repaired with a zerograde emery paste.

73070
73120

l13.570|
73

090
140

72510

72 G20
78 590 v
| &

ETa ] S e e e e S i

77 480

76 980
27520

77020,

7891

1 980
19 029]

78 020

il

——— ——

CAMSHAFT BUSHING AND SEAT DETAILS

Bushings must be press fitted in therr seats. Inside surfaces
worn-out.

must be smooth and free from seizure, and should not be
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To repiace bushing use remover/installer tool 99360385
(1
Camshaft clearance shoulu be 007 to 0.15 mm

Replace bushing (3) sealing ring (5) of main left ol gailery
remowving the bushing from engine block by means of
removerf/installer 99340205 (1) together with (2). To
insert bushing, use suitable remover/installer too! (4).

CRANKSHAFT

Replace bushing (3) sealing rings (5) of main right oil
gallery removing the bushing from engine block by
means of remover/installer 99340205 (1) together with
part 99340215 (2).

To again insert bushing, use suttable mnstaller/remover

(4

To replace cooling flud bushing (1), use sutable means
for removal. For inserton. use suitable mstaller (2).

112,975
112,995

J
j|

Q0 0 |
0 C]

|
c—r71l1] |
\gl\i
|

94,232

94,252

CRANKSHAFT [OURNAL DETAILS
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Check crankshaft jcurnal and crankpin conditions They should not show scores. ovalities or excessive wear Data in

diagram refers to normal journal diameters
Before regrinding crankshaft. remove counterwerghts

POSIZICNE LIMITE 0,25 025 POSIZIONE | MIE

oy

-_—-

POSIZIONE NORMALE_ -

’/_ \ T~
-~ —
PERNO 01 BANCD | - PERND 01 BIELLA

PEANO DI BANCO = CRANKPIN
PEANO Of BIELLA = JOURNAL

MAX. ALLOWABLE CLEARANCE ON CRANKPIN
ALIGNMENT VS. MAIN JOURNAL

Ouring crankshaft journal regrinding, the allowed
tolerances are.

Q Ovahzauon 0008 mm

QO Taper 00i2 mm

8 Main journal misalignment: 0 10 mm

8 Crankpin misahgnment + 025 mm.

Undersize range 0.127 - 0.254 - 0.508 0762 - 1016
mm

POSIZIONE LIMITE = UMIT POSITION
POSIZIONE NORMALE = BASIC POSITION

NOTE - Journals must be reground to a same undersize
class.

Center mamn
journal fillet “

|
5 7__5\'9

.

o |

a7

Checking squareness and concentricity of flywheel face
as to rotation axis and main journals.

Rotate shaft.

with the gauge positioned on B, changes over 0.4 mm
should not be detected:

with the gauge positioned on A. changes over 0.02 mm
should not be detected

Main journal
fillets front-
intermediate-rear

Crankpin
fillets

13

When grinding crankshaft journals. machine them as indicated in the picture.

4

41y

|
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3

After grinding crankshaft Journals. remove oil lines caps (). dress seats using cutter and spindle wash ol ducts
thoroughly. nsert new caps (1) using remover/installer 99386012 and caulk them on their seats, Check for cap leaks

0 a |5 bar pressure (15 kgem?).

Counterweight installations (2) must be carned out with crankshaft fitted in engne block: the numbers marked in the
counterweghts should be correspondent to those on crankshaft cranks.

Crankshaft counterweight capscrews should be lubricat

when the counterweights are parallel to main journal

ed with UTDM ail and tightened to the prescribed torque,

Check conditions of valve system gear teeth (3): in case of breakages or excessive wear, remove gear from shaft with

a cut in key slot and avaiding damage the shaft. Gear (3)
difference of 230°C 1s observed between the two parts.

A\

~E

16813

Check journal running clearance as follows.

Q Thoroughly clean bearings and journals.

0 Postion bearings in their housings.

O Insert crankshaft.

O Place a calibrated wire (2) on journals (1) nsert main
bearing caps with attached bearings.

O Tighten cap capscrews. previously lubricated.

O Remove main bearing caps.

Clearance between bearings and man journals s

defined by comparing the width of the calibrated wire at

the point of maximum deformation to the scale printed

on wire container. The figures given on the container

indicate clearance in mm. This should be 0.067 to

0.027 mm.

installation on crankshaft must be carred out when a

16814

Check of crankshaft (2) thrust clearance (1) s carried
out using a magnetc base gauge and operaung as
indicated in the figure. Standard clearance should be
0070 to 0270 mm.

In case of wider clearance, replace thrust washers with
new ones of standard width or, If necessary, undersized.
Housing thrust washers are not interchangeable with cap
washers,

Thrust washers must be inserted with the slots
machined on the antifriction surface positioned towards
crankshaft.
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ENGINE FLYWHEEL

Cheék clutch plate face; if scores are observed, machine
it off.

Removalinsertion of spigot shaft bearing 1s carried out
using standard tool (1).

Check flywheel ring gear teeth (2); if breakages or
excessive wear 1s noticed on teeth, remove ring gear
from engine flywheel (3) using a standard removaV
insertion tool. and insert a new ring gear previously
heated to 150°C by 15 to 20 minutes Keep the bevel of
ring gear slot positioned towards engine flywheel

PISTON - CONNECTING ROD ASSEMBLY

Check pistons for pick-up, score marks and cracks or
éxcessive wear: In necessary, replace them

Check that gudgeon pin and its seat on piston are not
worn out, clearance should be 0012 to 0.026 mm
Piston rings should not be damaged or loose

16817

Piston ring (2) removalinsertion by means of plers
99360184 (1)

Removalinsertion' gudgeon pin circhip (1) through round
nose phers (2) and gudgeon pin (3).

