VOLVO

Volvo Trucks North America,
Greensboro, NC USA

This TSI Service Bulletin replaces TSI Service Bulletin
215-001, “Camshaft, D12, D12A, D12B” (11.2001),
publication no. PV776-TSP160576.

Camshaft

Fig. 1: VOLVO D12B Engine

TSI

Date Group No. Supp.  Page
8.2003 215 001 1(21)
Camshatft

D12, D12A, D12B

This information covers procedures for camshaft repair on VOLVO D12, D12A, and

D12B engines.
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Tools
Special Tools

The following special tools are used to replace or repair components. The tools can be
ordered from Volvo. Please use the specified part number when ordering.

9996956 9998255 9998264
Flywheel Turning Tool Rocker Arm Bridge Lifting Tool Camshaft Removal Tool
J-44457 9996950

Camshaft Bearing Cap Removal Tool Flywheel Stop Tool

Page
2(21)
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Service Procedures

2154-03-02-01
Camshaft, Replacement
(With EPG or VEB)

You must read and understand the precautions and
guidelines in Service Information, Group 20, "General
Safety Practices, Engine" before performing this
procedure. If you are not properly trained and certified
in this procedure, ask your supervisor for training
before you perform it

A CAUTION

Observe the greatest possible cleanliness when
working on the cylinder head. Dirt particles in the
fuel and oil channels can cause the unit injectors to
malfunction, and can cause the VEB (if equipped)
to fail.

Special tools: 9996956, 9998255, 9998264,
9998270, J-44457

Removal

1

A WARNING

Use a hoist or get assistance when lifting components
that weigh 23 kg (50 Ib.) or more. Make sure all lifting
devices such as chains, hooks, or slings are in good
condition and are of the correct capacity. Make sure
hooks are positioned correctly. Always use a spreader
bar when necessary. The lifting hooks MUST NOT be
side loaded. Failure to follow these warnings may
result in personal injury.

Remove the valve cover (valve cover should be removed
from the exhaust side of the engine).

Note: On WIA, bring the valve cover towards the radiator
to remove. On WG, it is necessary to remove the engine
cover (doghouse).

Note: Be careful that the stud bolts do not loosen.
Otherwise, the unit injector wiring harness can be
damaged.

2
Disconnect the connector for the electrical wires on

the upper timing gear cover. Remove the clamp and
the cover.
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3
Remove the upper timing gear cover

A\ N\ &

T2006672

Remove the inspection cover from underneath the
flywheel housing and install turning tool 9996956.

9996956

5

Turn the flywheel around until the piston in cylinder
number 1 is in the Top Dead Center position (0°) on the
flywheel and the camshaft marking (TDC) is opposite the
marking on the bearing cap.
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7
If the engine is equipped with VEB, remove the control
valve and pipe. Plug the ports and place it in a plastic bag
to avoid it being subjected to dirt and contamination. To
facilitate removal, remove the valve cover stud bolt.

Note: Failure to remove the control valve before removing
the rocker arm shaft assembly may result in damage to
the control valve and/or the pipe.
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T2006777
Fig. 4: Removing the rocker arm shaft assembly bolts

Loosen the rocker arm shaft bolts gradually to avoid
8255 J bending the arm shaft assembly. Remove the bolts, install
tool 9998255 and lift off the rocker arm shaft assembly

Note: On engines equipped with VEB, wrap a rubber
band around each exhaust rocker lever and slave piston.
This is to prevent the VEB slave pistons from falling out of
their rocker arm bore.

9998255

W2000937
Fig. 5: Removing the rocker arm shaft assembly

9

Remove the cam sensor wheel from the camshaft
drive gear.

T2007096
Fig. 6: Cam sensor wheel
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Fig. 7: Tool 9998270 installed

Fig. 8: Lifting the camshaft
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10

Install camshaft counterhold tool 9998270 on the rear of
the camshaft. Loosen and remove the camshaft drive
gear center bolt and the cam gear.

9998270

11
Remove the camshaft cap bolts. Mark the caps for the
respective bearing housings, and remove.

Note: To facilitate the removal of the camshaft bearing
caps, use tool J-44457.

Note: Failure to match the correct camshaft cap with the
respective bearing housing will cause engine damage.

j-44457

12
Carefully lift off the camshaft using tool 9998264.

9998264

13
Remove the bearing shells from the bearing housings.

14
Inspect the bearings and housings for damage.

Note: When replacing the camshaft on the D12 engine,
remember that the bearing shells are available in different
sizes. Referto Group 20, Specifications.
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Fig. 9: Bearing shell halves

Fig. 10: Installing the camshaft
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Installation

15
Position the camshaft bearing housings on the cylinder
head by observing the factory marks 1-7.

Note: Check that the mating surface is clean under the
bearing housings and that the guide pins are in good
condition. If installing a new cylinder head, also use the
bearing housings supplied with the cylinder head.

16

Coat the bearing shell halves with clean engine oil and
install them in the bearing housings. Carefully lower
the camshalft into place.

Note: Make sure that bearing shells of the correct size are
installed and correctly positioned in the bearing housing.

17

Coat the bearing shell halves with clean engine oil and
install them in the camshaft caps. Install the caps on their
respective bearing housings. Hand-tighten the bolts.
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T2007148
Fig. 11: Installing the camshaft drive gear

Fig. 12: Installing the rocker arm bridge
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18

Install the camshaft drive gear. Use tool 9998270 to lock
the camshaft into place. Torque-tighten to
645 + 25 Nm (475 £ 18 ft-Ib).

Note: Do NOT install the bolts for the rocker arm shaft.

645 + 25 Nm
(475 + 18 ft-Ib)
9998270

19
Adjust the camshalft timing; refer to “Camshaft Timing,
Check and Adjust” page 18.

20

Apply clean engine oil to the valve bridges and camshaft
lobes. Using tool 9998255, lift the rocker arm shaft
assembly into place. Make sure that the valve bridges
and the rocker arms are correctly positioned in relation to
each other.

9998255

21
Hand-tighten the rocker arm shaft with the bolts until it
bottoms against the bearing housings.

Note: Tighten the rocker arm shaft bolts gradually so that
no distortions occur on the shaft. Do NOT torque.
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T2006777

Fig. 13: Tightening rocker arm shaft and camshaft

together
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Fig. 14: Bearing caps and camshaft/rocker shaft,
tightening sequence
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22

Tighten the rocker arm shaft together with the camshaft,
using the 5-step sequence and torques shown:

D12, D12A, D12B:

1 15+ 5Nm (11 + 4 ft-Ib);
+90 * 5°

2 45 Nm (33 ft-Ib)

3 15+ 5 Nm (11 + 4 ft-Ib);
+90 £ 5°

4 45 Nm (33 ft-Ib);
loosen to 0 Nm (O ft-Ib)

5 15+ 5 Nm (11 % 4 ft-lb);
+90 = 5°

When reinstalling a rocker arm shaft that has been
loosened or removed, torque only the bolts that hold the
rocker arm shaft.

23

Note: (Engines with VEB:) Reinstall the VEB control
valve Reconnect sliding valve and pipe into the rocker
arm shaft as a unit. Apply Loctite to threads and torque
tighten the bolts to 33 + 4 Nm (24 £ 3 ft-Ib).

33 £+ 4 Nm
(24 + 3 ft-Ib)

24

Install the cam sensor wheel and mounting bolts. Turn
the cam sensor wheel clockwise (as viewed from the
front of the engine) against the mounting bolts; torque
bolts to 25 Nm (19 ft-Ib).

25 Nm
(19 ft-Ib)
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A WN R

Installing alignment tool J-41272

Upper gear cover
Alignment tool

Valve cover nut

Bolt supplied with J-41272
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25
Clean the contact surfaces for the upper timing gear
cover. Install a new rubber seal.

26
Apply an even bead of sealant around the timing gear
cover. Install the cover.

/j\ CAUTION

Do not allow sealant to harden before installing the
cover. The bolts must be torque-tightened within
20 minutes.

27

Install the alignment tool J-41272 on the forward
right-hand valve cover stud using an existing valve cover
nut. To attach the left-hand side, thread the bolt (supplied
with the tool) into the hole in the cylinder head. The top
of the cover must be flush with the top of the cylinder
head. Otherwise, oil leaks may result.

J-41272

28

Draw the cover down evenly until the cylinder head and
cover are aligned. Tighten cover mounting bolts in the

proper sequence and torque to 33 + 3 Nm (24 + 3 ft-Ib).

33 + 3 Nm
(24 * 3 ft-Ib)
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29

Rotate the camshaft until the cam sensor wheel tooth
aligns with the cam sensor. Verify that the air gap

is between 0.3 - 0.7 mm (0.012 - 0.028 in.). Adjust if
needed by removing or adding shims between the
sensor and the cover. Relocate the timing cover, before
the sealant hardens, if necessary to aid in obtaining
the proper air gap.

Note: Make sure the air gap is between 0.3 - 0.7
mm (0.011 - 0.028 in.).

0.3 - 0.7 mm
(0.012- 0.028 in.)

30
Connect the electrical cable to the cam sensor on
the cover.

31
After installing the camshaft, adjust the valves and unit
injectors; refer to Service Information, Group 21.

2154-06-03-01
Camshaft Timing, Checking

(See also “Camshaft Timing, Check and Adjust” page 18.)

You must read and understand the precautions and
guidelines in Service Information, Group 20, "General
Safety Practices, Engine" before performing this
procedure. If you are not properly trained and certified
in this procedure, ask your supervisor for training
before you perform it

Note: Before using the cam gear timing tool J-42773,
always make sure that the pointer is straight. To check
the straightness (refer to numbers in accompanying
illustration):

W0002186
¢ Hold the tool with the pointer horizontal (1).

* Place a straight edge 90 degrees to the pointer
along its entire length (2).

¢ |If light can be seen between the straight edge
and the pointer, bend the pointer and recheck for
straightness (3).



Volvo Trucks North America, Inc.

TSI

Date Group  No. Page

8.2003 215 001 13(21)

« Use the portion of the pointer that is fastened to the
tool shaft as a reference surface since this part is
protected from being bent (4).

Special tools: 9996956, J-41272, J-42773

1
Steam clean around the valve cover and the upper
front cover.

2
Disconnect the negative battery lead.

3

VN model only

Drain coolant and then remove the top right fan ring
support and the top radiator neck from the thermostat
housing.

All other models

Remove the fan ring support bracket, remove the fan belt
and then remove the fan, the fan hub and bracket as
one assembly. Relocate in the fan shroud area while
making sure not to damage the radiator.

4
Remove the intake pipe that spans from the air filter to
the turbo and then cover the turbo.

5
Remove the valve cover.

6
Remove the VEB and cam sensor harness connections
to the upper front cover.

7
Disconnect the internal wiring harness to the VEB
control solenoid.

8
Remove the upper front cover.

9

Slightly loosen the cam sensor wheel and note the
position of the wheel in relation to its mounting bolts, i.e.
clockwise against the mounting bolts, in the center, or
counter-clockwise against the mounting bolts.

10
Remove the cam sensor wheel.

11
Remove the inspection cover on the flywheel housing.
Install the engine turning tool 9996956.

9996956
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T2012262
Fig. 16: Installing camshaft alignment tool

Direction of
Rotation

W2004266
Fig. 17: Flywheel direction of rotation
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12

Install camshaft alignment tool J-42773 by inserting the
guide pin into the hole under the camshaft drive gear.
Rotate the tool to position the lever against the drive gear
teeth to ensure that the tool is positioned correctly. Rotate
engine in the direction of rotation until the 2 dots on the
camshaft gear are equally spaced on both sides of the
camshalft alignment tool.

J-42773

13
Assure that the 0° mark aligns with the flywheel pointer.

14

Re-assemble

Install the cam sensor wheel and mounting
bolts. Turn the cam sensor wheel clockwise (as
viewed from the front of the engine) against
the mounting bolts; torque bolts to 25 Nm

(19 ft-Ib).

25 Nm
(19 ft-Ib)

15
Clean all sealant from the upper front cover.

16
Apply a bead of silicone sealant around the upper cover
along with a new rubber gasket.

17
Position the upper front cover and install the mounting
bolts; hand tighten only.
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18

Install the front cover positioning tool, J-41272. Tighten
bolts to align front cover. Torque the cover mounting
bolts to 33 + 4 Nm (24 + 3 ft-lb). Verify that the cover
is flush with the head.

Note: Tighten positioning tool, J-41272 until upper front
cover is flush with cylinder head on both sides.

J-41272
33 +4 Nm
(24 + 3 ft-Ib)

19
Remove tool, J-41272.

Note: Remove any sealant that gets on the cam sensor
wheel to prevent any sensor signal faults.

20

Rotate the camshaft until the cam sensor wheel tooth
aligns with the cam sensor. Verify that the air gap

is between 0.3 - 0.7 mm (0.012 - 0.028 in.). Adjust if
needed by removing or adding shims between the
sensor and the cover. Relocate the timing cover, before
the sealant hardens, if necessary to aid in obtaining
the proper air gap.

21
Remove the engine turning tool and reinstall the cover.

22

Install the VEB solenoid harness and torque nuts to 1.4
Nm (1 ft-lb). Fasten all clips. Connect the external
harness to the front cover.

1.4 Nm
@ ft-Ib)

23
Clean the valve cover and gasket contact surface.
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Fig. 18: Valve cover tightening sequence
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24

Install the valve cover and torque-tighten the bolts to
specifications using the proper sequence (see Fig. 18:
Valve cover tightening sequence, page 16).

Note: Tighten the valve cover nuts according to the
proper sequence and torque. This is to prevent the valve
cover from cracking and also to keep the studs in the
cylinder head from loosening. If any of the valve cover
stud bolts loosened from the cylinder head when the nuts
were removed, the cable harness for the unit injectors
should be checked. There is a risk that the cable holder
on the stud bolt may have followed with the rotation of the
bolt and possibly damaged the cable harness.

Engine Serial Number Torque

Below 25748 20 + 2 Nm (15 # 1 ft-Ib)

Above 25748 30 + 3 Nm (22 + 2 ft-lb)
25

Install the intake piping.

26
Reassemble depending on the model.

27
Connect negative battery cable.

/j\ WARNING

Always wear safety glasses when working around
batteries. Failure to do so could result in serious
personal injury

28
Steam clean the engine, around the valve cover, timing
cover, and transmission bellhousing.

29
Check for any active fault codes and clear any inactive
fault codes.
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30

Run the engine until the coolant reaches operating
temperature. Allow to idle for approximately 10 minutes
for cylinder balancing. For cylinder balancing to take
place, the following conditions must be satisfied:

¢ Idling speed must be below 650 RPM.

« Fuel requirement must be below a specific rating.

« Idling adjustment function must not be active.

« Constant engine speed mode (PTO) not active.

« Cruise control mode not active.

* Accelerator pedal in idling position (0%).

¢« Coolant temperature must be above 50 0C (122 OF).

« Vehicle must be at a standstill (vehicle speed sensor
value of 0).

* No fault codes present.

31
Check for leaks.
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2154-06-03-02
Camshaft Timing, Check and Adjust

You must read and understand the precautions and
guidelines in Service Information, Group 20, "General
Safety Practices, Engine" before performing this
procedure. If you are not properly trained and certified
in this procedure, ask your supervisor for training
before you perform it.

/j\ CAUTION

Failure to properly set the camshaft timing to the
crankshaft may result in loss of performance, poor fuel
economy, or in extreme cases, engine damage.

Special tools: 9996956, J-41272, J-42773

1

Install the camshaft alignment tool J-42773 by inserting
the guide pin into the hole under the camshaft drive
gear. Rotate the tool to position the lever against the
drive gear teeth to ensure correct positioning of the
camshaft alignment tool.

J-42773

2
Position the camshaft using the flywheel turning tool
9996956.

Note: The camshaft setting must be exactly as illustrated
in the figure. It is important that the camshaft gear
marking is positioned precisely on both sides ofthe tool in
a line extending from the center of the camshaft.

9996956
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Fig. 19: Rotating the flywheel to 0° TDC

A Opposite direction of engine rotation

B  Direction of engine rotation
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3

Using flywheel turning tool 9996956, turn the flywheel
opposite to the direction of engine rotation (A)
approximately 15° BTDC. Then turn the flywheel in
direction of engine rotation (B) until the 0° mark on the
flywheel lines up exactly with the pointer on the flywheel
housing without passing the 0° mark.

/j\ CAUTION

If the flywheel is turned past 0° TDC, repeat the above
step, completely. Do not just back up the flywheel.
Turning the flywheel in the opposite direction of
normal rotation will result in an incorrect setting due to
improper gear train lash.

4
Clean all sealant from the front of the head.

5
Install the adjustable idler gear assembly.

Note: The bolts are the single-use “stretch” type and
should not be reused. Pipe sealant should be used on
the center bolt.



Volvo Trucks North America, Inc.

TSI

T2008255

Date Group No. Page

8.2003 215 001 20(21)

Insert two 0.10 mm (0.004 in.) feeler gauges on the load
sides of the (A and B) gear.

7
Torque the bolts to an initial torque of 5+ 3 Nm (11
2 ft-Ib).

Note: An additional 120 + 5° is required after the correct
backlash is confirmed.

15 + 3 Nm
(11 + 2 ft-Ib)

8

Check that both feeler gauges have the same
resistance when inserting them and pulling them
out. The correct backlash is 0.05 - 0.17 mm
(0.002 - 0.007 in.).
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9
Tighten the bolts an additional 120 + 5° per the torque

sequence shown.

W2002245

10

Re-check camshaft timing; refer to “Camshaft Timing,
Checking” page 12. For information on valve adjustment
and injector installation, also referto Service Information,

Group 21.
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Date Group No. Supp. Page
This TSI Service Bulletin replaces TSI Service Bulletin KKK
215-002, “Camshaft Wear, D12, D12A, D12B, D12C” 3.2004 Z10 uuz 1(2)

(11.2001), publication no. PV776-TSP160575.

Camshaft Wear, Check
D12, D12A, D12B, D12C

Camshaft Wear

W2004342
Fig. 1. Camshaft

This information covers procedures for checking camshaft wear in VOLVO D12, D12A,
D12B, and D12C engines.

Contents

e« “Camshaft, Wear Check” page 2

PV776-TSP197442 USA14441
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General
Camshaft, Wear Check

Surface irregularities may appear on VOLVO engine
camshaft lobes in normal operation. This does not
mean that the camshaft must be replaced. These marks
do not adversely affect the engine's performance nor
the durability of the engine or any of its components.

Fig. 2: Camshafts with acceptable wear, page 2 provides
examples of camshaft lobes exhibiting this condition.
These camshafts may be reused.

Fig. 3: Camshafts with unacceptable wear, page 2
provides examples of lobes exhibiting unacceptable wear
and deterioration. These camshafts and the rocker arms
corresponding to the worn lobes must be replaced.

Note: Ifthere is any measurable wear, such as shown in
Fig. 3: Camshafts with unacceptable wear, page 2, the
camshaft should be replaced.

Fig. 2: Camshafts with acceptable wear

Fig. 3: Camshafts with unacceptable wear

No.
002

Page
2(2)

W2002219

W2002221
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This TSI Service Bulletin replaces TSI Service Bulletin

211-008, “Cylinder Head, D12C” (11.01), publication no.
PV776-TSP160569.

Cylinder Head Replacement

Fig. 1: VOLVO D12C Engine

Date Gioup No. Supp. Page

8.2003 211 008 1(32)

Cylinder Head
Replacement
D12C

VN

W2003244

This information covers procedures for replacing the cylinder head of VOLVO D12C

engines in VN vehicles.
Contents

« “Special Tools” page 2

e “Cylinder Head, Removal’ page 4

e “Cylinder Head, Installation” page 13

Note: Information is subject to change without notice.

lllustrations are used for reference only, and may differ slightly from the actual engine
version. However, key components addressed in this information are represented as

accurately as possible.

PV776-TSP194344

USA14005
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Tools
Special Tools

For special tools ordering instructions, refer to Tools Information, group 08.

9996049 9996956 9996966
Drain Hose Flywheel Turning Tool Cylinder Liner Press Tool
9998249 9998251 9998255

Unit Injector Protective Sleeve Cylinder Head Sealing Plug Rocker Arm Bridge Lifting Tool

Page
2(32)
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9998602-6/2
Upper Front Cover Alignment Tool

J-42885
Injector Bore Cleaning Tool

PT-2900
Chip Vacuum Tool

J-45242
Lifting Bracket

Date
8.2003

Group No.
211 008
J-44514-25

Camshaft Alignment Tool Kit

J-44457
Camshaft Bearing Cap Puller

Page
3(32)
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Service Procedures

2111-01-01-01
Cylinder Head, Removal
(With VEB or EPG)

You must read and understand the precautions and
guidelines in Service Information, group 20, "General
Safety Practices, Engine" before performing this
procedure. If you are not properly trained and certified
in this procedure, ask your supervisor for training
before you perform it

Note: The exhaust manifold may remain in place when
removing the cylinder head.

Special tools: 9996966, 9998249, 9998251,
9998255, 9998264, 9998511

1
Drain coolant into approved container using drain hose
9996049 or coolant extractor DBT2V700.

9996049, DBT2V700

2
Disconnect batteries; referto Service Information,
Group 33.

3

Disconnect the B+ cable and switch wires from the
preheater. Remove any harness restraints as needed
from the preheater element.

4
Connect a 5/16 drain hose onto the drain nipple at the fuel
filter. Open the drain; also open the bleed nipple at the
front of the head. Drain fuel into appropriate container.
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6
Remove the 2 bolts mounting the boost pressure sensor
to the intake manifold. Remove the sensor.

7
Remove the driver side upper fan ring support bracket.

8
Disconnect the upper charge air cooler hose.

9
Disconnect the intake air sensor.

10

Disconnect the intake air hose from the air compressor
and remove the intake air pipe between the turbocharger
and air filter housing.

11
Remove the air cleaner housing.

12

Disconnect the air discharge pipe from the air
compressor. Unbolt the air discharge pipe and the wiring
harness brackets from the cylinder head.

13
Remove the heat shield at the turbocharger.
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14
Disconnect the oil supply line.

15
Disconnect the oil return line.

16
Remove the clamp bolt fastening the EPG housing to
the turbocharger.

T2009066

17
Remove the charge air pipe between the turbo and
the charge air cooler.
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18
Remove the turbo mounting nuts and lift out turbo.

19
Remove the passenger side upper fan ring support bolt.

20
Disconnect the static fill hose at the expansion tank and
move the hose and pipe to the side.

21
Disconnect the top radiator hose and remove the top
radiator hose neck from the cylinder head.

22
Disconnect the heater return tube from the thermostat
housing.

23
Remove the air bleed pipe between cylinder head and
expansion tank.

24
Disconnect the coolant hose between the air compressor
and the cylinder head.

25
Remove the valve cover retaining nuts and lift off the
valve cover.

26

Remove the VCB control valve and pipe (if equipped)
and place valve in a clean plastic bag to prevent it
from being contaminated.
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28

Disconnect the injector wiring harness at the rear of the
cylinder head at the pass-through connector and pull the
harness through and lay over to the side.

29

Loosen the bolts to the rocker arm shaft uniformly over
the complete assembly to avoid distorting the shaft.
Remove the bolts and install lifting tool 9998255.
Carefully lift off the rocker arm bridge assembly.

Note: On engines installed with VEB, hold the pistons in
the rocker arms with rubber bands so that the pistons do
not drop out when the rocker arm bridge is lifted up.
Pistons and rocker arms are classed together.

9998255
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31
Using lever tool 9998511, remove unit injectors one at
a time.
9998511
32

Install protective sleeve 9998249 on the unit injectors
as they are removed.

Note: Keep the unit injectors in the order in which they
were removed, so that each injector can be returned to its
corresponding cylinder.

9998249

33

Put protective plug 9998251 in the cylinder head at
each injector bore and secure using the unit injector’s
retainer yoke.

9998251

T2008847

34
Remove the crankcase ventilation tube to the upper front
cover bolts. Move the tube to the side.

35
Remove camshaft position sensor harness and sensor
from upper front cover.

36
Remove the upper front cover (9 mounting bolts).

Note: The fan ring must be pushed forward for added
clearance when lifting out the upper cover.
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37
Remove the cam drive gear and vibration damper (6
bolts). Remove the outer camshaft cap bolts.

38
Using tool J-44457, remove the upper camshaft bearing
caps.

Note: Using a felt tip pen, mark each camshaft cap and
its respective bearing housing so that each cap will be
reinstalled to the same housing.

J-44457

39
Using lifting tool 9998264, carefully lift off the camshatft.

9998264

40
Remove the 38 cylinder head bolts.

41

Remove the #4 lower camshaft cap, then install lifting
bracket J-41503 onto the cylinder head. Carefully lift
off the cylinder head. While lifting the cylinder head,
verify that the coolant pipe behind the air compressor
disconnects from the cylinder head.

J-41503
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42
Remove the cylinder head gasket.

44
Remove the coolant line from the compressor to the
engine oil cooler cover.

45
Disconnect the oil supply line from the compressor.

46
Remove the air compressor mounting bolts and lift the
compressor from the engine.

47
Remove the coolant pipe from the water pump to the
head (2 bolts) that is located behind the air compressor.

Note: The air compressor and coolant pipe are removed
to aid in reinstalling the cylinder head.

Note: Place a rag over the opening to prevent debris
from falling into the cooling system passages.
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W2003987
49
Remove the cable harness box intermediate cover
50
Loosen mounting bolts and pull cable harness box
away from cylinder block.
Note: The harness box may need to be secured against
the frame rail to be kept out of the way.
W2003988

51

Remove the intake manifold from the cylinder head (if
not previously removed).
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2111-02-01-01
Cylinder Head, Installation
(With VEB or EPG)

You must read and understand the precautions and
guidelines in Service Information, Group 20, "General
Safety Practices, Engine" before performing this
procedure. If you are not properly trained and certified
in this procedure, ask your supervisor for training
before you perform it

/j\ CAUTION

All new and exchange D12C cylinder heads supplied
from Volvo have the same part number and are
installed with a plug in the oil channel to the VEB
system's control valve. When replacing the cylinder
head on engines installed with VEB, the plug must be
removed before installing the control valve.

Failure to remove the oil supply plug on a D12 with
Volvo Engine Brake (VEB) exchange cylinder head
will cause camshalft seizure. Severe engine damage
will result. Engines with Exhaust Pressure Governor
(EPG) only, the plug must remain in place.

Special tools: 9998624, 9998601, 9998264,
9998602, 9998255, 9996956, 9996966,
9998628

1

Clean the gasket and O-ring surfaces of the cylinder
block and head. Make sure all bolt holes in the cylinder
head and block are free of oil or debris.
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2

If debris or carbon is in the cylinder head bolt holes, clean
the top of the hole above the thread by using a 17 mm
drill bit. Turn it manually into the hole.

3

If required, clean the cylinder head bolt hole threads with
a M16 x 2 thread tap.

Note: Remove residue from bolt holes using chip
vacuum tool PT-2900.

PT-2900

4

Using injector bore cleaning kit J-42885, clean the
injector copper sleeves; refer to Service Information,
Group 23.

J-42885

5

Clean the contact surfaces on the cylinder head and
block to prepare for the alignment blocks.

Note: Remove any paint or silicone on all mating
surfaces of the alignment blocks.
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6
Install alignment blocks 9998624 on the head at cylinders
3 and 6.

CAUTION

Before installing the alignment blocks, check the
flatness ofthe surface. Ifthe tools are not flush with the
cylinder head and block, the head will not be installed
correctly, with the risk of serious engine damage.

9998624

7
Remove all cylinder liner hold-down tools 9996966.

8

Carefully place new cylinder head gasket on the engine
block and a new rubber seal on the intermediate

gear plate.

Note: Make sure the contact surfaces are clean before
gasket and seal installation.

9

Using lifting tool J-41503, lift the cylinder head and
position it onto the cylinder block, letting the alignment
blocks position the cylinder head.

Note: Push the cylinder head so that the alignment
blocks are in contact with the alignment surface on
the cylinder block.

J-41503
10

Check that the rubber seal on the intermediate plate is
positioned correctly after the cylinder head is in place.
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12
Tighten upper bolt of front alignment block 9998601 to

properly align front of head.

13
Place a 0.10 mm (0.004 in.) feeler gauge between side

alignment block and cylinder block to check that the
cylinder head is positioned correctly. The feeler gauge
should not be able to fit between tool and cylinder block

Note: A gap of 0 - 0.10 mm is acceptable.

W2003424

14
Remove cylinder head lifting fixture J-41503.
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Fig. 2: Cylinder head tightening sequence
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15

Lubricate cylinder head bolts with clean engine oil.

Install the cylinder bolts and torque-tighten using the
sequence illustrated (see Fig. 2: Cylinder head tightening
sequence, page 17) and the following steps:

1 60 + 10 Nm (44 + 7 ft-Ib).
2 Check tighten 60 + 10 Nm (44 + 7 ft-Ib).

3 Turn bolt 90 + 5°. Make diagonal mark across bolt
head w/felt-tip pen after turning or use angle gauge.

4 Repeat check in step 13 before the final torque is
applied to the cylinder head bolts. If a gap greater than
0.10 mm exists, loosen the bolts and reposition the
cylinder head.

5 Turn additional 90 + 5°. Make another diagonal mark
across bolt head with felt-tip pen after turning.

Note: Marking diagonal lines across the bolt heads will
help to identify which bolts have been torqued.

Note: O-rings may be included in cylinder head gasket
kits for D12 engines. However, these O-rings may be cut
by the cylinder head during installation of the cylinder
head bolts. Therefore, these O-rings are no longer
recommended for use when installing cylinder head bolts
into the cylinder head.

16
Remove alignment blocks 9998624 and 9998601.

17
Clean the camshaft and inspect for wear or damage (See
service literature "Camshaft Inspection”).

18

Install number 4 lower camshaft bearing support to
the cylinder head and carefully tap into place with
a nonmarring hammer.
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20
Using lifting tool 9998264, carefully lower the camshaft
(without gear attached) into position.

21
Install the bearings into their corresponding upper
camshaft bearing caps.

22

Install all 7 upper camshaft bearing caps to their
respective positions. Gently tap into place using a
nonmarring hammer.

Note: Each upper and lower bearing cap assembly is a
matched pair and must be assembled accordingly. The
upper and lower bearing caps are numbered 1to 7 to
identify the position on the cylinder head where they are
to be installed, and also to prevent mixing of the upper
and lower housing assemblies.

23
Install outer camshaft bearing cap bolts and studs.
Hand-tighten only.

24

Using a rag to protect the camshaft, hand-turn the
camshaft to make sure that it rotates freely. It should
not bind. Axial play should be no more than 0.35 mm
(0.014 in.).

25
Remove flywheel inspection cover.
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26
Install flywheel turning tool 9996956 and rotate engine
to 0° TDC.

Note: Make sure TDC mark on camshaft is between
the two hash marks on front cam bearing cap before
gear is installed.

27
Install camshaft gear onto camshaft.

28

Using alignment kit J-44514, install camshaft alignment
collar (A) to front of gear. Install camshaft alignment tool
(B) to verify that camshalft is aligned at TDC.

J44514



Volvo Trucks North America, Inc. Date Group  No. Page

TSI 8.2003 211 008 20(32)

29
Set up a dial indicator on the adjustable idler gear.

30

Use a pry bar or long screwdriver to hold the intermediate
idler gear in place. Measure the gearlash between the
intermediate-to-adjustable idler gears by rocking the
adjustable idler gear back and forth. Acceptable gear
backlash is 0.05 - 0.17 mm (0.002 - 0.007 in.).

31
Set up a dial indicator on the camshaft gear; use a pry

bar or long screwdriver to hold the adjustable idler
gear in place.

W2003491
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32

Measure the gearlash between the camshaft gear and
adjustable idler gear by rocking the camshaft gear back
and forth. Acceptable gear backlash is 0.05 - 0.17

mm (0.002 - 0.007 in.).

Note: If either backlash is out of specification, the
adjustable idler gear must be adjusted; refer to Service
Information, Group 21.

33
Remove the camshaft alignment collar and flywheel
turning tool 9996956.

34

Install camshaft damper (A) and cam sensor tooth
wheel (B).

35

Install spacer and new bolts. Using proper sequence,
torque-tighten bolts to 35 + 3 Nm (26 * 2 ft-Ib), then
turn additional 90 + 5°.

Note: Camshaft gear retaining bolts are one-time
use only.

35+ 3 Nm
(26 = 2 ft-Ib);
then 90 + 5°
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36

Remove protective plugs 9998251 from each injector
bore. Install new O-rings on the injectors. Lubricate the
seals with clean engine oil.

9998251

37

Install each injector, centering it between the valve
springs. Torque-tighten unit injector locator yoke screw
as follows:

« If using new copper sleeve:

Tighten to 20 £ 5 Nm(15 = 4 ft-Ib).
Turn bolt 180 + 5°.

Loosen to O Nm.

Tighten 20 £ 5 Nm (15% 4 ft-Ib).
Turn bolt 60 £ 5°.

*
+

O WN

If using old copper sleeve:

1 Tighten to 20 + 5 Nm (15 % 4 ft-lb).
2 Turn bolt 60 £ 5°.

Fig. 3: Unit injector retaining bolt

38
Install the injector electrical wires and route wires to the

outside of the valve cover studs.
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39
/ 1\ CAUTION

DO NOT OVERTIGHTEN. Hold wires while tightening.
If the screws break, the unit injector must be replaced.

Connect the unit injector electrical wires to the injectors.
Using tool 9999708, torque-tighten the nutto 1.4 Nm
(12 in-Ib).

1.4 Nm
(12 in-Ib)

Fig. 4: Unit injector cable connections

40
Lubricate valve bridges and install on intake and
exhaust guides.

41
Using lifting tool 9998255, install the rocker shaft.

Note: The bolt holes must be free of oil or debris.

9998255

42
Loosely install the rocker shaft mounting bolts.

T2006777
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43

Tighten the rocker arm shaft mounting bolts, a little at a
time, over the entire rocker arm shaft to avoid bending
the shaft and to make sure that it is positioned correctly
in the camshaft brackets. When all bolts are hand
tight, torque-tighten using proper sequence (see Fig.

5: Bearing caps and camshaft/rocker shaft, tightening
sequence, D12C, page 24) and the following steps:

1 15+ 5 Nm (11 * 4 ft-lb); +90 + 5°

2 60 =5 Nm (44 * 4 ft-Ib)

3 15+ 5 Nm (11 % 4 ft-lb); +120 £ 5°
4 60 +5 Nm (44 * 4 ft-Ib); loosen to

0 Nm (0 ft-Ib)
5 15+ 5 Nm (11 * 4 ft-Ib); +120 + 5°

44
If needed, verify camshaft timing. Check camshaft
settings with cold engine and no. 1 intake valve = 0.

Intake valve for cylinder 1 for flywheel position 6° after
TDC must be open 1.6 £ 0.3 mm (0.063 = 0.001 in.).
When checking, timing gears must be turned ONLY in the
correct direction (clockwise from the front) to eliminate
any backlash. For more information, refer to Service
Information, Group 21.

45

Adjust the injector and valve clearance according to
specifications. Shims are used to adjust the exhaust
valve clearance on engines equipped with VEB; refer
to Service Information, Group 21.
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46

Install the VEB control valve (if equipped) and oil supply
pipe with new O-rings; connect the wires. Torque-tighten
mounting bolts to 20i 3 Nm (15 i 2 ft-lb) and electrical
connection nutto 1.5i 0.5 Nm (1.5 0.4 ft-Ib).

201 3 Nm (15 2 ft-Ib),
15 i 0.5 Nm (1 i 0.4 ft-lb)

47
Install the valve cover studs.

T2008813

48

Clean sealing surface of upper front cover. Using
pressurized air, blow off any debris.
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49
Install gasket between upper and lower front covers.

Note: To prevent leaks, sealant must be placed at
front corners of upper cover and at indentation along
side of cover.

50

Apply a 2 mm bead of sealant to the upper front cover
where it contacts the cylinder head. Make sure that the
sealant completely surrounds the bolt holes.

Note: Cover should be torque-tightened within 20
minutes after applying sealant.

51
Install the upper front cover. Hand-tighten bolts, only.
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Torque-tighten upper front cover bolts as follows, using
the sequence illustrated:

M8: 24
M10: 48
54

4 Nm (18
8 Nm (36

+
+

3 ft-Ib)
6 ft-Ib)

Remove upper front cover alignment tool 9998602-6/2.

55

Install camshaft sensor to upper front cover.

Note: The distance between sensor and sensor tooth

wheel should be 0.3 - 1.0 mm (0.012 - 0.039 in.).

56

Install wiring harness and clamps to upper front cover.

57

Install the valve cover on the engine. Using pattern
illustrated, torque-tighten to 20 £ 2 Nm (15 * 2 ft-Ib).
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58
Install coolant tube from water pump to cylinder head.

Note: Use new O-rings and gasket.

59

Install air compressor with new mounting O-ring.
Torque-tighten mounting bolts to 85 + 15 Nm (63
+ 11 ft-Ib).

85 + 15 Nm
(63 + 11 ft-Ib)

60
Install oil supply line to air compressor.

61
Connect air compressor coolant hoses to cylinder head
and oil cooler cover. Tighten hose clamps.

W2004011

62
Connect air lines to the air compressor and install line
supports to cylinder head.

63
Clean the intake manifold and install new sealant.

64
Install intake manifold. Using cross-over pattern,
torque-tighten bolts to 24 £+ 4 Nm (18 * 3 ft-Ib).

24 + 4 Nm
(18 + 3 ft-Ib)

65
Install the cable box to the cylinder block.

Note: Do not install the cover at this time.
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ee
Install the fuel line at the front of the head.

67
Install the intake manifold pressure/temperature sensor.

68
Install the cable box intermediate cover.

69
Install the cable box outer cover.

70
Install the bracket between the preheater and the fan ring;
connect the upper charge air cooler pipe.

71
Loosen the alternator and pull down to install the front
intake bolt. Torque-tighten to specifications.

72
Reposition and tighten the alternator bolts.

73
Fit new O-ring seal on the coolant temperature sensor
and install in cylinder head.

74
Install the transmission oil cooler water hose at the
back of the cylinder head.

75
Install the fuel line at the rear of the cylinder head using
new copper washers.

76
Connect the preheater B+ and switch wires. Install wire
restraints.

77
Connect the AC line support to the intake manifold.
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78

Install the heater pipe at the thermostat housing using
new O-ring.

79

Using a new gasket, lift turbo into position and tighten
mounting nuts.

80
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82
Install the turbo oil supply line to the turbocharger.

83
Install the charge air pipe to the turbo.

84
Install the upper radiator coolant neck and connect the
fan ring to the coolant neck.

85
Connect the upper radiator coolant hose and static
fill pipe.

86
Install the breather pipe to the upper front cover.

87
Install the oil filler pipe to the upper front cover.

88
Install the coolant in the engine.

89
Install the air filter housing and piping.

90
Connect batteries; referto Service Information, group 33.

91
Prime the fuel system.
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92

Crank the engine. Check for leaks and any wires or
hoses that require service.

93
Road test the truck and recheck for leaks.
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Foreword

The descriptions and service procedures contained in this manual are based on de-
signs and methods studies carried out up to August 2000.

The products are under continuous development. Vehicles and components produced
after the above date may therefore have different specifications and repair methods.
When this is believed to have a significant bearing on this manual, supplementary ser-
vice bulletins will be issued to cover the changes.

The new edition of this manual will update the changes.

In service procedures where the title incorporates an operation number, this is a refer-
ence to an S.R.T (Standard Repair Time).

Service procedures which do not include an operation number in the title are for gen-
eral information and no reference is made to an S.R.T.

The following levels of observations, cautions and warnings are used in this Service
Documentation:

Note: Indicates a procedure, practice, or condition that must be followed in order to
have the vehicle or component function in the manner intended.

Caution: Indicates an unsafe practice where damage to the product could occur.

Warning: Indicates an unsafe practice where personal injury or severe damage to the
product could occur.

Danger: Indicates an unsafe practice where serious personal injury or death could oc-
cur.

Volvo Trucks North America, Inc.
Greensboro, NC USA

Order number: PV776-TSP142854
© 2000 Volvo Trucks North America, Inc., Greensboro, NC USA

All rights reserved. No part of this publication may be reproduced, stored in
retrieval system, or transmitted in any forms by any means, electronic, me-
chanical, photocopying, recording or otherwise, without the prior written
permission of Volvo Trucks North America, Inc..
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Group 2 General

General

W2003244
This information covers the Cooling System for the D12,
D12A, D12B, and D12C engines.






Group 2

Tools
Special Tools

The following special tools are required to work on the cooling system of the D12

engine. The tools are available from the Parts Department of Volvo Trucks North Amer-
ica, Inc.

