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Design
Clutch, general

The main task of a clutch system is to transfer
torque, disengage during shifting, allow
comfortable starting and to act as an efficient
vibration damper to eliminate noise and
vibration in the chassis and drive train.
The clutch is between the engine and
transmission. It consists mainly of a pressure
plate and a clutch driven plate. The clutch
transfers torque to and from the transmission
and then on to drive the wheels.
The clutch is a single disc dry clutch. The clutch
disc is connected to the transmission input shaft
on the transmission.
On vehicles with more powerful engines, selfadjusting clutches are used to lower the
engagement forces.

Hydraulic clutch control mechanism with concentric slave cylinder (CSC)
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The clutch control mechanism is fully hydraulic.
The slave cylinder is inside the clutch cover.
There is no mechanical transfer (fork) inside the
clutch cover from an external slave cylinder.
The concentric slave cylinder (CSC) means that
the slave cylinder is integrated with the
throwout bearing.
The concentric slave cylinder (CSC) is extremely
efficient and reliable and the throwout bearing is
accurately centered.
The unit is secured to the transmission cover
using two screws. The bearings and friction
surfaces do not need to be lubricated. The
bearing on the concentric slave cylinder (CSC) is
self-centering against the clutch diaphragm
spring.
The hydraulic line from the master cylinder is
connected to the concentric slave cylinder
(CSC) via an adapter. There is a bleed nipple on
the adapter.
There are ratios built-in to the system to reduce
the force required to transfer torque:
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- pedal effort
- hydraulic force
- clutch finger force.
The force is reduced from approximately 8600 N
at the clutch to approximately 100 N at the
pedal.
If the clutch pedal returns too quickly, the drive
train could be damaged by the high torque.
There is a shock load limiter in the clutch to
avoid this. The shock load limiter chokes the
flow between the concentric slave cylinder
(CSC) and the master cylinder if there is a
danger of the excessive torque. The shock load
limiter is in the concentric slave cylinder.
The concentric slave cylinder (CSC) is
approximately 8 mm shorter for M66 than M56.

SelfSelf-adjusting clutch (SAC)

A self-adjusting clutch (SAC) eliminates
problems both in terms of wear in the clutch
cover and the need for increased force at the
pedal as the facing thickness reduces.
In addition, the service life of the clutch is
increased considerably. A self-adjusting clutch
does not normally need to be replaced during
the service life of the vehicle.
A self-adjusting clutch (SAC) senses the
increase in release load at the diaphragm
spring. It has an adjustment mechanism
between the diaphragm spring and the clutch
housing. This maintains the position of the
diaphragm spring and ensures that the pedal
effort required remains constant throughout the
service life of the vehicle.
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The pressure plate is of the diaphragm spring
type. Unlike a traditional type, the pressure plate
contains an adjustment ring made of steel or
plastic. If there is wear, the adjustment ring
moves slightly to maintain the engagement
position of the clutch.
The fact that the fingers are unable to move
backwards has the following advantages:
- increased wear capacity
- the clutch cover can be made shorter
because space is not required for rearward
movement of the diaphragm spring.

Clutch driven plate

The clutch driven plate is the section that
transfers the torque to the input shaft and into
the transmission. It also plays a major role in
ensuring gentle and comfortable starting.
Nowadays the clutch driven plate has no
damper and friction element. Instead these
functions are integrated into the dual mass
flywheel.
The clutch driven plate center is greased
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internally when the clutch driven plate is
installed at the factory. This reduces the friction
between the clutch driven plate and the input
shaft to make shifting easier.
When replacing the clutch driven plate, the
input shaft must be lubricated. See the
instructions for replacing the clutch.

Dual mass flywheel

The dual mass flywheel reduces noise from the
transmission and improves drivability.
The dual mass flywheel also helps reduce the
load on the crankshaft bearings. It also
improves shift quality because the flywheel
mass on the clutch driven plate is lower.
The component parts of the dual mass flywheel
can turn in relation to each other. The amount
by which they turn depends on the engine load.
On a dual mass flywheel the component parts
can turn by up to 60 degrees in both directions.
A certain amount of turning can be felt between
the component parts if a dual mass flywheel is
turned.