NOTE - Piston - connecting rod fit must be carried out
considering that, when the assembly 1s inserted in engine
block. words "LATO POSTERIORE” on piston crown
must be positioned towards the rear side of engine, and
connecting rod figures must be opposite the figures on
engine block.

TE W (@ W 0w S0
W g% ISe 7% 3050) 6050
[ ' .
! T3
C— | A~ O 15,390
A % 390

.

(

[ 13)

PISTON, PIN. RING DETAILS

* Mimencan detected on 142 mm da.
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Check for piston weight equalities. Allowance is + 15 gr
S

A

In case of over weight, remove material on diameter A
— (without exceeding 137 mm) and on depth B (without
exceeding |7 mm),

7 £ ===
- r/\
]

With micrometer (1) define clearance of piston diame-
ter. Diameter must be read 2| mm from piston skirt.

N

T
Sy
j/ I A /(QT

16822
With feeler (2) check clearance between piston (1)
and cylinder sleeve. Clearance must be read 2|1 mm
from piston skirt.

J

(=

)

w)

C

Check clearance between piston rings (2) and relevant
seats on piston (1), using feeler (3).

383

Top compression ring (2) 15 of double taper type:
clearance s measured postioning piston (1) waith
relevant ring nto cylinder sleeve (3) so that the
compression ring protrudes half its length from cyiinder
sleeve.
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16552

Check ring (2) thickness using micrometer (1)

With feeler gauge (3) check the gap at the end of
sealing rings (2) inserted in cyhnder sleeve (n

16556

if a distance shorter than the prescribed vaiue s
detected. remove the excess materal by means of tool

99360188, operating as indicated in the figure.

16357

Check paralleism of connecting rod axes using tool
99395363 (I).

Maximum allowed tolerance s * 0.025 mm at 125 mm
from the longitudinal connecting rod axis.

If a parallelism error greater than the allowed value i
detected. straighten the connecting rod (2) by means
of a hydraulic press, (1) as indicated in the diagram.
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CONNECTING ROD BIG END BEARING AND BUSHING DETAILS
*Fitted (D

Check inner bushing surface for marks of seizure or
scorng.

Check clearance between bushing and gudgeon pin:
which should be 0.025 to 0.048 mm.

Bushing (2) removalinseruon 1s carmed out using
sutable tool ().

After insertion, ream bushing until normal diameter 15
obtained.

16544

Check connecting rod weight equality Allowance 15 +
20 gr

This check must be carried out with connecting rod with
attached caps, bushing, bolts and nuts.

NOTE - Each connecung rod body and cap carry a
reference number identical with that of the cylinder to
which it belongs.

In case of replacement. apply the same reference
number to the new connecting rod.

Check alignment in connecting rod - piston assembly,
using tool 99395363 and a feeler. Piston crown should
be perfectly orthogonal to the face of tool 99395363.
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When fitting connecting rod-piston assembhies (1) in

Cylinder sleeve using clamp 99360603 (2). proceed to

O Lubricate (with engine oif) pistons, compression rings,
cylinder sleeves,

0 Move to TD.C. the piston crankpin concerned to
fiting

0O Remember that the connectung rod number should
correspond with that on cylinder sleeve to which t
pertains and must be opposite to that on cylinder
block: also. words “LATO POSTERIORE" on piston
crown should be positioned towards the rear side of
engne.

O Remember that ring gaps must be offset 120° from
one another

c — )] ¢

0 ))' ( \
A

16795

Check clearance between crankshaft crankpins and

relevant bearings operating as follows:

0 Thoroughly clean crankpins and bearings.

O Insert bearings in their seats.

Q Postion a calibrated wire (1) on crankshafts (2).

O Tighten capscrew nuts (previously lubricated) of
connecting rod caps to the prescribed torque. and
again remove caps.

Define clearance between crankpins and relevant bear-

ings. comparing the width of the caiibrated wire at the

point of max. deformation to the scale printed on wire

container. The figures given on the container indicates

the amount of clearance in mm (0.060 to 0.120 mmj.

On final fitting of connecting rods replace capbotits and

torque nuts of caps.

Check piston positions at TD C vs. cyinder sleeve faces
using magnetic base. gauge. as indicated in the figure
The required posmion 1s between —025 to 0 1S mm.

CAMSHAFT

Check camshaft lobe and support pins In case marks of
seizing, scoring or excessive wear are detected, replace
camshaft and relevant bushings fitted in engine block.

Check for journal alignments positioning camshaft as
indicated in the figure Using magneuc base gauge (1)
detect misalignment which should never exceed 010
mm. In the negative, straighten camsnaft using a press

%
Check cam lobe Iift. which should be 821 for both
intake and exhaust. In case of different values. repiace
camshaft.

* In the previous engines it was 7,55 mm for
cam lobe Lift,intake.




Check that connection surfaces of njection pump shaft
housing (1) are not damaged.