Please specify the complete part number when ordering.

9994090 Puller for Coolant Pump Seal
9992071 Drift for Overhauling Coolant Pump
W0001743 9996049 Drain Hose for coolant
9992671 Hydraulic Cylinder
9994034 Hollow Drift for Overhauling
Coolant Pump
9996222 Air Powered Hydraulic Pump

Tools



Group 2 Tools

9996626 Hollow Drift for Overhauling
Coolant Pump

W0001748
9996315 Spindle for Overhauling Coolant
Pump
Woo01763 9996662 Pressure Gauge
9996383 Hollow Drift for Overhauling

Coolant Pump

W0001766
9996671 Filter Wrench for Coolant Filter

9996441 Expansion Tank Cap-VN
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9996883

9996884

9998012

9998039

W0001754

Adapter for Overhauling Coolant
Pump

W0001755

Drift for Overhauling Coolant Pump

W0001762

Hollow Drift for Overhauling
Coolant Pump

W0001757

Drift for Overhauling Coolant Pump

9998113

9998244

9998291

9998511

W0001761
Drift for Overhauling Coolant Pump

W0001764
Sleeve for Overhauling Coolant
Pump

W0001760
Drift for Installing Thermostat Seal-
ing Ring on the D12 A & B engine

W0001802
Drift for Installing Thermostat Seal-
ing Ring on the D12 A & B engine

Tools



Group 2

9998541

9998619

Tool for Pressing Impeller onto
Coolant Pump Shaft

Drift for Installing Thermostat Seal-
ing Ring on the D12C engine

J-44392

J-44772

Tools

Belt Tensioner Release Tool (Kent
Moore)

W0001929

Thermostat Housing Install Tool



Group 2 Tools

Special Equipment

Like the special tools, the following are also available from the Parts Department of
Volvo Trucks North America, Inc.

Please specify the complete part number when ordering.

T2007271

1159794 Torque wrench 10-100 Nm 9999795 Tachometer
(7-74 ft-Ib)

9985011 Hydrometer for antifreeze

9999708 Torque wrench 0-17.5 Nm
(0-13 ft-Ib)
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Design and Function

Cooling System
Charge Air Cooler

Charge Air Cooler Systems are essential today to meet
emissions regulations. However, they also improve
power density, lower fuel consumption, and reduce ther-
mal stresses on the engine by cooling the turbocharged
air before it enters the engine. The turbocharged air is
heated up to 200° C (400° F) or even higher as it enters
the charge cooler, and is cooled to around 40° C (100°
F) when it leaves for the engine.

Accumulation of bugs and dirt in the finned areas of a
Charge Air Cooler are known problems. If there is a
build up of any debris like road film, bugs, etc. in just a
section of a charge air cooler, that section overheats and
torsional (twisting) stresses develop in the charge air
cooler core. The fin passage cleanliness may not be as
critical in an over-the-highway vehicle, but in construc-
tion, logging and mining equipment, it can be.

Before performing the actual leak test, make sure the
pressure regulator is functioning properly; see “Cooling
System, Flow” page 12.

Fig. 1. Charge air cooler

Design and Function

11
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Cooling System, Flow

1 Thermostat housing
Radiator

Expansion tank
Level sensor

Pressure cap

o o b~ W N

Coolant filter

12

54

Fig. 2: Cooling system

10

11

Coolant pump
Heater return
Heater supply
Radiator drain valve

Shut-off valve—coolant pump

Design and Function

W2003323
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Coolant Circulation in Engine

The coolant is forced through the system by a gear-
driven pump. The coolant enters the cylinder block
through a pipe and first passes the area where the oil
cooler is installed. The coolant is then distributed
through galleries in the cylinder block and cylinder head
to reach the cylinder liners and other parts of the engine
before leaving the cylinder head through the thermostat
housing. The illustration shows the engine during the
warm-up period. The thermostat is closed and the
coolant is flowing back to the coolant pump.

Design and Function

13



Group 2 Design and Function

Thermostat

The engine is equipped with a thermostat. The thermo-
stat housing incorporates a sensor for coolant
temperature. During engine warm-up, the thermostat is
closed, (see Fig. 4: Thermostat closed , page 14) and
coolant flows from the cylinder head through the outer
section of the thermostat back to the coolant pump.

W2003283
Fig. 4: Thermostat closed
When the engine has reached operating temperature
and the thermostat is open (see Fig. 5: Thermostat open,
page 14) , the outlet to the coolant pump is gradually
closed. The coolant now passes through the inner sec-
tion of the thermostat housing and then to the radiator.
W2003284

Fig. 5: Thermostat open

14
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Thermostat Housing
D12C

The thermostat housing has been integrated into the
cylinder head.

The thermostat (1) is located at the right front side of the
cylinder head and its seal ring (2) is accessible once the
connection housing (3) and thermostat have been re-
moved (see illustration, Fig. 6: Thermostat Housing,
D12C, page 15).

T2012790
Fig. 6: Thermostat Housing, D12C

15
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Radiator
AC, WG

There are two (2) sizes of radiators furnished for use
with the D12 engines in different applications:

Vehicle Radiator System
Type Area Capacity
Autocar 84 dm2 (1300 in2) 43 (52 qts)

WG 67 dm2 (1032 in2) 50 (52 qts)
VN/VHD

Do to the unique design of the radiator, do not attempt to
replace any of the components on the VN/VHD radiator,
including tanks, seals or core.

Specialized tooling is needed to perform quality repairs
when crimping the tanks and seals to the core. There-
fore, you should:

e have the radiator repaired by an authorized radiator
service center; or
* replace the complete unit

Vehicle Radiator System
Type Area Capacity
VN 124 n2 39
VHD 849 n2 39

16
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W2003214
Fig. 7: Radiator, AC, WG

W2003376
Fig. 8: Radiator, VN

W2003472
Fig. 9: Radiator, VHD (with unique mounting bracket)
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Coolant Mixture

Always mix water and antifreeze to the correct concen- Freeze Protection

tration before filling the cooling system. down to: Amount

The recommended mixture is 50% antifreeze/coolant in con.centrated
the water. svnct;lfreez&
Note: Mixing concentrated coolants of a different type 25¢ 17 liters
can result in a loss of anti-corrosion properties with dam- (i3 )
age to the engine as a result.

. ) . ) -30C 20 liters
At the factory, the cooling system is normally filled with a (-22°F)
mixture of tap water and concentrated coolant which
gives protection down to minimum -29° C (-20° F). If the -38°C 21 liters
vehicle is destined for climates colder than this, the anti- (-36°F)
freeze level of the coolant should be adjusted; see
approximate values in the following table. -46°C 26 liters

(-51°F)
/j\ CAUTION

60% antifreeze in the mixture gives optimum freeze
protection. Increasing the antifreeze content beyond
that will only decrease the freeze protection.

/j\ CAUTION

Never use a mixture weaker than 40% antifreeze to
60% water. Ignoring this increases the risk of corro-
sion in the cooling system and cylinder liner pitting
leading to damage of the engine.

For more detailed information on Coolants, refer to:

TSI 184-001
Coolant Requirements, Volvo Engines

IMPACT Function Group 184
Information Type: Service and Mainte-
nance

"Coolant Requirements”

Design and Function

Amount
concentrated
antifreeze,
WI and AC

20 liters

23 liters

25 liters

30 liters

Percent-
age of
antifreeze
in mixture
40%

46%

50%

60%

17



Group 2 Design and Function

Flushing Cooling System
The cooling system should always be cleaned when the
coolant is replaced.

Coolant is toxic; risk of poisoning. Do not drink
coolant. Use proper hand protection when handling.
Keep coolant out of reach of children and animals.
Failure to follow these precautions can cause serious
iliness or death.

Note: Always dispose of coolant according to Federal or
local regulations. Take all used coolant to a recycling or
waste collection center.

18



Group 2 Design and Function

Expansion Tank

The expansion tank includes a pressure valve and a
coolant level sensor. The tank material is clear and has
maximum (MAX) and minimum (MIN) markings to allow
visual fluid level checks.

Fig. 10: Expansion tank for WG and AC

Fig. 11: Expansion tank for VHD

Fig. 12: Expansion tank for VN

19



Group 2 Design and Function

Draining Points

To drain the cooling system, all drain points should be
opened. In addition, the expansion tank cap should be
removed while the system is draining.

Draining points:

¢ Radiator

e Cylinder block

¢ QOil cooler, transmission (when installed)
¢« Coolant pump

Note: In some locations the draining point consists of a
guick-connect valve (1) covered with a rubber cap; see
Fig. 13: Quick-connect drain valve in bottom of radiator,
page 20. In this case use tool 9996049 for draining. This W2003367
is a quick-connect hose needed for draining. Fig. 13: Quick-connect drain valve in bottom of radiator

Coolant Pump

The coolant pump is mounted to the timing gear plate
and is driven by the timing gears. The coolant pump in-
cludes a one-piece carbon/ceramic seal and a double
ball bearing for the pump shaft. The pump is equipped
with a shut-off valve (1) which prevents coolant from
draining out when changing the coolant filter; see Fig.
14: Coolant pump, page 20. To close the valve, the han-
dle is turned to the horizontal position.

Note: The shut-off valve must always be in the open po-
sition. That is, the handle should point vertically, except
when replacing the lines.

Fig. 14: Coolant pump

20



Group 2

Coolant Filter

A coolant filter is mounted to the coolant pump. On D12
engines and an adapter is mounted to the pump with
lines to a remote-mounted coolant filter situated on the
right side of the engine.

Coolant filters used with standard coolant include an anti-
corrosive agent, SCA (Supplemental Coolant Additive),
which is added to the standard coolant during filtration.

Coolant filters used with Extended Life Coolant, ELC,
are “blanks” and do not contain any SCA.

Note: The valve must always be in the open position, i.e.
the handle should point vertically, except when changing
the filter.

For more detailed information on coolants, refer to

TSI 184-001
Coolant Requirements, Volvo Engines

IMPACT Function Group 184
Information Type: Service and Mainte-
nance
"Coolant Requirements”

Design and Function
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Winterfront

Volvo Trucks North America, Inc. does not recommend
the use of winterfronts, shutters or any other shield in
front of the grille or radiator package under normal cir-
cumstances. These devices, if not used properly, can
cause higher exhaust temperatures, power loss, exces-
sive fan usage and a reduction in fuel economy.

Today's electronically controlled engines are designed to
operate in temperatures without a winterfront. Volvo
Trucks North America, Inc. does not recommend the use
of a winterfront while the vehicle is being driven. If a win-
terfront is used, it must conform to these specifications:

Note: Please see your local Volvo Truck Dealer for Volvo
recommended winterfronts. If there is engine or related

damage that can be followed back to an improperly used
winterfront, the warranty is no longer valid for those parts.

VHD-Failure to remove the winterfront when tempera-
tures go above 15 F (-25° C.) could cause severe
damage to engine, charge-air-cooler and/or loss of fuel
economy. The grille cover should be able to let airflow
through to the charge-air-cooler at a uniform rate over
the entire area. This means that a single, small opening
in the winterfront is not acceptable. Air passage must be
distributed evenly across the grille and no more than
85% can be covered.

VN-Winterfronts are properly used for overnight parking
in the winter or very cold temperatures (below-5 F[-20°
C]). In these cases, coolant and inlet manifold tempera-
tures must be carefully monitored and controlled.

22
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Viscous Fan

The Viscous fan consists of a fan section and a drive
section connected by a visco-static clutch. The clutch
consists of a drive plate (6) which is mounted in a hous-
ing (7); see Fig. 17: Fan, cross-section, page 23.

On each side of the drive plate (6) is an air gap. When
the fan is engaged, these gaps are filled with fluid. With
the fan in operation, the flow of fluid in the fan hub takes
place in two different ways. The temperature around the
bimetallic plate (2) determines which path the fluid takes
and thereby the degree to which the fan is engaged.

The control device regulates the amount of fluid reaching

the drive chamber to meet the cooling requirements. The

more fluid in the drive chamber, the less “slip,” thus re-

sulting in higher fan speed. The fluid circulates between F
the storage and drive chambers. When the engine and

fan stop, the fluid runs out into the drive chamber, which

is why the fan is generally engaged during the first min-

utes after starting the engine.

g.

A. Disengagement
The valve (1) closes and fluid is pumped out into the
storage chamber (5).

B. Engagement
The valve (1) opens and fluid can enter the drive cham-
ber (8).

Design and Function

T2006863
15: Cooling fan

T2007216

Fig. 16: Sensor, bimetallic plate

T2007217

Fig. 17: Fan, cross-section

Fan, cross section shows valve disengaged (B)

and engaged (A)
1 Valve

2 Bimetallic plate

3 Control pin

4 Valve lever

5 Fluid storage chamber

6  Drive plate
7  Housing

8 Drive chamber

23



Group 2 Design and Function

Control Device

The fan rotates at reduced speed. The bimetallic plate
(1) presses against the control pin (2) moving it towards
the valve lever (3).

2
T2007218
Fig. 18: Control valve closed

1 Bimetallic plate
2 Control pin

3  Valve lever

The fan is fully engaged. The bimetallic plate flexes out-
wards due to the temperature increase in the ambient air.

For function check, see "Viscous Fan, Checking” page
68.

T2007219
Fig. 19: Control valve open
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Troubleshooting

Cooling System Troubleshooting

Coolant Temperature Too High

Excessively high coolant temperature can be due to:
* Blocked radiator (low airflow)

*« Blocked cooling system

 Contaminated coolant

« Low coolant level

* Broken fan belt

. Faulty temperature gauge

¢ Poor grounding between engine and chassis

¢ Faulty thermostat

¢ Faulty temperature-controlled cooling fan

e Leaking cylinder head gasket, lower liner seals

* Leaking coolant hoses

Coolant Temperature Too Low
. Faulty thermostat

- Faulty temperature gauge

Loss of Coolant

External Leaks
¢ Leaks in hoses or connections

¢ Leaks in radiator and/or expansion tank
e Leaks in cab heater
* Leaks in coolant pump

¢ Cylinder head gasket leakage

Internal Leaks—Engine
e Leak at injector copper sleeve

« Defective liner seals

¢ Liners pitted or cracked

¢ Cylinder head gasket leakage
¢ Crack(s) in cylinder head

e Crack(s) in cylinder block

Troubleshooting
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Coolant Leaks Through Overflow
. Faulty pressure cap/relief valve

¢« Engine running too hot

« Expansion tank installed incorrectly

¢« Cylinder head gasket leakage

¢ Cylinder block cracked

e Liners pitted or cracked

* Coolant losses, warm engine switched off

Coolant losses after having switched off a warm engine
are generally due to heavy load operation and subse-
quent stopping without allowing the engine first to run at
idling speed to cool down, or a faulty pressure cap valve.

Temperature Gauge, Checking

Remove the temperature sensor from the thermostat
housing and reconnect the electric connector. Connect a
ground between the temperature sensor and the cylinder
block. Submerse the temperature sensor in heated water.
Using a thermometer, read off the temperature. Compare
this reading with the reading of the temperature gauge.

Air Flow-through, Checking

Should higher than normal coolant temperatures be ob-
served, the passage of air through the charge air cooler,
A/C condenser and radiator must always be checked and
cleaned if necessary. Any obstruction must be removed.

In cases of more serious blockage, the radiator/charge
air cooler and A/C condenser must be removed entirely
and thoroughly cleaned, especially if the pollutant is oil
based.

If the fins of the radiator have been bent by flying stones
etc., straighten them with a fin comb.

Check that the rubber seals between the fan shroud and
the radiator, and in some cases between the radiator
and the front shroud, have not loosened or for any other
reason are not providing a good seal.

Polluted Coolant

If the coolant is polluted it could mean that there is an in-
ternal leak (oil) or that the cooling system is clogged
(deposits). Check for leaks.

A clogged system is usually a result of not changing the
coolant according to the specific change intervals or us-
ing the wrong mixture of coolant and water, or that
polluted water has been used.

26
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Speed Check
/f\ DANGER

Coolant is toxic; risk of poisoning. Do not drink
coolant. Use proper hand protection when handling.
Keep coolant out of reach of children and animals.
Failure to follow these precautions can cause serious
iliness or death.

/| 4 danger

Keep your hand, clothing, and the measuring instru-
ment at a safe distance from the blades of the fan
when checking RPM. Contact may cause personal in-
jury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.

Fan Disengaged

W2003338
Fig. 20: Using hand-held tachometer

Troubleshooting

1

Run the engine at idling speed for ap-
proximately 5 minutes. Air temperature
in front of the fan must not exceed 30
C (85° F). The silicone fluid, which
drains into the drive chamber when
the engine is switched off, is now
pumped back to the storage chamber.

1

Increase engine speed to maximum
RPM and measure fan speed with spe-
cial tool 9999795. Fan speed should
be less than half engine speed when
the fan is fully disengaged.

9999795

Fan Engaged

Air temperature around the sensor should be approxi-
mately 85° C (185° F) for the fan to be fully engaged.

W2003339
Fig. 21: Measuring fan speed

1

Run the engine at maximum output
RPM and measure the fan speed and
fan drive pulley speed using tool
9999795. Fan speed must not be less
than 90% of pulley speed when the
fan is fully engaged.

9999795

27
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Service Procedures

Service Procedures

2611-03-02-01
Radiator, Replacement

/1\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

Never remove the cap on the expansion tank while
the engine is still hot. Wait until the coolant tempera-
ture is below 50° C (120° F). Scalding steam and fluid
under pressure may escape and cause serious per-
sonal injuries.

/j\ WARNING

Do not work near the fan with the engine running. The
engine fan can engage at any time without warning.
Anyone near the fan when it turns on could be seri-
ously injured. Before turning on the ignition, be sure
that no one is near the fan.

/j\ WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.

Fig. 22: Lifting radiator and charge air cooler assembly
Note: WG, AC

The radiator and charge air cooler are removed and
installed as an assembly. Use of a lifting strap during re-
moval and installation will help to prevent damage to the
radiator/charge air cooler assembly.
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Fig. 23: VN radiator

Fig. 24: VHD radiator

Important: Do not attempt to replace any of the compo-
nents on the VN/VHD radiator, including tanks, seals, or
core.

Specialized tooling is needed to perform quality repairs
when crimping the tanks and seals to the core. There-
fore, you should:

* have the radiator repaired by an authorized radiator
service center; or
* replace the complete unit.

30
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Removal

1
(VHD only) For removal of the T25 Torx bit
grille in a VHD model truck refer 8 mm wrench

to procedure:

TSI 820-500
”"Hood, VHD”

Impact Function Group
82
Information Type:
Repair
Hood, VHD

W2002077
Fig. 25: VN model- screw fasteners

(VN only)

Remove the 14 Torx screws fas-
tening the grille to the hood, and
set the grille aside.
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W2002059
Fig. 26: Drain the cooling system

/ 1\ DANGER

Risk of poisoning. Coolant is toxic. Do not drink
coolant. Use proper eye and hand protection when
handling. Keep coolant out of reach from children.
Personal injury or death could result.

Drain the cooling system. Open the
drain on the bottom of the radiator and
drain into a suitable container.

Note: On most older models, use tool
9996049 to drain radiator or engine.

Service Procedures

W2002063

Fig. 27: Disconnect radiator hoses

Disconnect the hoses to the radiator
and the charge air cooler assembly:

Top radiator hose
Bottom radiator hose

Fill hose from the water pump to
the expansion tank

Top charge air cooler hose
Bottom charge air cooler hose

Wires for the low coolant sensor

W2002060

Fig. 28: Disconnect wires/hoses for coolant sensor

10 mm socket
7 mm socket
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4 6
W2002065
Fig. 29: Remove radiator mounts
Remove the four bolts fastening the 13 mm socket
lower radiator mounts.
W2002075
Fig. 31: Remove head screws
5
Remove the two torx head screws fas- T25 torx bit
tening the side shroud to the radiator.
7
W2002066
Fig. 32: Remove radiator fastener
Remove the one bolt that fastens the 12 mm wrench
air conditioning lines to the radiator.
W2002078
Fig. 30: Remove bolts for support bracket
Remove the two upper bolts that fas- 12 mmwrench
ten the air conditioning condenser 12 mm socket
upper support bracket to the charge 13 mmwrench

air cooler assembly.

Note: These bolts also mount the up-
per CAC to the radiator.

Remove the lower two bolts that fasten
the condenser itself to its lower sup-
port brackets.
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W2002072
Fig. 34: Plastic tie placement

Using plastic ties, tie the rubber part of
the fan ring back away from the fan
shroud.

Service Procedures
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Group 2
1 Installation

1

W2002069
Fig. 36: Radiator removal

Fasten an acceptable lifting device to OEM 4129
the top of the radiator in the holes that W2002069
are provided. Lift out the radiator and Fig. 37: Lowering radiator

the charge air cooler assembly. - _ _
Position the radiator into the truck.

/’I‘\ CAUTION Note: Be very careful when lowering

the radiator into the truck. Watch for
any hoses or wires that might interfere

Be careful not to damage the radiator assembly when or be damaged. Make sure the fan
removing. Damage to the radiator and/or engine could does not damage the radiator core as-
result in severe damage to the engine. sembly.

2

Remove the lifting device from the ra-

diator.
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W2002105

Fig. 38: Install the radiator mounts

Install the upper radiator mounts and
nuts. Torque to 48 + 8 Nm (36 * 6 ft-
Ib).

15 mm socket
48 £+ 8 Nm
(18 * 3 ft-Ib)

Fig. 39: Install the supports and ties

Install the lower radiator supports and
nuts. Torque to 24 + 4 Nm (18 + 3 ft-
Ib).

13 mm socket
24 =+ 4 Nm
(18 + 3 ft-lb)

Service Procedures

Fig. 40: Install expansion tank hoses

Fig. 41: Connect top hose clamps

Install all coolant hoses on the top side
of the radiator. Connect the following:

charge air cooler hose
low coolant sensor harness
Torque the hose clamps as follows:

top radiator hose 5.5 + 0.8 Nm
(50 = 8 in-Ib).

fill hose clamp 4 + 0.6 Nm (35 + 5
in-lb).

small bleed hose clamp 2.3 + 0.3
Nm (20 = 3 nibble)

charge air cooler hose clamp to
10 + 1.5 Nm (90 # 3 in-lb).

7 mm socket
10mm socket
screwdriver
5.5+ 0.8 Nm
(50 £ 8 in-lb)
4 + 0.6 Nm

(90 + 3 in-Ib)
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Fig. 42: Connect bottom hose clamps

Install the bottom radiator hose and
the lower charge air cooler hose.
Torque the hose clamps as follows:

¢« bottom radiator hose clamp 5.5 %
0.8 Nm (50 # 8 in-Ib).
* lower charge air cooler hose

clamp 10 £+ 1.5 Nm (90 £ 13 in-lb).

Fig. 43: Tie removal

Cut the four ties holding the rubber
shrouding away from the radiator.

36

7 mm socket
10 mm socket
torque wrench
5.5+ 0.8 Nm
(50 £ 8 in-lb)
10 £ 1.5 Nm
(90 = 13 in-Ib)

Service Procedures

Fig. 44: Install mounting brackets

Position the condenser onto the lower
mounting brackets. Install the con-
denser mounting bolts and torque to
24 + 4 Nm (18 % 3 ft-Ib).

Torque the lower condenser mounting
bracket bolts (previously hand tight) to
24 + 4 Nm (18 = 3 ft-Ib).

12 mm socket
(18

+
24 + 4 Nm
(18 +

W2002066

Fig. 45: Install air conditioner line clamp

Install the bolt supporting the air con-
ditioner line clamp. Torque the line

clamp bolt to 24 + 4 Nm (18 % 3 ft-Ib).

12mm wrench
24 + 4 Nm
(18 £ 3 ft-lb)
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10

W2002075
Fig. 46: Install head screws

Position the side shroud into place, in- T25 torx bit

stall two torx head screws and hand
tighten.

11

W2002058
Fig. 47: Add coolant

Add the drained coolant. Maximum fill
rate of 9.5 liter per minute (2.5 gallons
per minute). For more detailed infor-
mation on Coolants, refer to;

TSI 184-001
Coolant Require-
ments, Volvo Engines

IMPACT Function Group 184
Information Type: Ser-
vice and Maintenance
"Coolant Require-
ments”

Service Procedures

12
W2002077
Fig. 48: Install grille
Install grille and torque the 14 Torx T25 Torx bit
head screws to 5 Nm (44 in-Ib). 8mm wrench
5 Nm
(44 in-lb)
13
2 1
W2002104

Fig. 49: Cap replacement

1 Fill cap
2  Pressure cap (do not remove)

Start engine and check for leaks. Run
the engine to operating temperature.
After the engine has reached operat-
ing temperature, move the heater
controls to warm and run the engine
an additional 10 minutes.

14
Shut off engine and re-check coolant
level.

Note: To pressure test the system,
see “Cooling System Leak Test,
Checking” page 41.
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2611-06-02-01
Radiator, Checking

/|\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/i\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

Never remove the cap on the expansion tank while
the engine is still hot. Wait until the coolant tempera-
ture is below 50° C (120° F). Scalding steam and fluid
under pressure may escape and cause serious per-
sonal injuries.

/j\ WARNING

Do not work near the fan with the engine running. The
engine fan can engage at any time without warning.
Anyone near the fan when it turns on could be seri-
ously injured. Before turning on the ignition, be sure
that no one is near the fan.

/j\ WARNING

Always wear eye protection when working around bat-
teries to prevent the risk of injury due to contact with
sulfuric acid or an explosion.

(Checking CAC and Radiator Air Flow-
Through)

1

If coolant temperatures are higher
than normal, check the passage of air
through the charge air cooler, A/C
condenser and radiator. Clean if nec-
essary.

38
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2

Check the radiator to make sure that
its external sections are not blocked by
insects or other foreign objects which
can obstruct airflow. If obstructions are
found, use a mild detergent and water
to clean them off. If the fins of the pipe
system have been bent (by flying
stones, etc.), straighten them out.

3

Make sure that the sealing moldings
between the fan shroud and the radia-
tor are not loose or for any reason are
not providing a good seal. Check the
condition of the recirculation shield.
Also make sure it is properly installed.

2612-03-02-01
Radiator Surge Tank, Replace-
ment

/ £\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

Never remove the cap on the expansion tank while
the engine is still hot. Wait until the coolant tempera-
ture is below 50° C (120° F). Scalding steam and fluid
under pressure may escape and cause serious per-
sonal injuries.

/j\ WARNING

Do not work near the fan with the engine running. The
engine fan can engage at any time without warning.
Anyone near the fan when it turns on could be seri-
ously injured. Before turning on the ignition, be sure
that no one is near the fan.
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2
/ 1\ WARNING
Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.
Removal
1
W2002060
Fig. 51: Remove expansion tank hoses
Remove the four expansion tank 12 mm socket
hoses: 6 in. extension
« overfill tube
o fill line
—— e air bleed hose (to thermostat
Fig. 50: Draining the coolant system housing)
g. °b: g y « hose from expansion tank to radi-
Open the drain on the bottom of the ator top t.ank
radiator and drain into a suitable Unplug the wire harness to the low
container. Drain coolant below the ex- coolant sensor.

pansion tank level.

/j\ DANGER

Risk of poisoning. Coolant is toxic. Do not drink
coolant. Use proper eye and hand protection when
handling. Keep coolant out of reach of children. Per-
sonal injury or death could result.
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3 Installation

4

W2002062
Fig. 52: Remove mounting bolts W2002062
Fig. 54: Install mounting bolts

Position the expansion tank into place 12 mm socket

and install the five mounting bolts. 24 £+ 4 Nm
Torque to 24 + 4 Nm (18 = 3 ft-Ib). (18 + 3 ft-1b)
5
W2002060
Fig. 55: Connect expansion tank hoses
W2002061
Fig. 53: Lift the expansion tank Connect the four expansion tank 7 mm socket
. . hoses: screwdriver
Remove the expansion tank mounting 12 mm socket
bolts (two in the front, three in the « overfill tube
rear). Lift away the expansion tank. e fill line
e air bleed hose (to thermostat
housing)

« hose from expansion tank to radi-
ator top tank

Connect the wire harness to the low

coolant sensor.
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W2002058

Fig. 56: Add coolant

Install the drained coolant. Maximum
fill rate of 9.5 I/min (2.5 gpm).

Note: For current coolant require-
ments;

Service 184-001
Bulletin Coolant Require-
ments, Volvo Engines

IMPACT Function group 184
Information type:
Maintenance
"Coolant Require-
ments”

7

Start engine and check for leaks. Run
the engine to operating temperature.
After the engine has reached operat-
ing temperature, move the heater
controls to warm and run the engine
an additional 10 minutes.

8
Shut off engine and recheck coolant
level.

Note: To pressure test the system,
see “Cooling System Leak Test,
Checking” page 41.

Service Procedures

2619-06-02-01
Cooling System Leak Test,
Checking

/|\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

Never remove the cap on the expansion tank while
the engine is still hot. Wait until the coolant tempera-
ture is below 50° C (120° F). Scalding steam and fluid
under pressure may escape and cause serious per-
sonal injuries.

/j\ WARNING

Do not work near the fan with the engine running. The
engine fan can engage at any time without warning.
Anyone near the fan when it turns on could be seri-
ously injured. Before turning on the ignition, be sure
that no one is near the fan.

/j\ WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.
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To be carried out in the vehicle 2

Note: Before using pressure gauge 9996662, check its
operation. Do this by attaching it to an air supply and
setting the pressure to 100 kPa (14 psi) with the regula-
tor valve.

/ £\ DANGER

Check that the pressure on the gauge never exceeds
100 kPa (14 psi). Excessive pressure may cause air
supply to burst which can cause personal injury or

death.
Procedure

: . W2001430
Special tools: 9996049, 9996662 Fig. 57: Remove fill cap -VN Model
1
Check the hoses and connections of
the cooling system for leaks and to
make sure they are in good working
condition.

W2003473

Fig. 58: Remove fill cap -VHD Model

Remove the fill cap and install 9996662
pressure regulator, gauge and cap as- J-42397
sembly.

Note: Make sure the cooling system
is full of coolant before performing this
test.
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3 2621-03-02-01
Coolant Pump, Replacement

/ £\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ WARNING
T2007258

Fig. 59: Increase pressure to 40 kPa (6 psi) HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

Using the knob of the reduction valve,
slowly increase pressure to 40 kPa (6
psi). Maintain this pressure for approx-
imately 5 minutes. Look over the entire
engine, radiator, and coolant hoses for
any leaks.and then perform a leakage .

check on the radiator, hoses, connec- /J \ WARNlNG

tions, and the coolant pump.
Never remove the cap on the expansion tank while

the engine is still hot. Wait until the coolant tempera-

4 ture is below 50° C (120° F). Scalding steam and fluid
under pressure may escape and cause serious per-
sonal injuries.

/j\ WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.

Special tools: 9996049

T2007257
Fig. 60: Increase pressure to 100 kPa (14 psi)

Slowly increase the pressure to 100
kPa (14 psi) and check that the valve
opens. At this pressure, the air flow
should be continuous. End this test af-
ter approximately 10 seconds.

5

Slowly release the pressure from the
cooling system. Remove the cap as-
sembly and replace the fill cap.
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Removal 3

Remove the elbow outlet from the tur-

i bocharger.

W2003328
Fig. 63: Removing coolant pipes

W2003324 Remove the pipe between the coolant
Fig. 61: Draining the coolant pump and the cover over the oil cooler.

Attach hose 9996049 to lower coolant 9996049
pipe and drain the coolant into a suit- 5
able container. Remove the pipe between the pump

and the thermostat housing.
Note: If the coolant is not reusable,

dispose of used coolant in a proper

and responsible manner according to
EPA and local environmental regula-
tions

W2003334
Fig. 62: Charge air cooler piping

Remove charge air cooler pipe and
mounting brackets.
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W2003329
Fig. 64: Bolt location

Remove the bolt beside the thermostat
housing holding the pipe between
coolant pump and the expansion tank.

7

Remove the bolt from the coolant
pump and pull the pipe out of the
pump.

Note: The bolt beside the thermostat
housing runs through a bracket on the
pipe. With the air compressor in posi-
tion, the pipe cannot be removed.

Service Procedures

T2007246

Fig. 65: Heater hose location
Remove the heater hose from the

coolant pump.

9
Remove the drain hose from the lower
coolant pipe.

10

W2003330

Fig. 66: Lower radiator pipe location

Remove the bolts holding the lower
coolant pipe to the pump.

Note: Leave the pipe attached to the
lower radiator hose.
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11 2
Remove the coolant filter hoses.

12

W2003331
Fig. 68: Installing coolant pump

W2003332 Install the new coolant pump using 48 + 8 Nm
Fig. 67: Removing coolant pump new seals. Tighten the bolts to 48 + 8 (35 £ 6 ft-Ib)

Nm (35 # 6 ft-Ib).
Remove the bolts and lift off the
coolant pump.

3
13
Remove the adapter for the remote
coolant filter from the bottom of the
coolant pump.
Installation
1
Clean all sealing surfaces.

W2003330

Fig. 69: Pipe from radiator to coolant pump

Install the pipe from the radiator to the
coolant pump using a new sealing ring.
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T2007246
Fig. 70: Heater hose connection

Connect the heater hose to the coolant
pump and tighten the hose clamp.

5
Reinstall the coolant filter.

6

Connect the remote-mounted coolant
filter hoses to the adapter and tighten
the hose clamps.

Service Procedures

Fig. 71: Install sealing ring

Install a new sealing ring to the pipe
from the expansion tank and bolt the
pipe to the coolant pump.

8

Coat the sealing ring with soapy water
to make installing the pipe into the
coolant pump easier.

Fig. 72: Bolt location

Install the bolt holding the pipe beside
the thermostat housing.

W2003329
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10 14

Fig. 75: Coolant filter

Install a new coolant filter on the
coolant pump.

15
Fill the system with coolant.

W2003328
Fig. 73: Installing coolant pipe

Using new sealing rings, install the 16
pipe between the coolant pump and Start the engine and check the cooling
the thermostat housing and the pipe system for leaks.

between the coolant pump and the oil
cooler cover.

2621-04-04-01
1 Coolant Pump, Overhaul

Coat the sealing rings with soapy wa-
ter.

(Unit Removed)
12 / T\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/|\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or

W2003334 can permanently damage test equipment.
Fig. 74: Charge air cooler piping

Reinstall the charge air cooler pipe
and mounting brackets. / | \ WARNING

Never remove the cap on the expansion tank while
13 the engine is still hot. Wait until the coolant tempera-
Reinstall the elbow outlet on the tur- ture is below 50° C (120 F). Scalding steam and fluid
bocharger. under pressure may escape and cause serious per-

sonal injuries.
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/j\ WARNING

Do not work near the fan with the engine running. The
engine fan can engage at any time without warning.
Anyone near the fan when it turns on could be seri-
ously injured. Before turning on the ignition, be sure
that no one is near the fan.

/j\ WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.

T2007117
Fig. 76: Exploded view of coolant pump

Note: Reference is made in the text to component posi-
tions as shown in picture.

1 Shaft

2 Shaft sleeve

3 Ball Bearing

4  Gear

5 Pump Housing

6 Oil Sealing Ring

7 Coolant Sealing Ring
8 Impeller

9 O-ring

10 Rear Cover

11 Coolant Filter

Special tools: 9992071, 9992671, 9994034,
9994090, 9996222, 9996315, 9996383,

Service Procedures

9996626, 9996883, 9996884, 9998012,
9998039, 9998113, 9996671

Disassembly

1

Remove the coolant filter (11), using
filter wrench 9996671. Remove the
rear cover (10); see Fig. 76: Exploded
view of coolant pump, page 49.

9996671

T2007116
Fig. 77: Attaching tools to coolant pump

Screw adapter 9996883 into the shaft 9996883
sleeve (2) of the coolant pump and 9996884
thread drift 9996884 onto hydraulic 9992671

cylinder 9992671; see Fig. 76: Ex-
ploded view of coolant pump, page 49.

2671

T2007118
Fig. 78: Removing the shaft

Assemble the hydraulic cylinder and 9996883
the adapter. Using hydraulic pump 9996222
9996222, press out the shaft (1) the 9992671

impeller (8) and the seal (7); see Fig.
76: Exploded view of coolant pump,
page 49.
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W2003285
Fig. 79: Coolant seal, removal

If parts of the coolant seal do not 9994090
come out with the shaft when pressing
this out, use puller 9994090 to remove

the rest of the sealing ring.

T2007108
Fig. 80: Removing the oil sealing ring

Remove the seal (6) using tool 9994090
9994090; see Fig. 76: Exploded view
of coolant pump, page 49.

50
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T2007109
Fig. 81: Removing shaft sleeve, drive gear and bearing

Place the pump housing in a press. 9994034
Using 9994034, carefully press out the

shaft sleeve (2) together with the drive

gear (4) and bearing (3); see Fig. 76:

Exploded view of coolant pump, page

49.
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Fig. 82: Removing the shaft sleeve from drive gear

Using 9992071 and 9996383, press 9992071
the shaft sleeve (2) out of the drive 9996383
gear (4); see Fig. 76: Exploded view of

coolant pump, page 49.

Service Procedures

Cleaning and Inspection

Fig. 83: Exploded view of coolant pump

1
Clean all parts which are to be reused.

2

The seals and bearing must always be
changed. Check the fit of the bearing
races to the pump housing and shaft
sleeve.

Note: If the impeller is damaged, it
must be replaced.

Note: If the pump housing or rear
cover is to be replaced, transfer pipe
fittings to the replacement unit, etc.

T2007117
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Assembly

T2007111
Fig. 84: Installing bearing to shaft sleeve

Install the new bearing (3) to the shaft 9998012
sleeve (2) and, using hollow drift

9998012, carefully press down on the

inner race of the bearing until it lies up

against the flange of the shaft sleeve;

see Fig. 83: Exploded view of coolant

pump, page 51.

Note: Install the bearing with the side
at which the outer and inner races are
level facing the flange of the shaft
sleeve. The shaft (1) and the shaft
sleeve (2) are supplied as a single
spare part unit; see Fig. 83: Exploded
view of coolant pump, page 51.
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T2007112
Fig. 85: Installing bearing and shaft into pump

Place the pump housing (5) in a press. 9996383
Using hollow drift 9996383, carefully

press in the bearing and shaft until the

bearing bottoms out in the pump hous-

ing; see Fig. 83: Exploded view of

coolant pump, page 51.

Note: Press on the outer race of the
bearing and check to make sure that
the shaft does not hit the press table.

T2007119
Fig. 86: Press drive gear onto shaft

Screw the shorter threaded section of 9996315
spindle 9996315 into the shaft sleeve

(2); see Fig. 83: Exploded view of

coolant pump, page 51.
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4

Place the drive gear (4), hollow drift 9996266
9996626 and hydraulic cylinder 9992671
9992671 on the spindle and install the

nut; see Fig. 83: Exploded view of

coolant pump, page 51.

5

Using hydraulic pump 9996222, care- 9996222

fully press the drive gear down until it
bottoms out against the bearing.

6
Remove the tools

Fig. 87: Using tool 9996315

9996315
9998244

Insert the spindle 9996315 through the
hole of sleeve 9998244 and screw the
long threaded end of the spindle into
the shaft until it bottoms out against
the shaft. Tighten the nut by hand.

Note: Make sure that the spindle
9996315 is threaded in until it bottoms
out against the shaft before tightening
the nut.

8

Install the pump in a press so that the
spindle’s nut rests flat against the sur-
face of the press.

Service Procedures

Fig. 88: Installing the oil seal

Install the oil seal (6) with the sealing
lip against the drive gear; see Fig. 83:
Exploded view of coolant pump, page
51.

10

Using drift 9998113, carefully press
the seal into position until it is level
with the edge of the pump housing.

9998113

Note: Do not press in the drift until it
hits the pump housing.

11

T201262Tm
Fig. 89: Coolant seal, applying Loc-Tite

™
Apply Loc-Tite locking fluid to the
coolant seal’s contact surface (A)
against the housing.

T2012620
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12 14
Press the impeller approximately 10
mm (1/2 in.) on to the shaft.

15
T2007262
Fig. 90: Installing the coolant seal

Carefully press in the coolant seal us- 9998039 W2003286
ing the drift 9998039. Fig. 92: Pressing on the impeller
Note: To prevent damage due to ex- Install the tool 9998541 on the impeller 9998541
cessive pressing force, pressure and carefully press it down until the
should be removed when the seal tool rests against the pump housing.
flanges out against the housing.
13 16

Remove the spindle 9996315 from the 9996315

shaft sleeve.

17
Install the rear cover using a new O-
ring in the pump housing.

Note: Turn the drive gear and check
that it rotates easily. Bearing noise or
axial play is not permitted.