Transmission general
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M66 is a six gear manual transmission. All
gears, including back-up (reverse), are
synchronized. The transmission is intended to
be part of a transverse drive train with front
wheel or four wheel drive.
The transmission and final drive are constructed
together in a common housing made of
aluminum. The unique design of the
transmission makes it extremely compact, yet
capable of transferring high torque. This has
been achieved without using double meshing.
The design allows several different ratios with
few modifications to the components involved.
The transmission and engine have shock
absorbent mountings. They are secured to the
side members with pendulum mounting or
standing on a sub-frame.
The transmission and final drive are extremely
compact. For further information about
dimensions, see Specifications, transmission
The oil is synthetic and does not normally need
to be changed. The oil is heat resistant and
tolerates high loads. The hole in the level plug is
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used to top up the oil and check its level. The oil
is drained through the drain plug in the base of
the transmission.
The gear wheels are located on four shafts.
They are:
-

input shaft (A)
intermediate shaft 1-2, 5-6 (B)
intermediate shaft 3-4 (C)
back-up (reverse) shaft (D).

The clutch gears are welded directly to the idler
wheel to shorten the length of the shaft. To
further shorten the length of the transmission,
needle bearing with inner rings are used instead
of snap rings.
The inner rings sit on the shaft inside the idler
gears and extend lengthwise a little outside
each idler gear. When the components on the
shafts are pulled together the inner rings
counterhold, so that the idler wheels have the
clearance that they require to rotate.
The components on the input shaft are pulled
together using a screw placed on the end of the
shaft. The components on intermediate shaft 12, 5-6 are held together using the press joint on
the 5th and 6th gear gearwheels.

Transmission, internal components
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Position
1

2

3
4
5
6
7
8

Component

Located on

Final drive gear back-up (reverse)

D

Back-up (reverse) shaft

Back-up (reverse) gear coupling
sleeve

D

Back-up (reverse) shaft

2nd gear idler wheel

B

6th gear gear wheel

B

Idler wheel, back-up (reverse)
gear

Ring gear

5th gear gear wheel

D

B

Back-up (reverse) shaft

Differential

Intermediate shaft 1-2, 5-6

Intermediate shaft 1-2, 5-6
Intermediate shaft 1-2, 5-6

Idler wheel for 6th gear

A

Input shaft

10

4th gear idler wheel

C

Intermediate shaft 3-4

12

3rd-4th gear coupling sleeve

C

Intermediate shaft 3-4

A

Input shaft

9

11
13
14
15
16
17
18

Coupling sleeve for 5th-6th gear

A

5th gear idler wheel

A

4th gear gear wheel

A

2nd gear gear wheel

Input shaft

Input shaft

Input shaft

1st gear gear wheel

A

Final drive gear wheel, 3rd - 4th
gear

C

Intermediate shaft 3-4

A

Input shaft

3rd gear idler wheel

3rd gear gear wheel

C

© Copyright 2004 Volvo Car Corporation. All rights reserved.

Input shaft

Intermediate shaft 3-4

8(14)

"VCC-155363 EN 2009-10-23"

19

1st-2nd gear coupling sleeve

B

Intermediate shaft 1-2, 5-6

21

1st gear idler wheel

B

Intermediate shaft 1-2, 5-6

20

Final drive gear wheel, 1-2, 5-6

B

Intermediate shaft 1-2, 5-6

Gear selector, internal

Position

Component

1

Complete control unit

3

Gearshift gate

2
4

Upper gear selector

10

Spring

Back-up (reversing) lamps switch

12

Spring

Gearshift gate pin

14

Catch plate

Flange

7

Lower gear selector

8

9

Component

Ball limiter, 5-6 control

5
6

Position

Gear selector rod

11

13

15

16

Lever for lengthwise movement

Lever for lateral movement

Carrier plate

Ball limiter for gear position

The gear selector is in a single complete unit
with the exception of the ball limiter for the gear
position. This is threaded in the transmission
housing. The gear selector is held in position by
4 screws. 2 guide pins in the control housing
and a needle bearing in the bottom of the gear
selector unit control the position in the
transmission housing.
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Back-up (reverse) gear in the gear selector
assembly is furthest to the right and down.
Neutral is between 3rd and 4th.
The back-up (reversing) lamp switch is in the
control housing and is affected by the shaft for
lateral movement. The back-up (reversing) lamp
switch is directly connected to the central
electronic module (CEM).
The control unit must not be taken apart. The
entire control unit must be replaced in the event
of a fault. When lifting out the control unit the
control rod must be removed.
4 gear selector forks transfer the movement
from the control to the relevant coupling sleeve.