Bushings (2) should be press fitted in their seat. and the
nner surface should not show marks of seizure, scoring
or wear.
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CAMSHAFT DETAILS
Check camshaft journal diameters using a micrometer: they must be within the values indicated on figure.
~—
T
- T
T )
Y W /
— \ ,1/ 7/
3
N 1u08
With feeler (1) check clearance between plate (3)
retaning camshaft (2) to engine block and drive gear 5] 0s
(4). which shouid be 0070 to 0.175 mm Check that ' et
drive gear (4) teeth are not broken or worn-out.
Removal of crive gear (4) from camshaft 1s carried out Remove or insert '"’emo? p‘f;tp shaft b”Sh':g (b3 ) :"th
using a puller insertion must be carred out with a| | 'O (2) and handgrip (1). After fitung, the bushing
temperature a:iference of |55°C between drive gear depth should result (as to housing face) by the values
and camshaft, indicated .un figure
Ream bushings t065,025t065,050mm dia.
NJECTION FUMP CONTROL

Check that injection pump drive shaft (1) diameter 15
64.970 to 65.000 mm. If different values, or wear, or
score marks are observed, replace shaft. Shaft clearance
vs. bushings should be 0,025 to 0,080mm

Check that the teeth of shaft gear (1) controlling the
Injection pump are not broken or worn-out.
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VALVE SYSTEM CONTROL

——
'

(

—

The valve timing is performed as follows:

0 turning the camshaft, balance the valve-tappet
of the piston n°7 (the piston n°12 is in the
combustion phase, at T.D.C.).

Then install the injection pump drive gear(1)
and align the marks 2-2.

(the piston n°12 is in the combustion phase,
at T.B.C.).

Qa Then install the valve timing gear (2) with
relevant dowel pin on the crankshaft.

install the valve timing gear(3) and align the
marks. {-4

Q turning the crankshaft, balance the piston n° 7

:

o RIS

il
2

(82915M49.11) (82915RM11.10)
(8291SRM75.11) (82915RM12.11)
(8291SRM75.31) (291SRM75.10)

PMS.=TDC CHIUSURA = CLOSING

PML=8DC ASPIRAZIONE = INTAKE

ANTICIPO INIEZIONE = INJECTION ADVANCE  SCARICO = EXHAUST

APERTURA = OPENING ORDINE Ot SCOPPIO = FIUNG ORDER

Check of valve system diagram s carried out as follows

O Adjust clearance between rockers and bridges to
025 mm. (82915449, 11-8291SRM7S . 11-8291SRN75.11)

O Adjust clearance between rockers and bridges to
0.25 mm. (82915RM11.10-8291SRN12. 11-8291SRN75.10)

'| @ Rotate crankshaft and. with a notched quadrant,

check that vaives open and close according to the

diagram angles indicated in the figure.

CYLINDER HEADS

16819

Removesnstall valves using tool 99360274 (1). On
installation. lubricate valve stems with engine oil.

16820

Using surtable tool check cylinder head seal. Through
pump inlet water heated to ~ 90°C at a pres. sre of 4 to
5 kgcm® No leakage should be observed: in the
negative, replace cylinder head.

1682¢

Check flatness of cylinder head face using a straightedge
and a feeler. as indicated in the figure.
If flatness errors exceeding 005 mm are detected.

proceed to skim head.
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16828

Using a wire brush ciean valves and check for possible
marks of seizure. cracks or wear.

; 19985} JQ
L0 go0;

Ui

Pl &3 X0 ¢ &1
e — —————

16827
o

With a micrometer cneck that stem diameters are those
indicated i the figure. Using grinder 99301014, dress
- Jalve seats removing as little material as possible.

-
<
L

> O
%c,@@u
!QQ

-~
<>

<>

t\O

'~

Check valve eccentncity using a magnetic base dual
auge. as indicated in the figure.
~f eccentricty exceeds 0.03 mm replace vaive

16829

Check clearance between valve stem and valve guide
using a2 magneuc base dial gauge as indicated in the
figure If clearance exceeds 0 025 to 0055, replace valve
and valve gude.

VALVE GUIDE

1)

— 7~
S

l

AT

=7, ( = \‘ \;‘:\-1‘
D
Q |

Remove valve guide (2) using tool 99360143 (1),
For valve gude insertion, use removerinstaller
99360143 together with component 99360280 (3)

16831

With reamer (1) dress vaive guids until the value
indicated in the figure 15 obtained.
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VALVE SEAT
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16832
16833
Renew valve seats operating as follows: O Fit valve seats (3) in cylinder head using tool (1)
O Position cylinder head (5) on pillar drill n together with component (2).
| O Inserttool 99360376 (4) on pillar drill and adjust stop Clearance:
device (3) on cutter 99390358 (2). 0 Intake: 0.142 to 0.202 mm.
O Operate cutter and remove valve seat. O Exhaust: 0111 to 0.161 mm.
3 Thoroughly clean cylinder head.
8 Cool the new valve seat to —180°C (for instance, in a
tank containing hquid mitrogen)
)
@
10 [17000]
30 Ilﬂlg
—U L 16834
| | Dress valve seats (2) using HUNGER tool 99360319
~— (1
— | ’
O C S 0
ju —1 I\
T 7
éu 2000, (w000 b
51030 47025
(57750 9z50) |
—&—- &
A vl !
e
S 161 an Observe valve (1) seal ine on s seat (2) and valve
stand-in as to cylinder head face. using dial gauge (3).
= VALVE SEAT AND VALVE GUIDE SEAT IN CYUINDER HEAD - DETAILS If seat valve eccentricity 1s observed. or valve stand-in is
less than 0.3 to 0.75 mm for exhaust valves and 0.} to
0.45 mm for intake valves, dress seats agan.
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CYLINDER HEAD ASSEMBLY

16836

Close injector seat and check valve seat seals using
device (2) and lever (1) postioned as shown in the

figure. With a dial gauge check that drop takes
pglak::e slowly. gacge che 2 pressure drop Insert cylinder heads on engine block as follows:

0 On engine block position pushrod tubes (3) with
attached the new retainer rings

“~— VALVE SPRING O Insert new cylinder head gaskets.

Q Insert cylinder heads ().

0 Lubricate fastening screws with UTDM o,

Q Align cylinder heads with a sutable tool apphed to
exhaust manifold bores.

