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General description

The combustion chamber in the top of the piston has a special
“swirl lip" at the top to give an efficient mix of fuel and air. There
are cut-outs in the top of the pistons for higher rated engines (A) to
ensure that there is clearance for the valves and for the giow piugs.

The pistons have two compression rings and an oil control ring.
The groove for the top ring is machined in a hard metal insert to
reduce wear of the groove. Axial location of the fully floating
gudgeon pin is by circiips. There is a steel insert in the piston skirt
to control piston expansion.

The connecting rods are machined from '*H” section forgings of
steel. The location of the bearing caps to the ¢connecting rods is
made by tight fit connecting rod boits.
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Big end bearing

To remove and to fit 13A-01

To remove
1 Drain the engine lubricating oil.
2 Remove the lubricating cil sump, operation 18A-03.

3 Remove the lubricating oil strainer and suction pipe, operation
18A-04.

4 Turn the crankshaft unti the relevant connecting rod is at its
lowest position.

5 Release the nuts and remove the bearing from the cap but keep
it with its relevant cap.

6 Remove the lower half bearing from the cap but keep it with its
refevant cap.

7 Fitasuitable length of rubber or plastic hose to each cennecting
rod bolt to protect the big end. Carefully push the connecting rod
up the cylinder bore just enough to allow access to the upper half
bearing. Remove the bearing from the connecting rod. Keep the
pearings from the connecting rod and cap together.

To fit
1 Cleanthe bearing faces of the connecting rod and the crank pin.

2 Clean the complete bearing and lubricate the bearing surface
and the crank pin with clean engine lubricating oil. Fit the upper
half bearing to the connecting rod with the location tag fitted cor-
rectly inits recess (A1). Fit the connecting rod to the crankpin, En-
sure that the assembly number on the connecting rod (B) is on the
same side as the other connecting rods.

3 Clean, lubricate and fit the lower half bearing into the cap. En-
sure that the location tag is fitted correctly in its recess (A2).
Remove the protection hoses from the connecting rod bolts and
ensure that the bolls have not been moved. Fit the cap to the con-
necting rod. Ensure that the assembly number on the cap is the
same as that on the connecting rod (B) and that both of the
assembly numbers are on the same side,

4 Fit new nuts to the connecting rod bolts and tighten them
gradually and evenly to the recommended torque of 47 Nm
{35 Ibf ft) 4,8 kgt m.

5 Ensure that the crankshaft turns freely.

6 Fit the fubricating oil strainer and suction pipe, operation
18A-04,

7 Fit the lubricating oil sump, operation 18A-03 and fill the sump
to the correct level with lubricating oil of an approved grade.

To inspect 13A-02

Check the bearings and the crank pin for wear or other damage.
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Piston and connecting rod assembly

To remove and to fit 13A-03

To remove
1 Drain the lubricating oil and the cooling system.
2 Remove the cylinder head assembly, operation 12A-07.

3 Turn the crankshaft until all the pistons are the same height in
their bores. Put a suitable clean rag on the top of the piston to filf
the bore. Remove all carbon from the top of the cylinder bore with
acoarse grade of emery cloth. The emery cloth should be wet with
iubricating oil to hold the debris. Obtain a smooth surface to the
cleaned area with a fine grade of emery cloth, Clean the bore and
remove the rag protection.

4 Remove the lubricating oit sump, operation 18A-03,

5 If necessary, remove the lubricating oil strainer and suction
pipe, operation 18A-04.

6 Check that all the cennecting rods and their caps are marked
with their relevant cylinder number {A). if they are not marked,
mark them 1 to 4 with number 1 at the timing case end of the
engine.

7 Remove the big end cap and the big end bearings from the con-
necting rods, operation 13A-01. Keep the bearings and cap
together to ensure that they can be fitted in their original positions.

8 Fit protection sleeves made of rubber or plastic to the connec-
ting red bolls (B1). Push the piston and the connecting rod out
through the top of the cylinderbore. A suitable tool can be made for
this operation with a “'U” bend of metal tube and two lengths of
plastic pipe (C).

9 Inspect the crank pin for damage.

To fit

1 Ensure that the piston, the cylinder bore, the crank pin and the
big-end of the connecting rod are clean. Lubricate the piston and
the cylinder liner with clean engine lubricating oil.

2 Turn the crankshaft until the refevant crank pin is at its lowest
position. Lubricate the crank pin with clean engine lubricating oil.

3 Fitasuitablelength of rubber or piastic hose to each connecting
rod bolt to protect the big end. Fitthe upper half bearing to the con-
necting rod. Ensure that the lecaticn tag is fitted correctly in its
recess. Lubricate the bearing with clean engire lubricating oil.

4 Ensurethatthe gapsof the pistoenrings are 120° apart and com-
press the rings with the piston ring compressor (D1). Ensure that
the protrusions which are pressed in one edge of the tool are ai the
bottom.

5 Enter the assembiy into its correct bere. When the piston is fit-
ted, the arrow on the top of the piston must be towards the front
{(timing case end) of the engine (D). In this position the combustion
bowtin the top of the piston will be towards the fuel injection pump
side of the engine. There are also front indicators an the bottom of
the piston and on the connecting rod and these must be on the
same side, see 13A.07/8,
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6 Push the pistor-and connecting rod assembly through the bore
and onto the crank pin. Turn the connecting rod until the arrow on
the top of the piston is towards the front of the engine.

7 Remove the protection hoses from the big end balts. Clean the
cannecting rod cap and the lower haif bearing. Fit the bearing to
the cap with the location tag fitted correctly in itsrecess. Lubricate
the bearing with clean engine lubricating oil. Fit the cap and en-
sure that the assembly number is the same as that on the connec-
ting rod and that the numbers are on the same side. Fit new nuts
to the big end belts and tighten them gradually and evenly to
47 Nm (35 Ibf ft) 4,8 kgf m.

8 Check that the crankshaft will turn freely,

9 Check the piston height above the top face of the cylinder block
with the piston height tool (A}, Put the measurement tool on a flat
surface and turn the gauge dial to the zero position. Turn the
crankshaft until the piston is approximately at TDC. Put ths
measurement toal over the cylinder bore with the plunger of the
gauge in contact with the piston. Turn the crankshaft to bring the
piston to its highest position and make a note of the gauge indica-
tion. The correct piston height is given in section 11C, If 2 new
lower grade of service piston has been fitted, see operation
13A-05, the pisten height can be 0,10 mm (0.004 in) below the bot-
tomn limit. The piston must not be higher than the top limit, Itis not
permissible to remove metal from the top of the piston.

10 If necessary, fit the lubricating oif strainer and suction pipe,
operation 18A-04.

11 Fitthe lubricating oil sump, cperation 18A-03,
12 Fit the cylinder head assembly, operation 12A-07.

13 Fil! the sumg to the correct level with lubricating oil of an
approved grade.

14 Fill the cooling system.
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Piston rings

To remove and to fit 13A-04

To remove

Remove the piston rings with a suitable ring expander. Only in-
crease thering gaps enough to ensure that the ends of the rings do
not damage the piston. Keep the rings with their relevant piston.