Gear selector assembly and mechanical transmission cables

1. Locking the adjustable mechanical
transmission cable for lateral travel
2. Solenoid
3. Gear selector assembly
4. Mechanical cables
5. Mechanical cables bracket.
The mechanical cables are in a cable assembly.
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In the event of a fault or damage with any of
these the whole mechanical cable assembly
must be replaced.
The mechanical cables sleeves are secured in
the gear selector assembly using quick-release
connectors and to cable bracket on the
transmission. The mechanical cables ends are
secured with ball joints to the gear selector
assembly and to the levers in the transmission.
The mechanical transmission cable for lateral
travel is adjustable lengthwise. The adjuster is
positioned on the mounting towards the lever
on the transmission (1).
The gear selector assembly is made of plastic. It
has rubber feet (to reduce noise and vibration).
The gear selector assembly has a lever and a
lever arm. There is a return spring on the lateral
movement lever.

BackBack-up (reverse) inhibitor
There is a solenoid on the gear selector
assembly which operates as an electronic backup (reverse) inhibitor.
There is an electronic damping function on the
solenoid which gives the solenoid a soft action.
This reduces noise. The solenoid can be
replaced.

Differential
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The differential distributes power equally
between the drive wheels, even if they are
rotating at different speeds.
The differential consists of the differential
housing, large and small side gears, shaft
journals and thrust washers.

Synchronization
The synchronizing hub assembly consists of a
coupling sleeve, flange and the hub. Each
synchronizing hub is joined to its shaft by
splines and rotates with it.
There are idler wheels on both sides of each
synchronizing hub. The idler wheels rotate
freely on the shaft (does not apply to back-up
(reverse) gear). Each idler wheel is constantly
engaged in its gear. The synchronizing set is
positioned between the synchronizing ring hub
and the idler wheel.
The synchronizing units are positioned on the
shafts in the transmission as follows:
- The synchronizing unit for 1st - 2nd gear is on
the intermediate shaft 1-2, 5-6
The synchronizing unit for 3rd - 4th gear is on
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- The synchronizing unit for 3rd - 4th gear is on
the intermediate shaft 3-4
- 5th-6th the synchronizing unit is on the input
shaft
- the synchronizing unit for back-up (reverse)
gear is on the back-up (reverse) shaft.
The synchronizing rings expand when heated
by the same amount as the components they
are in contact with. As a result no safety margin
is required to counter expansion.
The idler wheels for single and double
synchronization have no cones. An inner ring on
the synchronizer unit performs this function
instead.
The synchronizer unit is a modular system. This
makes it easy to upgrade from a single
synchronizer to double synchronization by
replacing the synchronizer kit.
Single synchronization,
synchronization which has one friction
surface, is on:
-

back-up (reverse) gear
4th gear
5th gear
6th gear.

The outer ring (to the left in the illustration) is
manufactured in pressed steel. The inner ring is
pressed steel and the friction surface is coated
with sintered brass.
Double synchronization,
synchronization two friction surfaces, is
on:
- 3rd gear.
The outer ring (to the left in the illustration) is
manufactured in pressed steel. The sealing ring
is pressed steel and the friction surfaces are
coated with sintered brass. The inner ring is
machined steel.
Triple synchronization,
synchronization three friction surfaces, is
on:
- 1st gear
- 2nd gear.
The outer ring (to the left in the illustration) is
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manufactured in pressed steel. The sealing ring
is pressed steel and the friction surfaces are
coated with sintered brass. The inner ring is
pressed steel and the inner friction surface is
coated with sintered brass.
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Function
Clutch, general
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The primary role of the clutch system is to disengage the
transmission when shifting, transfer torque and to allow
comfortable starting.
Disengagement of the clutch driven plate when shifting is
a very important part of this functionality. When the driver
presses the clutch pedal, the throwout bearing moves a
given distance towards the diaphragm spring and
disengages the clutch driven plate. The clutch is raised
and held in position by the springs riveted to the pressure
plate.
Complete disengagement takes place during the last
quarter of clutch pedal travel.
The clutch driven plate is trapped between the flywheel
and pressure plate to transfer the torque. The torque is
transferred via the clutch to the input shaft.
The torque is transferred across the crankshaft via the
flywheel to the clutch driven plate. Half of the torque is
transferred via the clutch screw to the clutch housing
through lifting springs, over to the pressure plate and to
the clutch driven plate. The clutch driven plate then
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transfers the torque via its hub and splines to the input
shaft.
During down-shifting the rotation speed of the clutch
driven plate increases. It decreases during up-shifting. The
engine speed (RPM) is then synchronized with the vehicle
speed when the clutch is released. If there is no
disengagement during shifting, there would be abnormal
synchronization wear in the transmission.
Pre-tensioned lifting springs connect the clutch housing
and the pressure plate.
The clutch is defined by the 3 characteristic curves:
- pressure plate pressure against the clutch driven plate
- diaphragm spring pressure against the throwout
bearing
- the lift of the pressure plate.
The pressure of the pressure plate increases as the clutch
driven plate wears. This increase in pressure increases the
pressure at the diaphragm spring and with it pedal effort
as the clutch driven plate wears. The diaphragm spring
moves backwards as the clutch driven plate wears. The
clutches are guaranteed to tolerate wear of 1.5 mm to the
facing. This means that the clutch cover has a wear
capacity of 8-9 mm to compensate for rearward
movement of the throwout bearing.