O Tighten cylinder head screws following the order
indicated in figure
Ist phase-pre-torque 30 Nm
2nd phase-pre-torque. |60 Nm
3rd phase-angle torque: 120°

16587

Using fixture 305049 (1) check that spring load s |
within the values indicated in figure 109 :

~ L
1
FIGURE 109
MOULA LIBERA
£ cyhnders No  5-6-7-8
é \ YALYOLA CHIUSA |
. = ‘\ ,' Kg 45225 l
3 e || g S
o kg 8024 !
o ,
< VALYOLA APERTA :
cylinders No  1-2-3-4
180
INTAKE AND EXHAUST VALVE SPRING DETAILS TIGHTENNG SEQUENCE ESJFGlb?gL;TODéE READ CAPSCREWS TO
s — CIUNORI « CYLINDERS

VALVOLA CHIUSA = VALYVE CLOSED
VALYOLA APERTA = VALVE OPEN
A i
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Pushrods should be free from distorsion and the
spherical seats in contact with the rocker adjusting screw
and with the tappet should not show signs of pick-up or
wear: in the negative, replace them.

Check rockers (3), bridges (4). rocker shafts (3) and
bracket (1) for signs of wear, score marks and prck-up.
In case. replace damaged components.

Check for the perfect seal of the cap at the end of each
rocker shaft.

It has a double water circuit.,
- the fresh wvater of the primary circuit (closed)

-~ the sea water of the secondary circuit (open)

- the engine cooling circuit is composed by: a
centrifugal pump driven by a gear from the crank-
shaft.

= Four thermostats (1) with opening valve at 68°C
which Control the temperature of the engine
[ flow

Check thermostat operation and replace if in doubt as to effi-

ciency.

NOTE - The screw may be reused until thread cuter
da. 15 not less than 155 mm measured at any pont

ROCKER PUSHRODS - ROCKERS - ROCKER SHAFTS - BRIDGES

COOLING SYSTEM

FOUR THERMOSTATS

Opening valve at 68° 22

Stroke mm 7 283°
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- Valve Clearance Adjustment

~

N

Jalve clearance adjustment should be carried out
vith the utmost care to prevent adversely affecting
he valve timing. In this connection it should be
1oted that excessive valve clearance results in noisy
>peration, delays opening and anticipates closing of
he valves, whereas insufficient clearance has a
everse effect. If there is no clearance at all, the

lves are kept constantly slightly open, the conse-

“tence of this being a much reduced valve and seat
fe.

‘o adjust the valve clearance proceed as follows:

- Slowly rotate the crankshaft until the cylinder of
the valves to be adjusted is on firing stroke. The
valves of this cylinder are closed when those of
the symmetrical cylinder are in a condition of
balance i.e. start of intake stroke, symmetrical
cylinders are 1.6, 12-7,5-2,8-11, 34 and 10-9

E.g. when cylinder 5 is in tiring stroke cylinder 2
is in a condition of balance and vice versa.

— Back off the bridge adjusting screw until the
bottom face is higher than the fixed surface
(Fig. 73).

— Screw 1n the rocker adjusting screw until contact
between rocker toe and bnidge button causes
resistance to be felt when rocker-to-pushrod con-
tact is established.

—~ Bring the bridge adjusting screw in contact with
the valve stem and clamp using the nut provided,
so as to achieve simultaneous bridge contact
with the two valves.

Adijust the rocker to bridge clearance (Fig.74).
Which must be 0.15 + 0.20 ma for the intake valve
and 0.35 ~ 0,40 mm for the exhaust valve.

After adjusting the vaives of one cylinder, repeat
the operation on the remaining cylinders.

Fig. 103. Clearance adjustment between the bridge
and valves.Tool 99352137(1). Feeler gauge(2).
Bridge(3).

Fig. 103A. Clearance adjustment between the ro-
cker(7) and bridge(3).




ENGINE p. 42/A
8291 P

— REPLACING INJECTOR SLEEVES

Incorrect mating between injector and sleeve press-fitted into |
Cyhnder head or between sleeve and seat on cylinder head |
may cause a loss of compression or water leakage

To remedy the first of these two defects. dress the sleeve seat In the second case, proceed as follows to repiace sleeve

(2) using cutter 99394031 (3) and bushing 99394019 (1). Q thread sieeve using set of taps 99390800(1):

Note that the injector must protrude 2.97 + 3.74 mm from O use extractor 99342145 (2) to remove 1t from cylinder
the cylinder head. head.

-

lower part of sleeve seat in cylinder head using swaging tool sleeve bore (2).

99365063 (3) and an electnc dnll Roll upper inside part of restore injector protrusion in relation ta cyfinder head

sieeve using 100l 9936501 1(4) and an electric dnil. US!ﬂg cutter ”39’0018_ (4) and bushlng 99394019 ('). This
,shou!d be 36+4 mm

ft new sleeve (2) into seat on cylinder head (1) ana spread Usa reamer 99394017 (3) and bushing 99394019 (1) to re-
' )
50
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LUBRICATION SYSTEM

Engine 15 lubricated by a gear pump (1) gear driven
from crankshaft,

Rehef and by-pass valves are fitted on ol filter support.
Lubrication pressure (o at 110°C):
3 Governed speed

510 6 kg/em?,
a Atidle

| 5to 2 kglem?,

Ol vapours which develop inside engine during runming,
are conveyed to a condenser where part of them s
condensed and agan recirculated. Through a pipe. the
other part 1s conveyed to arr cleaner where the vapours
are aspirated by engine and burned. When inside
condenser the oil vapour pressure exceeds a given
value. these vapours are blown off to atmosphere. The
condenser does not require overhaul operation; It 1s
sufficient to thoroughly clean its inside.