To fit

Use a suitable ring expander to fit the piston rings. Cnly increase
the ring gaps enough to ensure that the ends of the rings do not
damage the piston.

1 Fitthe spring of the oil control ring in the bettom groove with the
latch pin inside both ends of the spring {(A). Fit the oil contral ring
over the spring (8). Ensure that the ring gap is at 180° to the latch
pin.

2 Fit the cast iron ring with the tapered face into the second

groave with the word “TCP’’, or the manufacturer's symbol,

towards the top of the piston. New piston rings have a green iden-

tification mark. This must be on the left of the ring gap when the \
ring is fitted and the piston is upright.

3 Fitthe barrel face ring with the molybdenum insert into the top

groove, Theword “TQP’’, the manufacturer’s identifiction mark or m: /

the Internal chamfer, must be towards the top of the piston. New
piston rings have a red indentification mark, This must be on the
left of the ring gap when the ring is fitted and the piston is upright.

4 Ensure that the ring gaps are 120° apart. \\\\-©))))
Q=
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Piston and éonnecting rods

To dismantle and to assemble 13A-05

To dismantle
1 Remaove the piston rings, operation 13A-04,
2 Remove the circlips which retain the gudgeon pin.

3 Put a temporary mark on the piston to indicate the cylinder
number as shown on the connecting rod. Put the mark on the
piston on the same side as the mark on the big end to ensure that
they are assembled correctly.

4 Fushthe gudgeon pin out by hand. If the gudgecn pin is tight,
heat the piston to 40°/50°C (100°/120°F} for easy gudgeon pin
removal.

To assemble

1 Clean the bore of the small end bush and lubricate it with clean
engine lubricating oil.

2 Fit a new circlip groove of one of the gudgeon pin bosses. En-
sure that it fits correctly in the groove,

3 if the original piston is used, ensure that it is assembiled to the
correct connecting rod andis used in the original cylinder. If a new
piston is to be fitted, ensure that it is of the correct height grade. In
the factory, six different height grades can be used. The grades
are identified by numbers which are stamped on the top of the
piston {A}. Number 1 is the highest piston and number 6 is the
lowest piston. In service, only grades 3 and 6 will be avaitable.
Grade 3 must be used if the original piston is stamped 1, 2 or 3.
Grade 6 must be used if the original pistan is stamped 4, 5 or 6.
Two different diameter grades A" and “B” are also used in the
factory. Only the smaller diameter piston “A” wili be supplied in
service for the standard size bore. A grade ‘X" piston will be
available for bores which have been bered 0,50 mm (0.020 in)
oversize in diameterin service. The diameter grades are stamped
on a machined pad at the top rear of the right side of the cylinder
block (16A-04/C). If a bore has been bored oversize In service, the
original grade letter for thatbore should be over stamped with a let-
ter “ X

4 With the piston upside down, put the connecting rod in position.

The location boss on the rod (82) must be on the sarne side as the
arrow on the bottom of the piston (B1),

3 Lubricate the gudgeon pin bosses with clean engine lubricating
citand pushin the gudgeon pin towards the circlip. If the gudgeon
pin is a tight fit in the piston, heat the piston to 40°/50°C
(100°/120°F) before the gudgeon pin is fitted.

6 Fitanewcirclip inthe groove in the other gudgeon pinboss. En-
sure that it is fits correctly in the groove.

7 Fitthe piston rings, operation 13A-04.

1 A
2-3 B
3 X
4

5.6

6
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Piston and rings

To inspect 13A-06

1 Check the piston for wear and other damage.

2 Checkthatthe piston rings are free 1o move in their grooves and
that the rings are not broken.

3 Remove the piston rings, operation 13A-04. Clean the piston
ring grooves and the piston rings.

4 Fit new rings in the grooves and check for wear of the ring
grooves with feeler gauges (A). Compare the pistonring clearance
in the groove to that given for new components in section 11C.
Renew the piston, if necessary.

5 Ensure that all the carbon has been removed from the top of the
cylinder bores. Fit the piston rings in the top part of the bore and
measure the ring gap with feeler gauges (B). The coil spring must
be fitted to the oil control ring when the gap of this ring is
measured. The ring gaps for new components are given in section
11C.

Connecting rod

To inspect 13A-07

1 Check the connecting rod for distortion, see section 11C.

2 Check the small end bush for wear or for other damage and
renew it, if necessary.

3 Checkthefitof the gudgeon pininthe smallendbush and check
the gudgecn pin for wear, see section 11C.

4 Check the condition of the big end bolts, If the thread is damag-
ed or there are indications of stretch, the bolt must be removed
from the rod and a new cne fitted. The new bolt must be fitted with
the location arrows (or the identification mark) on the head of the
bolttowards the outside of the big end (C). Ensure that the head of
the bolt is in correct contact with the connecting rod.

Small end bush

To remove and to fit 13A-08

1 Press out the old bush with a suitable adaptor.
2 Clean the connecting rod bore and remove any sharp edges.

3 Press in the new bush. Ensure that the lubrication hole in the
bushis onthe same side as, andis aligned with, the hole in the top
of the connecting rod.

4 Ream the bush to get the correct clearance between the
gudgeon pin and the bush, see section 11C.

13A.08
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General description

The crankshaft is machined from a casting of spheroidal graphite
iron. it has integral balance weights and five main journals.

End-float is controlled by two half thrust washers on both sides of
the centre main bearing.

The main bearings have steel backs with bearing surfaces of tin
aluminium. The main bearing caps are made ¢f spheroidal
graphite iron.

The front and the rear cil seals are Viton lip seals with oil return
grooves on the inner face of the lip. The front seal is fitted in the
front of the lubricating oil pump. For most engines, the rear oil seal
is fitted directly into the flywheel housing or into the backplate.

The nose of the crankshaft has two separate keyways. The rear
keyway is for the key of the lubricating oil pump which is fitted
around the crankshaft, The front keyway is for the toothed pulley
which drives the timing belt.

The crankshaft pulley is fastened to the toothed pulley by four cap
screws and is fastened to the crankshaft by a centre setscrew.

An integral damper is built into the pulley.

14A.02
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Crankshaft pulley

To remove and to fit 144A-01

1 Disconnect the battery.
2 Remove the drive belt of the aliernator, operation 22A-03.

3 Remove the starter motor, operation 22B-01.

4 Release and remove the four cap screws which fasten the
pulley to the tocthed pulley (B). Release the centre setsorew of the
pulley and remove the pulley {C). Use a big screwdriver or similar
tool as counterhold in the flywheel ring gear.