Hydraulic clutch control mechanism with concentric slave cylinder (CSC)
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In order to change gears, the transmission must be
disengaged from the engine. This is done by the clutch
pedal. When the clutch pedal is pressed, fluid is
transferred from the master cylinder through a pipe to the
concentric slave cylinder (CSC) in the clutch cover. This
then acts on the clutch, disengaging the clutch driven
plate.
Sound and vibration is also transferred from the engine.
The pipe and hose are balanced so that they absorb
vibration. On diesel engines, a damping unit is also used.
The fluid is encapsulated between two membrane discs
which are balanced to the correct rigidity.

Shock load limiter
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In vehicles which have high torque engines the return time
for the clutch may be too short. This means that the torque
peak is so high that the drive line could be damaged.
On those occasions where the torque peak is too high, the
hydraulic flow is choked by a shock load limiter in the
engagement direction between the concentric slave
cylinder (CSC) and master cylinder.

SelfSelf-adjusting clutch (SAC)

When the facing on a clutch driven plate wears, the normal
working position (travel) of the pressure plate and the
disengagement position increase.
On the self-adjusting clutch an adjuster ring responds to
the wear of the clutch driven plate. As wear increases, the
adjustment ring moves automatically slightly at the next
disengagement and adjusts the bearing position of the
diaphragm spring. This means that the operating travel of
the pressure plate and therefore engagement pressure
remain constant.
Two tools are required for work on the clutch. One to
compress the pressure plate before removing it, and one
to fix the automatic adjustment before installing it.

Mechanical transmission cables
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Mechanical cable for longitudinal travel:
- pulled when 1st, 3rd and 5th gears are selected
- pushed when 2nd, 4th and 6th gears are engaged.
Mechanical transmission cable for lateral travel:
- pulled when the gear selector lever is moved to the
position between 1st and 2nd gears
- pushed when the gear selector lever is moved to the
position below 5th and 6th. Gives maximum lateral
movement when the lever is moved to back-up
(reverse) gear.
There is a return spring on the lateral movement lever. The
control unit in the transmission has a return spring.
The mechanical transmission cable for lateral travel is
adjustable lengthwise. The adjuster is positioned on the
mounting towards the lever on the transmission (1). The
spring in the gear selector assembly pulls the mechanical
cable and then the mechanical cable is locked by hand
using the catch. When locking the gear selector lever and
the components in the transmission must be in neutral
position.

Power flow
1st gear
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A
B
4

Input shaft

Intermediate shaft 1-2, 5-6

Ring gear

15

1st gear gear wheel

20

Final drive 1-2, 5-6

19
21

1st-2nd gear coupling sleeve
1st gear idler wheel

When 1st gear is selected, the coupling sleeve for 1st-2nd
gear is moved by a gear selector fork along the
synchronizing hub towards the idler wheel for 1st gear.
The coupling sleeve and synchronizing hub lock the idler
wheel for 1st gear at the intermediate shaft 1-2, 5-6.
The torque of the engine is transferred via the clutch to the
input shaft. The 1st gear gearwheel on the input shaft
transfers the power to the idler wheel for 1st gear. From
there power is transferred on to intermediate shaft 1-2, 5-6
and to the final drive which in turn transfers the power to
the ring gear. The ring gear is connected to the drive
shafts through the differential.
2nd gear
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A
B

Input shaft

Intermediate shaft 1-2, 5-6

4

Ring gear

14

2nd gear gear wheel

20

Final drive 1-2, 5-6

5

19

2nd gear idler wheel

1st-2nd gear coupling sleeve

When 2nd gear is selected, the coupling sleeve for 1st-2nd
gear is moved by a gear selector fork along the
synchronizing hub towards the idler wheel for 2nd gear.
The coupling sleeve and synchronizing hub lock the idler
wheel for 2nd gear at the intermediate shaft 1-2, 5-6.
The torque of the engine is transferred via the clutch to the
input shaft. The 2nd gear gearwheel on the input shaft
transfers the power to the idler wheel for 2nd gear. From
there power is transferred on to intermediate shaft 1-2, 5-6
and to the final drive which in turn transfers the power to
the ring gear. The ring gear is connected to the drive
shafts through the differential.
3rd gear
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A
C
4