18

Install a new coolant filter. Coat the fil-
ter gasket with a light film of grease
and hand tighten only.

T2007115
Fig. 91: Installing new impeller

Place the pump with the spindle nut
resting on a flat surface.
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2627-03-02-01
Thermostat, Replacement
D12, D12A, D12B

/ 4 danger

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

Never remove the cap on the expansion tank while
the engine is still hot. Wait until the coolant tempera-
ture is below 50° C (120° F). Scalding steam and fluid
under pressure may escape and cause serious per-
sonal injuries.

/j\ WARNING

Do not work near the fan with the engine running. The
engine fan can engage at any time without warning.
Anyone near the fan when it turns on could be seri-
ously injured. Before turning on the ignition, be sure
that no one is near the fan.

/j\ WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.

Special tools: 9996049 , 9998291

1
Using drain hose 9996049, drain the
coolant into suitable container.

2

Remove the pipe between the air
cleaner housing and the turbo-
compressor.

Service Procedures

T2007264
Fig. 93: Removing hoses from thermostat housing

Remove the expansion tank hose and
the connector for the temperature sen-
sor from the thermostat housing.

4
Remove the fan ring stay bolt holding
the upper radiator cooling pipe.

5

Remove the bolt from the thermostat
housing and timing gear cover which
hold the pipe to the cab heat ex-
changer.

6

Loosen the cooling coil nut from the
air compressor. Remove the bolt hold-
ing the cooling coil bracket to the
timing gear cover and push the coil to
one side.
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10

Remove retaining bolts holding "C"
shaped cooling pipe attached to rear
of thermostat housing.

11
T2007234
Fig. 94: Removing the upper radiator hose elbow
Remove the upper radiator hose con-
necting pipe from the thermostat
housing.
T2007235
Fig. 96: Removing the housing
8
Remove aI'I of the coolant/air/oil lines Remove the bolts and the thermostat
from the air compressor. housing.
9 12

T2007236
Fig. 97: Removing the thermostat
Remove the thermostat from the ther-
T2007250 mostat housing.
Fig. 95: Rotate the air compressor
Remove the air compressor attaching

bolts and rotate the compressor out far
enough to allow clearance to remove

the thermostat housing.
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13

T2007238
Fig. 98: Removing the sealing ring

Remove the sealing ring from the ther-
mostat housing by tapping with a drift
until it tips over and can be removed.

14

Clean the sealing surfaces of the ther-
mostat housing and the sealing
surfaces of the cylinder head and pipe
connections.

15

Fig. 99: Installing a new sealing ring
Install a new sealing ring to drift 9998291
9998291.

Note: The sealing ring must be in-
stalled with the broad metal plate
facing the ledge on the drift.

Service Procedures

16

Fig. 100: Installing a new sealing ring

Using drift 9998291, carefully tap the 9998291
sealing ring in until it bottoms out in
the housing.

17

Fig. 101: New thermostat and seal

Install a new thermostat and a new
seal into the housing.

18

Remove the bolts holding the spacer
between the coolant pump and the
thermostat housing. Install a new seal-
ing ring to the spacer and coat it with
grease.
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19 23
Install the pipe between the radiator
and the thermostat housing. Use a
new sealing ring.

24

Attach the cab heater pipe to the ther-
mostat housing. Install a new sealing
ring.

25
Attach the fan ring stay.

26

T2007235
Fig. 102: Reattaching the thermostat housing

Install and attach the thermostat hous-
ing to the cylinder head.

20

Push the pipe from the coolant pump
into the thermostat housing entry and
install the bolts holding the pipe.

21

T2007264
Fig. 104: Reattaching the hoses to thermostat housing

Plug in the temperature sensor con-
nector and attach the expansion tank
hose.

27
Fill with coolant and carry out a leak-
age check.

T2007240
Fig. 103: New air compressor seal

Install a new seal between the air
compressor and the timing gear plate.
Attach the air compressor.

22
Reinstall all of the coolant/air/oil lines
to the air compressor.
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2627-03-02-01
Thermostat, Replacement

D12C
/ £\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

Never remove the cap on the expansion tank while
the engine is still hot. Wait until the coolant tempera-
ture is below 50° C (120° F). Scalding steam and fluid
under pressure may escape and cause serious per-
sonal injuries.

/j\ WARNING

Do not work near the fan with the engine running. The
engine fan can engage at any time without warning.
Anyone near the fan when it turns on could be seri-
ously injured. Before turning on the ignition, be sure
that no one is near the fan.

/j\ WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.

Special tools: 9996049, 9998619, 9998511

Other special equipment: 945408, 946173,
949873, 955894

1
Drain off the coolant with drain hose
9996049.

9996049

Service Procedures

2

Remove the two bolts for the exhaust
collector pipe located next to the ther-
mostat housing.

3
Remove the thermostat housing from
the engine.

4
Remove piston thermostat from the
cylinder head.

Fig. 105: Remove the sealing ring

Remove the sealing ring from the
cylinder head, tapping the sealing ring
with a drift so that it is lifted up and
can be removed.

6
Clean all the sealing surfaces and pipe
connections.

W2003428
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7 11
Install the thermostat housing and
tighten the bolts by hand.

Note: Make sure that the gasket to the
cylinder head is correctly positioned.
Use a new gasket.

12

W2003427
Fig. 106: Checking that the sealing ring is correctly posi-
tioned
Place a new sealing ring on drift 9998619
9998619.
Note: The ring should be turned with
the wide plate edge facing the shoul-
der of the drift.
8 W2003539
Install the thermostat housing and Fig. 108: Tighten the thermostat housing bolts in the se
tighten the bolts by hand. quence shown

Tighten the thermostat housing’s bolts

9 in the sequence shown in the illustra-
tion (1-2-3). Tighten to a torque as
per the specifications for standard
bolts.

Note: Remember to remove the ten-
sioning bolt (M8x20).

13

Install the bolts between the exhaust
manifold and the thermostat housing
until they push against the seal.
Tighten to the specified torque.

14
Connect the remaining coolant line.
W2003482
Fig. 107: Thermostat housing remove tool 15
Press drift J-44472 into the cylinder J-44772 Fill with approved coolant.
head until the drift reaches the bottom
of the cylinder head.
16
Start the engine.
10
Install the new piston thermostat. Run the engine until it is at operating
Lubricate the seal on the piston ther- temperature. Then run at 1800 rpm
mostat with soapy water. and check for leaks.
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2627-06-05-01
Thermostat, Checking

WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.

A function check must be carried out before in-
stalling a new thermostat.

Note: Check to be sure that the thermostat closes fully.

This can be done by holding it up to the light to check
that there is no visible gap at the opening point. If the
thermostat does not close properly, replace it

T2007256

Fig. 109: Checking the thermostat

Warm up water in a receptacle to 75
°C (167° F) and immerse the thermo-
stat in the water as illustrated.

Use a piece of wire attached to the
thermostat.

2
After at least 30 seconds, check that
the thermostat is still closed.

Service Procedures

T2007255

Fig. 110: Checking the thermostat

Now warm the water to 100° C (212°
F). After at least 30 seconds at boiling
point, check that the thermostat has
opened at least 7 mm (9/32 in). If the
thermostat has not opened, it must be
replaced. A good thermostat starts to
close at 95 C (203 F) and is fully
closed at approximately 85° C (185°
F).

2631-03-02-01
Viscous Fan, Replacement

/ £\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

Never remove the cap on the expansion tank while
the engine is still hot. Wait until the coolant tempera-
ture is below 50° C (120° F). Scalding steam and fluid
under pressure may escape and cause serious per-
sonal injuries.
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1
/1\ WARNING Remove the charge air hose between
the charge air cooler and inlet pipe, or
Do not work near the fan with the engine running. The where applicable, between the charge

engine fan can engage at any time without warning. air cooler and starting heater.

Anyone near the fan when it turns on could be seri-
ously injured. Before turning on the ignition, be sure

that no one is near the fan. 2
Remove the bolts holding the fan ring.

/ 1\ WARNING 3

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.

(Includes removal and installation of fan blade.)

Note: Before replacing the fan, carry out a function
check. See "Viscous Fan, Checking” page 68.

Removal

W2003337
Fig. 112: Removing the fan

Using the Belt Tensioner Release Tool, J-44392
J-44392, loosen the drive belt. Re-

move the fan nuts and lower the fan

carefully into the fan shroud.

Note: Some engines may have the
belt tensioner mounted on the other
side, compared to shown picture

4
Remove the studs from the fan hub

and carefully lift the fan out. Stand the
fan vertically to avoid leakage of fluid.

T2007261
Fig. 111: Proper storage of fan

The temperature controlled fan is filled with a precise
amount of silicone fluid; this determines its functional
properties. When out of the vehicle, the temperature
controlled fan must always be stood vertically. If placed
horizontally, leakage will occur and the fan will lose its
properties. Before replacing a fan, always make sure
that the new fan has not leaked fluid. If fluid has leaked
out, special instruments are required to check both en-
gagement temperature and fan speed.

Special tools: J-44392
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Installation

1
Place the new fan in the fan shroud.
Install the studs.

Fig. 113: Installing the fan

Lift the fan into position. Install and
tighten the nuts. Make sure that the
drive belt runs properly in the pulleys.
Remove the lever.

3
Install the bolts for the fan ring.

4
Install the charge air hose using new
seals.

Service Procedures

2634-03-02-01
Fan Belt Tensioner, Replace-
ment

/f\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

Never remove the cap on the expansion tank while
the engine is still hot. Wait until the coolant tempera-
ture is below 50° C (120° F). Scalding steam and fluid
under pressure may escape and cause serious per-
sonal injuries.

/j\ WARNING

Do not work near the fan with the engine running. The
engine fan can engage at any time without warning.
Anyone near the fan when it turns on could be seri-
ously injured. Before turning on the ignition, be sure
that no one is near the fan.

/j\ WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.
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Removal Installation

1

W2003336
Fig. 114: Loosening fan belt tension

T2007224

1 Fig. 116: Installing the belt tensioner
Apply special tool J-44392, to the belt J-44392
tensioner to loosen and remove the Install the belt tensioner, making sure
belt. that the stud in the tensioner fits cor-
rectly into the hole in the timing gear
cover.
2
2
Tighten the boltto 24 + 4 Nm (18 + 3 24 + 4 Nm
ft-Ib) and install the cover. (18 + 3 ft-lb)
3

Check that the fan belt is not damaged
and does not need to be changed be-
fore installing it into the correct
grooves of the pulleys.

4
Remove the lever from the belt ten-
sioner.

T2007223
Fig. 115: Removing the belt tensioner

Remove the protective cover. Remove
the bolt and the belt tensioner.
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2634-03-02-04

Cooling Fan Drive Belt, Re-

placement
1

T2007253
Fig. 117: Removing the fan assembly

Remove the nuts holding the fan to the
pulley. Lift off the fan and lower it into
the fan shroud.

T2007222
Fig. 118: Loosening fan belt tension

Apply a breaker bar to the belt ten-
sioner to loosen and remove the belt.

3
Install the new belt making sure that it
runs properly in the pulley grooves.

Service Procedures

4
Install the fan and bolts. Remove the
breaker bar from the belt tensioner.

2634-04-02-01
Fan Belt Tensioner, Overhaul

/|\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

Never remove the cap on the expansion tank while
the engine is still hot. Wait until the coolant tempera-
ture is below 50° C (120° F). Scalding steam and fluid
under pressure may escape and cause serious per-
sonal injuries.

/1\ WARNING

Do not work near the fan with the engine running. The
engine fan can engage at any time without warning.
Anyone near the fan when it turns on could be seri-
ously injured. Before turning on the ignition, be sure
that no one is near the fan.

/j\ WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.
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Removal 4

T2008291
Fig. 119: Remove belt tensioner

T2008723
Fig. 121: Remove protective cover

Use a 1/2 in. drive ratchet to move the 1/2 in. drive
Remove the protective cover from the

belt tensioner to a position that will al- ratchet
low the fan belt to be removed from its pulley. Make a hole in the protective
pulleys. cover with a screwdriver or punch and

carefully pry the cover off the pulley.

/ | \ WARNING Note: Make sure you do not damage

the pulley if it will be reused

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or 5
fluids.

2

T2008724
Fig. 122: Remove center bolt

Remove the center bolt and lift off the
pulley and bearing.

T2008345
Fig. 120: Remove protective cap
Remove the protective cap from the
belt tensioner. Remove the bolt and lift

off the belt tensioner from the timing
cover.

Overhaul

3
Place the tensioner in a vice.
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T2008725
Fig. 123: Remove the belt tensioner

9994113
9996626

Remove the belt tensioner from the
vice. Place sleeve 9996626 under the
pulley and tap out the bearing using
drift 9994113.

7
Clean and inspect the parts.

T2008726
Fig. 124: Sleeve placement in pulley

Place sleeve 9996626 under the pulley 9992413
and press on the bearing using drift 9996626
9992413. Make sure that the bearing

bottoms in the pulley.

Service Procedures

T2008724
Fig. 125: Install the pulley on the belt tensioner

Install the pulley on the belt tensioner
and tighten the center bolt. Check that
the pulley rotates easily.

10

T2008727
Fig. 126: Install a new protective cover

9996383
9998404

Install a new protective cover using
drift 9996383 and counter-hold
9998404. Check that the pulley rotates
easily.

Note: It is important that the counter-
hold is used, otherwise there is a risk
that the bearing will not seat properly
in the pulley.
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Installation

11

Fig. 127: Install the belt tensioner

Install the belt tensioner, make sure 24 + 4 Nm
that the mounting bolt on the tensioner (18 % 3 ft-Ib)
correctly enters the hole in the timing

gear cover. Torque the mounting bolt

to 24 + 4 Nm (18 £ 3 ft-Ib). Install the

protective cap.

12

Fig. 128: Adjust the belt tensioner

Use a 1/2 in. drive ratchet to move the 1/2 in. drive

belt tensioner to a position that will al- ratchet
low the fan belt to be installed on its

pulleys.

13

Check the fan belt, if cracks or chafing J-23600-B
marks are present, replace the fan

belt. Check that the belt is correctly

positioned in the grooves on the pul-

leys. Remove the lever from the belt

tensioner and check fan belt tension

with Kent-Moore tool J-23600-B.
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2631-06-02-01
Viscous Fan, Checking

/?\ danger

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/A\. DANGER

Never work under or around a vehicle unless it is sup-
ported on jack stands of adequate rating. Failure to
use adequate jack stands can result in the vehicle
falling, which can cause serious injury or death to
anyone under the vehicle.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/t\ WARNING

Never remove the cap on the expansion tank while
the engine is still hot. Wait until the coolant tempera-
ture is below 50° C (120° F). Scalding steam and fluid
under pressure may escape and cause serious per-
sonal injuries.

/t\ WARNING

Do not work near the fan with the engine running. The
engine fan can engage at any time without warning.
Anyone near the fan when it turns on could be seri-
ously injured. Before turning on the ignition, be sure
that no one is near the fan.

/K WARNING

Always wear eye protection when working around bat-
teries to prevent the risk of injury due to contact with
sulfuric acid or an explosion.
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If any of the following characteristics are observed, it is
possible that the fan could be faulty. However, be sure to
go through the check list below:

1 The fan does not engage, i.e. low fan speed despite
high engine load. This will result in high coolant

temperature and thereby a drop in engine output.

2  The fan does not disengage despite low engine load.

Check the following before measuring fan speed:

¢ That the radiators are not blocked by insects or
leaves etc.

¢« Coolant level is between MIN and MAX.
¢ Fan drive belt is not loose or cracked.
* The radiator is not blocked by insects or leaves etc.

¢« The coolant temperature gauge sensor is function-
ing properly.

¢ The cooling system is not blocked.
¢« The fan is clean and undamaged.
¢ Fluid has not leaked out of the fan hub.

¢ The bimetallic spring/plate of the fan is not damaged
or blocked.

Note: Operational disturbances concerning the fan can
also be due to wear in the control mechanism.

Note: If the thermostat in the cooling system is faulty,
this will also result in faulty fan operation.

Note: The fan drive or clutch is an exchange unit and
cannot be repaired since special instruments are re-
quired for adjustment and checking of the engagement
temperature and speed.

Note: If fluid has leaked out of the fan drive or clutch, no
attempt must be made to refill with silicone fluid since a
precise amount of fluid is required to give the fan its
properties.

Note: The fan should be stored upright or to a maximum
angle of 45°. If the angle is higher or if lying flat on the
ground, the silicone fluid will drain out of the fan.

Service Procedures

2651-03-04-01
Charge Air Cooler, Replace-
ment

(Radiator Removed)

/f\. DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

Never remove the cap on the expansion tank while
the engine is still hot. Wait until the coolant tempera-
ture is below 50° C (120° F). Scalding steam and fluid
under pressure may escape and cause serious per-
sonal injuries.

/j\ WARNING

Do not work near the fan with the engine running. The
engine fan can engage at any time without warning.
Anyone near the fan when it turns on could be seri-
ously injured. Before turning on the ignition, be sure
that no one is near the fan.

A WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.
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Removal 3
1
W2002062
Fig. 129: Remove expansion tank from radiator
Remove the five bolts fastening the 12 mm socket
expansion tank to the radiator. Discon- screwdriver
nect the hose from expansion tank to
the radiator top tank. Lift off the ex-
pansion tank and set aside.
2 Fig. 131: Remove charge air cooler
Remove the remaining bolts fastening 13 mm socket
the charge air cooler to the radiator, 12 mm wrench

013101310131013101310131

Fig. 130: Remove support brackets
Remove the four bolts holding the two 12 mm socket

lower air conditioning condenser sup-
port brackets to the radiator assembly.

70

and set the charge air cooler aside.

4
Remove the one bolt holding the over- 12 mm socket
flow tube to the radiator assembly.

5
W2002126
Fig. 132: Remove head screws from shroud
Remove the eight torx head screws T 30 torx bit

fastening the shroud to the radiator,
and set the shroud aside.
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Installation

1

Install the overflow hose and bracket, 7 mm socket
the top radiator hose and the bleed screwdriver

hose to the radiator.

W2002126
Fig. 133: Position the shroud into place, install head
screws

Position the shroud into place, install T 30 torx bit
eight torx head screws and hand
tighten.

Service Procedures

Fig. 134: Install mounting bolts

Position the charge air cooler onto the 13 mm socket
radiator. Install the four mounting bolts 12 mmwrench

leaving the upper two hand tight. 24 + 4Nm
Torque the lower bolts to 24 + 4 Nm (18 + 3 ft-Ib)
(18 * 3 ft-lb).

4

Fig. 135: Install expansion tank bolts

Position the expansion tank into place 12mm socket
and install the five mounting bolts. 24 + 4 Nm
Torque to 24 £+ 4 Nm (18 = 3 ft-lb). (18 + 3 ft-lb)
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W2002102
Fig. 136: Install support brackets

Position the air conditioning condenser 12 mm socket
mounting brackets. Install the four

mounting bolts hand tight.

3821 -06-02-01
Coolant Temperature Gauge,
Checking

/?\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

IT\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.
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Service Procedures

/?\ WARNING

Never remove the cap on the expansion tank while
the engine is still hot. Wait until the coolant tempera-
ture is below 50° C (120° F). Scalding steam and fluid
under pressure may escape and cause serious per-
sonal injuries.

/t\ WARNING

Do not work near the fan with the engine running. The
engine fan can engage at any time without warning.
Anyone near the fan when it turns on could be seri-
ously injured. Before turning on the ignition, be sure
that no one is near the fan.

4 s WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.

1

Remove the temperature sensor from
the thermostat housing and connect
the electric cable.

2
Connect a ground between the tem-
perature sensor and the cylinder block.

3
Submerse the temperature sensor in
heated water.

4
Using a thermometer, measure the
temperature. Compare this reading
with the temperature gauge reading.
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2611-11-04-01
Radiator, Cleaning

(Unit Removed)

/ 4 danger

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

Never remove the cap on the expansion tank while
the engine is still hot. Wait until the coolant tempera-
ture is below 50° C (120° F). Scalding steam and fluid
under pressure may escape and cause serious per-
sonal injuries.

/j\ WARNING

Do not work near the fan with the engine running. The
engine fan can engage at any time without warning.
Anyone near the fan when it turns on could be seri-
ously injured. Before turning on the ignition, be sure
that no one is near the fan.

/j\ WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.

Service Procedures

If you see or suspect that the cell packages of the

charge air cooler or radiator cell packages are dirty,
these components should be cleaned. Depending on the
installation, it may be necessary to completely remove
the components from the vehicle; see “Radiator, Re-
placement” page 29.

Note: Regardless of cleaning method, extreme cau-
tion should be observed so as not to damage the
radiator fins.

External Cleaning

1

Separate the radiator and the charge
air cooler if they have been removed

from the vehicle as a single unit. This
ensures proper cleaning of each com-
ponent.

2
Cover the inlet and outlet pipes to pre-
vent degreasing agents or dirt to enter.

3
Clean the radiator with compressed air
if it is clogged with dust.

Note: Air pressure should not exceed
210 kPa (30 psi) for the radiator and
should not exceed 170 kPa (25 psi) for
the condenser.

4
When rinsing, start with the back of
the radiator and then turn it around
and rinse from the front. Use hot water
and make sure that the cells get clean.

5

Gummed up dirt can be removed by
using CALCLEAN cleaners, either in
regular or heavy-duty strength. These
cleaners can be sprayed on the cores
using a hand pump sprayer and rinsed
off. They will not harm the core materi-
als.

6

In case a degreasing agent is used,
be sure to thoroughly clean plastic and
rubber parts if these get covered with
degreasing agent.
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W2003373
Fig. 137: Correct positioning of high pressure car wash.

A high pressure car wash with a max
working pressure of 100-120 bar
(1450-1750 psi) may be used, but
with extreme caution. Make sure that
the nozzle is held perpendicular to cell
package at all times and that it is
moved from side to side. The nozzle
should always be positioned at a dis-
tance of 8-12 inches from the cell
package.

Note: Using a high pressure car
wash will necessitate the removal of
the radiator(s) from the vehicle in
order to correctly clean the radiator
without the risk of damaging the
fins with the high pressure.

8

Rinse the radiator starting with the
back and then turn it around and rinse
from the front.
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2651-11-02-01
Charge Air Cooler, Cleaning

/j\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

Never remove the cap on the expansion tank while
the engine is still hot. Wait until the coolant tempera-
ture is below 50° C (120° F). Scalding steam and fluid
under pressure may escape and cause serious per-
sonal injuries.

/j\ WARNING

Do not work near the fan with the engine running. The
engine fan can engage at any time without warning.
Anyone near the fan when it turns on could be seri-
ously injured. Before turning on the ignition, be sure
that no one is near the fan.

/j\ WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.

1
Remove the grille

2
Tilt the hood. Support the hood to al-
low removal of the safety cables.
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Fig. 138: Loosening charge air cooler clamps.

Loosen the charge air cooler clamps
on the side of the charge air cooler.

Fig. 139: Unfasten A/C lines

Unfasten the A/C lines from the right
side of the radiator.

W2000460

Service Procedures

W2003523

Fig. 140: Removing A/C condenser mounting bolts on

VN model

W2003524

Fig. 141: Removing A/C condenser mounting bolts on

VHD model

After removing the A/C condenser line
clamps and the A/C condenser mount-
ing bolts, the condenser can be laid
aside.

Note: All A/C lines on the VN/VHD are
locted on the left side of the cooling
package. When removing the A/C con-
densor line clamps make sure not to
lossen the A/C lines.

6

Remove the clamps from the charge
air cooler hoses on both sides. Re-
move the left side radiator shield.
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7 11

Remove the charge air cooler. Install the radiator recirculation shields
on the top, bottom and both sides of
the radiator. These shields will help

8 reduce the contaminations that get be-
tween the components.

Note: VN/NVHD model trucks are
equipped with air deflectors mounted
on the sides of the radiator.

W2000462
Fig. 142: Direction of air pressure

Clean dirt and debris from the cores
by using air pressure. This should be
done from the backside of the core.
The use of a radiator fin comb will also
loosen dirt and debris fron the fins.

Note: The air pressure should not ex-
ceed 30 psi (210kPa) for charge air
cooler core.

Note: The air pressure should not
exceed 25 psi(170 kPa) for the con-
denser.

9

Hard to remove gummed up dirt can
be removed by using Calgon cleaners
CALCLEAN, either in regular or heavy
duty strengths. These cleaners can be
sprayed on the cores using a hand
pump sprayer, rinsed off and will not
harm the core materials.

10

Reassemble the charge air cooler and
condenser. Remember to install the
isolators and teflon pads on the
charge air cooler.
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System Check

System Check

2619-09-02-01
Cooling System, Servicing

(Flush — includes draining and re-filling coolant)

/j\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ DANGER

Coolant is toxic; risk of poisoning. Do not drink
coolant. Use proper hand protection when handling.
Keep coolant out of reach of children and animals.
Failure to follow these precautions can cause serious
illness or death.

/j\ WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.

Note: Should the cooling system have substantial rust
and sludge deposits, the following cleaning method is
recommended:

Draining and Flushing

1

W2000751

Draining the coolant

Drain the cooling system into suitable
container. Open all drain points. In ad-
dition, remove the expansion tank cap
before draining the system.

Draining points:

* Radiator
e Cylinder block

¢ Qil cooler, transmission
(when installed)

e Water pump (remove water
filter and leave drain valve
open)

2

Drain the cooling and heating systems
and flush them with a good commer-
cial cooling system cleaner (flush).
Follow the instructions provided on the
cleaner (flush) packaging.
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3

Drain the cooling and heating systems
and flush through with clean water. For
quick, efficient draining, remove the
lower and upper radiator hoses and
the drain valves. Do not forget to drain
the heater element and the engine
heater.

4
Run the engine for 10-15 minutes at
normal working temperature and then
repeat the flushing procedure.

5

The heating system must be flushed
separately with hoses disconnected to
ensure removal of any impurities left in
the system. Also remove the expan-
sion tank cap. For effective cleaning,
flush the expansion tank from below
with the cap removed.

6

When the system is entirely free from
impurities, it is ready to be refilled with
new coolant, seetable page 17

7
If the system is cleaned on a regular
basis (for example, when the concen-
trated coolant is drained or filled) or
when the system is relatively free from
deposits, a smaller amount of cleaner
additive or simply flushing with clean
water may be sufficient.

Note: Chemicals for cleaning the cool-
ing system are not marketed by Volvo
Trucks North America and must be ob-
tained elsewhere. Dispose of all
cleaner's and coolant fluids according
to local and state regulations.
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Filling

8

The cooling system is filled through
the expansion tank. The engine must
be switched off and the heater controls
set at WARM.

9

Fill with coolant to the maximum level
on the expansion tank. The cooling
system will vent itself automatically.

10
Place shift lever in neutral and apply
parking brake.

11

After running the engine warm and
then allowing it to cool, check the
coolant level again.

System Check
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Volvo Trucks North America,
Greensboro, NC USA

This TSI Service Bulletin replaces TSI Service Bulletin bate Group No. Supp. Page

216-003, “Rear Crankshaft Seal, D12, D12A, D12B, 8.2003 216 003 1(4)
D12C” (11.2001), publication no. PV776-TSP160567.

Rear Crankshaft Seal
D12, D12A, D12B, D12C

Rear Crankshaft Seal

VOLVO D12C Engine

This information covers service procedures for replacing rear crankshaft seals on
VOLVO D12, D12A, D12B, and D12C engines.

Contents
* “Special Tools” page 2

* “Crankshaft Seal, Replacement (Rear)” page 3

PV776-TSP192460 USA13823



Volvo Trucks North America, Inc. Date Group No.

TSI g2003 216 003

Tools
Special Tools

The following special tools are used to replace or repair components. The tools can be
ordered from Volvo; please use the specified part number when ordering.

9992000 9998238 9996950

Handle Drift Stop Tool for Flywheel

Page
2(4)
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TSI

Removing old sealing ring

Clean sealing ring seat

Date Group No. Page

8.2003 216 003 3(4)

Service Procedures

2167-03-03-01
Crankshaft Seal, Replacement (Rear)

T2006662

(In vehicle — transmission, clutch, and flywheel
removed)

You must read and understand the precautions and
guidelines in Service Information, Group 20, "General
Safety Practices, Engine" before performing this
procedure. If you are not properly trained and certified
in this procedure, ask your supervisor for training
before you perform it

Special tools: 9992000, 9998238
1
Rotate the sealing ring outward using a drift and hammer.

As the seal rotates outward, remove the old sealing ring
with the help of a hook.



Volvo Trucks North America, Inc. Date Grou No Page

TSI 8.2003 21 003 4(4)

3

Apply clean engine oil to the edge of the new sealing
ring and fit seal on drift 9998238. Carefully tap seal into
the flywheel housing using handle 9992000 and drift
9998238 until the drift evenly contacts the crankshaft.

Note: Position Drift 9998238 so that it does not interfere
with the alignment dowel during installation.

9992000, 9998238

W2004278

Installing sealing ring
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Volvo Trucks North America,
Greensboro, NC USA

This TSI Service Bulletin and others in Groups 21 and

33 replace TSI Service Manual 210-600, “Basic Engine,

D12, D12A, D12B, D12C” (8.2000), publication no.
PV776-TSP142853.

Cylinder Compression

Fig. 1: VOLVO D12C Engine

TSI

Date Group No. Supp.  Page

11.2001 210 004 1(18)

Cylinder Compression
D12, D12A, D12B, D12C

W2003244

This information covers the procedure for checking cylinder compression on VOLVO

D12 engines.

Contents

. “Special Tools” page 2

. “Cylinder Compression, Checking” page 3

PV776-TSP160585

USA10311
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Special Tools

Tools

The following special tools are used to replace or repair components. The tools can be
ordered from Volvo; please use the specified part number when ordering.

3949521
VEB Shim Kit

9988539
Compression gauge

9998249
Protection cap

9998580
Seal tool

9808570
Brush

9996956
Cranking tool

9998255
Elevation tool

9999693
Graphic Card (used with 9988539)

9808616
Handle

9998248
Adapter

9998511
Lever

J-44621
Compression Gauge Adapter Set
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2103-06-02-01
Cylinder Compression, Check-

ing

(With EPG or VEB)

/f\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/f\ DANGER

Do not service any part of the fuel system while
smoking or in the presence of flames, sparks, or hot
surfaces. Failure to follow these precautions can result
in fire, which can cause serious injury or death.

WARNING

FIOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

WARNING

Do not work near the fan with the engine running. The
engine fan can engage at any time without warning.
Anyone near the fan when it turns on could be seri-
ously injured. Before turning on the ignition, be sure
that no one is near the fan.

Note: A diagnostic test can identify possible variations
between cylinders; refer to VCADS Pro tool.

Date Group No. Page

11.2001 210 004 3(18)

Note:

engine, install all six adapters (9998248) at the same
time. This eliminates the need to remove and reinstall
the rocker arm bridge between each cylinder test. It is
also unnecessary to remove and adjust the unit injector
between each cylinder test.

Note:

their surrounding areas are clean.

Special tools: 9808570, 9808616, 9988539,
9996956, 9998248, 9998249, 9998255,
9998511, 9998580, 9998583, 9999696

1

/j\ WARNING

Fuel leaked or spilled onto hot surfaces or electrical
components can cause a fire. Clean up fuel spills im-
mediately.

Clean around the drain plug in the fuel
filter bracket. Connect a pipe to the
plug and direct the other end of the
pipe to a suitable container. Open the
plug and let the fuel in the cylinder
head drain into the container.

Remove the valve cover.

Note:

or the studs may loosen from the
cylinder head and damage the electri-
cal installation and the valve cover.
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T2008818
Disconnect the electrical connections
from the unit injectors.

T2008812
Disconnect the electrical connections
from the unit injectors and from the
VEB control valve. Carefully pull the
electrical installation out of the cylinder
head.

5
Clean around the VEB control valve.

T2008813
Remove the valve cover stud located
in front of the VEB control valve.
7

T2008814

Remove the bolts from the VEB con-
trol valve and then remove the valve.
Also remove the pipe between the
control valve and the rocker arm shatft.

Note: Save the valve in a place free
from dust. Place a cover over the
cylinder head oil hole.
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8 11
Clean around the unit injectors.

12

C2001720
Loosen the bolts in the rocker arm
shaft support uniformly along the en-
tire shaft, so that it is not strained and
risk being warped.

T2012932
Remove the unit injector with lever 9998511

9998511.

13

C2001721
Remove the bolts, attach lifting tool 9998255
9998255, and raise the entire rocker

arm assembly.

Note: In engines equipped with the
VEB engine brake, fasten the rocker
pistons with a rubber band or another 2000425

suitable device to prevent the pistons
from dropping when the rocker arm
assembly is lifted.

Rocker pistons are classified in pack-
ages (2, 3, or 4 points are stamped on
the rocker arms and pistons) and
should be kept as an assembly.

10
Remove the bolts fastening the levers
of all unit injectors.

Install dust covers 9998249 on the unit
injector to protect them from dirt or
possible damage.

14
Use the same procedure to remove
the other unit injectors, one at a time.

Note:
support so they can easily be rein-
stalled in their original cylinders.

9998249
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15

T2014131
Clean the copper sleeves in the unit 9808616
injectors using tools 9808616, 9808570
9808570, and 9998580. 9998580

/17\ CAUTION

While cleaning the copper sleeves for the unit injec-
tors, never use spatulas, steel brushes, or any other
steel objects. Do not clean the injector nozzles, as

this can damage them or obstruct the nozzle holes,
which can reduce engine power or bind piston rings.

16

€2000411
Install the 6 compression test adapters 9998248
9998248 in the cylinder head.

/7\ CAUTION

DO NOT leave unit injector tubes opened. If not in-
stalling 9998248 adapters, install 9998251 protective
plugs to protect tubes from contaminants.

€2001726
Lubricate the valve bridges and 9998255
camshaft lobes with engine oil. Using
lifting tool 9998255, install the rocker
arm bridge.

18

W2003520
Fig. 2: Bearing caps and camshaft/rocker shaft, tighten-
ing sequence



Volvo Trucks North America, Inc.
TSI

19
Gradually tighten the bolts so that the

rocker arm shaft does not bend or
warp (also check that the guide pins /E
correctly In the camshaft supports).
Tighten the shaft until It lies against
the camshaft lobes, then torque-
tlghten using the proper bolt sequence
(see Fig. 2: Bearing caps and
camshaft/rocker shaft, tightening se-
quence, page 7) and the following
5-step process:

D12C: 1 15+ 5 Nm

(11 + 4 ft-Ib);

+90 = 5°

2 60 +5Nm
(44 + 4 ft-lb)

3 15+ 5 Nm
(11 + 4 ft-Ib);
+120 + 5°

4 60 £ 5 Nm
(44 + 4 ft-Ib)
loosen to 0 Nm
(0 ft-Ib)

5 15+ 5 Nm
(11 £ 4 ft-lb);
+120 + 5°

valve.

20
D12, D12A, 1

D12B:

15 + 5 Nm

(11 £ 4 ft-lb);

+90 £ 5°

2 45 Nm
(33 ft-Ib)

3 15+ 5 Nm
(11 + 4 ft-lb);
+90 £ 5°

4 45 Nm (33 ft-Ib);
loosen to 0 Nm
(0 ft-lb)

5 15 £+ 5 Nm

(11 £ 4 ft-lb);

+90 + 5°

9996956

Date
11.2001

Group No.

210 004

T2008958

In VEB engines, Install the control

Install Cfywheel turning tool 9996956.

21

Turn the engine to the next marking on
the camshaft for the valve adjustment.

9996956

Page
7(18)
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22

T2009075
Loosen the screw in the valve bridge 38 £+ 4 Nm
until the bridge stops contacting the (28 £ 3 ft-Ib)

valve stems. Put pressure on the valve
bridge and hand-tighten the screw to 0
lash. Turn an additional 60° and
torque-tighten the retaining nut to 38 +
4 Nm (28 = 3 ft-Ib).

23

Checking intake valve play with tool 9998248 in-
stalled

Check the intake valve play and adjust
if the play is not within specifications:

. Intake valves: 0.20 £ 0.05 mm
(0.008 + 0.002 in.)

Note: Mark each valve with a felt
marker pen as you adjust them so as
to know which valves are already ad-
justed.

24

Turn the engine to the next marking on
the camshaft for the exhaust valve ad-
justment.

25

T2009073
To adjust the valve bridge, use the
same procedure described for the in-
take valve, but do not tighten the nut.

26

-rt— f

W2002165
Using a cotter pin removal tool or simi-
lar instrument, compress the coil
spring of the rocker piston.
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27

While compressing the coil spring,
press down /Emly on the exhaust
rocker arm. This will force out any oil
and properly seat the power piston to
its innermost position in the rocker
arm.

Note: Be sure there is no oil on the
rocker arm preventing the piston from
reaching the end of its stroke. This
can act as a hydraulic wedge and pre-
vent correct adjustment.

T2009009

Date Group No.

nao 210 004

28

W2003734

Checking exhaust valve play with tool 9998248 in-

stalled

Insert a feeler gauge, with the speci-
/6d measure, between the valve
bridge and the rocker piston end. Turn
the piston to prevent it from tilting.

Acceptable valve clearance (play)

Exhaust 0.50 + 0.05 mm (0.0196 *
0.0019 in.)

Exhaust with 1.60+ 0.05 mm (0.063 + 0.002
VEB in.)

Note: If there is play: try with different
feeler gauges until the play disap-
pears. That makes it possible to /Bd
out which shim measure will be used
in step 29. If unable to insert the feeler
gauge, try a thinner gauge until one
/B or until there is no longer any play.

Page
9(18)
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29

Calculate the thickness for the new
shims using "A-B" (below). A maxi-
mum of two shims may be used. (If
two shims are needed, select the
shims so they are both about the
same thickness.)

A - B = shims required
A = Measured play

B = Specified play tolerance

Note:

intervals of 0.05 mm (0.002 in). Sizes
range from 2.0 + 2.4 mm (0.08 =
0.094 in.), and from 3.2 + 3.95 mm
(0.126 + 0.156 in.). The thickness is
stamped on the shims.

30

Carefully clean the shims and valve
bridge. Install the shims and tighten
the adjustment screw lock nutto 38 +
4 Nm (28 + 3 ft-Ib).

Note:
screw does not move out of position
when tightening the nut.

31
Use the same procedure to check the
play of the other valves.

32

T2009008

C2000183

Remove flywheel turning tool 9996956.

33

/j\ CAUTION

Before running the engine with the starter motor, re-
move the voltage supply fuse for the engine ECU (fuse
43) to prevent the engine from starting accidentally.

Connect a contact switch to the starter
motor or ask another person to help
you run the engine with the contact
switch.

38 £+ 4 Nm
(28 + 3 ft-Ib)
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34 37

79988539

C2000412

Fig. 3: Connecting the compression tester to adapter

Using adapter 9998248, connect com- 9988539 C2001721
pression tester 9988539 to cylinder 9998248 Remove the complete rocker arm shaft =~ 9998255
number 1 and perform the test. Note using lifting tool 9998255.

that compression gauge adapter J-
44621 must be installed on 9998248
before connecting it to the compres-
sion tester.

Run the engine with the starter motor
until the compression gauge needle
stops (compression maximum value).
Write down the maximum value for the
cylinder compression.

38

Note: Do not run the starter motor for
more than 15 seconds in time intervals
of 60 seconds.

35
Repeat the test for all cylinders.

Note:

than 20% below the maximum
cylinder. Make necessary repairs, if re-
quired, before reassembly. Refer to
Service Information, Group 21.

C2000411
Remove adapters 9998248 from all
cylinders.

Reassembly 39
36

Remove the bolts and remove the
VEB control valve.

€2000183
Reinstall flywheel turning tool
9996956.
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40

T2008956

Install new O-rings in the unit injectors.
(For D12C, choose the two thickest vi-
olet rings in the O-ring set.) Lubricate
the O-rings with clean engine oil.
Install the unit injector and align it be-
tween the valve springs. Torque-tighten
the lock nutto 52 + 4 Nm (38 + 3 ft-lb).

41
Use the same procedure to install the
other unit injectors.

42

Connect the wire to the unit injector
terminal. Torque-tighten the nut to 1.4
Nm (1.0 ft-Ib).

/j\ CAUTION

43

Lubricate the valve bridges and
camshaft lobes with engine oil. Using
lifting tool 9998255, install the rocker
arm assembly.

52 + 4 Nm
(38 + 3 ft-Ib)

1.4 Nm
(1.0 ft-Ib)

Do not over-tighten. Over-tightened nuts may perma-

nently damage the unit injector.