5 Clean the components and check for damage. Renew damag-
ed components.

6 Put the pulley in position, fit the centre setscrew and tighten it
finger tight. Fit the cap screws which fasten the puiley to the tcoth-
ed pulley and tighten them finger tight. Tighten the centre
setscrew to 180 Nm {133 Ibf ft) 18,4 kgf m and thentightenthe cap
screws to 10 Nm (7 ibf ft) 1,0 kgf m. .

7 Fitthe drive belt of the alternator, operation 22A-03.

8 Connect the battery.

~
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Eront oil seal

To renew 14A-02

Special tcols:

Remover tool for front oil seal, 885031-5
Protection slgeve, 885032-3
Replacer tool for front oii seal, 885033-1

1 Disconnect the battery.

2 Remove the setscrew from the timing hole in the top front of the
camshaft cover (12A.03/A4). Turn the crankshaft until the timing
hole in the front journal of the camshaft aligns with the hole in the
cover.

3 Fitthe timing pins 865037-2 to the camshaft and to the flywheel.
Remove the starier motor, operation 22B-01 and fit the anti-
rotation 1ool 885055-4 to the flywheel.

4 BRemove the alternator drive belt, operation 22A-03 and the
puiley of the water pump.

5 Remove the crankshaft pulley, operation 14A-01A or 14A-01B
and remove the timing case cover, operation 15A-01.

& Fittwo screws (M6 x 50) to hold the pulley of the injecticn pump
and remove the timing belt, operation 15A-04,

7 Bemove the tocthed pulley from the crankshaft, operation
15A-07.

8 Remove the front key from the crankshaft.

g Fit the adaptor {A1) of tool 885031-5 Into the front of the
crankshaft. Release the centre screw enough to ensure that it will
not reach the adaptor and enter the main tool into the seal, Turn
the tool clockwise to ensure that itis tight in the seal and tighten the
screw onto the adaplor to remove the seal (B). Remove the
adaptor.

10 Ensure thatthe seallocation and the crankshait are clean and
that they are not damaged.

117 Fitt he protection sleeve 885032-3 (C1) to the crankshaft,
Lubricate the new seal with clean engine lubricating cil. Enter the
seal into its location over the protection sleeve with the lip of the
seal towards the engine. Remave the protection sleeve. Use the
replacer 885033-1 {D1) with a soft face hammer to fit the seal into
its final position. The correct position for the seal is with the front
face of the seal 0,5 mm (0.02 in} inside the housing.

12 Fit the key to the ¢rankshaft and fit the toothed pulley to the

crankshaft, operation 15A-07. If abrush sealis not fitted tothe tim-

ing case cover, fit the crankshaft pulley, operation 14A-01A or
14A-01B.

13 Fit the timing belt and adjust the belt tension, see section 15.

14 Remove the timing pins, the pulley p/ns and the anti-rotation
tool. Check the timing of the fuel injection pump, operation
17A-03.

15 Turn the crankshaft through two revolutions to ensure that
there is no restriction to movement.

16 Fit the timing case cover, operation 15A-01, If & brush seal is
fitted to the cover, fit the crankshaft pulley, operation 14A-01A or
14A-018.

17 Fit the pulley of the water pump and the alternater drive belt,
operation 22A-03.

18 Fit the starter motor and connect the battery.

DI
@@ j‘@ /--

14A.04



CRANKSHAFT ASSEMBLY 1 4

-

Rear oil seal

To rensw 14A-03

Special tools:

Protection sleeve, 885030-7
Remover tool for rear oil seal, 885034-2
Replacer tool for rear cil seal, 885035-6

1 Disconnect the battery.
2 Remove the drive componenits from the rear end of the engine.
3 Bemove the flywheel, operation 21A-01.

4 Check the position of the seal in the flywhee! housing, in the
separate seal housing or in the backplate. If the rear face of the
sealislevel with the rear face of the housing, the new seal can pro-
bably be pressed further inte its housing; this will move the seal
location area cn the crankshaft flange. This is not possible if a
10 mm {0.39 in) thick backplate is fitted. If the crankshaft flange is
worn and a new seal position is not available, remove the
crankshaft and machine the flange, see section 11C.

5 Release the screw (A1) of the remover tool enough to ensure
that it will not touch the crankshaft. Enter the tocl into the seal and
turn it clockwise to ensure that itis tight in the seal. Use a spanner
on the main body of the tool to ensure that the tool is tight in the
seal. Tighten the screw onto the rear of the crankshaft to remove
the seal.

& Clean the seal housing and the crankshaft flange.

7 Lubricate lightly the seal housing, the crankshaft flange and the
lip of the new seal with clean engine oil.

8 Clean and lubricate the protection sleeve 885030-7 {B1) and fit
it on the end of the crankshatft flange.

8 Putthe seal {B2) over the sleeve with the lip towards the engine
and push it along the flange unlil it enters the seal housing.
Remove the protection sleeve.

10 Putthering (C1) of tool 885035-6 on the crankshaft flange with
the correctend of the ring towards the seal. If the sealis to be fitted
in the forward position (see paragraph 4), fit the sleeve with the end
which has a reduced dizameter towards the seal. Fit the plate (C2)
of tool 885035-6 and use the lock nuts to tighten the studs into the
crankshaft flange. Release the lock nuts, ensure that the plate is
fitted squarely to the crankshaft and use the forward nuts to press
the seal into position. The nuts must be tightened gradually and
evenly.

11 Remove the tools and fit the flywheel, operation 21A-01.

12 Fitthe drive componentstothe rear end of the engine and con-
nect the battery.

14A.05
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Thrust washers @ =~

To check crankshaft end-float 14A-04

The axial movement of the crankshaft is controlled by two half
thrustwashers fitted both sides of the centre main bearing (B). The
end-float can be checked with a fesler gauge between a thrust
washer and the crankshaft. A better method is to use a dial test in-
dicator on one end of the crankshaft to check the movement (A).

To remove and to fit 14A-05

To remove

1 Drain the lubricating ofl and remove the lubricating oil sump,
operation 18A-03.

2 Where necessary, remove the lubricating oil strainer and suc-
tion pipe, operation 18A-04,

3 Reiease the setscrews of the centre main bearing and remave
the main bearing cap complete with the lower half thrust washers
(B).

4 With a suitable tool made of a soft material, press down one end
of each upper half thrust washer in order to slide the washer from
its recess (C}). Where necessary, move the crankshaft to the front
or to the rear to loosen a tight washer,

To fit
1 Lubricate the thrust washers with clean engine lubricating oil.

2 Slide the upper half thrust washers into their recesses in the
cylinder block. Ensure that the sides of the thrust washers which
have the grooves are against the crankshaft.

3 Fit the lower half thrust washers to the main bearing cap with
the location tags in their recesses. Ensure that the grooves in the
washers are away from the cap (B).

4 Ensure that the location thimbles are fitted correctly in the main
bearing cap or in the cylinder block.

5 Ensurethatthe bearing is fitted correctly in the cap and that the
bearing and the crankshaft journal are ctean. Lubricate the bear-
ing with ¢clean engine tubricating oil.