OlL PUMP

Check that pump casing (1) s not damaged and gear
shaft seats are not worn-out.

Check that teeth in gears (2 and 3) are not broken or
partially worn-out; in the negative replace pump cover
(4) with attached gears.

With feeler (3) and tri-scuare (1) check that the
clearance between pump csing (4) cover face and
gear (2) 1s 0020 to 0105 mm.
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-

OIL FILTER SUPPORTS

oil filter support

gy

T

S’
M
@
3)

BY-PASS VALVE COMPONENTS
I. Sprng - L Vaive - 3. Vaive body.

s

OIL PRESSURE RELIEF VALVE COMPONENTS

-3 Spnng - 4 Valve - 5 Vaive bocy -

Check that ol pressure rehef valve and by-pass valve run
freely in their seats Clearance should be 0.016 to 006
mm.

By-pass valve assembly 15 used to short-circurt oil lines
when heat exhanger s clogged.

103 Kg.
BEXY

62

\
T L] 15.15 Kg

+056

L3
34

°2%

OIL PRESSURE RELIEF vALVE SPRING-DETALS

With fixture 99305049 check that valve spring loads are
within the indicated values

~ 3.65K¢
o ,_— +0.20
~
S il '

0]

o o 440K

~ *0.22
Qun

BY-PASS VALVE SPRING DETAILS
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TURBOCHARGER

16695
DESCRIPTION

The turbocharger consists of the following main parts: a
turbine, a central housing and a compressor

The turbine 1s located to one side of central housing and
the compressor on the other. A bearing mounted shaft
connects turbine to compressor which, together, make
up the bladed wheel assembly. The turbocharger uses
the energy contained in engine exhaust gases.

During engne running, exhaust gases are directed
through turbine housing, causing the turbine to rotate.

Connected to the turbine through the shaft, aiso
compressor wheel 1s set into motion.

The compressor draws athmospheric air and produces
compressed air 1o be supphed to the engine intake
manifold

Turbocharger and bearings cooling and lubrication 1s
through engine oil.

166%

INSPECTION BEFORE DISASSEMBLY

Before turbocharger disassembly or repair, carry out
the following checks.

Inspect oil drain ine; t should never be clogged.
Check that oil circulation 1s rot restricted.

Be sure that engine vent on cylinder block s not
obstructed.

Check all seals and connecting hoses for leakage.

Be sure that air suction line 1s not obstructed because of
air cleaner or pipe clogging

DISASSEMBLY

Thorougly clean the outside of turbocharger using non
corrosive anti-rust hquids.
Position turbocharger in a vice.

/N
Mark the posiion of compressor (1) and turbine (4) as

to centre housing (3).
Remove lock plate (2) and remove compressor casing

(1.
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16698
Using magnetic base dial gauge (1) check bladed wheel
assembly (2) end float which should be 080to 0.15
mm when the components are new, and 020 mm

-(Max.) during use.

16499

With the dial gauge (I) posttioned as illustrated. check
bladed wheel assembly (2) clearance. which should be

~~0 37 to 0.53 mm when the components are new, and
0.61 mm (max.) during use.

S~
Remove clamp (2).
Remove the whole centre housing (1).

16701

Grip in a vise the centre housing and unscrew self-
locking nut (I).

16702

Using press 305074 (1) withdraw turbine shaft assembly
(3) together with heat protection disk (2).

S—2)
NS

With round nose pliers remove retaining ring (1),

16704
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16703

LONGITUDINAL SECTION THROUGH TURBOCHARGER

By means of two screwdrivers, remove the mntermed- Withdraw ol baffle (1).
ate plate (1) with attached seal.
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Remove thrust bearing (!).

\e'

Remove spacer (1) and thrust ring (2).

N

\\ .- / :

—With pliers 381103 (I) remove retaining nng (2) and

—mthdraw bushing (3). Repeat this operation for the
bushing on turbine side, remowving also the thrust
washer.

CHECKS

Thorougly clean (with kerosene ana a hard bristle brush)
alf the parts composing the turbocnarger ana dry with
compressed arr.

To clean turbine volute whose carbon deposits are hard
remove, use sutable means. such as a sandblasting
machine.

Check that all parts do not show wear, seizure or
deterioration.

,

NOTE - We suggest replacement of all the parts
showing wear, seizure or damage and which are
supplied as a kit.

16210

Checking compressor wheel blades (see arrow).

23411

Turbine wheel-shaft (1) eccentricity should be 0.007
mm, measured approximately {Q mm from threads.




~
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Check compressor housing. The arrow shows the
internal seat to be checked.

16713

Check turbine housing. The arrow shows the internal
seat to be checked.
-

16714

Check wheel assembly bushings.
The arrows indicate the bushing surfaces to be checked.

ASSEMBLY

16218

With phers 381103 fit the inner retaining ring and insert
bushing (1).

Insert thrust washer (1) and retaining ring

16717
Rotate central housing On compressor side insert the
inner retaining ring, bushing (1), and the outer retaining
ring
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16718

Insert thrust ring (3). and place thrust bearing (1) on the
two positioning dowels (2).

16719
Insert spacer (2) and thrust ring (1).

Insert ol baffle ().

o ~

@

N

ni
On the intermediate plate complete with seal ring (1)
insert retaining ring sleeve (2).