C2001726

9998255
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44

W2003520
Fig. 4: Bearing caps and camshaft/rocker shaft, tighten
ing sequence

Gradually tighten the bolts so that the
rocker arm shaft does not bend or
warp (also check that the guide pins /E
correctly in the camshaft supports).
Tighten the shaft until it lies against
the camshaft lobes, then torque-
tighten using the following 5-step
torque sequence (see also Fig. 4:
Bearing caps and camshaft/rocker
shaft, tightening sequence, page 13):

Date Group

No.
uzo0 210 004

D12C: 1 15+ 5 Nm
(11 + 4 ft-Ib);
+90 + 5°

2 60+5Nm
(44 + 4 ft-Ib)

3 15+ 5 Nm
(11 + 4 ft-Ib);
+120 £ 5°

4 60 £+ 5 Nm
(44 + 4 ft-b);
loosen to 0 Nm
(0 ft-Ib)

5 15+ 5 Nm
(11 + 4 ft-Ib);
+120 £ 5°

D12, D12A, 1 15+ 5 Nm
D12B: (11 + 4 ft-lb);
+90 % 5°
2 45 Nm
(33 ft-Ib)
3 15+ 5 Nm
(11 + 4 ft-lb);
+90 + 5°
4 45 Nm (33 ft-lb);
loosen to 0 Nm
(0 ft-Ib)
5 15+ 5 Nm
(11 + 4 ft-Ib);
+90 % 5°

45
Remove the rubber bands holding the
VEB rocker pistons.

Page
13(18)
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46

Thoroughly clean the VEB control
valve pipe. Lubricate the rocker arm
shaft hole. Using a 1/2tinch extension
and a socket, connect the pipe to the
socket and install a new sealing ring
on the other end of the pipe. Connect
the pipe to the rocker shaft and check
that the seal ring is properly posi-
tioned.

T2009070

47

T2008958
Install a sealing ring to the pipe and
install the VEB control valve.

Note: Check that the cylinder head oil
channel cover has been removed.

Note:

the VEB control valve and the engine
cylinder head. Check that the ring is
properly positioned before tightening
the bolts for the VEB control valve.
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48

Connect the electrical installation for
the VEB solenoid valve to the control
valve and carefully tighten the termi-
nals so that the valve is not damaged.

49

Install the stud in front of the VEB con-
trol valve.

Note: Use loctite to lock the thread.

50

Turn the engine until the next marking
on the camshaft for the valve adjust-
ment.

Date Group  No.
11.2001

51

To set the play to zero in the valve
bridge, loosen the bolt until valve
bridge stops contacting the valve
stems. Then, hand-tighten the bolt un-
til it contacts the support. Turn the bolt
an additional 60° and torque-tighten
the bolt nutto 38 £+ 4 Nm (28 + 3 ft-Ib).

52

T2008960

Adjust the correct intake valve play:

. Intake valves: 0.15 - 0.25 mm
(0.006 - 0.010 in.)

Note:
marker pen as you adjust them so as
to know which valves are already ad-
justed.

53

T2008959

Adjust the rocker arm for the unit in-
jector until the play in the camshaft is
zero. Turn the adjusting bolt 3 or 4
flats and then torque-tighten to 52 + 4
Nm (38 # 3 ft-Ib).

210 004

Page

15(18)

38 + 4 Nm
(28 + 3 ft-Ib)

T2008968

T2008845

52 + 4 Nm
(38 + 3 ft-Ib)
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54 58
Use the same procedure to adjust the
other unit injectors.

55

Turn the engine until the next marking
on the camshaft for the exhaust valve
adjustment.

56

T2009009
While compressing the coil spring,
press down /Emly on the exhaust
rocker arm. This will force out any oil
and properly seat the power piston to
its innermost position in the rocker
arm.

Note: Be sure there is no oil on the
rocker arm preventing the piston from
reaching the end of its stroke. This
can act as a hydraulic wedge and pre-
vent correct adjustment.

T2009073
To adjust the valve bridge, use the
same procedure described for the in-
take valve, but do not tighten the nut.

57

irf— f-

W2002165
Using a cotter pin removal tool or simi-
lar instrument, compress the coil
spring of the rocker piston.
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59

T2008966
Insert a feeler gauge, with the speci-
fied measure, between the valve
bridge and the rocker piston end. Turn
the piston to prevent it from tilting.

Acceptable valve clearance (play)

Exhaust 0.50 + 0.05 mm (0.0196 +
0.0019 In.)

Exhaust with 1.60+ 0.05 mm (0.063 + 0.002
VEB In.)

Note: If there is play: try with different
feeler gauges until the play disap-
pears. That makes it possible to find
out which shim measure will be used
in step 60. If unable to insert the feeler
gauge, try a thinner gauge until one
fits or until there is no longer any play.

Date Group No.

12000 210 004

BO

T2009008
Calculate the thickness for the new
shims using "A-B" (below). A maxi-
mum of two shims may be used. (If
two shims are needed, select the
shims so they are both about the
same thickness.)

A - B = shims required

A = Measured play

B = Specified play tolerance

Note:

intervals of 0.05 mm (0.002 in). Sizes
range from 2.0 + 2.4 mm (0.08 =
0.094 in.), and from 3.2 £ 3.95 mm
(0.126 £ 0.156 in.). The thickness is
stamped on the shims.

61

Page
17(18)

Carefully clean the shims and valve 38 + 4 Nm
bridge. Install the shims and tighten (28 £ 3 ft-lb)

the adjustment screw lock nutto 38 +
4 Nm (28 = 3 ft-Ib).

Note: Make sure that the adjustment
screw does not move out of position
when tightening the nut.

62

Use the same procedure to check the
play of the other valves and unit injec-
tors.

63
Install the engine ECU fuse.
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64

Install the valve cover and torque-
tighten the bolts to 20 £+ 2 Nm (15 + 1
ft-Ib) following the sequence shown.

Note: Check that the nut (Zfenges and
rubber rings properly /Ethe valve
cover holes to avoid damage to the
valve cover.

65

Connect a hose to the air bleed nipple
In the fuel /Her bracket. Open the
drain plug and pump fuel with the
manual pump until the fuel comes out
with no air bubbles through the hose.
Tighten the drain plug In the fuel /Her
bracket, remove the hose, and place
the protection cap on the drain plug.

T2012934

T2012845

66

Connect the hose to the air drain nip-
ple on the cylinder head front and
drain the air by pumping fuel with the
manual pump until the fuel comes out
with no air bubbles through the hose.
Tighten the air drain nipple, remove
the hose, and place the protection cap
on the nipple.

67

Start the engine and keep It running at
Idling speed for approximately 10 min-
utes to purge any air remaining In the

fuel system. Check the seals In all fuel
pipe connections.

68

Check that the engine reaches the
normal operating temperature and let
It run for another 5 minutes at Ildling
speed. When the Idle speed stabilizes,
the cylinder balancing Is /Bished and
the correct amount of fuel the unit In-
jector should Inject In each cylinder Is
de/Eed.

Note:

consumption components, such as
power take-off, air conditioning, etc., to
allow the cylinder balancing to occur.

T2012797
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Foreword

The descriptions and service procedures contained in this manual are based on de-
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ence to an S.R.T (Standard Repair Time).

Service procedures which do not include an operation number in the title are for gen-
eral information and no reference is made to an S.R.T.

The following levels of observations, cautions and warnings are used in this Service
Documentation:

Note: Indicates a procedure, practice, or condition that must be followed in order to
have the vehicle or component function in the manner intended.

Caution: Indicates an unsafe practice where damage to the product could occur.

Warning: Indicates an unsafe practice where personal injury or severe damage to the
product could occur.

Danger: Indicates an unsafe practice where serious personal injury or death could oc-
cur.
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© 2000 Volvo Trucks North America, Inc., Greensboro, NC USA

All rights reserved. No part of this publication may be reproduced, stored in
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chanical, photocopying, recording or otherwise, without the prior written
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Group 23 Fuel System, D12, D12A, D12B, D12C General

General

W2003244
This information covers the fuel system of the Volvo D12 engine and includes engine
versions D12, D12A, D12B, and D12C.






Group 23 Fuel System, D12, D12A, D12B, D12C Specifications

Fuel System

Component Nm ft-Ib
Retainer bolt
unit injector w/ NEW COPPER SLEEVE
First tightening 20+ 5 15+ 4
Step 1
First tightening Turn an additional 180 + 5°
Step 2

Loosen the retainer bolt for the unit injector prior to the second tightening.

Second tightening 20+ 5 15+ 4
Step 1
Second tightening Turn an additional 60 £+ 5°
Step 2

Component Nm ft-1b

Retainer bolt
unit injector w/ OLD COPPER SLEEVE

Step 1 20+ 5 15+ 4

Step 2 Turn an additional 60 + 5°

Fuel Supply Pump and Overflow Valve
Fuel Supply Pressure

ENQGINE NUMDBDET oot up to 98799 from 98800
Minimum supply pressure at full load ..........ccccoiiiiiiiiiie 250 kPa 350 kPa
(36 psi) (51 psi)

Overflow Valve

ENQGINE NUMDBET oot up to 98799 from 98800
OPENING PrESSUIE oottt ettt sene e 300-350 kPa 340-450 kPa
(44-51 psi) (50-65 psi)



Group 23 Fuel System, D12, D12A, D12B, D12C Specifications

Identifying 450 kPa (65 psi) Fuel System Components

W2003117
Fig. 1: Fuel System Components

1 350 kPa (51 psi) overflow valve*

2 New 450 kPa (65 psi) overflow valve can be identified by the groove cut into the hex portion of the valve as
shown above.*

3 350 kPa (51 psi) fuel pump.

4 New 450 kPa (65 psi) fuel pump can be identified by the additional web in the casting as shown above.

(*D12A/B location shown.)

Important: When changing an overflow valve to the new
450 kPa (65 psi) bar version, the fuel pump must also be
changed to the 450 kPa (65 psi) version. However, when
changing a fuel supply pump to the 450 kPa (65 psi) ver-
sion, you are not required to change the overflow valve.

W2003394
Fig. 2: Overflow valve location, D12C



Group 23 Fuel System, D12, D12A, D12B, D12C

Special Tools

The following special tools are used to replace or repair components. The tools can be
ordered from Volvo Parts North America; please use the specified part number when
ordering. Tools with part numbers beginning with "J” are available directly from Kent-

Tools

Moore (telephone: 1-800-328-6657).

9996390

9996534

9996662

9996666

9996671

9996956

9998249

9998250

9998251

9998277

9812546

J-41603

J-41196

Drift indicator extension for setting electronic unit injector

Gauge for checking fuel feed pressure
Pressure gauge

Union for checking fuel feed pressure
Fuel filter removal tool

Cranking tool for flywheel

Protective sleeve for electronic unit injector
Sealing rings for the fuel gallery (2)
Sealing plug for cylinder head

Union for draining fuel system
Cleaning brush

Socket

Dial indicator

Tools



Group 23 Fuel System, D12, D12A, D12B, D12C Tools

W0001802

9998511 Lever tool
W2003530
9998599 Cleaning kit
1 9808614 — brush
2 9808615 — holder
3 9808613 — holder
4 9808616 — handle
5 J-42885-25 — protecting
sleeve
6 9808617 — brush
7 9808618 — brush
W0001837
J-44515 Fuel vacuum tool
W2003529
J-42885-25 Injector bore protecting sleeve



Group 23 Fuel System, D12, D12A, D12B, D12C Tools

Special Equipment

Like the special tools, the following equipment will aid in servicing the D12 engine.
When ordering equipment, specify the appropriate number.

1159794 Torque wrench, 10 - 100 Nm (7 -
70 ft-Ib)

W0000399
MT302A SNAP-ON Remote Starter Cable
Switch
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Group 23 Fuel System, D12, D12A, D12B, D12C

Design and Function

Fuel System

Fig. 3: Fuel system, D12C

The Volvo D12 is an electronic engine designed to meet
today’s high environmental standards. Meeting these
standards requires optimum combustion. This demands,
among other things, injecting the exact amount of fuel
into the combustion chamber under very high pressure,
at precisely the correct time, depending on engine
speed, load, temperature and other conditions.

Because totally mechanical injection systems cannot
meet these demands, the engine is equipped with an
electronically controlled injection system. An engine
electronic control unit (EECU) receives impulses from
the accelerator pedal and a number of sensors on the
engine. The sensors read signals which govern the injec-
tion procedure and send these signals to the EECU. The
fuel system has a built-in diagnostic system, which elec-
tronically detects and traces any faults in the system.

Each cylinder has four valves. Individual differences
always occur between the cylinders in an internal com-
bustion engine. The engine has a cylinder balancing
system, the purpose of which is to even out the amounts
of fuel between the cylinders. Cylinder balancing takes
place with the engine running at idle speed, providing
certain preconditions have been met.

W2003243

Design and Function

1n



Group 23 Fuel System, D12, D12A, D12B, D12C Design and Function

Fuel Line O-Rings

W2002168

Fig. 4: Removing fuel lines

W2002169

Fig. 5: Fuel line O-ring locations

1 976020
2 955984

12



Group 23 Fuel System, D12, D12A, D12B, D12C Design and Function

Unit Injectors

The fuel injection system of the D12 engine uses
electronically-governed unit injectors that are electrically
activated and mechanically driven via roller rocker arms
from the camshaft lobe. They are vertically located In the
center between the four valves In the cylinder head for
each cylinder.

The electronic unit Injector (EUI) combines an Injection

pump and an Injector. An EUl can operate at consider- <
ably higher Injection pressure than a conventional
Injector. The EUI consists of three main components: .

e Pump containing a cylinder and piston; this corre-
sponds to the pump assembly In an Injection pump.

e Injector with nozzle body, nozzle needle and spring.

e Valve housing with an electro-magnetically con-
trolled fuel valve.

The upper part of the electronic unit Injector, which In-
cludes the compression spring and valve housing, lies
above the cylinder head.

The center part of the electronic unit Injector, where the
Intake and outlet holes for the fuel are located, lies In the
cylinder head fuel gallery. The electronic unit Injector
takes In fuel directly from the fuel gallery.

The lower part of the EUI is located in a copper sleeve T2006848
against the bottom of the cylinder head, similar to a Fig. 6: Electronic unit injector (EUI)
standard injector.

Pump part
The EECU calculates injection timing and the amount of 2 Injector part
fuel to inject into the cylinder and transmits signals to the 3 Valve housing

electromagnetically controlled fuel valve in the valve
housing. The length of the injection time determines the
amount of fuel injected into the cylinder.
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Group 23 Fuel System, D12, D12A, D12B, D12C

Injector Operational Phases

Fill Phase

During the filling phase, the pump plunger (2) is on its
way up, the camshaft lobe is passing its highest point,
and the rocker arm is on its way toward the camshaft ba-
sic circle.

The fuel valve (1) is open, allowing fuel to flow into the
EUI from the lower fuel gallery (4). It flows into the cylin-
der head and the EUIl pump cylinder. Filling continues
until the pump plunger reaches its upper position.

14
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Design and Function

Fig. 7: Filling phase

Fuel valve

Pump plunger

Fuel outlet (overflow)

Fuel gallery (inlet and outlet)
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Spill Phase

The spill phase begins when the camshaft turns to the
position at which the camshaft lobe forces the rocker
arm to push the pump plunger (2) down.

The fuel can now flow through the fuel valve (1), through
the holes in the EUI and out through the fuel gallery (4).
The spill phase continues as long as the fuel valve (1) is
open.

B OWN R

Design and Function

Fig. 8: Spill phase

Fuel valve

Pump plunger

Fuel outlet (overflow)

Fuel gallery (inlet andoutlet)
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Injection Phase

The injection phase begins when the fuel valve (1)
closes. The camshaft lobe and rocker arm continue to
press down the pump plunger (2) and injection occurs as
the route through the fuel valve closes. The injection
phase continues as long as the fuel valve (1) is closed.

T2006815
Fig. 9: Injection phase

Fuel valve

Pump plunger

Fuel outlet (overflow)

Fuel gallery (inlet and outlet)

AW N R

16



Group 23 Fuel System, D12, D12A, D12B, D12C

Pressure Drop Phase

The injection phase ends when the fuel valve (1) opens
and pressure in the EUI drops below the nozzle opening
pressure. The fuel flows through the open fuel valve (1),
through the electronic unit injector holes and out through
the fuel gallery (4). Note that the fuel valve position
(closed or open) determines when the injection phase
begins and ends. The time during which the fuel valve is
closed determines the amount of fuel injected at each
pump stroke.

rWN R

Design and Function

Fig. 10: Pressure drop phase

Fuel valve

Pump plunger

Fuel outlet (overflow)

Fuel gallery (inlet and outlet)

T2006816
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D12A

One unit injector is used for the 345, 385, and 425
horsepower variants. The spray angle has been modi-
fied. These injectors are NOT interchangeable with the
D12 injectors.

D12B

The unit injectors on the D12B have a longer pump
stroke length than earlier injectors on the D12A. They
are not interchangeable with other engine versions.

The engine electronic control unit (EECU) receives sig-
nals both from the engine's own sensors and from the
vehicle control unit. The EECU then controls the unit in-
jectors and determines the timing of the injection as well
as the amount of fuel to be injected into the cylinders.

With the adaptation to the new vehicle electronics, the
throttle position sensor signal on the D12B is now linked
to the engine control unit via the vehicle control unit.

CAUTION

Using incorrect injectors (i.e. D12A injectors in a
D12B engine) can cause engine damage and/or poor
performance. Injector identification can only be made
using the injector part number located on the injector
solenoid valve.

D12C

The D12C has new unit injectors, with 17 mm pump
stroke and higher injection pressure. The injector noz-
zles are new, and have a different orifice pattern.

Unlike the D12A and D12B engines, the D12C cylinder
head only has one fuel galley for the unit injectors. This
means that only two sealing rings are needed for each
unit injector (the D12A and D12B use three rings).

Fuel enters at the rear of the cylinder head and exits out
the front.

18
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Fuel Flow
D12A

Fig. 12: Fuel flow, D12A

1 Fuel feed pump

2 Engine electronic control unit (EECU)
3  Bleed line

4 Fuel gallery

The fuel feed pump (1) is mounted on the timing gear
plate and driven through a recess in the pump shaft by
the engine timing gears. It picks up fuel from the fuel tank
(7) through the fuel system EECU (2). Return fuel from
the cylinder head is also routed into the fuel feed pump.
A bleed line (3) goes from the fuel feed pump back to
the fuel tank, and is designed to continuously bleed the
system. From the fuel feed pump, fuel first passes
through the filter (8) and then into the cylinder head fuel
gallery (4). The fuel gallery surrounds the part of the EUI
(5) where the fuel holes are placed. The system overflow
valve (6) is located in the fuel gallery outlet connection.

Leak-off fuel flows from the EUI back to the fuel gallery,
eliminating the need for an external fuel return.

o ~No O

Electronic unit injector (EUI)
Overflow valve

Fuel tank

Fuel filter

Design and Function
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D12B

Unlike the D12A, the EECU on the D12B is fitted with
an external fuel cooling coil.

Fig. 13: D12B, Fuel flow

Supply pump 4 Fuel gallery
EECU 5  Unit injector
Bleed line

The fuel system's supply pump (1) is attached to the tim-
ing gear plate and is driven via a groove in the pump
shaft from the engine's timing gears.

The supply pump pulls fuel from the tank (7) through the
EECU's cooling coil, which cools the EECU. The return
fuel from the cylinder head is then blended with this fuel
and enters the supply pump. From the supply pump (1),
a bleed line (3) leads back to the fuel tank to provide
continuous venting for the system.

With the bleed line (3) as the only return line to the tank,
the only fuel passing through the EECU's cooling coil is
the amount consumed by the engine.

From the supply pump (1), the fuel is forced through the
fuel filter (8) and then into the cylinder head fuel gallery
(4). The fuel gallery is designed so that it surrounds that
part of the unit injectors (5) where the fuel holes are lo-
cated.

The system's overflow valve (6) is located in the fuel
gallery's outlet connection. The overflow valve regulates
the fuel system's supply pressure. All fuel that exits the
overflow valve (leak-off fuel) is then blended with the fuel
entering the supply pump.

20
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Di12C

W2003243
Fig. 14: External fuel line installation and fuel flow, D12C.

1 Bypass valve
2 Fuel passage in cylinder head

The D12C uses a fuel line through the cylinder head.
The bypass valve is also located toward the front of the
cylinder head.

21
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Fuel Filter

The system is equipped with a large fuel filter located on
the left-hand side of the engine. The filter insert consists
of a special corrugated filter paper with a high resistance
to water and very good filtering properties. In addition, a
fine-gauge net filter on the fuel suction line in the fuel
tank separates any possible solid impurities before the
fuel is pumped up into the system.

D12C

The D12C uses a new fuel filter base, with hand pump
mounted directly on the base.

The base has a port for a fuel pressure sensor.

22

1
2

Design and Function

Fig. 15: Fuel filter

Drain nipple
Bleed nipple

T2012783
Fig. 16: Fuel Filter, D12C
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Overflow Valve

The overflow valve, located in the outlet from the cylinder
head fuel gallery, regulates the fuel system feed pres-
sure. Opening pressure is about 345 kPa (50 psi). The
high feed pressure ensures that the injectors are filled

with fuel.

D12C

The D12C has a new overflow valve. The valve is inte-
grated with the hollow screw in the fuel outlet at the front
of the cylinder head.

Design and Function

W2000681
Fig. 17: Overflow Valve Location, D12A/B

T2012784
Fig. 18: Overflow Valve, D12C

W2003527
Fig. 19: Overflow Valve location, D12C
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Fuel Feed Pump

The capacity of the pump has been adapted to give the
correct pressure and flow to the EUI. Filling the EUls re-
quires relatively high pressure. The flow must be large
enough to even out any fuel temperature differences in
the cylinder head fuel gallery.

T2006725
Fig. 20: Fuel Feed Pump
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Fuel Feed Pump Replacement

Fig. 21: A = Radial Play

When replacing a D12 fuel supply pump for any reason,
the accessory drive must also be inspected. There
should be no radial or axial play in the accessory drive
shaft. Radial play is movement parallel (side to side) to
the face of the pulley. Do not confuse with backlash
which is measured by turning the pulley. Axial play is
movement perpendicular (in and out) to the face of the
pulley. Release the tension on the alternator and fan
belts before checking. This test is done by simply at-
tempting to move the accessory drive pulley by hand.

A CAUTION

Radial or axial play in the accessory drive shaft may
cause premature failure of the fuel feed pump.

25
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Hand Primer

The hand primer is situated on the fuel filter bracket. It is
used to pump the fuel and bleed the system when the
engine is not running.

Engine Electronic Control Unit (EECU)

The electronic control module is the central part of the
injection system. It is located on the left-hand side of the
engine. The EECU receives continuous information from
the accelerator pedal and from several sensors on the
engine. It calculates the amount and the time to inject
fuel into the cylinders. Electrical wiring to the EUI fuel
valves transmits control signals to the injectors.

The EECU uses the flywheel sensor to monitor engine
rotation and engine speed variations during a revolution.
This allows the EECU to ensure that each EUI receives
exactly the correct amount of fuel. The EECU stores in-
formation when a fault occurs or if something in the
system is abnormal. Occassional faults are also stored
and can be traced at a later stage.

For information about the EECU, EECU sensors, and
their functions, refer to:

Service 280-600

Information Control Systems, D12

IMPACT Function Group: 284
Information Type: Design and Function
"Sensors”

26
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Troubleshooting

Fuel System, Fault Tracing

Correct fault diagnosis is essential to accurate engine re-
pair. The complex design of the engine (that is, with a
cylinder head that covers all the cylinders, overhead
gearwheel-driven camshaft, and EUl) makes the cylin-
der head removal on the D12 a comprehensive work
operation. Fault tracing in the fuel system requires thor-
ough knowledge on how the system functions, as one
does not have the opportunity as with a conventional fuel
system of seeing and checking directly on the engine.

As the EECU receives all the information electronically
from the different sensors, the EECU must gather all the
information when the engine is started and then check
that the information is correct. This means the D12 en-
gine does not start on the first crankshaft revolution, but
requires two revolutions in order for the control unit to set
the correct values. It is important that the starter motor
revolutions are not too slow, as slow starter motor speed
is interpreted by the control unit that the crankshaft does
not rotate and, as a result, the injector fuel valves do not
receive the appropriate signals to release fuel.

The crankshaft must rotate at a minimum of 75 rpm to
ensure that the engine starts. To facilitate fault tracing in
the fuel system, D12 is equipped with a diagnostic sys-
tem which makes it possible to localize faults in the fuel
system without having to perform extensive dismantling
work.

With the fault codes stored in the control unit, it is possi-
ble, through the diagnostic system, to quickly establish
which fault or faults have occurred.

Fault Codes

It is important to delete a fault code from the diagnostic
system after the fault code has been corrected and be-
fore the truck leaves the workshop. Fault codes
remain in the system until they are removed. They
do not automatically clear when the fault has been
corrected.

Unit Injector Troubleshooting

The following information will aid in troubleshooting of
Electronic Unit Injector (EUI) fault codes.

Read and Document Fault Codes

Connect the MPSI tool to the vehicle's diagnostic con-
nector to determine whether any active or inactive fault
codes are set. Document all set fault codes below:

Troubleshooting
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Group 23 Fuel System, D12, D12A, D12B, D12C Troubleshooting

Code # Occurred counts Active/lnactive PID SID FMI
[DL=T= Yot 1] o] £ o] o RO T T TP PP PP URRPPT
Code # Occurred counts Active/lnactive PID SID FMI
[DL=T=Yod 1] ] €0 ] o RO T TP PP PUPUPRTOT
Code # Occurred counts Active/lnactive PID SID FMI
[DL=T=Yod 1] o] £ o] o RO T ST U P PP PUP R UPRTOT
Code # Occurred counts Active/lnactive PID SID FMI
[DL=E ol g o] £ o] o T T T T T T T T T T PSR TTU P OU PP U PP PP PP PPN
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Troubleshooting Flow Path

Active fault codes

Troubleshoot the active fault codes first.

Inactive fault codes with high counts

If inactive fault codes are recorded, follow the trou-
bleshooting path for that same active code. This should
be done; however, only when there is a driver complaint
in conjunction with the inactive fault code.

Troubleshooting
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Unit Injector Mechanical Faults

Note: A mechanical fault indicates low performance of
that cylinder, not just the injector.

Determine the correct troubleshooting flow path.
Fault codes: 31, 32, 33, 34, 35, 36.

Troubleshooting

1. Active code or misfiring occur immediately after start-up

Cause

« Incorrect valve or injector adjustment

¢ Injector problem

« Base engine problem

Corrective action

Check the valve and injector adjustment as required.

Perform cylinder balancing or manual compression test
before replacing the injector; refer to appropriate ser-
vice literature or diagnostics checklists for information.

Visual inspection of the camshaft and high crankcase
pressure. Perform cylinder balancing or manual com-
pression test before replacing the injector for piston
and valve condition. Repair as required.

2. Active code at normal operating temperature and high idle

Cause

« Incorrect valve or injector adjustment
« Poor quality fuel or excessive fuel additives

¢« Aeration

¢ Injector problem

< Base engine problem

32

Corrective action

Check the valve and injector adjustment as required.
Test with auxiliary fuel and retest.

Check for fuel restriction, air or compression intro-
duced into the fuel system and repair as required.

Perform cylinder balancing test or manual compres-
sion test. If within specifications, replace injector.

Visual inspection of camshaft and high crankcase
pressure. Perform cylinder balancing or manual com-
pression test before replacing injector for piston and
valve condition. Repair as required.



Group 23 Fuel System, D12, D12A, D12B, D12C Troubleshooting

3. Active code and misfiring at BASE IDLE ONLY

Cause Corrective action
¢ Incorrect camshaft to crankshaft static timing « Referto Camshaft Timing procedure, Group 21.

If the answer to any of the following is yes, static timing may be the cause of the fault.
« Have previous repairs been made to the engine that required removing the camshaft?
¢« Can you clear the fault code, unplug the camshaft sensor, start the engine, and the fault code does not return?

¢ Can you clear the fault code, start the engine, set the idle above the base idle, and the fault code does not return?
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Locating Air in the Fuel System

Air in the fuel being supplied to the engine can cause a
number of problems including hard starting, poor perfor-
mance, and excessive smoke. Air can enter the fuel
system at several points:

e suction side fuel supply lines
¢ pick-up in the fuel tank

« primary fuel filter

« copper sleeve to injector seat
* injector tip

¢ fuel supply pump seals

Locating the point of entry can be troublesome and time
consuming. A kit has been developed to aid in this
process. The kit (J-42753) consists of:

¢« two fuel line sight glass assemblies
« two transparent hose assemblies

¢ aclamp

e awasher

e a hollow screw

e« copper gaskets

e O-rings
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Determining Whether There is Air

in the Fuel
/|\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

[?\ danger

Do not service any part of the fuel system while
smoking or in the presence of flames, sparks, or hot
surfaces. Failure to follow these precautions can result
in fire, which can cause serious injury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ CAUTION

After using the fuel aeration test kit, thoroughly drain
all remaining fuel from the test hoses, then install
plugs, end caps and washers. This will prevent
accidental spillage which could result in fuel contami-
nation.

Troubleshooting
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Fig. 23: D12, D12A Fuel System Diagram with Fuel Line Kit Installed

1 3/8 in. I.D. Transparent Suction Hose/Alternate Fuel Supply
2 Sight Glass Hose Assembly (S)

3 3/16 in. I.D. Transparent Hose

4 Sight Glass Hose Assembly (R)

5 Vent Line Port Washer (949873)
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Fig. 24: D12B Fuel System Diagram with Fuel Line Kit Installed

3/8 in. I.D. Transparent Suction Hose/Alternate Fuel Supply
Sight Glass Hose Assembly (S)

3/16 in. I.D. Transparent Hose

Sight Glass Hose Assembly (R)

A WN R

Troubleshooting
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Fig. 25: D12C Fuel System Diagram with Fuel Line Kit Installed

3/8 in. I.D. Transparent Suction Hose/Alternate Fuel Supply
Sight Glass Hose Assembly (S)

3/16 in. I.D. Transparent Hose

Sight Glass Hose Assembly (R)

A WN

38



Group 23 Fuel System, D12, D12A, D12B, D12C

Note: The numbers within parentheses in the following
steps correspond to the accompanying figures:

gram with Fuel Line Kit Installed, page

D12, D12A See Fig. 23: D12, D12A Fuel System
Diagram with Fuel Line Kit Installed,
page 37

D12B See Fig. 24: D12B Fuel System Dia-
38

D12C See Fig. 25: D12C Fuel System Dia-

gram with Fuel Line Kit Installed, page

39

1

Connect the 3/16 in. I.D. transparent
hose (3) to the bleed nipple located at
the rear of the cylinder head and se-
cure onto the bleed nipple with the
clamp provided in the fuel line kit.
Route the line back to the fuel tank
and secure to prevent it from moving
out of the tank. Open the bleed nipple
1 1/2 turns and pump the hand primer
pump until the transparent hose is free
of air. If the fuel system can be bled
free of air continue to step 3.

2
If air continues to exist in the fuel,
check the following:

* that there is ample fuel in both
tanks.

« connections from the fuel tank to
the fuel supply pump for suction
leaks.

« fuel/lwater separator for restric-
tions, suction side leaks or an
incorrect micron element.

« that the hand primer pump is ca-
pable of pumping fuel.

¢ the fuel supply pump seal for fail-
ure.

3
Close the fuel bleed nipple and start
the engine.

Note: It may be necessary to continue
to pump the hand primer during crank-
ing to start the engine. If the engine
does not start then the fuel system is
most likely filling with air during crank-
ing; skip to step 5.

4

Once the engine starts, open the fuel
bleed nipple, located at the rear of the
cylinder head, 1 1/2 turns with the
transparent hose connected. Monitor
for air in the fuel for 3 to 5 minutes. If
air is present continue to step 5, if not
then there is a possibility that air is en-
tering the fuel system only under
loaded conditions. If it is suspected
that air is entering under loaded condi-
tions continue to step 5. If not, stop
here, no further testing is required.

5

If the engine would not start in step 3,
continues aeration during cranking, or
if air is noted in the transparent hose

while the engine is running then install
the following hoses and sight glasses

to determine where the air is entering
the fuel system.

6

Install sight glass hose assembly (2)
between the outlet port of the fuel sup-
ply pump and the fuel filter.

7

Remove the fuel supply (suction) line
from the fuel supply pump and install
the alternate transparent fuel supply
line (1) and route back to the fuel tank.

8

Remove the two fuel lines at the over-
flow valve and install sight glass
assembly (4) onto the overflow valve
using hollow screw (941686) from the
kit, and route the line to the fuel tank.

9

Remove the transparent hose (3) from
the bleed nipple at the rear of the
cylinder head to the fuel tank and
close the bleed nipple. Secure all
three lines to prevent them from mov-
ing out of the fuel inside the tank.

Note: For engines equipped with the
small line located between the fuel
supply pump and the top of the engine
electronic control unit (EECU), this line
must be disconnected from the fuel
supply pump and the port from which
the line was removed (5) must be
plugged using two copper gaskets and
washer (949873) supplied in the fuel
line kit.

Troubleshooting

39



Group 23 Fuel System, D12, D12A, D12B, D12C

10

Using the hand primer pump attempt
to purge all air from the fuel system
and start the engine.

Note: Purging time may vary.

11

Repeat the conditions in which aera-
tion was previously noted or test under
loaded conditions, i.e. dyno test.

12

Monitor the two sight glasses and
transparent hose for aeration allowing
3 to 5 minutes for the sight glasses to
clear.

Note: Shining a flashlight into the
backside of the sight glass will im-
prove visibility.

13

If no air is noted in either sight glass
and air was noted in previous steps,
the air entry is most likely in the suc-
tion lines between the fuel supply
pump and the fuel tank including the
primary fuel filter, copper washers, O-
rings and pick-up inside of the fuel
tanks.

14

If air is noted in sight glass (2) be-
tween the fuel supply pump and fuel
filter, and the alternate fuel supply is
supplying the fuel supply pump with a
good flow of air free fuel, the problem
is most likely in the fuel pump seals.

Note: The fuel in sight glass (2) is un-
der pressure. This compresses the air
bubbles and they will appear to be
small.

40

15

If air is noted in the sight glass (4), at
the rear of the cylinder head, but not
in sight glass (2) at the outlet of the
fuel supply pump (with no engine
load), the problem is most likely within
the cylinder head, i.e. copper sleeve to
injector seat or injector tip leakage.
See “Determining which Cylinder is
Introducing Air into the Fuel” page 41.

Note: Sight glass (4) will show small
bubbles due to the turbulence created
by the opening and closing of the
overflow valve. To determine whether
normal or abnormal aeration is occur-
ring, use the transparent hose (3) at
the bleed nipple at the rear of the
cylinder head. Open the bleed nipple 1
1/2 turns and monitor for air. If the line
is clear then the aeration in the sight
glass (4) is normal. If the transparent
hose indicates aeration then the aera-
tion in sight glass (4) is abnormal.

16

If air is noted only under loaded condi-
tions, remove all six injectors and
inspect the copper sleeve to the injec-
tor seat for signs of leakage.

Troubleshooting
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Determining which Cylinder is In-
troducing Air into the Fuel

/|\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/?\ DANGER

Do not service any part of the fuel system while
smoking or in the presence of flames, sparks, or hot
surfaces. Failure to follow these precautions can result
in fire, which can cause serious injury or death.

A

dS warNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

CAUTION

After using the fuel aeration test kit, thoroughly drain
all remaining fuel from the test hoses, then install
plugs, end caps and washers. This will prevent
accidental spillage which could result in fuel contami-
nation.

Troubleshooting

Note: The numbers within parentheses in the following
steps correspond to the accompanying figures:

D12, D12A See Fig. 23: D12, D12A Fuel System
Diagram with Fuel Line Kit Installed,
page 37

D12B See Fig. 24: D12B Fuel System Dia-
gram with Fuel Line Kit Installed, page
38

D12C See Fig. 25: D12C Fuel System Dia-
gram with Fuel Line Kit Installed, page
39

1

Disconnect the two fuel lines from the
overflow valve at the rear of the cylin-
der head and install the sight glass (4)
and line assembly onto the overflow
valve using hollow screw (941686),
from the kit, and route into the fuel
tank. Tie down the line to prevent it
from moving out of the tank.

2

Remove the fuel supply line from the
fuel supply pump and install the alter-
nate fuel supply line onto the feed
pump. Route the line back to the fuel
tank. Tie down the line to prevent it
from moving out of the fuel level inside
the tank.

Note: For engines equipped with the
small line located between the fuel
supply pump and the top of the engine
electronic control unit (EECU), this line
must be disconnected from the fuel
supply pump. The port from which the
line was removed (5) must be plugged
using two copper gaskets and washer
(949873) supplied in the fuel line kit.

3

Start the engine and allow 3 minutes
for the sight glass to clear. Take note
of the air present in the fuel sight
glass (4).

4
Stop the engine and remove the valve
cover.
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Rotate the engine by hand until the
rocker arm for the intake valve for num-
ber 1 cylinder is on the base circle of
the cam, (in other words, in position to
be adjusted). Turn the adjusting screw
down (clockwise) until all clearance
has been removed then turn it down
an additional 1/4 turn (90°). Install the
valve cover and secure with 4 nuts.

/7\ CAUTION

Do not turn the adjusting screw down more than 1/4
turn (90°) after all clearance has been removed. En-

gine damage will result.

6
Using the hand primer pump, purge all
air from the fuel system.

/ 1\ CAUTION

Run the engine only at idle speed with no load for this
test. High engine speed or load could cause engine

damage.
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7

Restart the engine and monitor the
sight glass (4) in the rear of the cylin-
der head. If the air that was noted in
step 3 is gone then the problem is
most likely in the number 1 cylinder
(injector tip or injector to copper sleeve
seat). Remove the number 1 injector
and inspect the injector to the copper
sleeve seat. If the seat appears to be
OK, replace the injector and perform
the test again.

8

If the air that was noted in step 3 is
not gone, stop the engine, remove the
valve cover, back out (counterclock-
wise) the adjusting screw for the
intake valve at the number 1 cylinder
1/2 round (180°), and repeat the pro-
cedure (starting with step 5) on the
number 2 cylinder.

9

Continue the procedure until the cylin-
der that is introducing air into the fuel
system has been determined.

10

When the cylinder that is introducing
air into the fuel system has been lo-
cated, remove that injector and inspect
the injector to copper sleeve seat. If
the seat appears to be O.K., replace
the injector and perform the test again.
If the seat and injector O-rings show
signs of combustion leakage, clean
the injector and replace the injector
copper sleeve. Reinstall the injector
with new O-rings and adjust all valves
and injectors.

11

Start the engine and monitor the sight
glass for air. If no air is present then
stop. If air is present then test again
as required.

Troubleshooting
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Service
General Work Practices

/4 danger

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/|\ DANGER

The D12 engine uses high voltage (up to 90 V) to the
electronic unit injectors. Do not come in contact with
the injector terminals while the engine is running as
there could be as much as 90V going to the electronic
injectors. Contact may result in electrical shock. Per-
sonal injury or death can occur.

/j\ CAUTION

Extreme cleanliness must be observed when working
on the fuel system and the Volvo Engine Brake
(VEB). Always clean the engine before beginning re-
pairs. To prevent dirt from entering the fuel system,
install protective plugs whenever connections are re-
moved. Store components in sealed plastic bags
(when feasible) until they are to be reinstalled. The
same procedures apply for VEB components. The oil
channels for the VEB control system should also be
plugged. Dirt in the fuel system and in the VEB sys-
tem can affect engine operation.

Note: After removing or replacing any EUI, or after ad-
justing preload, start the engine and allow it to reach
normal operation temperature. Then let the engine idle
for an additional five minutes. This will enable the ECM
(through the cylinder-balancing system) to set the

correct amount of fuel for delivery to the EUI. No power-

consuming components, for example, a PTO should be
engaged. The exhaust pressure governor must not be
activated. (Remove wire 636K from the solenoid valve

and apply the parking brake to ensure that the truck can-

not move.) When the engine runs evenly at idle speed,
the cylinder-balancing function has been carried out.

Note: If the engine is turned over with the starter motor

(for example, when adjusting the valves) the fuse for the

engine control system (B6) must first be removed and
the ignition key must be in the OFF position in order to
eliminate any risk of the engine starting unintentionally.

Also check that the gear lever is in neutral and the park-

ing brake is applied.

Service Procedures

Procedures

. Never remove the EECU connectors or any other
electrical wires from the sensors while the engine is
running. The ignition key must be in the OFF posi-
tion and the engine stopped.

¢« Never turn the battery master switch OFF or discon-
nect the battery cables while the engine is running.