6 Fit the cap with the location tags of both half bearings to the
same side (14A.07/B1 and B2). Tighten the main bearing
setscrews gradually and evenly to 112 Nm (83 Ibf ft) 11,4 kgf m.

7 Check the crankshaft end-float.

8 if necessary, fit the iubricating oil strainer and the suction pipe,
operation 18A-04.

9 Fit the lubricating oil sump, cperation 18A-03, and fill it to the
correct level with an approved lubricating oil.

14A.06
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Main bearing -

To remeve and to fit
{with the crankshait in position) 14A-06

If the front bearing is to be removed, the lubricating oil pump must
also be removed. Removal of the bearing cap (with the pump in
position) will damage the pump joint.

If the rear bearing cap is removed (with the flywheel housing fit-
ted). Sealant must be applied to the bottom of the rear face oi the
bearing cap before it is fiited.

To remove

1 Drain the lubricating oil and remcve the sump, operation
19A-03,

2 If necessary, remove the lubricating cil strainer and suction
pipe, operation 184-04.

3 Release the setscrews of the bearing cap and remove the bear-
ing cap. Remave the lower half bearing from the cap.

4 With a suitable tool, push the upper half bearing from the side
opposite to the location tag. This will remove the bearing tag from
its recess in the bearing housing. Carefully rotate the crankshaft to
release lhe bearing from its housing. Keep the bearing halves in
their relevant positions.

To fit
1 Clean the upper half bearing and lubricate the bearing surface
with clean engine lubricating oil.

Attention; Only the upper half bearing has lubrication holes and
must be fitted to the cylinder block side. The bearings for the cen-
tre main journal are wider than the other bearings (A). The centre
bearings also have the location tags in & different position.

~ 2 Fit the plain end of the upper halt bearing between the

crankshaft journal and the side of the bearing housing which has
the recess for the location tag. Slide the bearing into its housing
untii the tag on the bearing is fitted correctly in its recess in the
housing {B1}.

3 Clean the lower half bearing and the cap, lubricate the bearing
surface with clean engine lubricating oll,

4 Fitthe bearinginto the cap with the tag of the bearing fitted cor-
rectly in the recess in the cap (B2).

5 Ensurethat the location thimbles (B3) a.re fitted correctly 1o the
cap or to the cylinder block. Fit the bearing cap with the location
tags of both bearings on the same side.

6 Inspect the setscrews for damage and for distortion and renew
them if necessary. Lightly lubricate the setscrew threads with
clean engine lubricating oil. Fitthe setecrews and the washers and
tighten the selscrews gradually and evenly to 112 Nm (83 tbf ft)
11,4 kgim.

7 Ensure that the crankshaft turns freely. If the thrust washers
have been removed and fitted, check the crankshaft end-float,
operation 14A-03,

8 If necessary, fit the lubricating oil strainer and suction pipe,
operation 18A-04.

9 Fitthe lubricating oil sump, operation 18A-03 and fill it to the cor-
rect level with an approved lubricating oil.

To inspect 14A-07

Inspect the bearings for wear and for other damage. If a bearing is
warn or damaged, renew both half bearings and check the condi-
tion of the olher bearings.

14A-07
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Crankshaft

To remove and to fit 14A-08

To remove
1 Drain the lubricating ofl and the coclant.

2 Remove the lubricating oil sump, operation 18A-03. Remove
the lubricating oil suction pipe and strainer, operation 18A-04.

3 Remove the crankshaft pulley, operation 14A-01. Remove the
water pump pulley.

4 Remave the timing case cover, cperation 15A-01.
5 Remove the flywheel and the flywhesl housing, section 21.

6 Turn the crankshaft until ail the pistons are equally up their
bores.

7 Make temporary alignment marks on the timing belt and on
suitable teeth of the crankshaft pulley, the camshaft pulley and the
fuel injection pump pulley. Thisis to ensure that the belt can be fit-
ted again the same position.

8 Remove the timing belt, the toothed pulleys and the timing
case, section 15.

9 Remove the lubricating oil pump, operation 18A-06.

10 Measure the crankshaft end-float to check if new thrust
washers are needed.

11 Ensure that all the connection rod caps are marked with their
relevant cylinder number. Remove the caps and the lower half big
end bearings, operation 13A-01.

12 The inner main hearing caps are marked 2, 3 and 4 and also
have the word “FRONT'" 1o indicate the correct fitted position (A).
Remaove the main bearing caps, the lower half bearings and the
thrust washers and keep the bearings with their relevant caps.
Slide out the upper half thrust washers.

13 Remove the crankshait.

14 Hemove the upper half main and big end bearings and keep
them with their relevant caps.

To fit

1 Ensure that all lubricating oil passages are clean and free from
restriction. Clean the sealant grooves in the sides of the front and
the rear main bearing caps.

2 Clean the main bearing housings and the upper half bearings.
Fit the bearings with the location tags fitted correctly in their
recesses. The upper half main bearings have cil holes and
grocves and the centre bearing is wider than the others. Lubricate
the bearings with clean engine lubricating oil.

3 Ensure that the journals of the crankshaft are clean and
lubricate them with clean engine lubricating cil. Carefully lower
the crankshaft into position on the bearings.

4 Clean and lubricate the upper half thrust washers and slide
them into their recesses on both sides of the bearing housing. En-
sure that the lubrication grooves of the thrust washers are towards
the crankshaft.

5 Cleanthebearing capsandthe lower half bearings. Fit the bear-
ings to the caps with the location tags fitted correctly in their
recesses. Lubricate the bearings with clean engine lubricating oil.

6 Ensure that the location thimbles for the main bearing caps are
fitted carrectly in the caps or in the cylinder block.
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7 Clean the lowar half thrust washers and lubricate them with
clean engine lubricating oil. Fit the thrust washers to the centre
main bearing cap with the oil grooves of the thrust washers away
from the bearing. Ensure that the location thimbles for the cap are
in position. Fit the cap to the cylinder block with the word
“FRONT" to the timing case end of hte block. Fit and tighten
the cap setscrews gradually and evenly to 112 Nm (83 Ibf ft)
11,4 kgf m.

8 Fit the remainder of the caps into their correct positions.
Numbers 2 and 4 caps are stamped with their position number and
theword "FRONT". The word “FRONT" must be towards the tim-
ing case end of the engine (14A.08A}. The front and rear caps are
not stamped with a number; the front cap has a single threaded
hole in its bottom face; the rear cap has twe threaded holes in its
bottom face. Fitand tighten the cap setscrews gradually and even-
ly to 112 Nm (83 Ibf 1) 11,4 kgf m.