Insert the complete intermediate plate (1) on centre
housing and postion retaining rng

0 ,
-

Grip n a vise turbine wheel-shaft assembly (1) and insert
retaiing ring (2).
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S’
&
Posiion heat protection plate (1) on turbine shaft.
N
@
Insert complete centre housing (1).
-
Q)
(]
Using press 305074 (1) fit compressor wheel (2).
~Ser”

16724

16727
Screw down self-locking nut and tighten it with torque
wrench (1) to 25 Nm (2.7 kgm).

Assemble compressor and turbine housings fining up the
reference marks made during disassembly. Tighten lock
plates using torque wrench (1) to a torque of |3 Nm
(1.4 kgm).

On completion of assembly, Iubricate internal parts of
turbocharger using engine oil.
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TURBOCHARGER

DESCRIPTION

KKK turbocharger type mainly consists of a turbine,
a center housing and a compressor.

The turbine 1s located on one side of centre housing and
the compressor on the other; a bearing mounted shaft
connects turbine and compressor which, together. make
up the bladed wheel assembly. The turbocharger uses
the energy contained in engine exhaust gases.

Ounng engine _ running, exhaust gases are directed
through the turbine housing, causing the turbine mpeller
to rotate.

Connected to the turbine through the shaft. the com-
pressor wheel 15 also set into motion. Compressor
draws atmospheric arr and produces compressed air to
he supplied to the engine intake manifold.

g

Turbocharger and bushing cooling and lubrication s
through engine oil.

INSPECTION BEFORE DISASSEMBLY

Before turbocharger disassembiy or reparr, carry out
the following checks.

Inspect ol drain pipe: it should never be clogged.
Check that ol circulation is not restricted.

Be sure that engine vent on cylinder block 15 not
obstructed. Check all seals and connecung hoses for
leakage.
Be sure that ar intake line 1s not obstructed by ar
cleaner clogged or pipe blockage.




S
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DISASSEMBLY

16845

Thoroughly clean outside of turbocharger using non
corrosive and anti-rust iquids Mark assembly position
of compressor housing (3) on intermediate plate (2), and
the position of intermediate plate on center housing.
Disconnect compressor housing (3) from intermediate
plate (2) removing capscrews (4).

Check end float and clearance of rotating assembly (2)
using gauge (). Clearance should be detected on mark
machined on turbine (see arrow).

End float should be 0.16 mm.

Max. clearance should be 0.46 mm.

Mark assembly position of turbine housing (3) on
centre housing (). Disconnect centre housing (1)
from turbine housing (3) removing borts (2).

Remove compressor wheel (1) checknut; using a press
withdraw turbine shaft (4) with attacred heat screen
(2) from compressor wheel (1) and centre housing

().

Disconnect intermediate plate (1) from centre housing
removing bolts (2) by means of socket wrench
99389866 (3). From intermediate plate (1) remove
seal bushing (4) with attached spring nings




T
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16870

From centre housing (S5) remove oil baffle (2), axal
bearing (3). spacer (1) and thrust ring (4).

16871

With pliers (4) remove spnng rings (1) and withdraw
bushings (2) from centre housing (5). If replacement is
necessary, remove retaining rings (3).

INSPECTIONS

Thoroughly clean all turbocharger components using
kerosene and a hard bristle brush; dry with compressed
air. To clean turbine volute, where removal of carbon
deposits 5 difficult, use sutable means (for instance a
sandblasting machine). if excessive end float or clearance
has been noticed in the assembily, locate the component
responsible of the wear. We suggest to replace all the
components supplied as spares.

Check that compressor and turbine blades do not show
damage or distorsion. Any anomaly requires replace-
ment.

With dial gauge (1) check turbine shaft (2) eccentric-
ty 20 mm from shaft end. It should not exceed Q007
mm.

1872

Check that internal surfaces of compressor housing (1)
and wrbine housing are sound: in the
negative they should impair the turbocharger efficiency

In case of anomalies replace the whole turbocharger, as
the two housings are not supplied as spare parts.




-
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ASSEMBLY

16871

Install inner retaining rings (3) on center housing (5)
using phers (4): insert bushings (2) lubricated with
engmne ol and fit them using inner retaining rings (1).

16870

In center housing (5) mnsert: thrust rng (4), axal
bearing (3). spacer (1) and oil baffle (2).

On the intermediate plate (1) insert bushing (2) with
attached retaining rings (3 and 4) being sure that ring
ends are offset from one another and from the
lubrication oil inlet.

! 16876

Coat the intermediate plate surface (1) with Loctite
573 dope and insert it on center housing (2) so that the
marks placed during disassembly comncide.

Using torque wrench 99389831 (I) and bushing
99389866 (2) tighten screws (3) previously covered
(on threads) with Loctite 640 dope. to 8 Nm (08
kgm)

~ &)

Insert the two retaning rings (2) in therr seats on
turbine shaft (I).
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T

~and tghten compressor wheel (3) to 12 Nm (1.2

HEHE

On turbine shaft (3) key center housing (1) with heat
screen (2) taking care that retaining ring ends (4) are
offset from one another and from Iubrcation hole.

=)

>

\ ¢

With press (1) key compressor wheel (2) on turbine
shaft (3).

Coat turbine (4) shaft thread with Loctte 640 dope

kfm) using torque wrench 99389831 (1) and bushing
(2}

Insert the complete center housing (1) in turbine
housing (2) being sure that the marks made during
disassembling concide. Tighten the screw secunng
Centre housing to turbine housing to 20 Nim (2 kgm).