« When performing electric welding work on the truck,
the EECU connectors must be disconnected from
the EECU.

Note: Before disconnecting the connectors, the key
switch must be turned to the OFF position.

¢ When oven-drying spray-paint work, any ECUs must
be removed from the truck. The maximum allowable
drying temperature, with the control unit in the vehi-
cle, is 80C (176°F).

¢« Use only batteries for auxiliary starting. Using a
starting unit can induce peak voltages that can dam-
age the electronic components.

« When charging batteries with a rapid charger, bat-
tery cables must be disconnected. (Normal trickle
charging does not require this procedure.)

. If a connector is removed, make sure it is reinstalled
correctly and is not covered with oil or other fluids
which can result in a poor connection.

o For maintenance intervals, refer to:

Service 175-001
Bulletin Oil and Filter Change Intervals
IMPACT Function Group 175

Information Type: Maintenance
Engine Maintenance
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Clamping the Fuel Lines

Fig. 27: Fuel line routing and securing

To avoid damage and operational disturbances in the
fuel system, the fuel lines should be rerouted and se-
cured with plastic cable ties.

Note: Always check the fuel lines for cuts, abrasions,
chafing or leakage. Diesel fuel that comes in contact
with a hot surface can start a fire.

Note: Refer to Service Bulletin, Group 23, for oil-cooler
thermostat plate leak repair.

Note: Refer to Service Bulletin, Group 23, for accessory
drive pulley information.

Note: Refer to Service Bulletin, Group 23, for fuel line
information.
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Turning the Engine Over with the
Starter Motor

1

/T\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

Apply the parking brake, block the
wheels, and place the gear lever in
neutral. Make sure that the ignition key
is in the OFF position.

W3000459
Fig. 28: EECU power supply relay, D12A/B

Fig. 29: R3 relay location (TEC Panel), D12C

For D12/A/B only, disconnect the
EECU power supply relay (1); for
D12C (and later versions of D12B),
disconnect the R3 relay (located in the
TEC panel).
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W3000458
Fig. 30: Remote starter switch and wiring

Connect a switch between the battery
positive (+) and the positive (+) con-
nection on the starter solenoid.

4
Do not run the starter for more than
15 seconds at any one time. However,
if the starter is run for 15 seconds or
longer, wait at least one minute before
reusing the starter motor.

Service Procedures

2309-06-02-03

Fuel System Pressure, Check-
ing

Note: Before beginning this service procedure, please
review “General Work Practices” page 43.

/j\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/ f\ DANGER

Do not service any part of the fuel system while
smoking or in the presence of flames, sparks, or hot
surfaces. Failure to follow these precautions can result
in fire, which can cause serious injury or death.

/T\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/J\ WARNING

Fuel, oil, or coolant leaked/spilled onto hot surfaces or
electrical components can cause a fire. Clean up
spills immediately.

/T\ WARNING

Do not work near the fan with the engine running or
the ignition in the ON position. The engine fan can en-
gage at any time without warning. Anyone near the
fan when it turns on could be seriously injured.

Special tools: 9996666, 9998496, J-39200
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J 39200 999 8496

/ 1\ DANGER

When operating a vehicle on streets and highways,
during a data collection procedure, it is mandatory to
have a second person drive while a technician col-
lects the data.

Monitor fuel pressure under full load,
i.e, Dyno test or road test with load.

3

Compare measurements with specifi-
_ ) cations found in "Fuel Supply Pump
Fig. 31: Bleed nipple, D12A/B and Overflow Valve” page 5.

1'ilQonn QQQ Q/IQK QQQ RRRR
Note: If measurements are found to

be within specifications, no further
testing is required. However, if mea-
surements do not meet specifications,
refer to the Diagnostics Checklist B,
"Fuel System.”

W2003513
Fig. 32: Bleed nipple, D12C

Remove the bleed nipple at the rear of 9996666
the head on the D12A/B, or at the 9998496
front of the head on the D12C; install J-39200
adapter 9996666 and pressure trans-

ducer 9998496.

Connect the transducer to multimeter

J-39200.

Note: The pressure transducer mea-
surement scale is in kPa.
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2309-11-03-01
Fuel System, Draining

Note: Before beginning this service procedure, please
review “General Work Practices” page 43.

/j\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/ £\ DANGER

Do not service any part of the fuel system while
smoking or in the presence of flames, sparks, or hot
surfaces. Failure to follow these precautions can result
in fire, which can cause serious injury or death.

WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

WARNING

Fuel, oil, or coolant leaked/spilled onto hot surfaces or
electrical components can cause a fire. Clean up
spills immediately.

/j\ WARNING

Make sure that gauge pressure never exceeds 50 kPa
(7.25 psi). Excessive pressure may cause personal in-

jury.

Note: Before using, check the function of pressure
gauge 6662 by attaching it to an air supply and setting

the pressure to 50 kPa (7.25 psi) with the regulator valve.

Special tools: 9996662, 9998277

Service Procedures

Fig. 33: Draining the fuel system (D12A/B bleed nipple
location shown)

Carefully clean around the cylinder
head bleed nipple and the fuel filter
bracket drain union located on the
right side of the filter housing.

2

Connect a 7.9 mm (5/16 in.) drain
hose and open the fuel filter bracket
drain union. Remove the bleed nipple
from the cylinder head.

47



Group 23 Fuel System, D12, D12A, D12B, D12C Service Procedures

Fig. 34: Tool installation, D12A/B
Check the pressure gauge assembly

1 Reduction valve

2 Air supply shut-off

Make sure the reduction valve knob is 9996662
completely open (rotate counterclock-

wise). Open the shut-off tap. Connect

pressure gauge 9996662 assembly to

the shop air supply.

Fig. 35: Tool installation, D12C

When the fuel has completely drained 9998277
out of the cylinder head, install union
9998277 into the bleed nipple hole.
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T2006717
Fig. 36: Pressure gauge assembly connected to union
D12A/B

W2003512
Fig. 37: Pressure gauge assembly connected to union
Di12C

Check that the pressure gauge indica- 9998277
tor is at "0” (zero) and connect the
gauge to union 9998277.

Service Procedures

Fig. 38: Draining the remainder of the fuel, D12A/B

Blow the remaining fuel out of the
cylinder head by carefully increasing
the pressure with the knob on the
pressure gauge reduction valve. DO
NOT EXCEED 50 kPa (7.25 psi).

7
When all fuel has been drained:

* Remove the pressure gauge as-
sembly, union and the drain hose.

¢« Reinstall the bleed nipple and the
protective cap onto the cylinder
head. Do not replace the nipple,
as the original nipple is fitted to
the seating in the cylinder head. A
new nipple can result in leakage.

¢ Tighten the drain union on the
fuel filter bracket and install the
protective cap.
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2309-05-03-01 1
Fuel System, Bleeding

Note: Before beginning this service procedure, please
review “General Work Practices” page 43.

/ T\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/ £\ DANGER

T2006713

Do not service any part of the fuel system while Fig. 39: Cylinder head bleed nipple, D12A/B location

smoking or in the presence of flames, sparks, or hot
surfaces. Failure to follow these precautions can result
in fire, which can cause serious injury or death.

WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.
W2003394
Fig. 40: Cylinder head bleed nipple, D12C location

WARNING

Fuel, oil, or coolant leaked/spilled onto hot surfaces or
electrical components can cause a fire. Clean up
spills immediately.

T2006712
Fig. 41: Fuel filter bleed nipple

Clean around the bleed nipples on the
fuel filter housing and cylinder head.
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Connect a transparent plastic hose to
the fuel filter housing bleed nipple.
Open the bleed nipple and pump the
hand primer until clean fuel runs out of
the hose. Tighten the bleed nipple
while fuel is still running out.

3
Remove the hose and install the pro-
tection plug on the bleed nipple.

Service Procedures

T2006711

Fig. 43: Bleeding the cylinder head, D12A/B

W2003510
Fig. 44: Bleeding the cylinder head, D12C

Move the hose over to the cylinder-
head bleed nipple and bleed the
system in the same way as with the
fuel filter housing.

5
Apply parking brake and place gear
lever into neutral.

6

Start the engine and allow it to run at
fast idle, or with the PTO engaged, for
about five minutes to remove air from
the system. Check for leaks.
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2331-03-02-01
Fuel Feed Pump, Replacement

D12, D12A, D12B

Note: Before beginning this service procedure, please
review "General Work Practices” page 43.

/j\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

| 4 danger

Do not service any part of the fuel system while
smoking or in the presence of flames, sparks, or hot
surfaces. Failure to follow these precautions can result
in fire, which can cause serious injury or death.

/1\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

1 £\ WARNING

Do not work near the fan with the engine running or
the ignition in the ON position. The engine fan can en-
gage at any time without warning. Anyone near the
fan when it turns on could be seriously injured.

/ £\ WARNING

Fuel, oil, or coolant leaked/spilled onto hot surfaces or
electrical components can cause a fire. Clean up
spills immediately.

1
Clean the area around the fuel feed
pump area and remove the bleed line.
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Fig. 45: Removing fuel line

Remove the plastic straps securing
the fuel line on the ECM and cylinder
block. Remove the lines at the unions
from the fuel feed pump, as indicated
by arrows in figure Fig. 46: Removing
fuel pump, page 52.

T2006723
Fig. 46: Removing fuel pump

Remove the bolts indicated by arrows
in figure Fig. 46: Removing fuel
pump, page 52 and lift out the fuel-
feed pump.

4
Clean the contact surface on the tim-
ing gear plate.

T2006724
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Check to make sure that the fuel-feed
pump drive engages in the drive slot.
Install a new gasket and tighten the
fuel-feed pump mounting bolts.

6

Connect the fuel lines and the bleed
line. Use new sealing washers. Secure
the fuel lines with plastic tie straps.

Bleed the fuel system at the fuel filter
as shown in illustration, Fig. 48:
Bleeding fuel system, page 53. See
also “Fuel System, Bleeding” page 50.

8
Apply parking brake and place gear
lever into neutral.

Service Procedures

9

Start the engine. Allow it to run at fast
idle, or with the PTO engaged, for
about five minutes to remove air from
the system. Check for leaks.

2331 -03-02-01
Fuel Feed Pump, Replacement

D12C

Note: Before beginning this service procedure, please
review “General Work Practices” page 43.

/IT\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/1\ DANGER

Do not service any part of the fuel system while
smoking or in the presence of flames, sparks, or hot
surfaces. Failure to follow these precautions can result
in fire, which can cause serious injury or death.

/1\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/ 1\ WARNING

Fuel, oil, or coolant leaked/spilled onto hot surfaces or
electrical components can cause a fire. Clean up
spills immediately.

/1\ WARNING

Do not work near the fan with the engine running or
the ignition in the ON position. The engine fan can en-
gage at any time without warning. Anyone near the
fan when it turns on could be seriously injured.
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Types

There are two types of feed pump on the D12C engine:

1

drive shaft).

1 Sea
2 Shaft journal

W2003385
Fig. 50: Feed pump, type 2 (newer version, available
with one or two drive heads; available on newer and re-
placement engines).

Feed pumps as spare parts are available in both ver-
sions.

Note: Both types of feed pumps are interchangeable, i.e.
feed pump type 1 can be replaced with feed pump type
2 and vice versa.
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/j\ CAUTION

When replacing feed pump Type 1, great care must
be taken with the long drive shaft. Any damage to the
drive shaft can damage the feed pump; if it is installed
on the engine, serious engine damage can result.

Removal

W2003384
Cut the plastic clamps for the cabling
and remove the bracket under the al-
ternator.

2
Carefully clean round the feed pump
and the fuel connections.

3
Remove all fuel pipes from the feed
pump.

4
Remove the hold-down bolts for the
feed pump. Carefully pull the drive
shaft from the drive exhaust and re-
move the pump from the engine.

5

Clean the sealing surface on timing
gears plate. Check that the gasket for
the feed pump is in good condition. If
necessary, replace with new gasket.
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Installation

Fig. 51: Feed Pump Type 1

1 Sed
2 Shaftjournal

(Feed Pump Type 1 only:) Check that
the seal (1) is in good condition and
correctly positioned. Also check that
the shaft journal (2) is lubricated with
graphite grease.

Fig. 52: Feed pump drive shaft groove

Check that the feed pump’s drive in-
stalls in the groove on the feed pump’s
drive shaft.

The groove in the shaft shows which
position the feed pump’s shaft journal
should have when installing ( applies
to both type 1 and 2).

W2003386

T2014660
Fig. 53: M8-bolt with sealant

Install the seal on the feed pump and
install the feed pump on the engine.

/i\ CAUTION

(Feed Pump Type 2:) Observe great care with the
feed pump’s drive shaft. Damage to the feed pump’s
drive shaft can permanently damage the engine.

Note. The M8-bolt should be rein-
stalled with sealant to seal any oil
leakage. Do not install the old bolt
without sealant or leakage can occur.

4
Check the seals on the fuel lines. The
sealing washers for the return line
should always be replaced. Replace
other seals if necessary.

Install the fuel lines on the feed pump.

W2003387

Service Procedures
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5 2331-03-02-02
Hand-Primer Pump, Replace-
ment

Note: Before beginning this service procedure, please
review “General Work Practices” page 43.

/| 4 danger

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

W2003388

Vent the fuel system. /f \ DANGER

Do not service any part of the fuel system while
smoking or in the presence of flames, sparks, or hot
surfaces. Failure to follow these precautions can result
in fire, which can cause serious injury or death.

6

Start the engine and run it at high revs 800- 1000
(approx. 800 - 1000 rpm) for approx. rpm

10 min. to evacuate any remaining air  approx. 10
in the fuel system. min

7 WARNING

Conduct leakage check.
HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or

8 ) fluids. A hot engine and/or fluids can cause burns or
Check that no fault codes exist. can permanently damage test equipment.
11\ WARNING

Fuel, oil, or coolant leaked/spilled onto hot surfaces or
electrical components can cause a fire. Clean up
spills immediately.

1
Open the fuel tank cap to release any
pressure in the fuel tank.

2
Clean around the hand-primer fuel fit-
tings.
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Fig. 54: Removing hand-primer pump

Remove the hand-primer pump fuel
lines at the unions.

4
Remove the hand-primer pump mount-
ing bolts.

5
Install the new hand-primer pump us-
ing new sealing washers.

6
Reconnect the mounting bolts and fuel
lines.

7
Bleed the fuel system (see “Fuel Sys-
tem, Bleeding” page 50).

8
Apply parking brake and place the
gear lever into neutral.

9

Start the engine. Allow it to run at fast
idle, or with the PTO engaged, for
about five minutes to remove air from
the system and check for leaks.

T2006720

Service Procedures

2334-03-02-01
Fuel Filter, Replacement

Prerequisite:
« Container for fuel under filter.

Note: Before beginning this service procedure, please
review “General Work Practices” page 43.

/ i\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/|\ DANGER

Do not service any part of the fuel system while
smoking or in the presence of flames, sparks, or hot
surfaces. Failure to follow these precautions can result
in fire, which can cause serious injury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

Fuel, oil, or coolant leaked/spilled onto hot surfaces or
electrical components can cause a fire. Clean up
spills immediately.

Special tools: 9996671

1
Clean the area around the fuel filter
area.
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W2003389
Remove the fuel filter.

3
Clean the sealing surface, making
sure that there is no residual gasket.

4
Install the new fuel filter, following the
instructions on the filter.

/j\ CAUTION

Do not fill the new fuel filter with fuel before installing.
Doing so may allow foreign objects to get into the fuel,
and can cause the injectors to malfuction.

58

Service Procedures

W2003388
Bleed (vent) the fuel system at the fuel
filter. Connect a transparent plastic
hose to the bleed nipple. Open the
bleed nipple and pump the hand
primer until clean fuel runs out of the
hose. Tighten the bleed nipple while
fuel is still running out (see "Fuel Sys-
tem, Bleeding” page 50).

6
Remove the hose and reinstall the
protection plug on the bleed nipple.

7
Apply parking brake and shift lever
into neutral.

8

Start the engine. Allow it to run at fast
idle, or with the PTO engaged, for
about 10 minutes to evacuate any
residual air in the fuel system.
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2339-06-02-02
Overflow Valve, Checking

D12, D12A, D12B

Note: Before beginning this service procedure, please
review "General Work Practices” page 43.

/?\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/?\ DANGER

Do not service any part of the fuel system while
smoking or in the presence of flames, sparks, or hot
surfaces. Failure to follow these precautions can result
in fire, which can cause serious injury or death.

/ £\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

[T\ WARNING

Fuel, oil, or coolant leaked/spilled onto hot surfaces or
electrical components can cause a fire. Clean up
spills immediately.

Special tools: 9996666, 9998496, J-39200

Service Procedures

1
J 39200 999 8496
Fig. 55: Bleed nipple, D12A/B
1'IQOnn QQQ «4QR QQQ RRRR
W2003513
Fig. 56: Bleed nipple, D12C
Remove the bleed nipple at the rear of J-39200

the head, install adapter 9996666 and
pressure transducer 9998496. Con-
nect the transducer to the multimeter
J-39200.

Note: The pressure transducer mea-
surement scale is in kPa.

2

Slowly pump the hand pump while
monitoring the fuel pressure. The
pressure should rise to a point deter-
mined by the opening of the overflow
valve then drop quickly. Recheck sev-
eral times to get an accurate reading.
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3

The opening pressure should corre-
spond to specifications found in “Fuel
Supply Pump and Overflow Valve”
page 5.

Note: If the overflow valve opens at a
pressure that is less than that given in
the specification, low fuel pressure will
result. The valve must be replaced.

4
Replace the valve if necessary.
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2339-03-02-02
Overflow Valve, Replacement

D12, D12A, D12B

Note: Before beginning this service procedure, please
review “General Work Practices” page 43.

/f\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/|\ DANGER

Do not service any part of the fuel system while
smoking or in the presence of flames, sparks, or hot
surfaces. Failure to follow these precautions can result
in fire, which can cause serious injury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

Fuel, oil, or coolant leaked/spilled onto hot surfaces or
electrical components can cause a fire. Clean up
spills immediately.



Group 23 Fuel System, D12, D12A, D12B, D12C Service Procedures

Overflow valve

Carefully clean the area around the
overflow valve area.

Draining fuel

Drain the fuel by connecting a hose to
the fuel filter housing drain nipple. Re-
move the protection plug and open the
bleed nipple on the cylinder head.
Route the fuel from the fuel filter hous-
ing into a suitable container.

Removing fuel lines

Remove the fuel line from the overflow
valve.
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4
Remove the overflow valve.

5

Clean the contact surface on the cylin-
der head and install a new overflow
valve. Use a new sealing washer.

6
Reconnect the fuel line. Use new seal-
ing washer.

7
Bleed the fuel system.

8
Apply parking brake and place the
gear lever into neutral.

9

Start the engine and allow it to run at
fast idle, or with the PTO engaged, for
about ten minutes to remove air from

the system.

10
Perform leak and operation checks.
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2339-03-02-02
Overflow Valve, Replacement

D12C

Note: Before beginning this service procedure, please
review “General Work Practices” page 43.

/f\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/|\ DANGER

Do not service any part of the fuel system while
smoking or in the presence of flames, sparks, or hot
surfaces. Failure to follow these precautions can result
in fire, which can cause serious injury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

Fuel, oil, or coolant leaked/spilled onto hot surfaces or
electrical components can cause a fire. Clean up
spills immediately.

1
Remove the overflow valve from the
intake pipe.

2
Clean the sealing surfaces.
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3 2371-03-02-02
Unit Injector, Replacement
(One)

Not Included:
. “Unit Injector, Adjustment” page 67

Note: Before beginning this service procedure, please
review “General Work Practices” page 43.

| 4 danger

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
W2003390 jury or death.
Install a new overflow valve with new
copper washers and tighten the over-

flow valve to 55 + 5 Nm (40 + 4 ft-Ib). /4
danger

Do not service any part of the fuel system while
smoking or in the presence of flames, sparks, or hot
surfaces. Failure to follow these precautions can result
in fire, which can cause serious injury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

Fuel, oil, or coolant leaked/spilled onto hot surfaces or
electrical components can cause a fire. Clean up
spills immediately.

Special tools: 9998249, 9998511, 9998599,
J-44515
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Drain the fuel out of the system to pre-
vent fuel running down into the cylinder
when a unit injector is dismantled.

T2009070
Prerequisites:

* Valve cover removed.
e Control valve removed.

* Pipe removed between control
valve and rocker arm shaft.

T2008956
Remove the injector hold-down bolt.

5

Clean very carefully round the unit in-
jector to be changed.

T2008812
Release the rocker arm bridge as per

the specifications.
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Remove the electrical cables from the
unit injector and the bolt for the unit in-
jector’s attachment yoke.

Remove the unit injector with tool
9998511.

Fig. 57: Vacuum pump J-44515

Remove fuel from the top of the piston
using vacuum pump J-44515.

8
Install protective sleeve J-42885-25
on the unit injector.

W2003392
9998511

W0001837

J-44515

J-42885-25

Service Procedures

Fig. 58: Cleaning the copper sleeve

Install cleaning sleeve 9998580 in the
injector well and carefully clean the
copper sleeve.

Leave cleaning sleeve 9998580 on the
cylinder head until the dirt is removed
from the injector well.

Note: If the unit injector is not installed
immediately, install the protective plug
9998251 in the cylinder head.

10

Check the sealing rings on the unit in-
jector. Install the unit injector and
centre it between the valve springs.
Tighten with a torque as per the speci-
fications.

W2003393

9998580
9998251
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11

Connect the electric cables to the in- 1.4 £ 0.1 Nm

jector. (3.5 £ 0.88 in-
1b)

Note: Tighten the nuts with a torque of
14 + 0.1 Nm (3.5 + 0.88 in-Ib).

[T\ CAUTION

Do not overtorque. This will break the stud.

12
Install the rocker arm bridge and
tighten with a torque as per the speci-
fications.

13

T2009070
Install the pipe between the rocker
arm shaft and control valve.
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14

T2008812
Install the control valve.
15
Connect the cables on the solenoid 1.4 £ 0.1 Nm
valve. (3.5 £ 0.88 in-

Ib)
Note: Tighten the nuts with a torque of

1.4 + 0.1 Nm (3.5 + 0.88 in-Ib).

CAUTION

Do not overtorque. This will break the stud.

16
Adjust the valves.

17

Install the valve cover and tighten ac-
cording to the tightening schedule in
the specifications.
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18 2371-05-02-01
Unit Injector, Adjustment

(Adjusting pre-load)

Note: Before beginning this service procedure, please
review "General Work Practices” page 43.

/j\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

W2003388
Vent the fuel system at the fuel filter.
/j\ DANGER
19
Do not service any part of the fuel system while
smoking or in the presence of flames, sparks, or hot
surfaces. Failure to follow these precautions can result
in fire, which can cause serious injury or death.
WARNING
HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.
W2003394
Vent the fuel system on the cylinder
head.
20

Start the engine and run for approx.
10 minutes to evacuate any residual
air in the fuel system.

21

Check that the engine has reached
normal working temperature and then
run for another 5 minutes.

22
Check to make sure the fuel system is
operating properly. Check for leaks.
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1?2\ WARNING

Fuel, oil, or coolant leaked/spilled onto hot surfaces or
electrical components can cause a fire. Clean up
spills immediately.

A WARNING

Do not work near the fan with the engine running or
the ignition in the ON position. The engine fan can en-
gage at any time without warning. Anyone near the
fan when it turns on could be seriously injured.

A CAUTION

Observe the greatest possible cleanliness when work-
ing on the cylinder head. Dirt particles in the fuel and
oil channels can cause the unit injectors to malfunc-
tion, and can cause the VEB (if equipped) to fail.

Special tools: 9996956

Unit Injector, Adjusting Pre-load

1

T2006935

Check that the camshaft line marking

for adjusting the intake valves and unit

injector are opposite the marking on

the bearing cap, tolerance + 2 mm (al-
ternatively between the marks).

Check, via the number marking on the
camshaft on which cylinder unit injec-

tor pre-loading is to be adjusted.

Important: If tool 6956 is used to
crank the flywheel, make sure that the
tool is removed if the engine is to be
turned over with the starter motor.
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2

Loosen the adjustment screw and ad-
just the unit injector rocker arm to zero
clearance against the camshaft.
Tighten the adjustment screw one full
turn and then loosen again. Then re-
turn the rocker arm to zero clearance.

T2008845
Preload the unit injector by screwing 3-4 flats
down the adjustment screw 3-4 flats, (180- 240)

(180- 240). Torque-tighten the lock
nut according to the specifications.
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2379-03-02-02
Unit Injector Copper Sleeve,
Replacement

Note: Before beginning this service procedure, please
review "General Work Practices” page 43.

/ £\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/t\ DANGER

Do not service any part of the fuel system while
smoking or in the presence of flames, sparks, or hot
surfaces. Failure to follow these precautions can result
in fire, which can cause serious injury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/1\ WARNING

Fuel, oil, or coolant leaked/spilled onto hot surfaces or
electrical components can cause a fire. Clean up
spills immediately.

/1\ WARNING

Do not work near the fan with the engine running or
the ignition in the ON position. The engine fan can en-
gage at any time without warning. Anyone near the
fan when it turns on could be seriously injured.

Removal

1

Connect a drain hose 9996049 to the 9996049
engine coolant drain nipple and drain

the coolant into a suitable container.

Service Procedures

T2006777
Remove the rocker arm bridge bolts.

Note: Loosen the bolts in three equal
stages to avoid bending the rocker
arm shaft.

/T\ CAUTION

Failure to remove the control valve before removing
the rocker arm bridge may result in damage to the
control valve and/or the pipe.

If the engine is equipped with a VEB
(Volvo Engine Brake), remove the con-
trol valve and the pipe. Plug the ports
and place the valve in a plastic bag to
prevent it from being subjected to dirt
and contamination. To facilitate re-
moval, remove the valve cover stud
bolt.

Note: On engines equipped with a
VEB (Volvo Engine Brake), secure the
rocker arm plungers with rubber bands
so that the plungers do not fall out of
the rocker arms.

T2006776
Lift the rocker arm bridge using lifting 9998255
tool 9998255.
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5

Drain the fuel from the cylinder head.
Refer to the procedure,"Fuel System
Draining,” the service manual 210-
600, Basic Engine D12.

6
Carefully clean around the electronic
unit injector (EUI) to be removed.

T2006709
Disconnect the electrical wires from
the EUI.

A CAUTION

Pay close attention to the wire terminals. If one
breaks, remove the broken pieces. Failure to do so
may result in pieces falling into the cylinder, which can
cause component damage.
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T2006708
Remove the EUl and check that no dirt 9998249
enters the injector well in the cylinder
head. Install a dust cover on the EUI,
and install protective plug 9998249 in
the injector well in the cylinder head.

T2007050
Remove the valve bridges at the cop-
per sleeve that is to be changed, and
make note of location for reassembly.

10

Make sure that the piston correspond-
ing to the copper sleeve being
removed is in the down position.
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11

T2007157
(This step is for D12C only) Check 9998252
whether the copper sleeve has an 8
mm or 9 mm hole in the tip. Install the
8 mm tap in tool 9998252 and try
threading the copper sleeve. If it turns
too easily, replace the 8 mm tap with
the 9 mm tap and continue with the
procedure.

12

Using tool 9998252 turn tap approxi- 9998252
mately 1/4 of a turn, then back off at

least a full turn to remove shavings.

Turn forward again until you feel ten-

sion, then repeat this step. Continue

until the tap has passed through the

bottom of the copper sleeve.

Note: Apply grease to the tap to pre-
vent shavings from falling down into
the cylinder.

Service Procedures

13

W2003433
Using the Allen wrench, loosen the 9998253
Allen set-screw on the extractor tool
9992853.
14

Adjust the bolt in the end of the tool
until the bolt extends approximately 22
mm (0.875 in.) beyond the end of the
tool(A).

15

Tighten the Allen set-screw and make
sure that the screw is seated against
the flat part of the extractor bolt.
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16 18

Hand turn the retaining nut clockwise
(1) until it is firmly seated against the
W2003434 bottom of the extracting cup.
Install the extractor tool into the cop-
per sleeve and hand tighten until it
bottoms out in the sleeve. 19

17

W2003435
Back off the retaining nut (1) and turn
the extractor bolt (2) so that the
threaded end passes completely
through the copper sleeve tip.

Do not use air tools to remove the copper sleeve. Use
of air tools can damage engine components.

Using a wrench, turn the retaining nut
Note: If the threaded end does not (1) clockwise until the copper sleeve is
pass completely through the copper removed.
sleeve, the tip of the sleeve may break
off as it is removed.
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20 22

Pieces of the copper sleeve that fall into the cylinder
can seriously damage the piston and/or turbocharger. T2006821
Install the 2 sealing clamps 9998250 9998250

) in the cylinder head fuel gallery.
When the sleeve is removed, the

extractor tool should be extended be-

yond the cooper sleeve at least 3 mm 23
(0.125 in); see (1). Ifit is not, check to

make sure that a piece of the cooper

sleeve has not broken off and fallen

into the cylinder.

Cleaning the Copper Sleeve Bore

21
Wear safety glasses while using cleaning brushes or
compressed air. Failure to do so could cause eye in-
jury from flying debris.
W2003537 . . .
Fig. 59: Cleaning kit J-42885 Use the "7/16 in. diameter” brush in-
side bore (C). Move the brush up and
When replacing the injector copper J-42885 down while turning it at the same time.
sleeves in the cylinder head, it is im-
portant that the sleeve bore in the J-42885

head is free from any carbon deposits
and any other residue (i.e. pieces of
the O-ring, etc.) before installing the
new sleeve. Use the cleaning kit J-
42885 in the following steps.
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24

W2003528

Place the injector bore sleeve protec- J-42885
tor into injector bore. Assemble the

Roloc® brush (2), the holder (3), and

the extension (4). Install the assembly

into a drill and clean the sleeve seal

(B); see illustration page 73.

25

Install the 1.5 in. diameter brush into J-42885
the drill and clean bore (A); see illus-

tration page 73.

26

Use the chip vacuum PT-2900 to re- PT-2900
move all debris from the copper sleeve

bore.

27

Inspect the copper sleeve bore for any
remaining debris. Pay close attention
to the O-ring area of the bore for any
remaining pieces of the O-ring that
may require scraping with a pocket
knife to remove. Reclean if needed.

28

Remove the 2 sealing clamps 9998250
9998250 from the cylinder head fuel PT-2900
gallery, and remove any remaining de-

bris using chip vacuum PT-2900.
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Installation

Lubricate the new sealing ring with en-
gine oil and install it on the new
copper sleeve.

Lubricate the sealing ring again with
engine oil.

9998254

Install the copper sleeve on the flaring 9998254
tool 9998254, and lubricate the flaring 9808000
pin 9808000 with engine oil. Thread

the flaring tool 9998000 to the flaring

tool 9998254 until it bottoms. Then,

loosen the flaring pin approximately

180.

Note: Failure to loosen the flaring tool
180 can result in the pin being twisted
or broken.

3

Check that the piston is not at TD.C.
(if the piston is at T.D.C., the flywheel
must be turned). Carefully tap down
the copper sleeve until it bottoms out
against the sleeve seal in the cylinder
head.

4
Install and tighten the retainer for the
electronic unit injector.
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Flare the copper sleeve. Do this by
turning the nut while counterholding
the spindle until the flaring pin,
9998254 has been completely pulled
through the copper sleeve.

Note: Failure to counterhold the spin-
dle will result in a twisted or broken
flaring pin.

6
Remove the flaring tool 9998254 and
pin 9808000.

T2007089
9998254

9998254
9808000

Service Procedures

T2006707

Install the new sealing rings on the

electronic unit injector (EUI). Lubricate

the sealing rings with grease and in-
stall the electronic unit injector.

/j\ CAUTION

Remove all oil from the injector retainer bolt holes to
prevent a hydraulic lock that may result in damage to

the cylinder head.

Tighten the electronic unit injector.

New Copper Sleeve:

9
Tighten retainer bolt to a torque of 20
+ 5 Nm (15 * 4 ft-lb).

20 £ 5 Nm
(15 + 4 ft-Ib)
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10

I+
[¢)]

11
Loosen the retainer bolt for the unit in-
jector prior to the second tightening.

12
Tighten bolt to a torque of 20 £ 5 Nm
(15 £ 4 ft-lb).

13
Turn the retainer bolt an additional
60 5.

Old Copper Sleeve:

14
Tighten the retainer bolt to a torque of
20 + 5 Nm (15 * 4 ft-Ib).

Note: If the injector is not to be in-
stalled at once, install a protective plug
in the cylinder head.

15
Turn the retainer bolt an additional
60 £+ 5.
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Service Procedures

16

Connect the electronic unit injector 1.4 Nm
(EUI) electrical wires and tighten the 1 ft-b)

nut to a torque of 1.4 Nm (1 ft-Ib). 33 £+ 4 Nm
The EUI electrical wires should be (24 £ 3 ft-lb)

routed to the outside of the valve
cover bolts.

Pay close attention to the cable hold-
ers. If one breaks, remove the broken
pieces to prevent clogging or damage
to any components.

Note: Be careful not to pinch the EUI
wiring cable harness when installing
the valve cover.

Note: Hold the wires while tightening.
If the screw gets damaged, the com-
plete electronic unit injector must be

replaced.

Note: Applies to engines equipped
with VEB (Volvo Engine Brake).

The VEB control valve should be rein-
stalled at this time. Reconnect sliding
valve and pipe into the rocker arm
shaft as a unit. Apply Loctite® 242 to
threads and tighten the bolts to a
torque of 33 £ 4 Nm (24 = 3 ft-lb).
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17 19

Install all rocker arm shaft bolts, mak-
ing sure they are hand tight before
continuing.

Note: When reinstalling a rocker arm
shaft which has been removed or loos-
ened, only the bolts which hold the

lobes with engine oil. rocker arm shaft should be tightened.

18

T2006776

/1\ CAUTION

Remove all oil from the rocker arm bridge bolt holes
to prevent a hydraulic lock that may result in damage
to the cylinder head.

Install the rocker arm bridge, using lift-
ing tool 9998255.

9998255
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20

Fig. 60: Bearing caps and camshaft/rocker shaft,
tightening sequence

D12C:

1 15+#5Nm U +4ftlb); +90+ 5
2 60 +5 Nm (44 + 4 ft-lb)

3 15+5Nm (11 * 4 ft-lb); +120 + 5°
4 60 %5 Nm (44 + 4 ft-lb); loosen to

0 Nm (0 ft-Ib)
5 15+5Nm (11 * 4 ftlb); +120 + 5°

D12, D12A, D12B:

15+ 5 Nm (11 + 4 ft-b); +90 +5°
45 Nm (33 ft-lb)

15+5 Nm (11 % 4 ft-lb);+90 +5°
45 Nm (33 ft-Ib); loosen to

0 Nm (O ft-Ib)

15+ 5 Nm (11 + 4 ft-lb); +90 + 5°

A OWN PR

[¢)]

Gradually tighten the bolts so that the
rocker arm shaft does not bend or
warp. Tighten the shaft until it lies
against the camshaft lobes, then
torque tighten using the 5-step torque
sequence shown.

21
Adjust the valves and the electronic
unit injector (EUI).
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VOLVO

Volvo Trucks North America,
Greensboro, NC USA

This TSI Service Bulletin and others in Groups 21 and
33 replace TSI Service Manual 210-600, “Basic Engine,

D12, D12A, D12B, D12C” (8.2000), publication no.
PV776-TSP142853.

Idler Gear Assembly

Fig. 1: VOLVO D12C Engine

TSI

Date Group No. Supp.  Page

11.2001 215 007 1(4)

Idler Gear Assembly
D12, D12A, D12B

This information covers procedures for overhauling the idler gear assembly on VOLVO

D12, D12A, and D12B engines.

Contents
. “Special Tools” page 2

. “Idler Gear Assembly, Overhaul” page 3

PV776-TSP161565

USA10457
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Tools

Special Tools

The following special tools are used to replace or repair components. The tools can be
ordered from Volvo; please use the specified part number when ordering.

9998244
Hollow Drift



Volvo Trucks North America, Inc. Date
TSI 112001

Service Procedures

2153-04-05-01 3
Idler Gear Assembly, Overhaul

(Unit removed.)

/j\ WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with debris.

Special tools: 9988183, 9992267, 9992584,
9998244

1
Clamp the idler gear assembly se-
curely in a vise.

Group

215

No.

007

T2007174

Page
3(4)

Fig. 3: Removing the shaft and the bearing together

Disassembly

Using tool 9998244, press the shafts

2 and bearings out of both the idler

gears.

T2007097

Fig. 2: Removing the snap ring

9998244

T2007077

Fig. 4: Removing the snap ring

Using snap ring pliers 9988183, re- 9988183
move the snap ring at the front of the
idler gears equipped with roller bear-
ings. of the idler gears.

Using snap ring pliers 9988183, re-
move the snap rings on the other side

9988183
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5
T2007141

Fig. 5: Removing the shaft from the bearing
Using puller 9992584 and drift 9992584
9992267, press the shafts out of the 9992267
bearings.
Assembly
6

Place the shaft and the bearing lock
washer into a press.

T2007094
Fig. 6: Installing a new bearing

Using tool 9992584, press the new 9992584
bearing onto the shaft until it bottoms
against the washer.

8

Install the snap ring onto the side of
the bearing that faces the timing gear
plate.

T2007140
Fig. 7: Installing the shaft and bearing assembly

Using tool 9998244, carefully press 9998244
the shaft and the bearing into the idler

gear until the bearing lies up against

the snap ring.

Note: Do not press too hard against
the snap ring.

10
Install the other snap ring and remove
the washer.
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Date Group No. Supp. Page
This TSI Service Bulletin replaces TSI Service Bulletin
214-013, “Valves, D12C” (11.2001), publication no. 7.2004 214 020 19
PV776-TSP160587.

Valve and Injector Adjustment with EPG
D12, D12A, D12B, D12C

Valve and Injector Adjustment with EPG

W2003805

This information covers procedures for adjusting valves and injectors on VOLVO D12,
D12A, D12B, and D12C engines.

Contents
*« “Special Tools” page 2

¢ “Valves and Unit Injectors, Adjustment” page 3

Note: Information is subject to change without notice.

lllustrations are used for reference only and may differ slightly from the actual
vehicle being serviced. However, key components addressed in this information are
represented as accurately as possible.

PV776-20 006218 USA15092
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TSI 72004 214 020

Tools
Special Tools

The following special tools are used to replace or repair components. The tools can be
ordered from Volvo. Please use the specified part number when ordering.

0000220 W0000416
9996956 J41610
Cranking tool Feeler Gauge Set

Other Special Equipment

Like special tools, the following items can be ordered directly from Volvo. Please refer to
the specific tool number when ordering.

1 " HII
€2001260
1159794
Torque Wrench

Page
2(9)
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TSI 7.2004 214 020 3(9)

Service Procedures

2140-05-03-01
Valves and Unit Injectors, Adjustment

(Valve cover removed.)

You must read and understand the precautions and
guidelines in Service Information, group 20, "General
Safety Practices" before performing this procedure.
If you are not properly trained and certified in this
procedure, ask your supervisor for training before
you perform it

Note: Variant abbreviations are used to identify an engine
equipped with the following components:

EPG Exhaust Pressure Governor

Special tools: 9996956, J41610
Other special equipment: 1159794
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1

Remove the flywheel inspection cover located under
the engine flywheel housing. Install engine turning
tool 9996956.

9996956

2

Turn the engine to the camshaft marking to adjust the
corresponding valve (for example, no. 5, as shown in
illustration), as indicated below:

e Marking 1- 6: Apply to adjustment of valve bridge
intake valves, exhaust valves, and unit injector.

Example:

Adjustments for no. 5 intake clearances, no. 5 injector
preload, and no. 5 exhaust valve clearances would be
made in this engine position.
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Valve and Unit injector, adjustment

3
Loosen lock nut and back off adjusting screw until it no
longer makes contact with the injector socket.

Note: Adjust injector before adjusting intake and
exhaust valves.

Valve and Injector Settings

Cam Injector Intake Exhaust
Position
1 X X X
5 X X X
3 X X X
6 X X X
2 X X X
W2004460
4 X X X
4
Adjust the unit injector’s adjusting screw to zero
clearance.
5

Tighten the adjusting screw 4 flats or 240°.

6
Torque-tighten the adjusting screw lock nut to
52 £+ 4 Nm (38 = 3 ft-Ib).

Note: Mark the rocker arm and injector rocker when each
valve has been adjusted.