9 Check the crankshaft end-float and renew the thrust washers if
necessary.

10 Remove the protection sleeves from the big end bolts.
11 Fitthe connecting rod caps, see operation 13A-03.

12 Fit the lubricating oil suction pipe, the sump and the oil sump
section 18.

13 Fit the flywheel housing and fit the flywheel, see section 21.

14 Apply sealant into the groove in each side of the front and the
rear mainbearing caps (A}. Apply the sealant unitit completely filis
the grooves and also comes out of the gaps between the cap and
the cylinderblock. Remove sealant from around the fastener holes
for the lubricating cil sump. Fit the sump, operation 18A-03, within
five minutes of the sealant application.

15 Fit the timing case and the timing pulleys, see section 15. Fit
thetiming belt, operation 15A-04, with the temporary marks on the
belt aligned with the marked teeth of the timing pulleys. Remove
the temporary timing marks and adjust the belt tension, operation
15A-03.

16 Checkthetiming ofthe fuel injection pump, operation 17A-03,
17 Fitthe timing case cover, operation 15A-01.

18 Fit the crankshaft pulley, operationt 4A-01.

18 Fit the water pump pulley.

20 Fit the starter motor, operation 22B-01.

21 Afterthe engine has beeninstalled, fill the lubricating oil sump
to the correct level with an approved oil. Fill the cocling system.

To inspect 14A-09

Check the crankshaft for wear and other damage. The maximum
permissible wear and ovality on the crankshaft journals and onthe
crank pins is 0,03 mm (0.001 in).

The main journals and the crankpins of standard size crankshafts
canbemachinedto 0,30 mm{0.012in)undersize on diameter, see
section 11C. Special undersize bearings are available.

The seal location area of the rear flange can be machined to
remove the wear marks, if the seal has been used in both posi-
tions, see section 11C.
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15A-02
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Timing case cover
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Timing belt
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Toremoveandtofit ........ ... .....

Toothed pulley for camshaft
Toremoveandtofit ....... .........

Toothed pulley for crankshaft
Toremoveandtofit ................

Timing case
Toremoveandtofit ................

15A.01



12 TIMING CASE AND DRIVE ASSEMBLY

General description

Toothed pulleys are fitted to the camshaft (A1} and to the fuel injec-
tion pump {A2). These pulleys are driven through a tocthed belt
(A3) by asimilar pulley fitted to the crankshaft (A4). The pulleys are
made of sintered 2%t copperircn and the beitis made of glass fibre
and necprene. A piain idler pulley (A5) ensures the correct belt
engagement and an adjustalbe tensioner puliey (A6) controls the
belt tension.

The pulley of the fuel injection pump has two keyways, ona for
turbocharged engines and the other for naturally aspirated
engines.

The timing pulleys and beit are contained in a timing case and
cover which are made off glass filled polypropylene.
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Timing case cover

To remove and to fit 15A-01

To remove

1 Disconnect the batiery.

2 Remove the alternator drive belt, operation 22A-03.

3 Remove the puliey of the water pump.

4 Remove the access panel from the timing case (15A.04/A).

5 Release the clips of the cover and remove the cover (A).

To fit

1 Ensure that the cover is clean and that all spring clips are ﬂ

fastened to the timing case.

2 Fit the cover on to the timing case and ensure that all the
fastener clips are pressad into position.

3 Fit the access panel to the timing case and to the cover.
4 Fit the water pump pulley.

5 Fit the alternator drive belt, operation 22A-03.

6 Connect the battery.
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Timing belt _.

Tc check the belt condition and tensicn 15A-02

Special tool:
Tension gauge, 885036-4

i Remove the access panel from the top of the timing case (A).

2 Make atemporary mark on the belt to ensure that the complete
belt will be checked. Check the teeth for wear and damage and
check the belt for cracks and oil contamination. Turn the
crankshaft to check all the teeth and the complete belt. If
necessary, renew the bell, operation 15A-04. Remove the tem-
porary mark.

3 Press down the ball end of the tension gauge and fit the gauge
overthe belt. Ensurethat the foot of the gauge is underthe belt and
between two of the belt testh (B). Release the ball end slowly and
check the gauge reading. Move the crankshaft by a small amount
in each direction until a constant reading is obtained. The correct
reading for a new beltis 95/105 Ibf and for a used belt the correct
reading is 80 Ibf. If the tension of a used belt has reduced to 80 Ibf
or below, adjust the tension to 80 Ibf, operation 15A-03.

4 When the tension is correct, fit the access panel to the timing
case.

To adjust the belt tension 15A-03

Special tools:

Timing pins, 885037-2
Tension gauge, 885036-4

1 Fitthetiming pinstothe camshaft and to the flywheel, operation
17A-01,

2 Remove the timing case cover, operation 15A-01.

3 Fit the tension gauge between the pulleys of the fuel injection
pump and the camshaft.

4 Release the four setscrews of the camshaft pulley to aliow the
pulley to turn on its hub.

5 Loosen the capscrew which fastens the belt tensioner pullay,
Adjust the belttension with an allen key fitted in the hexagonal ad-
justment hole in the pulley (C). The correct tension for a new belt
is 100 Ibf and the correct tension for a used belt is 80 Ibf. When the
tension is correct, tighten the capscrew to 45 Nm (32 ibf 1)
4.4 kgf m and check the tensicn again.

6 Tighten the setscrews of the camshaft pulley to the correct tor-
que, see section 11B and ensure that the tension is still correct,

7 Remove the timing pins from the camshaft and from the
flywheel.

8 Turnthe crankshaft through two revolutions and check the ten-
sicn again.

9 Check the timing of the fuel injection pump, cperation 17A-03.
10 Fit the cover to the timing case, operation 15A-01.
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To remeve and to fit 15A-04

Special tools:

Timing pins, 885037-2
Anti-rotation tool, 885055-4

To remove
1 Disconnect the battery.

2 Remove the setscrew from the timing hole in the camshaft
cover. Turn the crankshaft until the timing hole in the camshaft
aligns with the hole in the cover, Fit the timing pins 885G37-2 into
the camshaft and into the flywheel.

3 Remove the starter motor and fit the anti-rotation tcol 885055-4
to the flywhesl.

4 Remove the timing case cover, operation 15A-01.

5 Fit two screws (M6 x 50) (A1) through the plain holes in the
pulley of the fusi injection pump and into the pump support
bracket.

6 Remove the belt tensioner pulley and the idler pulley.

7 Remove the timing belt. Do not bend the belt to an acute angle
as this can damage the belt and cause failure. Put the belt on its
edge in a circle on & ftat surface. Do not hang it.

8 Inspect the teeth of the belt for wear. Check the complete belt
for oil consumption, cracks and other damage. Renew the belt if a
fault is found.

To fit

1 Fitthe timing belt over the toothed puileys of the crankshaft, the
camsharft and the fuel injection pump. Ensure that the direction ar-
rows on the belt indicate a clockwise direction from the front
{15A.04/A}.

2 Fit the idler pulley and tighten the pulley setscrew to 43 Nm
(32 Ibf fi) 4,4 kgf m.

3 Put the tensioner pulley in positicn and engage the pulley
capscrew. There are two threaded holes for the capscrew and it
must be fitted in the hole which will allow correct adjustment of the
belt tension. Tighten the capscrew to hold the puliey but do not
tighten it fully.