//
- 16883

Place a new retaning ring (3) on intermeduate plate
(2) seat and mnsert compressor housing (1) on centre
housing (4), taking care that marks made during
disassembly coincide

Tighten to 7 Nm (07 kgm) the screw securing
compressor housing to centre housing

NOTE - Before instaling turbocharger on engine. fill
center housing with engine lubrication ol
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ENGINE DISASSEMBLY
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1688}
Lubricate tappets (2) and insert them in therr seats
R Lubricate camshafts bushings and insert camshaft (1)
taking care not to damage bushings Insert covers (3)
Insert spray nozzles (4) checking that dowels are
correctly posioned on engine block
Position engine block on swinging stand 99322230 using
brackets 99361011 To Ift and support engine block
duning this operation, use rocking sling hook 99360585
with a set of eyes 99360503.
Insert cylnder sleeves as indicated at paragraph page
27
Nt N .
ANy —y
T
|
Bl
o
Lo
Lo
2 I 1 eane
Tighten to suitable torque camshaft (3) thrust plate
; capscrews (2). )
1002 Insert support with attached injection pump shaft, and fit
on this gear (4)
Insert gear lubrication hine (1)
~
Fit camshaft bushings using tool 99360385 (1.
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(1%, ]

|
|
|
|
I Insert n thewr seats the half journals lubricated through

therr lubrication hole and install crankshaft (3) using Rotate crankshaft (I) and camshaft (3) so as on
S tool 99360500 (2) and swmging horst (1). inserung gear (2) the marks on each single gear
(indicated by an arrow) 1s coincident with the other.

On main journal (1) insert thrust rings (2) with gaps
\—~ towards crankshaft.

Install flywheel housing (1) and tighten capscrews (2)
to required torque.

Insert main bearing caps (1) and relevant half bearings

sO as the printed figure 1s opposite to that on engine
\—-olock.

Lubncate beanng cap screws (2 and 3) with UTDM ol
and tghten to sutable torque.




829 1

ENGINE p. 59

On rear cover (5) position spacer (2) and insert
retaining ring (1) using tool 99360368 (4) with
handgrip 99370006 (3).

NOTE - If crankshaft 1s worn-out near retaining ring (1)
arcle, insert this without interposing spacer (2).

On flywheel cover (1) insert rear support (2) and
tighten boit to required torque.

Screw down pins 99360349 (3) on crankshaft and

;?ostall flywheel (2) using bracket 99360350 (1) and a
Ist.

Clamp crankshaft (1) rotation using tool 99360351 (2)
and ughten screws (3) previously lubricated with UTDM
oll.

On rear cover (5) position spacer (2) and insert retaining
ring (1) using tool 99360354 (1) with handgrip 99370006
3).

NOTE - If the crankshaft is worn-out near retaning ring
(1) arcle. nsert this without interposing spa- er (2)

Install front cover (1) tightening to specified torque
screws (2).
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16898

Fit brackets 99360304 (3) to engine flywheel (1) using

\.'andgrips 99360307 (2) to rotate crankshaft; install
pistons (5) using compressor 99360603 (4) as indicated
at page 35

168%
With engine ol lubricate big end bearings and insert
them.

Tighten nuts of the screws securing connecung rod caps

\rreviously lubricated with UTDM oil) to required
‘orque.

NOTE - On final assembly. all boits and nuts securing
connectng rod caps must be replaced.

“istall o pump with attached suction scoop, oif sump (2),

INJECTION PUMP ASSEMBLY AND TIMING ON
ENGINE

Remove the plug of the opening of the flywheet
housing(1) and indicator(2).

Fit to the engine flywheel the right grips, and
turn it titl the reference P.M.S.(= 7.D.C.),pun-
ched on the flywheel corresponds to the indica-
tor of the opening of the flywheel housing.

In this condition the cylinder n°1 is in combu~
stion phase and the valves of the cylinder n°7
are in balance phase.

REFERENCE MARKS OF THE P.M.S.(=T.D.C.) CYLINDER]
N1

Fit on the injection pump: the hut(1), the driving
ring(2), the flywheel to fix the hut(3), the dri-
ving shaft of the injection pump(4) complete with
n°2 pads(5), n°10 elastic driving rings(6), (n°S

for each side).
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Install the injection pump completely paying atten-
tion to put the shaft(4) in vertical position.
Ensure thealignment of the marks of the shaft(5)
and the support(6), without blocking the 4 screws
fixing the flywheel (3) and injection pump.

il |

S~ l( /@

21°
B

1

To performe the timing of the injection pump ensu-
re thealignmentof the indicator on the flywheel
housing and the fixed advance( fuel delivery start)

(8291 stm75 / srm85=18°/8291" stmli2...=21°)

T

Connect the drop system hydraulic pump to the
fuel intake of the injection pump(1).

Close with a plug the fuel return of the injec-
tion pump (2).

On the union of the 1° plunger, install drop p1pe|
(3) and close the other unions with plugs(4).

Put the fuel rack at the max position.

Send the Liquid operating with the hydraulic pump

Turn in clockwise direction the flywheel(3) of the
injection pump till the opening of the first plun-
ger(1), (drop system - the fuel comes out), then
turn the flywheel in counter clock wise direction
till the closing of the first plunger (the fyel
stops to flow).

Block the 4 screws fixing the flywheel (3) to the
driving shaft of the injection pump and verify that
the mark is aligned with 21°

1f the value is different, repeat the drop system

test.
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astall cylnder heads as indicated at page 40

“sert rocker pushrods (1), rocker shaft supports (2) and
vwdges (3).

\ \& N 16897

sert rocker shafts (1) with relevant rockers on sup-
*orts (2) and tighten capscrew to required torque using

s~ ench 389856 (3). Adjust rocker - valve clearance as
dicated at page 41

Fit:

O engine mounting(1)

O oil breather (3) complete with pipes(2)

3 rocker boxes(3)

O water pipes(4)

g oil inlet and outlet pipes to the injection
pump

0O inlet manifold(S)

e

TR ;

Fit:
3 injectors, with relevant pipes(1)
rocker boxes cover, complete with gaskets
O fuel drain pump(2) with relevant pipes
g fix water pipes (3)
O oil filters and support(4)

O starting motor (2).
O exhaust manifolds(1).
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The damper at the required torque, after having
blocked the crankshaft with the tool 99360531.
0 pulley(1); belts and strechter.