52 + 4 Nm
(38 + 3 ft-Ib)
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Intake and Exhaust Valve Bridge Adjustment

7

T2019496
Valve bridge with guide

W2004467
Valve bridge without guide

Note: A valve bridge design (without guide pin) is used in
D12 engines. These may be installed in combination
with the current valve bridge design with guide pin. The
procedure for adjusting valves remains the same, except
that the valve bridge without guide pin does not need
adjusting. Valve clearances are also unchanged. For
intake valves, the valve bridge without guide pin may

be installed facing either direction. A valve bridge with
guide pin must always be installed as a replacement
component.
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Intake and Exhaust Valve Bridge Adjustment

8

/1\ CAUTION

The valve bridge must be adjusted prior to the valve
clearance adjustment that is related to it. Failure to
do this can result in breakage or damage to the
valve bridge guide.

Note: The valve bridge adjustment can only be made
when there is clearance between the valve bridge
and the rockerarm.

Adjust the valve bridge clearance:

¢ Loosen the adjusting screw lock nut.

¢ Loosen adjusting screw until it no longer contacts
valve stem.

¢ Press valve bridge downward toward the valve stem.

« Tighten adjusting screw until it makes contact, then
turn an additional 1 flat or 60°.

¢ Hold adjusting screw in place and torque-tighten nut to

38 + 3 Nm (28 + 2 ft-Ib).

38 £ 3 Nm
(28 + 2 ft-Ib)

9
Recheck valve clearance after nut is torque-tightened.

10

Rotate the engine to the next cylinder mark on the
camshaft. Adjust unit injector, valve bridges, intake and
exhaust valves on that cylinder.
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11

With engine cold (140° F or less), adjust the valve
clearance for exhaust to 0.5 mm (0.020 in.). Hold
adjusting screw in place and torque-tighten lock nut to 38
+ 3 Nm (28 + 2 ft-lb).

Note: Mark each valve rocker lever as you adjust it to
know which valves have already been adjusted.

Intake Valves, adjustment

12

With engine cold (140°F or less), adjust valve clearance
to 0.2 mm (0.008 in.). Hold adjusting screw in place and
torque-tighten lock nut to 38 + 3 Nm (28 + 2 ft-Ib).

Note: Mark each valve rocker lever as you adjust it to
know which valves have already been adjusted.

38 £ 3 Nm
(28 + 2 ft-Ib)
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13
Use steps 3 -13 to adjust the injectors and valves.

Valve Clearance, Cold Engine Setting Valve
Inlet 0.2 mm (0.00B in.)

Exhaust 0.5 mm (0.020 in.)

Valve Clearance, Cold Engine Check Valve
Inlet 0.15 - 0.25 mm (0.006 - 0.010 in.)

Exhaust 0.45 - 0.55 mm (0.01B - 0.22 in.)

Valve and Injector Settings

Cam Injector Intake Exhaust
Position

1

AN O (n O
X X X X X X
X X X X X X
X X X X X X
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Volvo Trucks North America, Inc.
Greensboro, NC USA

Date Group No. Supp. Page
This TSI Service Bulletin replaces TSI Service Bulletin

214-013, “Valves, D12C” (11.2001), publication no. 7.2004 214 019 1(11)
PV776-TSP160587.

Valve and Injector Adjustment with VEB
D12, D12A, D12B, D12C

Valve and Injector Adjustment with VEB

W2004459

This information covers procedures for adjusting valves and injectors on VOLVO D12,
D12A, D12B, and D12C engines.

Contents
* “Special Tools” page 2

e “Valves and Unit Injectors, Adjustment” page 3

Note: Information is subject to change without notice.

Illustrations are used for reference only and may differ slightly from the actual
vehicle being serviced. However, key components addressed in this information are
represented as accurately as possible.

PV776-20 005870 USA15071
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Tools
Special Tools

For special tools ordering instructions, refer to Tool Information, group 08.

W0001924 W0001774 W0000416
3949521 9996956 J41610
VEB shim kit Engine turning tool Feeler gauge set

Other Special Equipment

Like special tools, the following items can be ordered directly from Volvo. Please refer to
the specific tool number when ordering.

€2001260
1159794
Torque Wrench
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Service Procedures

2140-05-03-01

Valves and Unit Injectors, Adjustment

W2004440

(Valve cover removed.)

You must read and understand the precautions and
guidelines in Service Information, group 20, "General
Safety Practices, Engine" before performing this
procedure. If you are not properly trained and certified
in this procedure, ask your supervisor for training
before you perform it

Note: Variant abbreviations are used to identify an engine
equipped with the following components:

VEB Volvo Engine Brake

Special tools: 3949521, 9996956, J41610
Other special equipment: 1159794

1
Remove the flywheel inspection cover from the flywheel
housing. Install engine turning tool 9996956.

9996956

2
Camshaft markings for setting of valves and unit
injectors:

* Markings 1-6, apply to adjustment of intake valves
and unit injector.

* Markings V1-V6, apply to adjustment of exhaust
valves only.
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Valve and Unit injector, adjustment

3
Loosen lock nut and back off adjusting screw until it no
longer makes contact with the injector socket.

Valve and Injector Settings

Cam Injector Intake Exhaust
Position

5 X X

V6 X
3 X X

V2 X
6 X X

V4 X
2 X X

V1 X
4 X X

V5 X
1 X X

V3 X

4
Adjust the unit injector’s adjusting screw to zero
clearance.

5
Tighten the adjusting screw 4 flats or 240°.

6
Torque-tighten the adjusting screw lock nut to
52 + 4 Nm (38 = 3 ft-Ib).

Note: Mark the rocker arm and injector rocker when each
valve has been adjusted.

52 + 4 Nm
(38 + 3 ft-Ib)
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Intake and Exhaust Valve Bridge Adjustment

7

T2019496
Valve bridge with guide

W2004467
Valve bridge without guide

Note: A valve bridge design (without guide pin) is used in
D12 engines. These may be installed in combination
with the current valve bridge design with guide pin. The
procedure for adjusting valves remains the same, except
that the valve bridge without guide pin does not need
adjusting. Valve clearances are also unchanged. For
intake valves, the valve bridge without guide pin may

be installed facing either direction. A valve bridge with
guide pin must always be installed as a replacement
component.
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/j\ CAUTION

The valve bridge must be adjusted prior to the valve
clearance adjustment that is related to it. Failure to
do this can result in breakage or damage to the
valve bridge guide.

Note: The valve bridge adjustment can only be made
when there is clearance between the valve bridge
and the rockerarm.

Adjust the valve bridge clearance:

¢ Loosen the adjusting screw lock nut.

¢ Loosen adjusting screw until it no longer contacts
valve stem.

* Press valve bridge downward toward the valve stem.

« Tighten adjusting screw until it makes contact, then
turn an additional 1 flat or 60°.

e Hold adjusting screw in place and torque-tighten nut to
38 + 3 Nm (28 + 2 ft-Ib).

W2004468
38 + 3 Nm
(28 = 2 ft-Ib)

9
Recheck valve clearance after nut is torque-tightened.
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Intake Valves, adjustment

10

With engine cold (140° F or less), adjust valve clearance
to 0.2 mm (0.008 in.). Hold adjusting screw in place and
torque-tighten lock nutto 38 + 3 Nm (28 + 2 ft-lb).

Note: Mark each valve rocker lever as you adjust it to
know which valves have already been adjusted.

38 + 3 Nm
(28 = 2 ft-Ib)

11
Turn the engine to the next camshaft marking before

adjusting another cylinder.
Note: Engine temperature at 140°F or less.
Valve Clearance, Cold Engine Setting Valve
Inlet 0.2 mm (0.008 in.)
Exhaust VEB 1.6 mm (0.063 in.)

Valve Clearance, Cold Engine Check Valve
Inlet 0.15 - 0.25 mm (0.006 - 0.010 in.)

Exhaust VEB 1.55- 1.65 mm (0.061 - 0.065 in.)



Volvo Trucks North America, Inc.

TSI

W2004427

Date Group No. Page

7200a 214 GI1S 8 (ii)

Exhaust valves (VEB), adjustment

12
Turn the engine to the next camshaft marking (“V” plus
number) for the adjustment of exhaust valves.

13
Loosen the adjusting screw until the valve bridge does
not make contact with the valve stem.

Valve and Injector Settings

Cam Injector Intake Exhaust
Position

5 X X

V6 X
3 X X

V2 X
6 X X

V4 X
2 X X

V1 X
4 X X

V5 X
1 X X

V3 X

14

Tighten the adjusting screw until it makes contact (zero
clearance) against the valve stem. Turn an additional
1flat or 60°. Do not tighten the adjusting screw lock
nut at this point.

Note: When the adjusting screw is screwed down, the
valve bridge must be pushed down at the same time until
it makes contact with the valve stems.
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15

Push the rocker arm down as

shown. Ifthe rocker arm “springs,” the rocker arm piston’s
spring should be pulled outward while the rocker

arm is pushed down until the piston makes contact

with the VEB housing.

Note: Use a strong wire or a bent screwdriver to pull out
the spring.

Note: For correct reading or measurement, make sure
that the wire or the screwdriver has been well cleaned
before they are used. Impurities between the rocker
arm piston and the rocker arm can lead to the piston
seizing and the brake function on the cylinder failing to
work. Make sure that the piston’s sliding surface in the
rocker arm is not damaged.

W2004447 W2004446

VEB Compressed Piston in Housing VEB Plunger Piston with oil trapped
(Correct valve lash adjustment) (Incorrect valve lash adjustment)

16

Measure the clearance between the rocker arm’s piston
and the valve bridge. Acceptable clearance is

155 - 1.65 mm (0.061 - 0.065 in.).

1.55 - 1.65 mm (0.061 - 0.065 in.)
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17

Note: The exhaust valve rockers do not have adjusting
screws. The exhaust valve clearance is adjusted by
adding and/or removing the correct VEB shims.

Note: Shims are available in intervals of 0.05 mm. The
thickness is stamped on the shim. VEB shim kit is
tool no. 3945921.

If the valve clearance needs to be
adjusted, remove the lock nut without moving
the adjusting screw.

Note: If the shim is wearing on one side, turn it over
and reuse.

Note: Ifthe adjusting screw turns while removing the lock
nut, repeat steps for Valve Bridge Adjustment.

3945921

18
Use the measured value to calculate the thickness of
the new shims.

If two shims must be used, select
shims of approximately the same thickness.

Note: A maximum of two shims can be used.
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19

Make sure that the shim(s) and the valve bridge have
been properly cleaned. Install shims and torque-tighten
the adjusting screw lock nutto 38 + 4 Nm (28 £ 3 ft-Ib).

Note: The adjusting screw must not be moved on the
valve bridge when the lock nut is tightened.

38 £ 4 Nm (28 + 3 ft-Ib).

20
After tightening the adjusting screw, recheck the valve
clearance.

Note: Mark the rocker arm when the valve has been
adjusted.

21
After work has been completed, start the engine and
check for incorrect valve adjustment and leaks.

22

Bring engine to normal operating temperature. Let engine
idle for approximately 5 minutes; the system performs its
own cylinder balancing in order to attain smooth idling.

Note: During cylinder balancing, do not use any form of
power-consuming equipment, such as power take-off or
air conditioning.
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Foreword

The descriptions and service procedures contained in this manual are based on de-
signs and methods studies carried out up to August 2000.

The products are under continuous development. Vehicles and components produced
after the above date may therefore have different specifications and repair methods.
When this is believed to have a significant bearing on this manual, supplementary ser-
vice bulletins will be issued to cover the changes.

The new edition of this manual will update the changes.

In service procedures where the title incorporates an operation number, this is a refer-
ence to an S.R.T. (Standard Repair Time).

Service procedures which do not include an operation number in the title are for gen-
eral information and no reference is made to an S.R.T.

The following levels of observations, cautions and warnings are used in this Service
Documentation:

Note: Indicates a procedure, practice, or condition that must be followed in order to
have the vehicle or component function in the manner intended.

Caution: Indicates an unsafe practice where damage to the product could occur.

Warning: Indicates an unsafe practice where personal injury or severe damage to the
product could occur.

Danger: Indicates an unsafe practice where serious personal injury or death could oc-
cur.

Volvo Trucks North America, Inc.
Greensboro, NC USA

Order number: PV776-TSP144524
© 2000 Volvo Trucks North America, Inc., Greensboro, NC USA

All rights reserved. No part of this publication may be reproduced, stored in
retrieval system, or transmitted in any forms by any means, electronic, me-
chanical, photocopying, recording or otherwise, without the prior written
permission of Volvo Trucks North America, Inc..
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Group 25 Intake and Exhaust System General

General

This information covers the Intake and Exhaust System for the D12, D12A, D12B, and
D12C engines.






Group 25 Intake and Exhaust System Specifications

Specifications
Intake and Exhaust System

Maximum Restriction (Rated speed full load) 6.2 kPa (H20) (25 in.)

Air Cleaner torque
Plastic 9+ 2 Nm (7 = 2 ft—bs)

Metal 20 £ 2 Nm (15 + 2 ft-Ibs)

For Specifications, including torques, refer to:

Service Manuals 200-890, Specifications, D12C
200-850, Specifications, D12B
200-820, Specifications, D12A

IMPACT Function Group 25
Info Type: Specifications
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Group 25 Intake and Exhaust System Tools

Tools

Special Tools

Servicing the VE D12 intake and exhaust systems requires the following special tools.
The tools are available from parts departments of Volvo Trucks North America, Inc.
When requesting tools, provide the appropriate number, preceded by "999", for exam-

ple, 9992610.
9992610 Drift for overhauling exhaust pressure 9998225 Hollow drift for overhauling exhaust
governor pressure governor
9996065 Gauge for checking boost pressure 9998246 Drift for overhauling exhaust pressure
governor
9996666 Union for checking boost pressure
9998288 Connecting washer for leakage test of
9996662 Pressure gauge .
charge air cooler
9996831 Vacuum gauge for checking pressure

9998289 Sealing washer for leakage test of

drop indicator .
charge air cooler



Group 25 Intake and Exhaust System Tools

Special Equipment

Like the special tools, the following are available from the parts department of Volvo
Trucks North America, Inc.. When requesting tools, provide the appropriate part num-

ber.
W0001840
1159794 Torque wrench 10-100 Nm (7-73 ft-lb)
W0001841
1159795 Torque wrench 40-340 Nm (30-250 ft-Ib)
W0001842
1159796 Torque wrench 150-800 Nm (110-590 ft-Ib)



Group 25 Intake and Exhaust System Design and Function

Design and Function

Intake and Exhaust System
Preheater

Selected versions of the D12 are equipped with a pre-
heater. Its purpose is to warm air in the intake manifold
when starting the engine. This heated air eases starting
at very low temperatures and reduces engine smoking
when starting a cold engine. The following conditions are
required to engage the preheater:

¢ The parking brake must be applied.
¢ The power take-off must not be engaged.

The preheater does not engage at coolant temperatures

over 10 C (50 F). At a coolant temperature of 10 C

(50 F), the preheating time is 25 seconds. At coolant 2006975
temperatures below -1 0 C (0 F), the preheating time is Fig. 1. Preheater

55 seconds. Preheating time increases linearly between

10 C (50 F)and -10 C (0 F).

The post-heating time is always the same as the pre-
heating time.

D12C

The D12C is equipped with a new preheater. The func-
tion of the starting heater is similar for both vehicle
variants, but the location of the relay differs. The pre-
heater on both engine variants is grounded to the engine
block through the intake manifold.

W2003281
Fig. 2: Preheater, D12C
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Engines without Preheater

On engines not equipped with a preheater, engine
coolant temperature determines the point at which fuel
injection begins while starting. The crankshaft rotates an
extra number of turns to increase cylinder temperature
before fuel injection begins. This gives more reliable
starting and reduces exhaust emissions during cold
starts down to about-15 C (5 F). This means that the
crankshaft may need to rotate about 3-4 rotations before
fuel injection begins and the engine fires.

An exhaust pressure governor is activated during start-
up.

10

Design and Function
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Engine Brake

Fig. 3: D12 Engine

1 Camshaft
2 Shutter
3 Exhaust pressure governor

The Volvo Engine Brake (VEB) is a combination of two
brake systems: the exhaust brake and the compression
brake.

Exhaust brake

The exhaust pressure governor uses a shutter mounted
in the exhaust outlet from the turbocharger. This shutter,
connected to the exhaust pressure governor plunger,
can restrict the exhaust gas flow. This creates a braking
effect during the exhaust stroke when the exhaust gases
cannot evacuate freely and create an overpressure be-
tween the pistons and the shutter.

Compression brake

During the engine compression stroke and combustion
(operating) stroke, the controlled opening of the exhaust
valves creates an overpressure in the combustion cham-
ber. This, in turn, produces a braking effect on the
crankshatft.

The camshaft on an engine with a compression brake
has two extra lobes on each exhaust cam profile. The
lifting height of the extra lobes is very low when com-
pared to the normal exhaust lobes. To enable the extra
lobes to open the exhaust valves, the exhaust rocker
arms are arranged in a manner by which the valve clear-
ance can be reduced during the braking sequence.

ShimShims are available in thickness invtervals of 0.05
mm (0.0002 in). Sizes range from 2.0-2.4 mm (0.08-
0.094 in) and from 3.2-3.95 mm(0.126-0.156 in).
Thickness is stamped on the shims.

Rocker arm
Control valve
Shim

Design and Function

11



Group 25 Intake and Exhaust System Design and Function

D12C

The VEB solenoid has been moved to the center of the
rocker shaft. The oil supply is internal, rather than having
the external piping visible.

Control Valve

The control valve is mounted on the cylinder head under
the valve cover, and is connected to the oil system
ahead of the rocker arm shaft. Its purpose is to reduce
the oil pressure to the rocker arms while the engine is
operating (compression brake not activated).

There is always full system oil pressure to the control
valve intake (1) because the intake is connected via a
pipe to the lube oil gallery in the cylinder block. The oil
pressure to the rocker arm shaft can be increased via a
solenoid valve (2) mounted on the control valve, from ap-
proximately 100 kPa (14.5 psi) while the engine is
operating, to more than 200 kPa (29 psi) during com-
pression braking.

While the engine is operating, the oil pressure is reduced
after the control valve by the plunger (3) being held in

balance by the force of a spring (4) and the oil pressure
in the oil chamber (6) on the opposite side of the plunger.

When the solenoid valve is activated, the oil chamber (6)
is drained and the spring (4) presses the plunger (3) to
its end position. The plunger completely opens the oil
outlet (5) to increase oil pressure to the rocker arm shaft.

Fig. 4: Control Valve

Oil inlet
Solenoid valve
Plunger
Spring

Qil outlet

Oil chamber

oM WN R

12



Group 25 Intake and Exhaust System

Camshaft on Engine with Compression Brake
The camshaft on an engine with a compression brake
has an induction lobe (1) and a decompression lobe (2)
— in addition to the normal exhaust lobe (3) — on each
cam profile for the exhaust valves.

The induction and decompression lobe lifting height is
0.8 mm (0.032 in.) above the basic circle, which is equiv-
alent to approximately 1.1 mm (0.043 in.) at the valve
bridge.

The induction lobe is positioned so that it opens the ex-
haust valves at the end of the intake stroke and holds
them open until the beginning of the compression stroke.

The decompression lobe is positioned so that it opens
the exhaust valves at the end of the compression stroke.

In order for the induction and decompression lobes to
open the exhaust valves, the valve clearance must be re-
duced to zero by the activation of the non-return valve
and plunger located in the rocker arm for the exhaust
valves.

1
2
3

Design and Function

Fig. 5: Cam Shaft Profile
Induction lobe

Decompression lobe
Exhaust lobe

13
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Exhaust Rocker Arms

The exhaust rocker arms on an engine with a compres-
sion brake are larger than those on a conventional
engine.

The rocker arm includes a non-return valve (2) and a
plunger (3) with a pressure limiting valve, the purpose of
which is to regulate the oil flow during compression brak-
ing.

The rocker arm is held in its position against the valve
bridge with the help of a spring tab (1).

The valve clearance is greater than that on an engine
without a compression brake, because the induction and
decompression lobes must not open the exhaust valves
while the engine is in normal operating mode (compres-
sion brake not activated).

Valve adjustment is carried out with shims which are
placed on the valve bridge.

Note: A maximum of two shims are allowed to obtain
proper valve clearance.

Non-Return Valve

The engine brake has a non-return valve, consisting of a
plunger (1), spring (2) and a ball (3) in the rocker arm.
When oil from the rocker arm shaft enters the valve, the
movement of the plunger is determined by the spring
force and the oil pressure.

When the oil pressure is low — approximately 100 kPa
(14.5 psi); the control valve is in its normal engine oper-
ating position — the plunger (1) will not move out of its
rest position because the oil pressure is not sufficient to
overcome the spring force. The plunger pin prevents the
ball (3) from entering the seating area, and the oil can
then flow freely through the valve in both directions.

When the control valve takes up the position for com-
pression braking, the oil pressure increases to the
non-return valve. The spring force in the non-return valve
is such that when the oil pressure exceeds approxi-
mately 200 kPa (29 psi), the spring force is overcome
and the plunger (1) moves so that it no longer influences
the ball (3). The spring (5) presses the ball (3) against
the seat and prevents the oil contained above the
plunger (4) from flowing past the ball (3). This forms high
oil pressure above the plunger (4).

14
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Design and Function

W2003502
Fig. 6: Rocker arm assembly, side view:

Spring tab
Non-return valve
Rocker arm plunger
Shims

5

T2006834
Fig. 7. Rocker arm assembly, top view:

Plunger

Spring

Ball

Rocker arm plunger
Spring
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Rocker Arm Plunger
The purpose of the rocker arm plunger is to eliminate all
valve clearance during the compression braking.

Engine Operation

When the engine is operating (compression brake not
activated), there is reduced oil pressure — approx. 100
kPa (14.5 psi) — via the control valve to the rocker arm
shaft and the rocker arm non-return valve (1) is open. OIl
can flow freely through the non-return valve in both di-
rections. As a result, no oil pressure is built up between
the rocker arm plunger (2) and the rocker arm.

The set valve clearance is great enough to prevent the
camshaft induction and decompression lobes from open-
ing the exhaust valves.

The valve mechanism operates the same as on an en-
gine without a compression brake; in other words, only
the exhaust lobe opens the exhaust valves.

Compression Braking

During compression braking, the control valve does not
reduce the oil pressure, so an oil pressure of at least
200 kPa (29 psi) is delivered to the rocker arm shaft.

The pressure in the rocker arm non-return valve (1) be-
comes so great that the plunger in the non-return valve
is moved out of its rest position, and the ball now func-
tions as a non-return valve. Pressure is built up between
the rocker arm plunger (2) and the rocker arm. The
plunger is pressed out and presses the rocker arm roller
against the lobes on the camshaft. In this way, the valve
clearance is eliminated and the lifting height on the in-
duction and decompression lobes is sufficient to open
the exhaust valves.

The rocker arm plunger is fitted with a pressure limiting
valve (3). When the oil pressure between the rocker arm
plunger and the rocker arm becomes too great, the pres-
sure limiting valve opens and oil can exit through the
hole in the bottom of the plunger. The opening pressure
of the pressure limiting valve is governed by the force of
the valve spring.

1
2

1
2
3

Design and Function

T2006828
Fig. 8: Rocker Arm Plunger

Non-return valve
Rocker arm plunger

Fig. 9: Rocker Arm Plunger
Non-return valve

Rocker arm plunger
Pressure limiting valve
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Control System

The engine brake is connected to the throttle pedal and
is activated when the pedal is completely released, ac-
cording to the selection made with the engine brake
switch on the instrument panel.

The selection made with this switch also regulates en-
gine braking activated by the cruise control.

Note: The engine brake functions as long as the engine
control system has received signals from engine sensors
indicating that the required preconditions for engine
braking have been met. For example, the engine speed
must be greater than 1100 rpm, the vehicle speed must
be greater than 12 km/h (7.5 mph), and the engine tem-
perature must be above 70° C (160° F).

The switch has three positions:
0 No engine brake engaged
1 Exhaust brake, EPG

2 Exhaust brake and compression brake, VEB

Exhaust Brake

When exhaust braking, the exhaust pressure governor
(EPG) is activated with a control pressure of approxi-
mately 750 kPa (110 psi). At this point, the shutter is
forced out of the EPG and into the shutter housing. This
restricts the flow of exhaust gases out of the cylinders,
as the shutter blocks the outlet from the turbocharger.

Restricting the flow of exhaust gases forms an air cush-
ion between the shutter and the piston crowns. During
the exhaust stroke, this air cushion provides a braking
effect on the pistons as the exhaust valves are then
opened.

The higher the engine speed during the exhaust braking,
the greater the braking effect.

16

Design and Function

Fig 10: Switch for engine brake

Fig. 11: Exhaust pressure governor

T2006832
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Compression Brake

The exhaust brake is always engaged in conjunction
with the compression brake. In the compression brake
induction phase, the exhaust brake creates an overpres-
sure in the exhaust manifold, making the compression
brake more efficient.

Induction phase
The induction phase begins at the end of the intake
stroke and continues slightly into the compression stroke.

The piston travels towards its bottom dead center posi-
tion and the camshaft induction lobe opens the exhaust
valves for the time required to fill the cylinder with the
overpressure created by the exhaust brake in the ex-
haust manifold.

When the induction lobe closes the exhaust valves, the
cylinder has an overpressure at the start of the compres-
sion stroke.

This overpressure considerably increases the compres-
sion during the compression stroke, which in turn
creates a powerful braking effect during the upward
movement of the piston.

Fig. 12: Charging

Decompression phase

At the end of the compression stroke, when the piston is
nearing its top dead center position, the camshaft
decompression lobe opens the exhaust valves and re-
leases the pressure out of the cylinder.

Shortly before the bottom dead center position, the ex-
haust valves are opened by the ordinary exhaust lobe.

During the exhaust stroke, the counterpressure is cre-
ated in the exhaust manifold which, in turn, has a
braking effect because the exhaust pressure governor
shutter is still restricting the flow of exhaust gases out of
the turbocharger.

Fig. 13: Decompression phase

Design and Function

phase
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Crankcase Ventilation
D12C

The D12C has new crankcase ventilation with its outlet
from the upper timing gear cover.

The timing gear cover is designhed with an oil trap to pre-
vent oil from escaping through the ventilation tube.

T2012791
Fig. 14: Crankcase Ventilation, D12C

W2003503
Fig. 15: Crankcase Ventilation, D12B and D12C

W2003504
Fig. 16: Crankcase Ventilation, D12A
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Exhaust Pressure Governor

The exhaust pressure governor(EPG) acts as an exhaust
brake when slowing the vehicle down. It also speeds en-
gine warm-up by applying a load to the engine during
idle and warm-up. Engine load is created by the (EPG)
throttling the flow of exhaust gases, causing the engine
to work against a backpressure. This increases combus-
tion temperature and shortens the warm-up period.

On engines without a pre-heater, the (EPG) is activated
before the starter motor is engaged. For engines with a
pre-heater, the (EPG) is activated after pre-heating,
start-up and post-heating have taken place.

The (EPG) is activated by a control pressure of about
200 kPa (29 psi), by a combi relay when it is used during
starting and warm-up. When used for engine braking,
the exhaust pressure governor is controlled by a single
two-position switch if the engine is equipped with an ex-
haust brake only, and by dual two-position switches if the
engine is equipped with a Volvo Engine Brake, or VEB
(both exhaust brake and compression brake).

Engines with Exhaust Brake Only
Two-position switch (ON/OFF)

With the switch in the ON position, the exhaust pressure
governor is activated by a control pressure of approx.
750 kPa (110 psi) subject to the following conditions:

Accelerator pedal fully up.

Clutch pedal fully up.

Engine speed above 1100 rpm.

Boost pressure below 52 kPa (7.5 psi).

When using cruise control and preselected road
speed is exceeded by 7 km/h (4 mph) (disengage-
ment at 4 km/h (3 mph) over preselected speed).

ABS not activated (continuous control).

Design and Function

T2006948
Fig. 17: Exhaust pressure governor (EPG)

Fig. 18: Exhaust brake switch for WX, WG and AC

Fig. 19: Exhaust brake switch for VN/VHD
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Engines with VEB

When the engine brake ON/OFF switch is in the ON po-
sition, the engine brake is activated according to the
position of the engine brake HI/LO switch.

With the HI/LO switch in the LO position, only the ex-
haust pressure governor is activated and is subject to
the same conditions as for engines with an exhaust
brake only.

With the HI/LO switch in the HI position, the VEB is
activated (both the exhaust pressure governor and com-
pression brake are switched on).

In addition to satisfying exhaust brake prerequisites, the
following conditions must be met:

* Coolant temperature above 70°C (158°F).
* Vehicle speed must be greater than 12 km/h Fig. 20: Engine brake switches for WG and AC

(7.5 mph).
Dual two-position switches:

« Engine temperature must be above 43°C (110°F).
1 ON/OFF

2 HlI (VEB)/LO (exhaust brake)

For VN/VHD, engine exhaust brake switches are located
on the dash (5); see Fig. 21: Engine brake switches for
VN/VHD, page 20.

W3004361
Fig. 21: Engine brake switches for VN/VHD

1 Left Dash Switches

2 Driving Light Switches
3 Pneuamtic Switches
4  Auxiliary Switches

5 Right Dash Switches
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D12C

The EPG on the D12C has a new air valve. The valve is
located on the right, rear edge of the engine block and is
controlled by current from the EECU. There are two

on/off valves and two reduction valves in the valve body.

T2012788
Fig. 22: Exhaust Pressure Governor, D12C
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EPG Control Valve

The exhaust pressure governor is controlled by a valve
that regulates air pressure to the EPG.

The exhaust pressure governor operates using two dif-
ferent pressures:

¢ When the exhaust pressure governor is activated
during starting and keeping the engine warm, the
control valve provides a control pressure of approxi-
mately 200 kPa (29 psi).

¢ When the exhaust pressure governor is activated for
engine braking, the control valve provides a control
pressure of approximately 750 kPa (110 psi).

D12A

The D12A is provided with two solenoid valves, one for
controlling the starting and engine warming pressure
and one for controlling the pressure for engine braking.
Both solenoid valves are located in a bracket on the
cylinder head.

D12B

The D12B is provided with an EPG control valve that

controls both the starting and engine warming pressure, Fig. 23: EPG control valve, D128

and the pressure for engine braking. The valve is located
at the lower rear edge on the right-hand side of the cylin-
der block.

The EPG control valve on the D12B replaces the two
solenoid valves on the D12A to perform the same
function.
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Air Restriction Indicator

There are several types of restriction indicators which
can be mounted in certain locations, such as on the air
cleaner duct or on/above the instrument panel. The air
restriction indicator mounted on the instrument panel
permits continuous monitoring of the gauge.

When either the flag or piston-type restriction gauge is
mounted directly on the air cleaner, the piston is usually

drawn downward into view as the element loads with dirt.

It locks into full view only after the restriction (caused by
a dirty element) reaches the rated value of the indicator.

Design and Function

Fig. 24: Air restriction indicator WX, WG , AC(dash
mounted)

Fig. 25: Air restriction indicator VN, VHD, VNM (located
beneath the air box)

Fig. 26: Air restriction indicator VN, VHD (located on the
air pipe)

W2000741
Fig. 27: Piston-type air restriction indicator-WG

23



Group 25 Intake and Exhaust System

Turbocharger

The turbocharger is driven by the exhaust gases from
the engine passing through the turbine housing on their
way out into the exhaust system.

The flow of exhaust gases causes the turbine wheel in-
side the turbine housing to rotate. On the same shaft as
the turbine wheel is a compressor wheel. The compres-
sor wheel is mounted in a housing which is connected
between the air cleaner and the intake manifold.

When the compressor wheel starts to rotate, air is drawn
in from the air cleaner, compressed and forced into the
cylinders of the engine — but not before it has been
cooled down after passing through the charge air cooler.

Fig. 28

D12A

The turbo used on the D12A engine is NOT interchange-
able with turbos on other D12 engine versions.

24

Design and Function

T2006949
: Turbocharger
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Exhaust Manifold

New design of exhaust manifold sections

W2002222

Fig. 29: Manifold designs

Description New design P/N Qty Old design P/N Qty
Side section 3964707 2 1547521 2
Middle section 3964708 1 1547520 1
Complete 3964706 1 1677205 1

Improved gasket

W2002223
Fig. 30: Gasket

Note: The gaskets are marked "MANIFOLD SIDE” to aid
in installation.
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Tightening Sequence
Old Style Manifold.

New Style Manifold
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Troubleshooting
Air Restriction Indicator, Checking

Low restriction readings may be difficult to identify. They
can result from a damaged element gasket, ruptured
element, incorrectly installed element or a leak in the en-
gine air intake ducts and piping. When servicing the air
cleaner, make sure to check for these. A water manome-
ter may also be used to check for service. A maximum of
25 in. of water (20 in. of water measured at air cleaner
body outlet) is the limit of element service and indicates
a need for replacement.

On turbocharged engines, connect the manometer to the
air intake pipe, one to two pipe diameters upstream from
the turbocharger inlet, in a straight section of pipe. Tur-
bocharged engines should be under full load long
enough to allow the turbocharger to reach maximum
speed.

Note: Dust conditions and accumulated mileage deter-
mine the interval for replacing the air cleaner element.
The air cleaner should be inspected every 24,000 km
(15,000 miles) and replaced as necessary. The air
cleaner element should be replaced at least once a year
regardless of service or restriction indicator readings.

Troubleshooting
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Service Procedures

Service Procedures

2562-03-02-01

Air Filter Element, Replacement

A DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

A WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

A CAUTION

When removing and installing the intake manifold on
engines equipped with VEB, keep the work area as
clean as possible to prevent impurities from entering
the oil system. This also applies to the compression
brake oil delivery pipe between the cylinder block and
intake manifold.

Removal

1
Apply parking brakes. make sure the
shift lever is in neutral.

2
Tilt hood.

W2000940
Fig. 31: Removing the endcap,(WG, AC)

Remove the endcap by removing the
hardware (depending on the type of
endcap) that attaches the endcap to
the air filter.

Note: The type of hardware used to
hold the endcap varies, depending on
the style of air cleaner and air cleaner
assembly.

W2002051
Fig. 32: Removing the air filter (VN,VHD and VNM)

Remove the air filter.
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Fig. 33: Remove the air filter (WG, AC)

Remove the element from the canister.
If the element is held by a wing nut,
remove the wing nut before removing
the element.

Installation

6
Clean and inspect the inside of the
housing and endcap.

7
Lubricate the rear seal on the new fil-
ter with Vaseline or the like.

8

Install the new filter. Make sure that it
is correctly positioned in the filter
housing.

30
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W2000746
Fig. 34: Endcap reinstall

Reinstall the endcap and attach, using 24 + 2 Nm
the necessary hardware. Tighten to a (18 = 2 ft-Ib)
torque of 24 £+ 2 Nm (18 % 2 ft-Ib).

Note: Refer to the label attached in-
side the endcap on some models.

2512-03-02-01
Intake Manifold Gasket(s), Re-
placement

/A DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/ 7\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ CAUTION

When removing and installing the intake manifold on
engines equipped with VEB, keep the work area as
clean as possible to prevent impurities from entering
the oil system. This also applies to the compression
brake oil delivery pipe between the cylinder block and
intake manifold.
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Fig. 35: Replacing intake manifold gasket

Removal

1

Remove the plastic ties from the elec-
tric cables under the intake manifold.
Disconnect the terminals from the sen-
sors for the charge air pressure and
the charge air temperature on the in-
take manifold.

2
Remove the boost pressure gauge
connection from the intake manifold.

3

Remove the bolt for the pre-heater, or
the spacer, from the fan shroud
bracket.

Remove the pre-heater, or the spacer,
from the intake manifold and set aside.

4
Loosen the alternator drive belt and re-
move the nut for the gear lever bracket.
Remove the alternator.

Service Procedures

W2000733

Fig. 36: Replacing intake manifold gasket

Remove the intake manifold bolts and
carefully tap the manifold loose, using
a plastic-headed mallet.

6

Clean the sealing surfaces of the in-
take manifold and the cylinder head.
Install a new gasket.

Installation

1
Install a new seal on the compression
brake oil duct.

2

Apply a2 mm (1/16 in.) bead of
sealant to the intake manifold. The
manifold must be installed and tight-
ened within 20 minutes after applying
sealant.

Note: Do not allow the sealant to enter
the oil duct of the compression brake.

2 mm
(1/16 in.)
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W2000734
Fig. 37: Replacing intake manifold gasket

Adjust the alternator, A/C refrigerant
compressor, drive belt tension if so
equipped.

4
Install the pre-heater (if equipped) or
the spacer, using new gaskets, and
bolt the mounting to the fan shroud.

5
Install the boost air gauge connections
to the intake manifold.

6

Reconnect the terminals to the sen-
sors for the boost air pressure and the
boost air temperature on the intake
manifold. Tie the electrical cables.

2551-03-02-02
Turbocharger, Replacement

/j\ danger

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.
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W2000943
Fig. 38: Turbocharger assembly

1 nla

2 Exhaust pressure governor
3 Oil delivery and return pipes
4  Clamp

5 Nuts

General Guidelines and Precautions

Always determine the reasons for replacing a tur-
bocharger before making the repair. Correct any noted
defects before replacing.

When replacing a turbocharger, always thoroughly read
and carefully follow the procedures.

After degreasing, wipe the cooler clean and dry it with
compressed air. Also check the air pipes and charge air
hose. If contaminated with oil, replace the charge air
hose to prevent damage to the rubber.

The engine oil system and intake system must be kept in
good condition to ensure proper turbocharger operation.
That is, change oil and filters at specified times, use the
correct engine oil and properly care for the air cleaner.

When replacing a turbocharger, use compressed air to
remove any rust or carbon flakes from the exhaust mani-
fold. Carbon flakes can damage the turbine of the new
unit. It is also important to clean the intake pipe from the
air filter. Pieces of broken components can remain in the
pipe and cause immediate turbocharger failure.

Also, always check to be sure that the injection equip-
ment is in good condition.

Note: Once the turbocharger is installed put oil in oil
supply port to ensure proper turbo lubrication. Once
turbo is sufficently lubricated you can crank the engine.

Removal

1
Remove the air cleaner hose from the
turbocharger.
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2

Remove the bolts holding the charge
air pipe to the mounting bracket. Pull
the charge air pipe off the tur-
bocharger.

3
Remove the air line from the exhaust
pressure governor.

4
Remove the turbocharger oil delivery
and return pipes. Install a protective
plug into the connection for the oil de-
livery pipe on the oil filter bracket.

5

Loosen the clamp between the tur-
bocharger and the shutter housing.
Remove the shutter housing from the
turbocharger.

6
Remove the nuts and lift the tur-
bocharger off.

7
Clean the sealing surfaces of the ex-
haust manifold, shutter housing and
oil-pipe connections.

Installation

Fig. 39: Turbocharger assembly

7  Gasket
Clamp
9  Air line

10 Oil delivery pipe
11 Oil return pipe

W2000739

Service Procedures

1

Before installing the new turbocharger,
check the engine oil and change the
oil filters, if required. Then, run the en-
gine a few minutes before installing
the new turbocharger. When running
the engine without a turbocharger, be
sure to plug the oil delivery line. As a
precaution to prevent the oil from en-
tering the new turbocharger, a strainer
can be temporarily installed into the oil
entry point. Then run the engine for at
least a half hour.

Note: After this test, remove the
strainer to prevent strainer blockage
that may occur if the oil system is not
properly maintained.

2

Before installing a new turbocharger,
pre-lubricate the bearing system. This
will ensure adequate lubrication of the
turbocharger at start-up. Install a new
gasket and install the new tur-
bocharger.

3

Apply sealant to the shutter housing
sealing surface and install the housing
to the turbocharger. Mate the shutter
housing flange with the heel of the tur-
bocharger. Retighten the clamp.

4
Connect the air line to the exhaust
pressure governor.

5
Install the turbocharger oil delivery
pipe using new seals.

Note: Be sure to remove the delivery
oil plug if used to run the engine with-
out the turbocharger.

6

Install the turbocharger oil return pipe
to the cylinder block using a new seal.
Do not attach the oil return pipe to the
turbocharger at this time.

7

Install the charge air pipe into the tur-
bocharger using new sealing rings.
Attach the charge air pipe.
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8
Reconnect the air cleaner hose to the
turbocharger.

9
Attach the turbocharger oil return pipe,
using new seals.

10

Apply parking brake and place shift
lever in neutral. Start the engine and
check for proper operation and leaks.

2516-03-04-01
Exhaust Manifold Gasket(s),
Replacement

(Turbocharger Removed)

/f™\. DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

T2006979
Fig. 40: Exhaust manifold

Note: It is easy to get the wrong impression from ex-
haust manifold leakage (mixture of moisture and soot).