4 Remove the location pins fram the toothed putley of the fuel in-
jection pump and adjust the beli tension, operation 15A-03.

5 Tighten the setscrews of the camshaft pulley to the correct tor-
que, see section 11B and remove the anti-rotation tool.

6 Remove the timing pins from the camshaft and from the
flywheel.

7 Check the timing of the fuel injection pump, operation 17A-03.

8 Turnthe crankshaft through two revolutions to check that there
is no restriction to movement.

9 Fit the liming case cover, operation 15A-01 and fit the access
panel.

10 Fit the setscrew in the timing hole in the camshaft cover.
11 Fit the starter motor, cperation 22B-01.
12 Connect the battery.
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Toothed pulley for fuel injection pump

To remove and to fit 15A-05

Special tools:

Timing pins, 885037-2

Pulley remover, 885027-3

Adaptors for use with 885027-3, 885029-9
Anti-rotation tool, 885055-4

To remove

1 Disconnect the battery.

2 Remove the setscrew from the timing hole in the camshaft
cover. Turn the crankshaft until the timing hole in the camshaft

aligns with the hole in the cover and fit the timing pins 885037-2 in-
to the camshaft and into the flywheel.

3 Remove the starter mator and fit the antl-rotation tool 885055-4
to the flywheel,

4 Remove the liming case cover, operation 15A-01.

5 Release and remove the pulley nut of the fuel injection pump.
Loosen the setscrews of the camshaft pulley.

6 Remove the timing belt, operation 15A-04,

7 Remove the pulley with the pulley remover 885027-3 and adap-
tors BBS029-9. Ensure that the key is not lost.

8 Chack the pulley for wear, cracks and other damage. Renew it if
necessary.

To fit

1 Ensurethatthe key is correctly fitted in the shaft of the fuel injec-
tien pump.

2 Putthe pulleyin position on the shaft with the correct keyway in
engagement with the key. There are two keyways and two marked
teeth **A” and “'B’’ on the pulley. Use the keyway which is on the
same side as the tooth marked “A” for MD22 and MD22L engines.
For TMD22 use the keyway which is on the same side as the tooth
marked “B". Ensure that the marks on the pulley are towards the
front of the engine.

3 Fit the spring washer and the pulley nut, hold the pulley to pre-
vent movement and tighten the nut to press the pulley into
position.

4 Ensure that the relevant markad tooth (see paragraph 2) of the
pulley is near to the arrow on the timing case (B3). Fit two screws
(M6 x 50} thraugh the plain holes in the pulley and into the pump
support bracket.

5 Fit the timing belt, operation 15A-04. Remove the pulley loca-
tion pins and adjust the belt tension, operation 15A-03.

& Tighten the pump pulley nut to 60 Nm (44 Ibf ft) 6,1 kgf m and
remove the anti-rotation tool.

7 Remove the timing pins from the camshaft and from the
flywheel,

8 Check the timing of the fuel injection pump, operation 17A-03.

9 Turn the crankshaft through two revolutions to check that there
is no restriction to movement.

10 Fitthe timing case cover, operation 15A-01 and fit the access
panel.

11 Fit the setscrew in the timing hole in the camshaft cover.
12 Fit the starter motor, cperation 22B-01.
13 Connect the battery.
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Toothed puiley for camshafit

To remove and to fit 15A-06

Special tools:

Timing pins, 885037-2

Puliey remover, 885027-3

Adaptors for use with 885027-3, 885029-9
Anti-rotation tool, 885055-4

To remove
1 Disconnect the battery.

2 Remcve the setscrew from the timing hole in the camshaft
cover. Turn the crankshaft untii the timing hole in the camshaft
aligns with the hole in the cover. Fit the timing pins 885037-2 into
the camshaft and into the flywheel.

3 Remove the starter motor and fit the ant-rotation tool 885055-4
to the flywheel,

4 Remove the timing case cover, operation 15A-01. Q
5 Fittwo screws (M6 x 50) through the plain heles in the pulley of A\
the fuel injection pump and into the pump support bracket.

6 Loosen the setscrews which fasten the pulley to the hub.

7 Remove the timing belt, operation 15A-04. T oy ’)‘, :.
8 Remove the pulley setscrews and remove the pulley. If ‘-‘.ﬁ‘)\mﬁm A

nacessary, remove the pulley hub (B1) and its dowe! (B2). ,,!’, e
9 Check the puiley for wear, cracks and other damage. Renew it A !
if necessary. \\\ ,
S
£
To fit .'7(--,,3:' -"!W—_. /

1 Ensure that the dowel (B2) is in position in the camshaft. Fit the
hub and its setscrw but do not fully tighten the setscrew. If
nscessary, fit the pulley to the hub but do not fully tighten the
setscrews.

2 Fitthe timing belt, operation 15A-04. Remove the location pins
from the pulley of the injection pump and adjust the belt tension,
operation 15A-03.

3 Tighten the ¢centre setscrew of the pulley to 85 Nm (63 ibf ft)
8.7 kgf m and/or tighten the setscrews which fasten the puliey tc
the hub to 22 Nm (16 |bf it} 2,2 kgf m. Remove the anti-rotation
tool.

4 Remove the timing pins from the camshaft and from the
flywheel,

5 Check the timing of the fuel injection pump, operation 17A-03.

6 Turnthe crankshaft through two revolutions to check that there
is no restriction to movement.

7 Fit the timing case cover, operation 15A-01 and fit the access
panel.

8 Fit the setscrew in the timing hole in the camshaft cover.
9 Fit the starter motor, operation 22B-01.
10 Connect the baitery.
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Toothed pulley for crankshaft

To remove and to fit 15A-07

Special tools:

Timing pins, 885037-2

Pulley remover, 885027-3

Adaptors for use with 885027-3, 885028-¢
Anti-rotation tooi, 885055-4

To remove
1 Disconnect the battery.

2 Remove the setscrew from the timing hole in the camshaft
cover. Turn the crankshaft until the timing hole in the camshaft
aligns with the hoele in the cover. Fit the timing pins 885037-2 into
the camshaft and into the flywheel.

3 Remcve the starter motor and fit the anti-rotation tool 885055-4
to the flywhee!.

4 Remove the crankshafi pulley, operation 14A-01.
5 Remove the timing case cover, operation 15A-01.

6 Fittwo screws (M8 x 50) through the plain holes in the pulley of
the fuel infection pump and into the pump support bracket,

7 Remove the timing belt, operation 15A-04.

8 Remove the toothed pulley from the crankshaft. If it is tight, usa
remover tool 885027-3 and adapters 885029-9. Fit the narrow end
of the distance piece (A1) into the crankshaft. Fasten the main ool
(B} to the puliey with the setscrews and tighten the centre screw
onto the distance piece to remove the pulley.