O water pump (2).

O vater-water heat exchanger(3) with relevant pi-
pes.

0 expansion tank(4) complete with pipes water fi(-
ter

O sea water pump(5) with relevant pipes.

NOTE: REPLACE THE SACRIFICAL ANODES

Fit:
Ooitl filter(1)
Qoil dipstick

O air-wvater heat exchanger(1).
O turbochargers(2) complete with oil intake and
output pipes.

Fit:
g fuel filters(1)

Fit:
g air filters(1)
0O gas-water mixers(2)_
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« TIGHTENING TORQUE DATA

DESCRIPTION TORQUE Nm (kgm)

Caoscrew. main bearng caps {::;:c’rque ?30"

Caoscrew. main bearing caos side {::-L-:orque ;20
Capscrew. sump to front cover 10 (h
Capscrew. sump to engne block nm -
Caoscreww. sump to uming gear housing and flywheel 10 (1)
Capscrew. gear housing 1o rear piate 78 (8)
Capscrew. uming gear housing 1o rear plate 78 (8)
Caoscrew. injecuon pump drive shaft support and rear plate to gear housing 495 (5)
Capscrew. injecuon pump drive shaft support. rear plate. power steering pump and
engne Ift hook to gear housing 495 (5)
Caoscrew. rear plate to engne block 78 (8)
Capscrew, front cover to engine block 245 235)
Nut. stud bolt. oif catcher to vaive system axle 24.5 (25)
Capscrew (M12x1.25). vaive gear housing to rear plate 99 (10)
Capscrew. engine breather support to gear housing 24.5 (25) ‘
Nut. engine breather support to gear housing 245 (2.5)

‘ pre-torque 30
Capscrew. cylinder head [ pre-torque 160
angie 120°

Capscrew. central. ccver 10 cylinder head 245 (23)
Caoscrew. cover to cylinder head 24.5 (25)
Nut. rocker inspecuon cover 14.5 (1.47)
Capscrew. left and nght intake manifoid to cylinaer head 49.5 (5)
Caoscrew. exhaust manifold - 3232
Nut. turoocharger connection stub pipe to exhaust manifold 78 (8)
Caoscrew. crankshait countarwerghts A - 2765 (28)
Nut. connecung rod cap A 280 (28,5)
Nut. engne flywhees {::;—etoraue A ;:

A Luoncate with UTDM oul.
®-Lubncate with graphite ou
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DESCRIPTION TORQUE Nm (kgm)
Capscrew, thrust plate to engne block A 245(29)
Capscrew. camshaft drive gear to driven gear A 495 (5)
Capscrew. rocker shaft bracket to head 78 (8)
Capscrew, rocker bracket to head 24.5 (2.5)
Capscrew. injection pump support A 78 (8)
Capscrew. injection pump to support 78 (8)
Nut. injection plate spacer to mjection pump 200 (20,4)
Capscrew. injection pump spacer plate 24.5 (2.5)
Capscrew. injection pump shaft support to rear engine block plate 245 (2.5)
Capscrew. injection pump driven gear to shaft A_ 245 (25)
Nut, njector bracket to cylinder head 56 (5.7)
Capscrew. fuel filter body to bracket 245 (2.5)
Capscrew, fuel filter bracket to of filter body 49.5 (5)
Capscrew. ol fiiter body to engne block 245 (2.9)
Capscrew. ol filter body and ol filter body connection elbow to tachometer
housing in engine biock 245 (2.9)
Capscrew. ol filter body to engine biock 495 (5)
Capscrew. alternator support to engine block 49.5 (5)
Nut. alternator strut on thermostat housing 49.5 (5)
Nut. afternator drive pulley 40 (4)

A Lubncate with UTDM oii.
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SPECIAL TOOLS

TOOL No. DESCRIPTION
99340035 Puller. pulley hub and water pump impeller.
99340208 Puller, side hammer.
99342135 Puller, umion, injectors (use with 99340205).
99342145 Remover, njector sleeve,
99345075 Remover, tapper
99352137 Wrench, tapper adjustment.
99360143 Removeriinstaller, valve guide.
T R9360184 Pliers, engine piston ning.
A d
99360280 Removerfinstaller, valve guide (use with 99360143).
99360351 Retainer, engne fiywheel, ’
99360503 Set of eyes. lift. engine block.
99360603 Compressor, standard and oversize piston installation n cylinders.
99350785 Compression nng. cylinder sleeve removalinstallation (use with 99360799 )
99360776 Set of studs.
99360799 Cylinder sleeve removalinstailation tool
99365063 Spreader. injector sleeve,
99365160 Wrench, njector pipe removal. .
:;;OOOS Handle. driver, interchangeable.
99374193 Removerfinstaller, compressor support bushing
99386012 Removerfinstaller, crankshaft core plugs.
99390330 Reamer. vaive guide hole.
99390789 Set of taps. to thread injector sleeve to be extracted.
99394017 Dresser. lower njector sleeve porton.
99394019 Bushing. pilot.
99346204 Puller,for injector(use with 99340205/99342135) .
99360421 Installer,crankshaft rear seal (use with $937000S) .
99360551 Bracket for removing and refitting flywheel(use with 99360545) .
99374195 Instatler,crankshaft rear seal (use with 99370005).
99360083 Connection, engine cylinder compression test(use with $99395682) .