This mixture may drip down on the turbo and could eas-

ily be mistaken for an oil leak from the turbo.
34
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Removal

1
Remove the bolts holding the exhaust
manifold and lift off the manifold.

2

Disassemble the exhaust manifold and
remove all sealing rings. Clean the ex-
haust manifold and the cylinder head.

Installation

3

Use compressed air to blow any
carbon out of the manifold. Then as-
semble the manifolds.

/j\ CAUTION

Wear appropriate eye protection.

Note: Three sealing rings must be in-
stalled at each side. Install the sealing
ring with the smallest diameter in the
middle.

4
Install the exhaust manifold using new
gaskets. Begin by lining up all three
manifold sections onto the cylinder
head, starting with section A.

Note: Make sure that the sleeves fit
correctly into the milling of the exhaust
manifold and install the gaskets with
the graphite surface facing the cylinder
head.

5

After applying anti-sieze to the mani-
fold bolts and turbo studs, screw the
bolts in by hand, starting with section
A and then sections B and C.

6
Tighten the bolts cross-wise starting 25 Nm
with section A, and then sections B (18 ft-Ib)

and C. Torque to 25 Nm (18 ft-lb). See
illustration, page 26

7
Begin the tightening sequence again; 48 + 8 Nm
however, raise the torque to 48 £+ 8 Nm (35 = 6 ft-lb)
(35 = 6 ft-Ib).
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8
Start the engine and run until it
reaches operating temperature.

9
Verify the torque at 48 + 8 Nm
(35 = 6 ft-Ib).

2538-03-02-01
Exhaust Pressure Governor,
Replacement

/j\ danger

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

Removal

1

T2006942
Fig. 41: Removing air line

Remove the air line from the exhaust
pressure governor.

Service Procedures

T2006940
Fig. 42: Removing air pressure governor

Remove the bolts and lift off the ex-
haust pressure governor.

Installation

3

T2006941

Fig. 43: Cleaning shutter housing

Clean the sealing surface of the shut-
ter housing.

4
Install the new exhaust pressure gov-
ernor. Install the air line.

5

Apply parking brake and place shift
lever in neutral. Start the engine and
check for proper operation and leaks.
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2538-04-04-01
Exhaust Pressure Governor,
Overhaul

(Unit Removed)
/j\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.
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Fig. 44: Exhaust pressure governor

1-Setscrew 11-Valve Collets
2-Bolts 12-Bolts
3-Plunger 13-Cover
4-Seazls 14-Heat shield

5-Plunger Rod 15-Securing flange

6-Spring 16-Nut
7-Spring holder 17-Nut
8-Spring 18-Housing
9-Seal 19-Seals
10-Shutter 20-Seals

21-End cover

Special tools: 999 2610, 999 8225, 999 8246
36

Service Procedures

Disassembly

i
Remove the end cover from above the
plunger.

2
Remove the bolts and take out the
plunger.

3

Remove the seals (4, 20 and 19, Fig.
44: Exhaust pressure governor, page
36).

4
Remove the set screw on the plunger
rod.

T2006747
Fig. 45: Removing collets

Place the exhaust pressure governor
into a press. Compress the spring
enough to remove the valve collets

Note: Do not press more than
necessary to remove the collets. Com-
pressing the spring fully can damage
the cover.

6
Remove the plunger rod, spring and
shutter.
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7

Remove the bolts holding the cover,
the heat shield and the securing
flange.

Fig. 46: Removing spring holder

Carefully tap out the spring holder that
secures the spring and the seal (9,
Fig. 44: Exhaust pressure governor,
page 36).

9
Clean all parts and replace any that
are damaged or worn.

Assembly

1

T2006745
Fig. 47: Assembly

Install the plunger rod into the housing
from behind so as to center the spring
holder. Install a new seal with the
beveled edge facing inside the hous-
ing. Install the spring and a new spring
holder.

Service Procedures

Fig. 48: Plunger rod installation

Put the plunger rod onto drift 9992610
in a press. Using drift 9998225, press
on the spring holder until it bottoms in
the housing. Remove the plunger rod.
Check to make sure that the spring
holder is correctly centered.

3

Install the securing flange, the heat
shield and the cover. Tighten the bolts
to 13 + 2 Nm (10 + 2 ft-Ib).

4
Install the shutter, spring and plunger
rod into the housing.

Fig. 49: Depressing spring

Compress the spring by hand, making
sure that the shutter shaft and plunger
rod fit together and that the plunger
rod fits correctly into the seal. Stop ap-
plying pressure if undue resistance is
felt. Install the valve collets.

9992610
9998225

13 + 2 Nm
(10 + 2 ft-Ib)
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6

Install the set screw into the plunger
rod. Apply sealant to the set screw be-
fore installing. Tighten the set screw to
40 + 5 Nm (30 * 4 ft-Ib).

7

Install a new seal into the plunger rod
and install the plunger. Apply sealant
to the boltsand tighten them to 13 + 2
Nm (10 = 2 ft-Ib).

8

Install the end cover using new seals.
Make sure that the seal bottoms in the
housing. Install the seal with the flat
side facing the housing. Tighten the
bolts (22) to 24 £ 2 Nm (18 + 2 ft-lb).
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40 + 5 Nm
(30 + 4 ft-Ib)

13 + 2 Nm
(10 + 2 ft-Ib)

24 + 2 Nm
(18 + 2 ft-Ib)

Service Procedures
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2651-06-04-01
Charge Air Cooler Leak Test,
Checking

If the turobocharger fails on an intercooled engine, it is
essential to check the charge air cooler. When consider-
able oil loss or the presence of foreign material (for
example, broken compressor wheel parts forced into the
charge air cooler) is suspected, take the following mea-
sures:

Check the charge air cooler hoses up to the cooler. If
there are traces of oil at the charge air cooler, remove
the cooler and clean it internally, using a low-aroma,
white-spirit type degreasing agent.

If turbocharger failure results in a broken compressor
whell, pressure-test the charge air cooler to see if it has
been damaged by broken compessor wheel pieces.

Special tools: 9996662, 9998288, 9998289

Note: Check the function of pressure gauge 9996662
before using it. Attach itto an air supply and set the
pressure to 100 kPa (14.5 psi) with the regulator valve.

[?\ danger

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

Never disconnect an air system component unless all
system pressure has been depleted. Failure to de-
plete system pressure before disconnecting hoses or
components may result in their violent separation and
can cause serious bodily injury.

Service Procedures

/j\ WARNING

Make sure that the gauge pressure never exceeds
100 kPa (14.5 psi). Failure to do so can result in
personal injury.

/j\ WARNING

—Always wear appropriate eye protection to prevent
the risk of eye injury due to contact with engine debris
or fluids.

M D

W2000715
Fig. 50: Pressure gauge

1  Shut-Off Valve
2 Reduction Valve

Connect the pressure gauge to out-
side air source and set the gauge
reading to 100 kPa (14.5 psi) using
the reduction valve. The knob of the
reduction valve is locked by a ring
which is engaged by pulling up on the
ring, and pushing down to release.

2

Close the shut-off valve. For the pres-
sure gauge to be considered reliable,
the pressure reading must not drop
during a period of two minutes.
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W2000735

Fig. 51: Removing charge air hoses

Remove the air hoses from the charge 9998288
air cooler. Install connecting washer 9998289

9998288, sealing washer 9998289 and
new O-rings.

W2000736
Fig. 52: Connecting pressure gauge

Remove the pressure gauge reduction
valve and check that the gauge read-

ing is “0.” Connect the pressure gauge
to the charge air cooler.

5

Open the shut-off valve and set the
pressure gauge to 100 kPa (14.5 psi),
using the reduction valve.

6

Close the shut-off valve. For the
charge air cooler to be serviceable, the
pressure reading must not drop more
than 50 kPa (7 psi) during 30 seconds.

7

If a leak is found, repeat the test a few
times. Also check pressure gauge
hoses and connections.

40
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System Check

2559-06-02-02

Boost Pressure, Checking

Note: This operation number covers only the installation

and removal of test equipment.

Special tools: 9996065, 9996666

1

T2006943

Boost pressure gauge installation

Clean around the plug for the boost
pressure gauge on the intake mani-
fold. Remove the plug and install
union 9996666. Connect pressure
gauge 9996065 to the 9996666 union.
Make sure the pressure gauge hose is
long enough to reach the driver’'s seat
in the cab.

Note: Secure the hose so that it does
not contact any moving parts.

2

The measurement should be carried
out:

e with a fully loaded vehicle

¢ driving up an incline at full accel-
eration (full load)

« while engine revs (rpm), slowly
pass the speed specified for boost
pressure.

Note: For a reliable result, engine load
must be maintained long enough for
the pressure to stabilize. Boost pres-
sure specifications at 28.3 r/s (1700

rpm):

 VE D12-370 125-170 kPa (18-24.7 psi)
* VE D12-415 145-175 kPa (21-25.4 psi)

4°F 14°F 32°F 50°F 68°F
20°C -10°C  0°C  10° C 20° C

Boost pressure at various temperatures
A measured boost pressure

B correction curves

C intake air temperature

The specifications state engine speed

and boost pressure at +20°C (68°F). If

reading at any other temperature, use

the chart above to correct the resulting

boost pressure.

Example:

A pressure of 80 kPa (12 psi) mea-

sured at —0°C (14°F) is equivalent to

about 70 kPa (10 psi) +20°C (68°F).

That is, pressure drops as tempera-

ture rises.

If boost pressure does not reach spec-

ified levels, check the following:

« properly tightened bolts on intake
and exhaust manifolds

« exhaust brake
¢ backpressure in exhaust system
e air cleaner element

e fuel pressure

System Check

86° F
30° C

104° F
40° C

W2000737
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Exhaust Backpressure, Checking

Pressure gauge: Of indicating or U-tube type, graded to
24 kPa or 2,440 mm water column (3.5 psi) and
equipped with damper.

Steel pipe: About 200 mm (8 in.) long and able to con-
nect to a union.

Union: The union must be brazed onto the exhaust pipe
as shown. Then drill a 1.5 - 2.0 mm (0.06 - 0.08 in)
hole through the center of the union and the side of the
exhaust pipe.

Hose: The hose is installed between the pressure gauge
and steel pipe and must be long enough for the gauge to
be read inside the cab.

Pressure Testing Outlet Location

The pressure-testing fitting should be located on as
straight a section of the pipe as possible, two-thirds after
and one-third before a bend in the pipe.

The test fitting must not be located on an outer or inner
bend of the exhaust pipe.

Backpressure Measuring Techniques

Using a chassis dynamometer is the best way to mea-
sure backpressure. If such equipment is not available,
the vehicle can be driven up a long hill. The accelerator
pedal must be kept fully floored with the vehicle acceler-
ating up the hill until the engine reaches specified rpm.

Note the highest backpressure reading and compare it
with specifications.

After the test, make sure to block off the union in the ex-
haust pipe with a plug, or in some other suitable manner.

42

Measuring equipment

1 Damper

2  Pressure gauge
3 Steel pipe

4 Union

Outlet location

System Check
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Foreword

The descriptions and service procedures contained in this manual are based on de-
signs and methods studies carried out up to August 2000.

The products are under continuous development. Vehicles and components produced
after the above date may therefore have different specifications and repair methods.
When this is believed to have a significant bearing on this manual, supplementary ser-
vice bulletins will be issued to cover the changes.

The new edition of this manual will update the changes.

In service procedures where the title incorporates an operation number, this is a refer-
ence to an S.R.T (Standard Repair Time).

Service procedures which do not include an operation number in the title are for gen-
eral information and no reference is made to an S.R.T.

The following levels of observations, cautions and warnings are used in this Service
Documentation:

Note: Indicates a procedure, practice, or condition that must be followed in order to
have the vehicle or component function in the manner intended.

Caution: Indicates an unsafe practice where damage to the product could occur.

Warning: Indicates an unsafe practice where personal injury or severe damage to the
product could occur.

Danger: Indicates an unsafe practice where serious personal injury or death could oc-
cur.

Volvo Trucks North America, Inc.
Greensboro, NC USA

Order number: PV776-TSP144525
© 2000 Volvo Trucks North America, Inc., Greensboro, NC USA

All rights reserved. No part of this publication may be reproduced, stored in
retrieval system, or transmitted in any forms by any means, electronic, me-
chanical, photocopying, recording or otherwise, without the prior written
permission of Volvo Trucks North America, Inc..
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Group 22 Lubricating and Oil System General

General

This information covers the Lubricating and Oil System for the D12, D12A, D12B, and
D12C engines.






Group 22 Lubricating and Oil System

Torque Chart

Part

QOil cooler element bolts

Oil cooler element cover bolts
Oil pump intermediate gear bolts
Oil pump main bearing bolts

Oil pump main bearing cap bolts
Oil strainer bolts

Delivery pipe union

Oil pan bolts

Piston cooling nozzle bolts

Qil filter base

Specifications

Torque

27 *

33 £

+

24 +

4 Nm (20

4 Nm (24

4 Nm (18

+

Specifications

3 ft-Ib)

3 ft-Ib)

3 ft-Ib)

150 + 20 Nm (111 * 14 ft-Ib)

24 + 4 Nm (18 * 3 ft-Ib)

27 + 4 Nm (20 # 3 ft-Ib)

10 Nm (7.4 ft-Ib)

24 *

24 +

+

40 +

Tightening Specifications

Part

Qil filter (full flow)

Oil filter (bypass)

Tighten Until:

4 Nm (18

4 Nm (18

5 Nm (30

3 ft-Ib)

3 ft-Ib)

4 ft-lb)

Seal contacts housing then additional 1/2 - 3/4 turn

Seal contacts housing then additional 3/4 -1 turn
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Tools
Special Tools
The following special tools are required for work on the VE D12 oil system. Tools are
available from Volvo Trucks North America, Inc. parts department. Unless otherwise
noted, all tool numbers are preceded by "999”. When requesting tools, provide the ap-
propriate part number, for example, 9992873.
9992873 Connection union for checking lube oil 9996672 Removal tool for oil filter
pressure
9996845 C-clamp for leak test, oil cooler element
9996398 Pressure gauge for checking lube oil
pressure 9996956 Cranking tool for flywheel
9996662 Pressure gauge for leak test, oil cooler
element



Group 22 Lubricating and Oil System

J-43051

9998691

Reducation valve cap socket

Oil Filter Nipple installation Kit

3, IR N

9809706
9809702
9809703
9809705
9809704

W0001809

Tools
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Special Equipment

Like the special tools, the following are available from the parts department of Volvo
Trucks North America, Inc.. When requesting tools, provide the appropriate part num-

ber.
W0001840
1159794 Torque wrench 10-100 Nm (7 - 73 ft-Ib)
W0001841
1159795 Torque wrench 40 - 340 Nm (30 - 250 ft-Ib)
W0001842
1159796 Torque wrench 150 - 800 Nm(110 - 590 ft-Ib.)

Tools
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Group 22 Lubricating and Oil System

Design and Function

Design and Function

Lubricating and Oil System
General

Reducing valve
Overflow valve
Cooling valve
Overflow valve
Safety valve
Thermostatic valve

The engine has a forced lubrication provided by a gear
pump driven by the crankshaft through an intermediate
gear. The lubrication system contains two full flow filters
and a by-pass filter. The oil flow is adjusted by six
valves. Three of these are individual valves and they are
identified with color codes to avoid an incorrect installa-
tion. This color code may be replaced by a number that
represents the valve opening pressure.

A flat oil cooler is assembled under a cast aluminum
cover in the engine block right side.

The lubrication oil pump impels the oil towards the two
full flow filters and the by-pass filter.

The by-pass filter contains a low oil passageway and a
high degree of filtering.

After passing through the full flow filters, the oil moves to
the cylinder block, where it is distributed through gal-
leries to engine points in need of lubrication.

The purpose of the lubrication system is to lubricate the
engines movable parts in order to keep friction and
wearing to a minimum. The oil transports coal and other
residues stuck on the cylinder walls after combustion.
The oil also functions as a sealer, for the cylinder liners
have been projected in such a way that a thin layer of oil
is always kept in its walls. This make it easier for the pis-
ton rings to seal the combustion chamber. The oil also
cool the engine inner and, at the same time, reduces the
sounds produced by the engine.

11



Group 22 Lubricating and Oil System

D12, D12A, D12B

Oil pressure regulator valve

Oil cooler by-pass valve

Qil filter by-pass valve

Piston cooling valve

By-pass filter

Full-flow filter

Full-flow filter

Oil pipe for engine brake (VEB)

0w ~N OO0 WN R

The engine is pressure-lubricated by a gear pump driven
by the engine timing gears. The lube oil is cleaned by
two full-flow filters and one bypass filter. The flat-type oil
cooler is mounted under a cast aluminum cover on the
right-hand side of the cylinder block.

The lube oil pump forces the oil to the full-flow filters and
the bypass filter. The bypass filter has a low through flow
and provides a high degree of filtration. The oil is led
from the full-flow filters to the cylinder block where it is
distributed by passages to the lubricating points of the
engine.

12

T2006823

Design and Function

The lubricating system incorporates four valves:

Oil pressure regulator valve
Oil cooler bypass valve
Oil filter bypass valve

Piston cooling valve
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D12C

Reducing valve
Overflow valve
Cooling valve
Overflow valve
Safety valve
Thermostatic valve
Filter

The oil pump (14) forces the oil through the coolant
element in the oil cooler (12) to the filter casing that con-
tains both the full flow filter (7) and the by-pass filter (8).
The oil goes then to the gallery in the engine block
where it is distributed through the galleries and all the
engine lubrication points. A gallery that passes through
the engine block and the cylinder head lubricates the

Valve Functions

1 The reducing valve regulates engine oil pressure let-
ting go the oil excess to the oil sump.

2 The filter overflow valve (8) opens up if the filters
become clogged, assuring the continuity of the tur-
bocompressor lubrication.

3 The piston cooling valve is pressure sensible and
opens up as soon as the rotates exceeds idling
speed pressure.

The oil is conducted to the longitudinal gallery on
the block and pulverized by the pulverizer nozzle
(13), one for each piston, on the piston flange bot-
tom side.

Design and Function

8  Filter

9 Compressor

10 Turbocompressor
11 Regulator valve
12 Oil cooler

13 Pulverizer nozzle
14 Oil pump

camshaft and the rocker arm mechanisms. In the VEB
engines, the oil passes through the regulator valve (11)
The compressor (9) is lubricated through an external
pipe that comes from the filter casing.

The turbocompressor (10) is lubricated through a pipe
that comes from the bypass filter.

4 The filter overflow valve (7) opens up if the filters
become clogged, assuring the continuity of the en-
gine lubrication.

5 The safety valve opens up if the pressure in the lu-
brication system gets too high.

6 The oil cooling thermostatic valve is used to conduct
the oil through the outside of the cooler during the
engine heating, so that the engine gets a faster lu-
brication during a cold start and heats faster. This
valve is thermostatically controlled and it acts as an
oil temperature sensor.

13
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Oil Vvalves
D12, D12A, D12B

1 Regulator Valve
2  Bypass valve for oil cooler

1 Regulator valve — The regulator valve regulates the
oil pressure. It does this by opening when the lube oil
pressure becomes too high and letting any surplus oil
back to the oil pan.

2 Bypass valve for oil cooler — The purpose of the
bypass valve is to regulate the oil flow through the oil
cooler. When the pressure drop across the oil cooler is
low, for example, immediately after starting when oil tem-
perature is low, the overflow valve opens and oil is led
past the oil cooler. When oil temperature rises and pres-
sure drops across the oil cooler increases, the bypass
valve closes, and oil flows through the oil cooler before
being pressed out into the lubrication system. The by-
pass valve is also available with a built-in thermostat.
When the oil temperature is under 105-115° C (221-
239° F), the by— pass valve opens and oil is led past the
oil cooler and directly out into the lubrication system.

At higher oil temperatures, the thermostat closes the by-
pass valve and the oil passes through the oil cooler
before it is forced out into the lubrication system.

14

Design and Function

3 Overflow valve for oll filters (bypass)
4 Reducing valve

3 By—pass valve for oil filter — If the filters become
blocked, the by— pass valve opens guaranteeing lubrica-
tion, but with no filtration.

4 Piston cooling valve— The piston cooling valve
opens when the engine speed (rpm) has increased to
slightly over idling speed. Oil flows through the piston
cooling passage to the six piston cooling nozzles which
spray oil against the underside of the pistons.
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D12C

1 Safety valve
2 Thermostatic valve
3 Overflow valve for oil filters (bypass)

1 Safety valve

The safety valve opens up if the pressure in the lubrica-
tion system gets too high, for example, during a cold
start in the winter.

2 Thermostatic valve

The thermostatic valve function is to regulate the oil flow
through the oil cooler.

When the pressure in the oil cooler is too low, for in-
stance, just after a start with a low oil temperature, the
thermostatic valve opens up and the oil passes through
near to the oil cooler. When the oil temperature increase
and the pressure drop in the oil cooler get higher, the
thermostatic valve closes and the oil passes through the
cooler before being impelled to the lubrication system.

3 Overflow valve for oil filters (bypass)

The overflow valve opens up if the filters become
clogged, assuring the continuity of the lubrication
process.

Design and Function

T2012843
4 Oil valve for pistons cooling
5 Overflow valve for oil filters (bypass)
6  Reducing valve

4 Oil valve for pistons cooling

The oil valve for pistons cooling opens up as soon as the
rotates exceeds idling speed.

The oil passes through the piston cooling circulation gal-
leries to the six piston cooling oil injectors.

5 Overflow valve for oil filters (bypass)

The overflow valve opens up if the filters become
clogged, assuring the continuity of the lubrication
process.

6 Reducing valve

The reducing valve regulates oil pressure, opening up
when the pressure exceeds the specified value, letting
go the oil excess to the engine oil sump.

15



Group 22 Lubricating and Oil System

Oil Pump

The oil pump is a gear pump set in motion by an inter-
mediate gear in the synchronized gearing. The pump is
made up of two gears that are turned in a well-sealed
casing. When gears turn, the oil is transported between
its teeth and the walls of the pump casing. When the
teeth are geared, the oil is pumped out and inserted in
the lubrication system.

Oil Filter

One of the purposes of the oil lubrication to clean up im-
purities on the engine lubrication points and on the
bearings surface. The oil, then, accumulates dirt that
needs to be cleaned up before it goes back to the lubri-
cation points. The oil is roughly filtered while passing
through the oil manifold filter. In order to get rid of the
dirt particles, the D12C engine lubrication system is
equipped with three filters.

The oil filters are made up of replaceable filtering ele-
ments.

All the oil coming through the pump passes through the
filters before entering the engine.

Piston Cooling

When the engine is running, there usually is a buildup of
heat in the piston that, in some cases, needs an extra
cooling. The piston cooling is set in motion when the oil
pressure gets so high that the piston cooling valve in the
cylinder block opens up. The oil is then forced through
the engine block drilled galleries into the injection noz-
zles of piston cooling, one for each piston. The oil is
then pulverized on the bottom of the piston.

16
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Troubleshooting

Lube System Fuel Contamina-
tion, Checking

i

When fuel contamination is suspected
in the lube system, use a high-
intensity black-light lamp (Kent-Moore
part number J 28428 E) along with a
fluorescent additive to locate the point
at which fuel is entering the system.

2231-06-05-01
Oil Cooler Leak Test, Checking

/ £\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

Special tools: 9996662, 9996845
1

Flush the coolant side of the oil cooler
element with water-soluble degreasing
fluid. Wash the oil side of the cooler
element with degreasing solvent.

T2006695
Tools 9996845

Install tools 9996845, making sure 9996845

they are properly seated.

Pressure gauge and bath

Make sure the reduction valve knob of
pressure gauge 9996662 is fully open
and that the pressure gauge is in the
“0" position.

Connect the pressure gauge needle to
9996845. Lower the oil cooler element
into a bath which contains water at 70°
C (160° F).

Increase pressure to 250 kPa (35 psi)
using the reduction valve knob. The
test period should last for at least one
minute.

Air bubbles emerging from the oil
cooler element indicate a leak and the
element should be replaced.

Troubleshooting

9996662
9996845

17
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Service Procedures

2171-02-02-01 2 o
O|| Pan’ |nSta||ati0n Fill the engine with the correct amount

of ail.

3

Crank the engine with the starter until
oil pressure is recorded on the pres-
sure gauge.

4
Apply parking brake. Place the shift
lever in neutral.

5
Start the engine, check operation and
perform a leak test.

2211-03-02-01
Lube Oil Pump, Replacement

Fig. 1. Oil pan, gasket and rail-D12, D12A, D12B, D12C

/|\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

‘ _ W2003249

Fig. 2: Oil pan, gasket and rail-D12C Always wear appropriate eye protection to prevent the
Make sure the gasket is correctly posi- 24 + 4 Nm I’IS.k of eye injury due to contact with engine debris or
tioned. Then position the oil pan and (18 £ 3 ft-Ib) fluids.
tighten the bolts to 24 + 4 Nm (18 + 3
ft-1b). (Oil Pan Removed)
Note: Tighten the bolts in the metal Not Included:

rail joints first.
. “Oil Filter, Replacement” page 23

19
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Removal 4

1
Drain engine oil into suitable container

and remove the oil pan.

Note: Dispose of oil according to local
and state regulations.

Fig. 5: O-ring and oil strainer

Remove the O-ring and oil strainer
from the oil delivery pipe.

T2006798
Fig. 3: Oil delivery pipe nuts
Remove the oil delivery pipe nut in the
cylinder block, and bolts for the oil
strainer.
3
Fig. 6: Remove oil pump
Remove the oil pump from the main
bearing cap.
6
T2006799

Fig. 4: Oil pump bolts

Remove the bolts for the first main
bearing cap. Lift out the oil pump to-
gether with the main bearing cap.

T2006698
Fig. 7: Intermediate gear

Remove the intermediate gear from

the oil pump housing.

7
Clean the oil strainer. Make sure the

oil strainer mesh is not damaged.

20
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8
Clean and check the bushings and
teeth on the intermediate gear.

Fig. 8: Intermediate bushing locations

24 + 4 Nm
(18 + 3 ft-Ib)

Intermediate bushings with engine oil.
Insert the intermediate gear into the
new oil pump. Tighten the bolts to 24
+ 4 Nm (18 = 3 ft-Ib).

Installation

1

Fig. 9: Mounting oil pump to main bearing cap

24 + 4 Nm
(18 * 3 ft-Ib)

Install the new oil pump on the main
bearing cap. Tighten the bolts to 24 +
4 Nm (18 = 3 ft-Ib).

Note: Remember to install the main
bearing cap bolts before fastening the
pump to the bearing cap.

2
Clean the main bearing shell and lubri-
cate it with engine oil.

Service Procedures

Fig. 10: Installing lube oil pump

150
(111

Install the lube oil pump, making sure
that the teeth in the intermediate gear
make contact with the crankshaft drive
gear. Tighten the main bearing bolts to
150 + 20 Nm (111 * 14 ft-Ib). Then
turn a further 120° + 5°.

4
Check the oil delivery pipe for cracks in
the flange where it contacts the union.

T2006801
Fig. 11: Oil strainer installation

Place the oil strainer on the oil delivery
pipe and install new O-rings.

+
*

20 Nm
14 ft-lb)

21
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6
T2006798
Fig. 12: Installing oil strainer and delivery pipe
Install the oil strainer and the oil deliv- 27 £ 4 Nm

ery pipe. Tighten the oil strainer to the (20 = 3 ft-lb)
oil pump to 27 + 4 Nm (20 £ 3 ft-Ib).

T2006701
Fig. 13: Oil pipe union installation

T2006825
Fig. 14: Union tightening torque

Tighten the union in the cylinder block 10 Nm
until it bottoms at about I0 Nm (7.4 ft- (7.4 ft-1b)
Ib).

For a previously installed pipe, tighten

the union a further 60 . For a new pipe,

tighten the union a further 180°. Make

sure the pipe is installed properly.
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2211-06-02-01
Lube System Pressure, Check-

ing
/f\. DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently dam age test equipment.

Special tools: 9992873, 9996398
1

Place shift lever in neutral and apply
parking brake.

2

Lubricating oil pressure is checked by
connecting a pressure gauge and
hose to the oil pressure sender outlet
on the left-hand side of the engine.

Note: The oil pressure sender is
mounted in the cylinder block front
outlet. The rear outlet can be plugged
or an oil temperature sender may be
installed. On some trucks, a hose is
connected to the front outlet, and the
oil pressure sender is positioned in an
attachment on the frame side.
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W2003484
Fig. 15: Pressure gauge and hose installation-D12C

W2003499
Fig. 16: Pressure gauge and hose installation-D12B

Carefully clean and disconnect the oil 9992873
pressure sender wiring and remove the 9996398
sender. Install connect union 9992873

into the engine block and then attach

the hose and pressure gauge

9996398. Start the engine; engine oil

should be at operating temperature.

Take the oil pressure reading at low

idle speed and at high idle. At low idle

speed, the oil pressure should be

150 kPa (22 psi) minimum. At high

idle, it should be 300-550 kPa (45-80

psi).

Service Procedures

4

Remove the gauge, hose and union.
Reinstall the oil sender and reconnect
the sender wiring.

2223-03-02-01
Oil Filter, Replacement

/1\ danger

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ WARNING
HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or

fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.

Special tools: 9996672
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W2003413
Fig. 17: Replacing oil filters

Bypass filter
2 Full-flow filter
Full-flow filter

Drain the engine oil into suitable con-
tainer and clean around the oil filter
housing. Remove the filters, using filter
tool 9996672.

Note: Dispose of oil in accordance to
local and state regulations.

2

Moisten the seals of the new filters
with clean engine oil andscrew on the
filters by hand until the seals come in
contact with the filter housing. Then
tighten the full-flow filters a further
1/2-3/4 turn. Tighten the bypass filter
3/4-1 turn after making contact with
the filter housing.

3
Fill the engine with oil.

4
Crank the engine with the starter until
oil pressure is recorded on the pres-
sure gauge.

5
Place shift lever in neutral and apply
parking brake.

6
Start the engine and check for leaks
around the oil filters.

24

9996672

1/2-3/4 turn
3/4-1 turn

Service Procedures

2229-03-02-02
Piston Cooling Valve, Replace-
ment

/ £\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/T\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

1

Clean the filter housing and remove
the cover of the piston cooling valve.
Remove the O-ring.

2

Remove the piston cooling valve and
clean the valve seat in the filter hous-
ing. Make sure to remove the old
O-ring from the filter housing.

T2006676
Fig. 18: Piston cooling valve

Make sure the color marking on the
new piston cooling valve is orange.



Group 22 Lubricating and Qil System Service Procedures

4 Special tools: 9996956
1

6956
T2006702

T2006664 Fig. 20: Cranking tool

Fig. 19: Inserting valve Remove the inspection cover from the 9996956

Insert the new valve in the cover. bottom of the flywheel housing and in-
Place new O-rings on the valve and stall cranking tool 9996956.
the filter housing.

5
Install the valve in the filter housing
and tighten the cover bolts.

6
Apply parking brake. Place shift lever
in neutral.

7
Start the engine and perform a leak
test.

2229'03‘02'03 T2006685

PiSton Cooling NOZZIG Re_ Fig. 21: Piston cooling nozzle
placement Turn the crankshaft until the piston
cooling nozzle to be replaced is easily
accessible.
A DANGER

3

Before working on a vehicle, set the parking brakes, . .
Remove the piston cooling nozzle.

place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

A WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.

(Oil Pan Removed)

Note: To prevent the piston cooling nozzles from being
damaged, always remove them before removing pistons
and cylinder liners.
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Fig. 22: Installing new piston cooling nozzle

24 + 4 Nm
(18 * 3 ft-Ib)

Install new piston cooling nozzle, us-
ing a new bolt. Tighten to 24 + 4 Nm
(18 £ 3 ft-Ib)

Note: The piston cooling nozzle at-
tachment bolt is coated with a
friction-inducing compound. Do not
reuse.

Note: Any piston cooling nozzle sus-
pected to be damaged or deformed
must be replaced (this even applies to
a new nozzle). Always make sure the
piston cooling nozzle fits correctly in
its hole in the cylinder block and that
the attachment plate is flush with the
cylinder block.

5

Remove the cranking tool and reinstall
the inspection cover on the flywheel
casing.

2229-03-02-04
Oil Pressure Reduction Valve,
Replacement

/ £\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

1\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

Special tools: 9996672
26
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T2006797
Fig. 23: Removing oil filter

Drain the engine oil into a suitabel 9996672
conatainer and clean around the oil fil-

ter housing. Remove the front oil filter,

using filter removal tool 9996672 or

equilavent.

Note: Dispose of oil in accodance to
local and state regulations.

T2006675
Fig. 24: Plug location on engine

Clean around the plug on the cylinder
block. Unfasten the plug and remove
the regulator valve.

3
Clean the regulator valve seat and
make sure to remove the old O-ring.
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T2006676

Fig. 25: Regulator valve

Check that the color marking on the
new regulator valve is brown.

Fig. 26: Inserting regulator valve in plug

Insert the regulator valve in the plug.
Place new O-rings on the valve and

plug. Install the plug into the cylinder
block.

6

Install a new oil filter. Moisten the seal
of the new filter with engine oil and
screw on the filter by hand until the
seal is in contact with the filter hous-
ing. Then tighten the filter a further \

7
Fill the engine with oil.

8
Place the shift lever in neutral and ap-
ply parking brake.

f

turn

Service Procedures

W3000459
Fig. 27: ECM relay location

Remove the ECM relay from engine
valve cover.

10

W3000458
Fig. 28: Connections for remote starter cable

Connect a remote starter switch cable
(Snap-On® MT302A or equivalent) be-
tween the battery (+) and the positive
connection (+) on the starter motor so-
lenoid. Crank the engine with the
starter until oil pressure is recorded by
the pressure gauge.

Note: Do not run the starter any
longer than 15 seconds at one time.
Allow the starter to cool before re-
running the starter motor.

11
Remove remote starter cable and re-
place the ECM relay after completion.
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12
Start the engine and perform an oper-
ation and leak check.

2232-03-02-01
Oil Cooler Core, Replacement

/j\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

(Coolant Drained, Air Compressor Removed.)
Not Included:
. “Oil Cooler Leak Test, Checking” page 17

Note: Radiator and cooling system must be properly
cleaned and flushed in the event of a suspected oil
cooler failure. Refer to:

Service 260-600

Manual Cooling System, VE D12-D12C

IMPACT Function Group 2619
Information Type: Repair
"Cooling System”

Removal

1

Remove the turbocharger. Plug turbo
oil lines and outlet openings to prevent
contamination. Install cover on turbo
intake and exhaust openings to pre-
vent foreign material from possibly
becoming lodged in turbine wheels.

28
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Fig. 29: Removing pipes

Remove the pipes between the ther-
mostat housing and the coolant pump,
and between the coolant pump and
the oil cooler cover.

3
Remove the thermostat housing.

Fig. 30: Inner stud bolts

Remove the turbocharger inner mount-
ing stud from the exhaust manifold.

T2006688

T2006687
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5 Installation

1

Fig. 31: Oil cooler element cover T2006601

Remove the oil cooler element cover. Fig. 33: Oil cooler O-rings
Clean and place new O-rings in the 27 £ 4 Nm
6 cylinder block. Install the oil cooler ele- (20 = 3 ft-lb)

ment and tighten the bolts to 27 + 4
Nm (20 # 3 ft-Ib).

2
T2006692
Fig. 34: Gasket inserted
Insert a new gasket in the cover. Re- 33 £ 4 Nm
Fig. 32: Removing oil cooler element place and tighten the cover. Tighten (24 = 3 ft-lb)

the bolts to 24 + 4 Nm (18 £ 3 ft-lb).

Remove the oil cooler element. . .
Note: Tighten the oil cooler cover

bolts evenly and in several steps to
7 avoid damaging the oil cooler cover.
Remove the oil cooler element O-rings
and the gasket in the cover. Clean the
contact surfaces of the cylinder block
and cover.

8

If a leak test on the oil cooler element
is desired, see “Oil Cooler Leak Test,
Checking” page 17.
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T2006688
Fig. 35: Inner turbo mounting stud

Install the two inner stud bolts for the
turbocharger.

Fig. 36: Installing pipe

Install the pipe between the coolant
pump and the oil cooler cover. Re-
place the gasket between the cover
and pipe connection. Use new O-rings.

5
Replace the thermostat housing, using
a new gasket.

30
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T2006694
Fig. 37: Installing pipe

Install the pipe between the thermo-
stat housing and the coolant pump.
Use new O-rings.

7
Replace the turbocharger. Use a new
mounting gasket.

8
Replace the air compressor. Use a
new mounting gasket.

9

Fill with coolant. Use only a concen-
trated coolant that meets or exceeds
ASTM D4985 specifications. The rec-
ommended coolant is monoethylene
glycol (MEG) based or monopropylene
glycol (MPG) based anti-freeze.

10
Fill the engine with oil.

11

Pre-lube the turbo unit with engine oil.
Add two ounces of engine oil through
turbo lube line opening before connect-
ing the lube line. This will ensure turbo
has sufficient lubricant at start up.

Note: It is very important to make sure
there is an adequate oil supply to the
turbo before starting the engine.

12
Apply parking brake and place shift
lever in neutral.
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13
Start the engine and perform opera-
tion and leak tests.

2239-03-02-02
Oil Cooler Bypass Valve, Re-
placement

/| 4 danger

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

/j\ WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

T2006681
Fig. 38: Installed Plug

Clean around the oil filter housing and
remove the plug. Remove the cone
and spring.

2

Clean and check the valve seat. If the
valve seat shows signs of corrosion,
replace the oil filter housing.

Service Procedures

T2006682
Fig. 39: Inserting cone and spring

Insert the new cone and spring along
with a new O-ring. Install and tighten
the plug.

4
Apply parking brake and place shift
lever in neutral.

5
Start the engine and perform a leak
test.

2209-11-02-01
Oil System Passages, Cleaning

/A\. DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

WARNING

HOT ENGINE! Keep yourself and your test equipment
clear of all moving parts or hot engine parts and/or
fluids. A hot engine and/or fluids can cause burns or
can permanently damage test equipment.

/j\ WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.
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1
Drain coolant into suitable container.

Note: Dispose of coolant in accor-
dance to local and state regualtions.

2

Note: Before flushing the passage you
myst remove the turbocharger. Refer
to:

Serivce 250-600

Manual Intake and Exhaust-
Systems, D12, D12A,
D12B, D12cC

IPMPACT Function Group

Information Type: Re-
pair"Turbocharger”

T2006688
Fig. 40: Turbo moutning studs

Remove the inner 2 turbo mounting
studs.

32
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W2002380
Fig. 41: Water pump discharge pipe

Remove the 3 bolts fastening the wa-
ter pump discharge pipe to the oil
cooler cover. Unplug the Volvo Engine
Brake (VEB) temperature sensor (if
equipped) and remove the pipe.

W2002338
Fig. 42: Air compressor diconnect

1) coolant supply hose
2) air compressor discharge line
3) coolant return hose

Disconnect the air compressor coolant
supply hose (1) from the oil cooler
cover.

6

Disconnect the air compressor
discharge line (2) from the air com-
pressor.
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7
Disconnect the air compressor coolant
return hose (3) from the bypass pipe.

T2006694
Fig. 43: Remove bypass pipe

Remove the bolts fastening the bypass
pipe and remove pipe.

T2007234
Fig. 44: Remove radiator hose neck

Disconnect the wiring harness from
the cam sensor and remove the 2
bolts fastening the upper radiator hose
neck to the thermostat housing. Move
the neck and the upper radiator hose
to the side.

Service Procedures

10

W2002339

Fig. 45: Thermostat housing hoses

Remove the 2 hoses from the thermo-
stat housing (the heater hose and the
bleed hose).

11
Remove the lower right front exhaust
manifold bolt.

12

For Bendix Air Compressors: Re-
move the 4 bolts fastening the outer
cover of the thermostat housing.
Remove the 3 bolts mounting the ther-
mostat housing to the head. Separate
the outer cover from the thermostat
housing and remove both separately.

Note: For Volvo (Knorr) Air Com-
pressors: Remove the compressor
mounting bolts and rotate the com-
pressor for clearance.
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13

W2002343
Fig. 46: Expansion tank pipe

Remove the 2 bolts fastening the wa-
ter pump to the expansion tank pipe.
Move the pipe to the side.

14
Disconnect the wire to the block
heater (if equipped with block heater).

15

Remove the bolt fastening the trans-
mission cooler water pipe to the oil
cooler cover and move the pipe to the
side (if equipped with transmission oil
cooler).

34
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16

T2006942
Fig. 47: Remove air supply line

Disconnect the Exhaust Pressure Gov-
ernor (EPG) air supply line.

17

Remove the clamp fastening the ex-
haust pipe to the EPG and remove the
EPG and centering ring.