9 Check the pulley for wear, cracks and other damage. Renew it
if necessary.

To fit

1 Ensure that the key is fitted correctly to the crankshaft. Put the
toothed pulley in position on the crankshaft with the tapped heles
. towards the front. Fit the crankshaft pulley, oparation 14A-01A.

2 Fitthe timing belt, operation 15A-04. Remave the focation pins
from the pufley of the injection pump and adjust the belt tension,
operation 15A-03, Remove the anti-rotation tool.

3 Remove the timing pins from the camshaft and from the
flywheel.

4 Check the timing of the {uel injection pump, operation 17A-03.

5 Turnthe crankshaft through two revolutions to check that there
is ne restriction to movement.

6 Fit the timing case cover, operation 15A-01 and fit the access
panel.

7 Fitthe screw in the timing hole in the camshaft cover.
8 Fit the starter motor, operation 22B-01.
9 Connect the battery.

15A.08



IIMING CASE AND DHIVE ADSEMBLY

I«

Timing case

To remove and to fit 15A-08

Special tools:

Timing pins, 885037-2

Pulley remover, 885027-3

Adaptors for use with 885027-3, 885028-9
Anti-rotation tool, 885055-4

To remove
1 Disconnsct the battery.

2 Remove the setscrew from the timing hole in the camshaft
cover. Turn the crankshaft until the timing hole in the camshaft
aligns with the hole in the cover. Fit the timing pins 885037-2 into
the camshatft and into the fiywheel.

3 Remove the starter motor and fit the anti-rotation tocl 885055-4
to the flywheal.

4 Remove the crankshaft pulley, operation 14A-01A.
5 Remove the timing case cover, aperation 15A-01.

6 Fittwo screws (M6 x 50) through the plain holes in the pulley of
the fuel injection pump and into the pump support bracket.

7 Remove the timing belt, operation 15A-04.

8 Remove the toothed puileys from the fuel injection pump,
operation 15A-05 and from the camshaft, operation 15A-086.

9 Release the setscrews which fasten the timing case to the
sylinder head, the cylinder block, the support bracket for the fue!
injection pump and the lubricating eil pump. Remove the timing
case (A).

10 Checkthe timing case for cracks and other damage and renew
the timing case, if necessary. Ensure that all the fastener clips are
fitted corractly to the timing case (B1).

To fit

1 Ensure that the location faces of the engine and of the timing
case are clean. Put the cover in position and fasten it with the
setscrews. Tighten the setscrews to the correct lorque according
to the thread size, see section 11B.

2 Fit the toothed pulleys 1o the fuel injection pump, operation
15A-05 and to the camshaft, operation 15A-06.

3 If necessary, fit the crankshaft pulley, operation 14A-01A.

4 Fit the timing belt, operation 15A-04. Remove the location pins
from the puiley of the injection pump and adjust the belt tension,
operation 15A-03. Remove the anti-rotation tool.

5 Remove the timing pins from the camshaft and from the
flywheel,

6 Check the timing of the fuel injection pump, operation 17A-03.

7 Turnthe crankshaft through two revolutions to check that there
is no restriction 1o movement,

8 Fit the timing case cover, operation 15A-01 and fit the access
panel.

9 Fit the setscrew in the timing hole in the camshaft cover.
10 Fit the starter motor, operation 22B-01.
11 Connect the battery,
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General description

The cylinder block is made of cast iron with sides which extend
below the crankshaft for maximum support. The cylinder bores are
machined directly into the block and are specially honed tc reduce
wear and cif consumption.
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Cylinder block

To dismantle and to assemble 16A-01

To dismantle
1 Drain the cooling system and the lubricating oil.

2 Remove the alternator drive belt and the alternator and its moun-
ting bracket, see section 22.

3 Remove the starter motor, operation 22B-01 and fit the antirota-
tion tool to the flywheel.

4 Remove the crankshaft pulley, operation 14A-01A.

5 Remove the timing case cover, the timing belt, the toothed
pulleys and the timing case, see section 15. Remove the anti-
rotation tool,

6 Remcve the lubricating ol pump and filter assembly, operation
18A-08. -

7 Remove the fue! filter, the atomisers and the fusl injection pump,
see section 19.

8 Remove the reverse gearbox.

9 Remove the flywheel and the flywheel housing.

10 Remove the cylinder head assembly, operation 12A-07.
11 Remove the lubricating oil cocler, operation 20A-11.

12 Remove the oil filler/separator assembly.

13 Remove the lubricating oil sump, operaticn 18A-03,

14 Remmove the piston and connecting rod assemblies, cperation
13A-03.

15 Remove the crankshaft, operation 14A.08.
16 Remove the mounting bracket for the fuel injection pump (A).

17 Bemove the setscrews and washers if cooling jets are not fitted.

To assemble

1 Clean thoroughly the new cylinder block. Ensure that all the
oil passages are clean and free from debris. Ensure that the plug
is fitted in the rear end of the pressure rail.

2 If jets are not used, fit the setscrews and the washers to close
the oil holes and tighten the setscrews to 22 Nm (16 Ibf ft) 2,2
kgf m.

3 Fit the bracket for the fusl injection pump. Ensure that the
dowels {A1) are correctly fitted. Tighten the setscrews 1o 43 Nm
(32 Ibf ) 4.4 kgf m.

4 Fit the crankshaft and, if necessary, the separate oil seal hous-
ing, see section 14.

5 Fit the piston and connecting rod assemblies, operation 13A-03.
6 Fit the lubricating oil sump, operation 18A-03,

7 Fit the oil filler/separator assembly.

8 Fit the flywhee! housing and the fiywheel, see section 21.

8 If necassary, fit the lubricating oil cooler, operation 20A-11.
10 Fit the cylinder head assembly, operation 12A-07.

11 Fit the fuel filter, the atomisers and the fuel injection pump,
see section 19,

12 Fit the lubricating ot pump and filter assembly, operation
18A-086.

13 Fit the anti-rotation tool. Fit the timing case, the toothed pulleys
and the timing belt, see section 15. Fit the crankshaft pulley, opera-
tion 14A-01A. Adjust the tension of the timing belt, operation
15A-01.

14 Remove the timing pins and the anti-rotation tool and turn
the crankshaft through two revolutions. Chack the timing of the
fuel injection pump, operation 17A-03. Fit the timing case cover,
operation 15A-01.

15 Fit the starter motor, operation 228-01.

16 Fit the alternator and its mounting bracket and the alternator
drive belt, see section 22,

17 Install the engine.
18 Fill the cooling system.

19 Fili the lubricating oil sump to the correct level with an approved
lubricating oil.

20 Eliminate air from the fuel system, operation 19A-08.
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To inspect  ~ 16A-02

1 Clean the passages for the coolant and for the oil.
2 Check the cylinder block for cracks and for other damage.

The top face of the cylinder block cannct normally be machined
as this will affect the piston height above the top face of the cylinder
block. If high pistons (height grade 1) are fitted to all the bores,
it may be pessible to machine up to 0,26 mm (0.010 in) from the
top face of the cylinder block and o fit low pistons (height grade 6).
If the block is machined, the piston height must be checked to
ansure that the pistons are not higher than the top limit as they
could hit the valves and damage the engine.