18

Fig. 48: Remove oil cooler cover

Remove all of the 27 bolts fastening
the oil cooler cover and remove the
cover.
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19

12006690
Fig. 49: Oil cooler element

Remove the 4 bolts fastening the oil
cooler element to the engine block and
remove the element.

20
Remove the turbo oil return line from
the block.

21
Disconnect the lower charge air cooler
pipe and remove.

22

Fig. 50: Oil filter base removal

Remove the 5 bolts fastening the oil
filter base to the block, and remove
the base.

Service Procedures

23

T2012843
Fig. 51: Reducation valves

Remove the oil reduction valves (1)

and (6).

24
Remove the oil pan.

25
Remove the oil pump pick-up and de-
livery pipe assembly.

26

T2006685
Fig. 52: Remove piston cooling jets

Remove all 6 piston cooling jets.
27
Inspect the pistons and liners from the

bottom side for damage due to metal
contamination.
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28
Position the catch pan under the en-
gine.

29

W2002426
Fig. 53: Piston cooling oil galley

A WARNING

Most solvents are flammable, stay away from open
flame and observe extreme caution when using these
so as to prevent fire.

A WARNING

Always wear eye protection and protective gloves
when working with solvent. Exposure to eyes and/or
bare skin will cause burns.

Flush out the piston cooling oil galley

using clean solvent and a siphon type
spray gun. Flush from the top side and
also up from the bottom.

Note: Do not attempt to remove metal
contaminants using shop air only.

Note: Clean solvent must also be
used whenever flushing is required.

30

Flush out the oil reduction valve galley
from the side and underside of the
block.

36
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31

W2002427
Fig. 54: Oil cooler element oil galleys

Flush out both oil cooler element oil
galleys.

32

A WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.

Blow dry all flushed oil galleys with
compressed air.

33

W2002341
Fig. 55: Oil pump cover removal

Remove the rear cover of the oil pump.

34

Flush out the oil pump and inspect the
pump housing and gears for damage.
Replace if needed.
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35 39
Pre-lube and install the rear cover on 27 £ 4 Nm

the oil pump. Torque bolts 27 £ 4 Nm (20 £ 3 ft-Ib)

(20 £ 3 ft-Ib).

36

Flush out all piston cooling jets and in- 24 + 4 Nm

stall with new bolts. Torque to (18 + 3 ft-Ib)

24 + 4 Nm (18 = 3 ft-b).

Note: The piston cooling jet attach-
ment bolt is coated with a friction

inducing compound. Do not reuse
bolts. 72006675
Fig. 56: D12, D12A, D12B Engines

37
65 4 3 2 1
Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with engine debris or
fluids.
Flush out and blow dry the oil pipe
pick-up and delivery pipe assembly. In-
spect the screen for trapped metal
chips.
38
Install the oil pump pick-up and deliv- 10 Nm Fig. 57: D12C Engine
ery pipe assembly with new O-rings. (7.4 ft-Ib) +
Torque for delivery pipe to block union  60° used or Flush and blow dry the reduction valve
10 Nm (7.4 ft-Ib) plus an additional 60°  180° new and inspect for damage or trapped de-
for a used pipe, 180° for a new pipe. 27 £ 4 Nm bris.

Torque for strainer to oil pump bolts 27 (20 £ 3 ft-Ib)

+ 4 Nm (20 + 3 ft-Ib). 40

Install the oil reduction valve with a
new O-ring on the valve as well as the
cover. Torque the cover to 50 Nm

(37 ft-Ib).

41
Remove olil filters and clean the exte-
rior of the filter base.

T2012843

50 Nm
(37 ft-Ib)
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42

W2002342
Fig. 58: Remove the piston cooling valves

1) piston cooling valve
2) overflow valve, oil filter
3) overflow valve, oil cooler

Remove the piston cooling valve (1)
and the 2 overflow valves (2)(3). Flush
out and blow dry the filter housing
valve ports and valves.

43

Install the 2 overflow valves (2)(3) and 10 + 2

the piston cooling valve (1). Torque the (7 £ 1 ft-lb)
bolts to 10 + 2 Nm (7 + 1 ft-Ib). Torque 55+ 5
plug to 55 + 5 Nm (41 % 4 ft-Ib). (41 + 4 ft-Ib)

38
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44

W2002340
Fig. 59: Torquing the mounting bolts

Attach the oil filter base to the block 24 + 4 Nm
with a new gasket. Torque the mount- (18 + 3 ft-Ib)
ing bolts to 24 £+ 4 Nm (18 = 3 ft-lb).

45
Install new oil filters.

46
Install the oil pan.

47
Install new engine oil.
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48

Fig. 60: Oil cooler element

Install a new oil cooler element with
new seals. Torque bolts to 27 + 4 Nm
(20 £ 3 ft-Ib).

Note: Once inside the oil cooler ele-
ment, metal contamination cannot be
flushed out. If this happens, replace

the element.

49

T2006692

Fig. 61: Oil cooler element

Clean the oil cooler element cover and
mounting gasket surface of the block.

27 £ 4 Nm
(20 = 3 ft-Ib)

Service Procedures

50

Fig. 62: Element cover gaskets

Install the cover with a new gasket.
Torque bolts to 24 £+ 4 Nm
(18 + 3 ft-Ib).

51
Connect the block heater (if equipped).

52
Install the transmission water cooler
pipe to the cover with a new seal (if

equipped).

24 + 4 Nm
(18 £ 3 ft-Ib)

39
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53

Fig. 63: Water pump installation

Install the water pump to the expan-
sion tank water pipe with a new seal.
Install retaining clamp and bolt assem-
bly.

54
Clean all gasket surfaces on the ther-
mostat housing.

55

Install the thermostat housing with a 10 + 1.5 Nm
new seal. Torque the 4 M6 bolts to (7.4 £ 1 ft-lb)
10 + 1.5 Nm (7.4 %= 1 ft-Ib), and the 3 24 + 4 Nm
M8 bolts to 24 + 4 Nm (18 + 3 ft-lb). (17.7 £ 3 ft-lb)
For Volvo (Knorr) Air Compressor: Knorr:

re-align the compressor with mounting 85 £ 15 Nm
bolts and tighten to 85 + 15 Nm (63 + 11 ft-lb)

(63 £11 ft-Ib).

40
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56

T2006694
Fig. 64: Installing the bypass pipe

Install the bypass pipe using a new
seal and gasket.

57

T2007234
Fig. 65: Radiator hose for thermostat housing

Install the top radiator hose neck to
the thermostat housing using a new
O-ring. Connect the cam sensor wiring
harness.
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T2006693

Fig. 66: Installing the water pump

Clean and install the water pump to
the oil cooler cover pipe using a new
gasket and seal. Connect the VEB
temperature sensor wiring harness.
Torque the 3 mounting bolts to

24 + 4 Nm (18 % 3 ft-Ib).

W2002338
Fig. 67: Hoses for the air compressor

Connect the air compressor coolant
supply hose (1) to the oil cooler cover.
Hand-tighten the hose clamp.

60
Connect the air compressor discharge
line (2) to the air compressor.

61

Connect the air compressor coolant
return hose (3) to the bypass pipe.
Hand-tighten clamp.

24 + 4 Nm
(18 + 3 ft-Ib)

Service Procedures

62

W2002339
Fig. 68: Hoses to the thermostat housing

Connect the 2 hoses (heater and
bleed hoses) to the thermostat hous-
ing. Hand-tighten the hose clamps.

63

Install the lower right exhaust manifold 47 + 8 Nm
bolt and torque to 47 + 8 Nm (35 + 6 ft-lb)
(35 = 6 ft-Ib).

64

Add coolant and inspect for leaks.

65

T2006942
Fig. 69: Connecting the EPG air line

Position the centering ring and EPG
against the exhaust pipe. Hand-tighten
the clamp bolt only. Connect the EPG
air line.

41
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Fig. 70: Turborcharger mounting studs

Install the turbocharger mounting
studs.

67

Install the turbocharger, see;

Serivce 250-600

Manual Intake and Exhaust-
Systems, D12, D12A,
D12B, D12C

IPMPACT Function Group
Information Type: Re-
pair
"Turbocharger”

68

Tighten the EPG to exhaust pipe
clamp. Torque the clamp bolt to
60 + 10 Nm (44 = 7 ft-Ib).

69
Start the engine, check for proper op-
eration, and inspect for leaks.

2229-03-02-06

60 + 10 Nm
(44 + 7 ft-Ib)

Oil Filter Nipple, Replacement

1
Remove oil filters.

2
If the oil filter nipples are loose remove
them.

3
Clean the filter base with appropriate
cleaning solution.

42
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4
Use an air gun to blow the dirt out of
the oil filter base threads.

5
Install thread lock 577 on the nipple
threads.

6
Thread the nipple back into the oil fil-
ter base by hand until it stops.

7
Thread the nipple installer into the nip-

ple.

8
Use the nipple installer wrench,
9998691, to hold the outer nut.

9

Using a torque wrench on the jam nut,
torque the nutto 40 nm £ 5 (30 % 4 ft-
Ib). Remove the torque wrench.

10
Use a pull bar to loosen the jam nut
with the wrench holding the outer nut.

11
Remove the nipple installer from the
filter base.

12
Let the locktite set up for about 5 min-
utes before putting the filter back on.

13

Moisten the o-ring on the oil filter with
clean engine oil. Put the filter in place
and torque to 15 nm + 5 (10 = 3 ft-Ib).

9998691
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2229-03-02-01

Oil Filter Overflow Valve, Re-

placement

Overflow valve (bypass)

Clean oil filters bracket and remove
valves caps (1).
Remove valves needles and springs.

2

Clean and check valve seats. If valve
seat is corroded, oil filters bracket
must be changed.

Fig. 71: Valve needles and springs

Assemble new valve needles and
springs.

Assemble and tighten cap. Use a new
seal ring.

4
Start engine and check for leaks.

Service Procedures
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Feedback

One of our objectives is that workshop personnel should have access to correct and
appropriate service manuals where it concerns fault tracing, repairs and maintenance
of Volvo trucks.

In order to maintain the high standards of our literature, your opinions and experience
when using this manual would be greatly appreciated.

If you have any comments or suggestions, make a copy of this page, write down your

comments and send them to us, either via telefax or mailing directly to the address
listed below.

To From

Volvo Trucks North America, Inc.

Dept. 516 Service Publications

7825 National Service Road

P.O. Box 26115

Greensboro, NC 27402-6115

USA

Fax (336) 393-3170

Comments/proposals

Concerns Service Manual:






Operation Numbers

QOil Pan, Installation

Oil System Passages, Cleaning.............
Lube Oil Pump, Replacement..................
Lube System Pressure, Checking

Oil Filter, Replacement.....cccconniiinnnn.
Oil Filter Overflow Valve, Replacement
Piston Cooling Valve, Replacement

Piston Cooling Nozzle, Replacement .

Oil Pressure Reduction Valve, Replacement
Oil Filter Nipple, Replacement .
Oil Cooler Leak Test, Checking ................
Oil Cooler Core, Replacement

Oil Cooler Bypass Valve, Replacement .

19
31
19
22
23
43
24
25
26
42
17
28
31
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VOLVO

Volvo Trucks North America,
Greensboro, NC USA

This TSI Service Bulletin and others in Groups 21 and

33 replace TSI Service Manual 210-600, “Basic Engine,

D12, D12A, D12B, D12C” (08.2000), publication no.
PV776-TSP142853.

Piston to Connecting Rod

Fig. 1. VOLVO D12C Engine

TSI

Date Group No. Supp.  Page

11.2001 213 004 1(5)

Piston to Connecting Rod
D12, D12A, D12B, D12C

This information covers procedures for replacing the piston connecting rod of VOLVO

D12 engines.

Contents
. “Special Tools” page 2

. “Piston to Connecting Rod, Replacement” page 3

PV776-TSP161571

USA10463
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Tools

Special Tools

The following special tools are used to replace or repair components. The tools can be
ordered from Volvo; please use the specified part number when ordering.

9996956
9991801 9992013 Flywheel turning tool

9996966
Clamping tool



Volvo Trucks North America, Inc. Date Group  No.
TSI 112000 213 004
Service Procedures

2132-03-05-01 4

Piston to Connecting Rod, Re-

placement

/17\ CAUTION

Observe the greatest possible cleanliness when work-

ing on the cylinder head. Dirt particles in the fuel and

oil channels can cause the unit injectors to malfunc-

tion, and can cause the VEB (if equipped) to fail.

Special tools: 9991801, 9992013

Removal

1 Fig. 3: Piston rings

Remove the snap rings from the old

If the piston rings are to be removed

piston. ; . . .
and reinstalled, use piston ring pliers.
2
Installation
1
Install one snap ring into the piston
sleeve.

T2007070

Fig. 2. Removing piston from connecting rod

Remove the piston pin using drift 9991801
9992013 and handle 9991801. 9992013
3

Remove the connecting rod.

T2007069

T2007066

Page

3(5)

Fig. 4: Assembling the piston and the piston skirt

Assemble the upper and lower sec-
tions of the piston so that the stud in

the upper section of the piston mates
with the recess in the bottom section.

Note: Heat the piston skirt to 100 °C

(212 °F) if necessary for easier as-
sembly.
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Align the connecting rod with piston so
2007068 that the "Front" marking on the con-
Fig. 5: Installing the piston pin necting rod and arrow on the piston

) ) ] are facing in the same direction.
Install the piston pin to hold the piston

halves together.

6

4
T2007070
Fig. 8: Installing piston pin

Press in the piston pin using drift 9992013

9992013 and handle 9991801. 9991801
Lubricate the piston pin, piston pin Note: It should be possible to lightly
bushings, and connecting-rod bushing press in the piston pin. Do not tap it in.
with engine oil.

7

Install the other snap ring to hold the

piston pin.

8

Make sure that the upper and lower
sections of the piston can move easily
relative to each other and that the pis-
ton pin moves freely in the connecting
rod bushing.

9
Lubricate the piston and piston rings
with engine oil.
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10

Make sure that the piston ring gaps
are evenly staggered around the pis-
ton.

11

W2003725
Fig. 9: Installing piston and connecting rod

Install the piston and connecting rod
with the arrow and front markings fac-
ing forward. Use tool (A) to guide the
piston rings into the cylinder liner.

Note: Temporarily remove cylinder
liner clamping tools 9996966 when us-
ing tool piston installation tool. When
the piston is in position, reinstall
clamping tools 9996966 onto the liner.

12

Lubricate the crankshaft bearing shells
and crankshaft pin with engine oil. In-
stall the bearing shells and make sure
that they are mounted correctly in the
connecting rod and bearing cap.

13
Install the bearing cap according to the
marking and tighten the bolts by hand.

14

Make sure clamping tools 9996966
are in position and carefully rotate the
flywheel with flywheel turning tool
9996956 until the piston reaches bot-
tom dead center. Torque tighten the
rod bearing cap bolts to 275 - f Nm
(205 -J1 ft-Ib).

9996966

275 -t Nm
(205 -J1 ft-Ib)
9996956
9996966

Date Group No

nao 213 004

15

Page
5(5)

T2007058

Fig. 10: Measuring the height of the piston

With piston at TDC, measure the
height of the piston above the cylinder
block face. The height should be 0.15
- 0.65 mm (0.006 - 0.026 in.).

Note: It is not necessary to measure
the piston height if the cylinder block
has not been machined.

16
Remove flywheel turning tool 9996956.

17
Install and torque-tighten the piston
cooling jet to 24 + 4 Nm (18 + 3 ft-lb).

Note:

is not damaged. A damaged jet must
be replaced. Also make sure that the
jet is directed toward the recess on the
piston.

0.15 - 0.65
mm

(0.006 - 0.026
in.)

9996956

24 £ 4 Nm
(18 * 3 ft-Ib)
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Date Group No. Supp. Page
11.2001 215 006 1)
Timing Gear Cover

D12C
Timing Gear Cover

Fig. 1. VOLVO D12C Engine

This information covers procedures for replacing the timing gear cover on VOLVO
D12C engines.

Contents
. “Special Tools” page 2

. “Timing Gear Cover, Replacement” page 3

PV776-TSP161566 USA10458
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Tools
Special Tools

The following special tools are used to replace or repair components. The tools can be
ordered from Volvo; please use the specified part number when ordering.

9998602-2
9996049 9998602-6 9998628
Drain hose Upper Front Cover Alignment Tools Press tool
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Date Group No.

215 00

11.2001

Service Procedures

2151-03-02-02
Timing Gear Cover, Replace-
ment

/j\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-
jury or death.

Special tools: 9996049, 9998602, 9998628

Removal

1
Remove the radiator assembly; see
Service Information, Group 26.

2
Remove the fan ring.

3
Remove the fan stud nuts and the fan.

Note: When removed from the vehicle,
the thermostat-controlled fan can be
stored vertically or horizontally with
the front (bimetal strip) downwards,
without causing oil to leak internally.

22002628

Remove the belts.

5
Remove the fuel pump drive pulley
and the fan pulley.

Remove the alternator and air condi-
tioning compressor.

7

Remove the support for the alternator
and air conditioning, which is fastened
to the timing gear cover.

Remove the fan hub.

9
Remove the fuel pump driveshatft.

10
Remove the fan belt tensioner.

11
Remove the plate on the timing gear
cover.

T2012862

T2007260

Page

3(7)
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12
Remove the air pipe connecting the
coil to the air drier.

13
Remove the vent pipe for the timing
gear top cover.

Note: Loosen the compressor air pipe
to remove the vent pipe.

14

Remove the water pipe for the thermo-
static valve box, which is fastened to
the timing gear cover.

15
Remove the sump front bolts in the
timing gear cover.

16
Remove the valve cover.

/j\ CAUTION

Do not use an impact wrench to remove the bolts. Do-
ing so may loosen the bolts from the cylinder head
and can damage the electrical wiring and the valve

cover.

17

Remove the camshaft sensor. Save
the shims to reuse them when in-
stalling the sensor.

18
Remove the timing gear top cover.

19
Remove the timing gear bottom cover.

Note:

cover sealing area while removing the
cover. Doing so may damage the
cover and cause leakage.

Installation

/j\ WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with debris or fluids.

Clean the engine surface by carefully
removing all sealant residue.

Note:
tools, objects, or dirt fall Inside the oil
pan.

2
Thoroughly clean the timing gear
cover.

T2009026

Remove the oil Injector nozzle from
the timing gear plate and check to
make sure that the oil channel Is not
clogged.

4
Install the oil Injector nozzle and
torque-tighten the boltto 33 £+ 4 Nm
(24 + 3 ft-Ib).
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Apply an even 2 mm bead of Volvo sii-
icone (part no. 1161247) to the inside
of the timing gear lower cover and in-
stall it in place. Torque-tighten the
lower cover bolts to 34 + 4 Nm (25 = 3
ft-Ib).

T2015004
Apply an even 2 mm bead of Volvo sil-
icone on the inside of the timing gear
top cover.

€2002668
1161247

Date Group No.

112000 215 006

T2015008
Apply an even 2 mm bead of Volvo sil-

icone on the edge between the timing
gear bottom cover and the cylinder
head.

Page
5(7)
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T2014150

Fig. 2: Upper timing gear cover, tightening sequence

Install the timing gear top cover. Install
the alignment tools 9998602-2 and
9998602-6 and tighten them by press-
ing the timing gear cover down so that
the sealing surfaces between the valve
cover, the cylinder head and the timing
gear cover are lined up. Torque-tighten
the upper cover bolts to 34 + 4 Nm
(25 + 3 ft-Ib) following the proper tight-
ening sequence shown.

Note: Install and tighten down the tim-
ing gear cover within 20 minutes after
having applied the sealant.

9

After torque-tightening the bolts, wait a
few minutes for the silicone to harden,
then remove the alignment tools.

10
Install the camshaft sensor. Adjust the
sensor clearance.

9998602-2
9998602-6

11

Fig. 3: Valve cover tightening sequence

Install the valve cover and torque-
tighten the bolts to 20 + 2 Nm (15 %
1.5 ft-Ib) and according to the se-
quence shown (see Fig. 4: Valve cover
tightening sequence, page 6).

Note:

rubber seals fit the valve cover holes
properly to prevent damage to the
valve cover.

12
Install the oil pan bolts in the timing
gear cover.

13

Install the plate for the fan belt ten-
sioner in the timing gear cover and
install the fan belt tensioner.

14
Install the hub for the fuel pump drive-
shaft.

T2012845

C2002643
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15

T2007260
Install the fan hub.

16
Install the venting pipe In the timing
gear top cover.

17

Install the support for the alternator
and for the air conditioning compres-
sor In the timing gear cover. Install the
alternator In the support.

18

Install the air conditioning compressor.
Connect the electrical wiring for the air
conditioning compressor.

Date Group No.

naor 215 006

19
Install the pulleys.

20
Install the belts and adjust the alterna-
tor belt.

21
Install the air compressor coll.

22
Install the water pipe for the thermo-
static valve box.

23
Install the fan and fan ring.

24
Install the radiator assembly; refer to
Service Information, Group 26.

25
Fill up the reservoir with coolant.

26
Start the engine and check for leaks.

Page
7(7)
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Volvo Trucks North America,
Greensboro, NC USA

This TSI Service Bulletin and others in Groups 21 and Date Greup Ne. Supp. Page

33 replace TSI Service Manual 210-600, “Basic Engine, 11.2001 215 005 1(4)
D12, D12A, D12B, D12C” (8.2000), publication no.

PV776-TSP142853. Timing Gear Plate

D12, D12A, D12B, D12C
Timing Gear Plate

W2003244
Fig. 1. VOLVO D12C Engine

This information covers procedures for servicing the timing gear plate on VOLVO D12,
D12A, D12B, and D12C engines.

Contents
e “Special Tools” page 2

« “Timing Gear Plate Sealant, Replacement” page 3

PV776-TSP161570 USA10462
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Tools

Special Tools

The following special tools are used to replace or repair components. The tools can be
ordered from Volvo; please use the specified part number when ordering.

9998267
Guide Sleeves



Volvo Trucks North America, Inc.
TSI

Group  No. Page

215 005 3(4)

Date
112001

Service Procedures

2153-03-05-01
Timing Gear Plate Sealant, Re-

placement

(Timing gears, coolant pump, power steering pump,
and air compressor removed)

/j\ DANGER

Before working on a vehicle, set the parking brakes,
place the transmission in neutral, and block the
wheels. Failure to do so can result in unexpected
vehicle movement and can cause serious personal in-

jury or death.

Special tools: 9998267

1

8267
T2007064
Fig. 2: Guide sleeves for timing gear plate (D12B shown)

W2003462
Fig. 3: Guide sleeves for timing gear plate (D12C shown)

Install two guide sleeves 9998267 in 9998267

the guide holes for the timing gear
plate. Remove the bolts (1-18) that
hold the plate to the cylinder block.
Carefully tap the plate free.

T2007131
Fig. 4: Contact surfaces (D12C shown)

Carefully clean the contact surfaces of
the plate and cylinder block, making
sure they are free of oil and/or oil
residue.

Note: Do not remove the guide
sleeves.

T2006740
Fig. 5: Lube oil nozzle
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/1\ WARNING

Always wear appropriate eye protection to prevent the
risk of eye injury due to contact with debris or fluids.

Remove the lube oil nozzle from the
timing gear plate and use compressed
air to clean the lube holes.

T2007132
Fig. 6: Sealant application (D12B shown)

Apply a 2 mm (0.08 in.) bead of Volvo
silicone on the cylinder block as
shown in accompanying figure.

T2006741
Fig. 7: Guide sleeves (D12B shown)

17

h
W2003462
Fig. 8: Guide sleeves (D12C shown)
Install the timing gear plate on the 33 £4 Nm
cylinder block within 20 minutes of (24 + 3 ft-lb)

sealant application. Torque-tighten
bolts to 33 + 4 Nm (24 = 3 ft-Ib) follow-
ing the tightening sequence shown
(1+18).

T2006740
Fig. 9: Lube oil nozzle

Install the lube oil nozzle.

7
Remove the guide sleeves (9998267). 9998267
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Volvo Trucks North America,
Greensboro, NC USA

This TSI Service Bulletin and others in Groups 21 and
33 replace TSI Service Manual 210-600, “Basic Engine,

D12, D12A, D12B, D12C” (8.2000), publication no.
PV776-TSP142853.

Timing Gears Replacement

Fig. 1: VOLVO D12B Engine

TSI

Date Group No. Supp.  Page

11.2001 215 004 1(11)

Timing Gears Replacement
D12, D12A, D12B

This information covers procedures for replacement of the timing gears on VOLVO

D12, D12A, and D12B engines.

Contents
. “Special Tools” page 2

. “Timing Gears, Replacement (All)” page 4

PV776-TSP160583

USA10309
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Special Tools

Tools

The following special tools are used to replace or repair components. The tools can be
ordered from Volvo; please use the specified part number when ordering.

9992584
Hollow Drift

9996160
Pins, used with Yoke 9996358

f i
le C c1 il

9996358
Timing Gear Yoke

9996600
Hydraulic Cylinder, 10-ton capacity

9992658
Crankshaft Drive Gear Puller

9996222
Foot Pump

9996401
Puller Arms

9996603
Adapter

9992671
Hydraulic Cylinder, 18-ton capacity

9996315
Spindle

G

9996413
Adapter

9996626
Hollow Drift
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9996950
Flywheel Blocking Tool

9996972
Puller

9998270
Counterhold

9996956
Flywheel Turning Tool

9996973
Drift

9999683
Rocker Dial Indicator

Date Group No. Page
215 004 3(11)
9996958

Polygon Flub Puller

9998269
Gear Wheel Puller

9999696
Magnetic Stand
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Service Procedures

2153-03-03-01
Timing Gears, Replacement
(All)
(Oil pan and timing gear cover removed)
/K WARNING
Always wear appropriate eye protection to prevent the

risk of eye injury due to contact with engine debris or
fluids.

T2006852
Fig. 2: Timing gear arrangement

Description (no. of teeth):

1 Crankshaft Drive Gear (36)

2 Idler Gear, 36 mm (87)

3 Coolant Pump Drive Gear (24)

4  Air Compressor Drive Gear (27)

5 Camshaft (72)

6  Adjustable Idler Gear (58)

7  Upper Idler Gear (60)

8  Lower Idler Gear (58)

9  Power Steering Pump Drive Gear (22)

10 Drive Gear Arrangement (Accessory Drive Pul-
ley and Fuel Feed Pump) (26)

11 Power Take Off (PTO) Idler Gear, 28 mm (87)

12 Power Take Off (PTO) Drive Gear for Hydraulic

Pump (37)
13 Oil Pump Drive Gear (24)
14 Oil Pump Idler Gear (57)

/K CAUTION

Never turn the crankshaft or camshaft when the tim-
ing gears have been removed. Otherwise, the pistons
can come into contact with the valves resulting in
damage to engine components.

Special tools: 9992584, 9992658, 9992671
9996160, 9996222, 9996315, 9996358,
9996401, 9996413, 9996600, 9996603,
9996626, 9996900, 9996950, 9996956,
9996958, 9996965, 9996972, 9996973,
9998270, 9999683, 9999696

Removal of Drive and ldler Gears

1

T2006672
Fig. 3: Cranking tool installed

Remove the inspection cover from be- 9996956
neath the flywheel housing and install
cranking tool 9996956.
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W2000936
Fig. 4: Aligning camshaft

Rotate the Awheel until number 1 pis-
ton is at TDC and the camshaft
marking is opposite the marking on
the cap.

6950

T2006666
Fig. 5: Blocking tool installed

Remove cranking tool 9996956 and in- 9996950
stall blocking tool 9996950. 9996956

Date Group No.

120 215 004

Fig. 6: Vibration dampener

T2007076

T2008984

Fig. 7: Removing polygon hub

Remove the vibration dampener. Re-
move the crankshaft bolt together with
the washer. Secure the puller 9996958
on the polygon hub. Fit adapter
9996603 on hydraulic cylinder
9996600. Screw the hydraulic cylinder
to the puller and pull off the polygon
hub using foot pump 9996222.

5

Remove idler gears (see 2, 6 and 11,
Fig. 2: Timing gear arrangement, page
4) from the timing gear plate.

6

Remove the washers from the upper
and lower idler gear (see 7 and 8, Fig
2: Timing gear arrangement, page 4).

7
Remove the socket head bolts and re-
move upper and lower idler gears (see
7 8

ment, page 4). Use two screwdrivers
to assist in removal.

9996958
9996413
9996600
9996603

Page
5(11)
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8 10
T2007096 T2007072

Fig. 8: Cam sensor wheel Fig. 10: Removing the crankshaft drive gear
Remove the cam sensor wheel from Using cylinder 9996600, pins 9996160
the camshaft drive gear. 9996160, puller arms 9996401, and 9996222
yoke 9996358 connected to pump 9996358
9996222, remove the crankshaft drive 9996401
9 gear (see 1, Fig. 2: Timing gear ar- 9996600

rangement, page 4).

11

Remove the retaining bolts in the olil
pump idler gear and remove the idler
gear from the oil pump (see 14, Fig. 2:
Timing gear arrangement, page 4).

12

T2007148
Fig. 9: Installing counterhold tool

Attach the camshaft holding tool 9998270
9998270 to the rear camshaft support.

Remove the camshaft gear retaining

bolt and remove the camshaft drive

gear (see 5, Fig. 2: Timing gear ar-

rangement, page 4).

T2007074
Fig. 11: Removing the oil pump drive gear

Install an M12x20 bolt in the shaft for 9996972
the oil pump drive gear (see 13, Fig. 9996973
2: Timing gear arrangement, page 4).

Remove the gear, using tool 9996972

and drift 9996973.
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13

Remove the air compressor drive gear
(see 4, Fig. 2: Timing gear arrange-
ment, page 4).

14

Remove the power steering pump
drive gear (see 9, Fig. 2: Timing gear
arrangement, page 4).

15

Install puller 9998269 onto the coolant
3

gear arrangement, page 4). Place a

plug on the shaft as a support and pull

off the gear.

9998269

Date Group No. Page

112000 215 004 7(12)

Installation of Drive and Idler Gears

16
6965
6315
T2007151
T2007080
Fig. 12: Installation of crankshaft drive gear
Install adapter and spindle on the 9992584
crankshaft. Install the new crankshaft 9992671
1
arrangement, page 4) on the spindle 9996315
9996315. Install drifts 9992584 and 9996626

9996626 and hydraulic cylinder
9992671. Install the nut and carefully
press on the drive gear, using pump
9996222.

Note: Make sure that the key remains
in position in the keyway. Remove the
tools.
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17

180°+ 20°

Heat the oil pump drive gear (see 13,
Fig. 2: Timing gear arrangement, page
4) to approximately 180°C (360°F) and
tap it onto the lube oil pump.

18

Install the air compressor drive gear
(see 4, Fig. 2: Timing gear arrange-
ment, page 4).

19

Install the power steering pump drive
9

rangement, page 4).

20
Apply assembly paste to the coolant
pump shaft. Install the spindle into the
shaft. Place the coolant pump drive

3
rangement, page 4) onto the spindle
and press the gear on with the help of
the hydraulic cylinder.

Tonn7n7g

180

T2007079
Fig. 13: Installation of the oil pump drive gear

21

Idler gears

Lubricate the oil pump idler gear (see
14

page 4) bearing and install. Torque-
tighten bolts to 24 + 4 Nm (18 + 3
ft-Ib).

22

Lubricate the bearings for idler gears
(see 2 and 11, Fig. 2: Timing gear ar-
rangement, page 4). Place them into
position and torque-tighten bolts to 15
+ 3 Nm (11 + 2 ft-lb). Turn an addi-
tional 120 + 5°.

Note: New bolts must be used each
time the idler gear is loosened or re-
moved; these bolts are designed for
single use only and cannot be torqued
a second time.

23

Install upper and lower idler gears (see
7 and 8, Fig. 2: Timing gear arrange-
ment, page 4). Torque-tighten the
socket head bolts to 15 £+ 3 Nm (11 *
2 ft-Ib). Turn an additional 120 * 5°.

24

Install the washers for the idler gears
and torque-tighten to 10 £ 2 Nm (7 = 1
ft-lb). Turn an additional 60 * 3°.

Note:

time the idler gear is loosened or re-
moved; these bolts are designed for
single use only and cannot be torqued
a second time.

24 + 4

15 + 3
(11

+
120 +

15 +3

2
50

Nm

Nm
ft-Ib)

Nm

(11 * 2 ft-lb)

120° *

10 £
(7 =
+

2
1
60 + 3

5o

Nm
ft-1b)
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T2007155
Fig. 14: Installing polygon hub

Apply assembly paste to the crank- 9996626
shaft. Place the polygon hub, tool 9992671
9996626 and hydraulic cylinder 9996315
9992671 on 9996315. Install the nut 9996222

onto the spindle and use tool 9996222
to press on the polygon hub.

26

T2007125
Fig. 15: Torque-tightening the crankshaft drive gear bolt

645 + 25 Nm
(475 + 18 ft-Ib)

Remove the tools. Install the bolt and
washer and torque-tighten to 645 + 25
Nm (475 + 18 ft-Ib).

27
Remove blocking tool 9996950 from 9996950
the Gfywheel housing and install ty - 9996956

wheel turning tool 9996956.

Date Group No. Page

112000 215 004 9(11)

28

T2007083
Fig. 16: Torque-tightening the camshaft drive gear bolt

T2007148
Fig. 17: Installing the camshaft drive gear

Install the camshaft drive gear. Use 645 + 25 Nm
tool 9998270 as a support. Torque- (475 £ 18 ft-b)
tighten to 645 + 25 Nm (475 + 18 ft-lb). 9998270

+
+
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29

Make sure the Awheel is at 0° and
that the camshaft is at TDC (see
marking).

30
Install the adjustable idler gear (see 6,
Fig. 2: Timing gear arrangement, page
4).

Note: Hand-tighten the bolts until they
bottom against the bearing shield
(these bolts will be individually re-
placed in a later step).

31

Fig. 19: Idler gear adjustment

Adjust the idler gear using two feeler
gauges. The correct backlash is 0.05 -
0.17 mm (0.002 - 0.007 in.). By using
feeler gauges, an equal amount of
backlash between cam gear and the
nonadjustable upper idler gear can be
obtained.

T2007158

32

gear
Use a two-step process to torque- 15 £ 3 Nm
tighten the idler gear bolts: (11 ft-1b)

+ 2
. 120 + 5°
¢ Tighten to 15 £ 3 Nm

(11 £ 2 ft-Ib).

¢ Turn bolts an additional 120 + 5°.

Note:

gear are NOT reusable. If they are
loosened or removed, they MUST be
replaced with new bolts.

33
T2007084
Fig. 21: Checking the backlash
After adjustment, check the backlash 9999683
with rocker dial indicator 9999683 9999696

mounted on magnetic base 9999696.

Note:
the same for both gear wheels which
mesh with the adjustable idler gear.
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Install the cam sensor wheel on the
camshaft drive gear. Install and
torque-tighten the three bolts to 25 Nm
(19 ft-Ib).

35

Install the vibration damper and
torque-tighten bolts to 50 + 5 Nm (37
+ 4 ft-Ib).

Note: New bolts should be used.

25 Nm
(19 ft-Ib)

50 + 5 Nm
(37 + 4 ft-Ib)

Date

112001

Group  No.

215 004

Page

1wy
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This TSI Service Bulletin replaces TSI Service Bulletin

214-011,

“Valve Stem Seals, D12, D12A, D12B, D12C”

(11.2002), publication no. PV776-TSP161564.

Valve Stem Seals

TSI

Supp. Page

214 011 1(5)

Date Group No.
8.2003

Valve Stem Seals
D12, D12A, D12B, D12C

This information covers the proper procedure for servicing valve stem seals on the
VOLVO D12, D12A, D12B, D12C engines.

Contents
e “Special Tools” page 2

¢ “Valve Stem Seals, Replacement” page 3

Note:

Information is subject to change without notice.

Illustrations are used for reference only and may differ slightly from the actual
vehicle being serviced. However, key components addressed in this information are
represented as accurately as possible.

PV776-TSP192731

USA13849
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Tools
Special Tools

For special tools ordering information, refer to Tool Information, Group 08.

9996950 9996956 9998335
Flywheel blocking tool Flywheel turning tool Valve stem seal guide sleeve
9998255 J-41989
Rocker arm shaft lifting tool Valve spring compressor tool
9998260 9998261 9998263

Press Tool Valve Guide Drift Valve Guide Removal Drift

Page
2(5)
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Service Procedures

2149-03-02-01
Valve Stem Seals, Replacement
(Cylinder head installed.)

You must read and understand the precautions and
guidelines in Service Information, Group 20, "General
Safety Practices, Engine" before performing this
procedure. If you are not properly trained and certified
in this procedure, ask your supervisor for training
before you perform it

Note: Make sure that piston is at TDC for the cylinder
where the valve stem seals are being replaced. If valve
stem seal replacement is attempted with the piston NOT
at TDC, the valve may fall into the cylinder, and the
cylinder head may have to be removed.

Special tools: 9996950, 9996956, 9998255,
9998335, J-41989

1
Remove the valve cover; refer to Service Information,
Group 21.

2
Remove the flywheel housing inspection cover.

3
Install tool 9996956 and turn the engine to TDC, 0
degrees on the flywheel.

Note: When the flywheel is at TDC, the piston in No. 1
cylinder will be at the top of the cylinder stroke.

9996956

4
Remove flywheel turning tool. Install blocking tool
9996950.

9996950
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5

Loosen the rocker arm shaft bolts gradually to avoid
bending the arm shaft assembly. Remove the bolts, install
tool 9998255 and lift off the rocker arm shaft assembly.

9998255

6
Using tool 9998255, remove the rocker arm shaft from the
cylinder head. Remove all valve bridges.

Note: Valve bridges need to be installed in the same
location from which they were removed.

9998255

7

Install tool J-41989 to remove the valve springs on
cylinder No. 1.

With the flywheel locking tool still in place, do the valve
seal on No. 6 cylinder, also. Rotate the engine, then move
to cylinders 2 and 5. Then, rotate to cylinders 3 and 4.

J-41989

8
Remove the valve springs and old valve seals.

Note: Exhaust valves have inner and outer springs
(double springs).

9

Place tool 9998335 on the valve guide and slip the
valve seal over the tool. Push seal until it bottoms
against the valve guide.

Note: Use tool 9998335 to avoid damage to the new
seals.

9998335

10

Reinstall the valve springs, making sure that the valve
retainers (keepers) lock correctly. Make sure that inner
springs are on the exhaust valves.



Volvo Trucks North America, Inc.

TSI

W2002159.tif

Date Group No. Page

8.2003 214 Gl1 5(5)

11
Replace the valve stem seals on cylinder No. 6 in the
same way.

12

Remove blocking tool 9996950. Install flywheel turning
tool 9996956 and rotate the engine 120° until the next
pair of pistons are located at TDC.

9996950, 9996956

13

Remove flywheel turning tool 9996956. Reinstall
blocking tool 9996950 and replace valve stem seals for
these cylinders. Continue until all stem seals have
been replaced.

9996950, 9996956

14
Remove blocking tool 9996950. Using tool 9998255,
install the rocker arm shaft assembly.

9996950, 9998255

15
Adjust the valve bridges, valves, and injectors on all
cylinders; referto Service Information, Group 21.

16
Install the valve cover.
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Foreword

The descriptions and service procedures contained in this manual are based on de-
signs and methods studies carried out up to June 2001.

The products are under continuous development. Vehicles and components produced
after the above date may therefore have different specifications and repair methods.
When this is believed to have a significant bearing on this manual, supplementary ser-
vice bulletins will be issued to cover the changes.

The new edition of this manual will update the changes.

In service procedures where the title incorporates an operation number, this is a refer-
ence to an S.R.T (Standard Repair Time).

Service procedures which do not include an operation number in the title are for gen-
eral information and no reference is made to an S.R.T.

The following levels of observations, cautions and warnings are used in this Service
Documentation:

Note: Indicates a procedure, practice, or condition that must be followed in order to
have the vehicle or component function in the manner intended.

Caution: Indicates an unsafe practice where damage to the product could occur.

Warning: Indicates an unsafe practice where personal injury or severe damage to the
product could occur.

Danger: Indicates an unsafe practice where serious personal injury or death could oc-
cur.

Volvo Trucks North America, Inc.
Greensboro, NC USA

Order number: PV776-144528
© 2001 Volvo Trucks North America, Inc., Greensboro, NC USA

All rights reserved. No part of this publication may be reproduced, stored in
retrieval system, or transmitted in any forms by any means, electronic, me-
chanical, photocopying, recording or otherwise, without the prior written
permission of Volvo Trucks North America, Inc.
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