3 Check the bores for wear (A} and other damage. The bores
should be checked at the top, centre and bottom both along and
across the engine (B). If a bores is damaged or worn by more than
0,15 mm (0.006 in) in diameter, the bores can be bored and hon-
ed 0,50 mm {0.0197 in) oversize in diameter and oversize pistons
fitted. For best results bores should be honed at an inclusive angle
of 30° to 35° with silicon carbide hones Lo give clean cuts. Base
hene to give a roughness average of 1,5/2,0 micrometres and then
plateau hone to give a roughness average of 0,7/1,4 micrometres,

After the bores have been bored oversize, stamp a letter “X" over
the bore grades on the boss at the rear of the right side of the
cylinder block (C}.

If the surface of the bores are glazed, an engine can have high
oil consumption with very little wear of the bores,

To correct a glazed bore 16A-03

Atool, known as a Flex-Hone, is available to corect the bore sur-
face. This tool can be used with an electric hand drill at low speed.
The pistons and connecting rods must be removed. Use covers
to protect all engine components from the debris which is caus-
ed during the process.

1 A 3 1/2 in grade 80SC Flex-Hone can be used.

2 New Flex-Hones must be operated in an old bore before use
in an engine tc remove all locse material and sharp edges.

3 Lubricate lightly the bore and the Flex-Hone with clean engine
lubricating oil.

4 Putthe tool in position on top of the bore, but do not press the
tool into the bore until the tool is operated.

5 Operate the tool and move it up and down the bore once a se-
cond for 30—50 seconds. Remove the tool while it rotates.

6 Clean thoroughty the bore to remove all dirt from the opera-
tion, use a hard brush and kerosene,

7 Dry the bores and remove carefully all the covers used to pro-
tect the components. Clean thoroughly all the engine comporents
which have been affected by debris.

8 Ensure that new piston rings are fitted when the engine is
assembled.

Attention: After a glazed bore has been corrected, these recom-
mendations are advised for the first 5 hours of operation.

¢ Do not operate the engine at full load.
® Do not operate the engine at high spead.

® Do not allow the engine to run at low icle speed for extended
periods.

Y
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General description

Location holes for timing pins and provided in the flywheel and
in the front journal of the camshaft. When these holes are align-
ed with the timing holes in the flywheel housing and in the cam-
shaft cover, number 1 piston is at top dead centre (TDC) on its
compression stroke.

The toothed pulley for the fuel injection pump gear has two tim-
ing marks (A and B} and two keyways. The keyway which is on
the same side as the relevant timing mark must always be used.

The timing of the fuel injection pump must always be checked after
the tension of the timing kelt has been adjustad.
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Engine timing

To set number 1 piston
TDC compression strake 17A-01

Special tools:
Timing pins for camshaft and crankshaft, 885037-2

1 Disconnect the battery and remove the setscrew from the tim-
ing hole in the top front of the camshaft cover.

2 Turn the crankshaft (in the normal direction of rotation —
clockwise from the front) until the timing hole in the front journal
of the camshaft aligns with the timing hole in the camshaft cover.

3 Fit the timing pins through the camshaft cover into the cam-
shaft (A1) and through the flywheel housing into the flywheel (B1).

To check and to adjust the valve timing 17A-02

Special tocls:

Timing pins for camshaft and crankshaft, 885037-2
Anti-rotation tool, 885055-4

Set the piston of number 7 ¢ylinder to TDC compression stroke,
operation 17A-01. If both the timing pins can be fitted, the valve
timing is correct. if only one of the pins can be fitted, adjust the
valve timing as follows:

1 If necessary, remove the timing pin from the flywhesl, turn the
crankshatft tc align the timing hole in the camshaft with the hole
in the camshaft cover and fit the camshaft timing pin.

2 Remove the timing case cover, operation 15A-01.

3 Loosen the four setscrews which fasten the camshalft pulley to
its hub to allow the puiley to turn on the hub.

4 Loosen the capscrew of the belt tensioner pulley and reduce
the tension on the timing belt.

5 Turn the crankshaft to align the timing hole in the flywheel with
the hole in the flywheel housing or backplate. Fit the flywheel timing

pin.
6 Adjust the tension of the timing belt, operation 12A-03.

7 Tighten the setscrews of the camshaft pulley to the correct for-
que, see section 11B.

8 Check the timing of the fuel injection pump, operation 17A-03,

9 Remove the timing pins and turn the engine through two
revolutions to check that there is no restriction to movement.

10 Fit the timing case cover, operation 12A-01 and fit the sefscrew
in the liming hole in the camshaft cover,

11 Connect the battery.
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To check and to adjust the
timing of the fuel injection pump 17A-03

Special tool:
Gauge to check plunger lift of fuel injection pump 884955-6

1 Set the piston of number 1 cylinder to TDC on the compres-
sion stroke, operation 17A-01. Remove the timing pins.

2 Remove the plug and the washer from the centre of the rear
face of the fuel Injection pump and fit the gauge. Set the gauge
to indicate approximately 3,0 mm. Ensure that there is enough
clearance between the gauge and the oil filler tube to allow for
possible radial movement of the pump.

3 Slowly turn the crankshaft {counter-clockwise from the front of
the engine) until the dial gauge indicates that the fuel pump plunger
is at the bottom of its stroke. Set the dial to zero.

4 Slowly turn the crankshaft clockwise until the timing pin will enter
the timing hole in the fiywheel. In this position the dial gauge should
indicate the correct plunger lift, see section 11C.

5 If the reading is not within 0,05 mm (0.002 in} of the correct
setting, disconnect the high-pressure fuel pipes from the pump.
Ensure that a spannar is used to prevent movement of the fuel
pump outiets when the high pressure pipes are removed or fit-
ted. Loosen the nuts for the pump fiange and the setscrews for
the rear support bracket.

If the reading is too low, turn the pump clockwise from the rear
until the correct reading is oblained and then tighten the fiange
nuts and the bracket setscrews.

If the reading s too high, turn the pump counter-clockwise from
the rear past the correct setting and then clockwise to the correct
position. Tighten the flange nuts and the bracket setscrews.

Remove the timing pin from the flywheel, turn the crankshaft
counter-clockwise approximately 45°. Check that the dial gauge
is still set at zero and check the timing again. When the timing
is correct, connect the high-pressure fuel pipes.

6 Remove the dial gauge and the adaptor and fit the plug and
the washer to the pump. Tighten the plug to 10 Nm (7 Ibf it}
1,0 kgf m,

7 Remove the timing pin from the fiywheel and fit the setscrew
in the timing hele in the camshaft cover.

8 Connect the battery.
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