Input shaft

Intermediate shaft 3-4

Ring gear

12

3rd-4th gear coupling sleeve

17

Final drive 3-4

16
18

3rd gear idler wheel

3rd gear gear wheel

When 3rd gear is selected, the coupling sleeve for 3rd-4th
gear is moved by a gear selector fork along the
synchronizing hub towards the idler wheel for 3rd gear.
The coupling sleeve and synchronizing hub lock the idler
wheel for 3rd gear at the intermediate shaft 3-4.
The torque of the engine is transferred via the clutch to the
input shaft. The 3rd gear gearwheel on the input shaft
transfers the power to the idler wheel for 3rd gear. From
there power is transferred on to intermediate shaft 3-4 and
to the final drive which in turn transfers the power to the
ring gear. The ring gear is connected to the drive shafts
through the differential.
4th gear
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A
C
4

Input shaft

Intermediate shaft 3-4

Ring gear

10

4th gear idler wheel

13

4th gear gear wheel

12
17

3rd-4th gear coupling sleeve
Final drive 3-4

When 4th gear is selected, the coupling sleeve for 3rd-4th
gear is moved by a gear selector fork along the
synchronizing hub towards the idler wheel for 4th gear.
The coupling sleeve and synchronizing hub lock the idler
wheel for 4th gear at the intermediate shaft 3-4.
The torque of the engine is transferred via the clutch to the
input shaft. The 4th gear gearwheel on the input shaft
transfers the power to the idler wheel for 4th gear. From
there power is transferred on to intermediate shaft 3-4 and
to the final drive which in turn transfers the power to the
ring gear. The ring gear is connected to the drive shafts
through the differential.
5th gear
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A
B

Input shaft

Intermediate shaft 1-2, 5-6

4

Ring gear

9

Coupling sleeve for 5th-6th gear

6
11
20

5th gear gear wheel
5th gear idler wheel
Final drive 1-2, 5-6

When 5th gear is selected, the coupling sleeve for 5th-6th
gear is moved by a gear selector fork along the
synchronizing hub towards the idler wheel for 5th gear.
The coupling sleeve and synchronizing hub lock the idler
wheel for 5th gear at the input shaft.
The torque of the engine is transferred via the clutch to the
input shaft. The 5th-6th coupling sleeve and 5th gear idler
wheel on the input shaft transfer the power to the gear
wheel for 5th gear. From there power is transferred on to
intermediate shaft 1-2, 5-6 and to the final drive which in
turn transfers the power to the ring gear. The ring gear is
connected to the drive shafts through the differential.
6th gear
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A
B

Input shaft

Intermediate shaft 1-2, 5-6

4

Ring gear

8

Idler wheel for 6th gear

7
9

20

6th gear gear wheel

Coupling sleeve for 5th-6th gear

Final drive 1-2, 5-6

When 6th gear is selected, the coupling sleeve for 5th-6th
gear is moved by a gear selector fork along the
synchronizing hub towards the idler wheel for 6th gear.
The coupling sleeve and synchronizing hub lock the idler
wheel for 6th gear at the input shaft.
The torque of the engine is transferred via the clutch to the
input shaft. The 5th-6th coupling sleeve and 6th gear idler
wheel on the input shaft transfer the power to the gear
wheel for 6th gear. From there power is transferred on to
intermediate shaft 1-2, 5-6 and to the final drive which in
turn transfers the power to the ring gear. The ring gear is
connected to the drive shafts through the differential.
BackBack-up (reverse) gear
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A

Input shaft

B

Intermediate shaft 1-2, 5-6

1

Final drive for back-up (reverse) gear

3

Back-up (reversing) gear coupling sleeve

D
2
4

15
21

Back-up (reverse) shaft

Idler wheel for back-up (reversing) gear
Ring gear

1st gear gear wheel
1st gear idler wheel

When back-up (reverse) gear is selected, the coupling
sleeve for back-up (reverse) gear is moved by a gear
selector fork along the synchronizing hub towards the idler
wheel for back-up (reverse) gear.
The coupling sleeve and synchronizing hub lock the idler
wheel for back-up (reverse) gear at the back-up (reverse)
shaft.
The torque of the engine is transferred via the clutch to the
input shaft. The 1st gear gearwheel on the input shaft
transfers the power to the idler wheel for 1st gear. From
there to the back-up (reverse) gear idler wheel and then to
the coupling sleeve for back-up (reverse) gear. From there
power is transferred on to intermediate shaft 1-2, 5-6 and
to the final drive which in turn transfers the power to the
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ring gear. The ring gear is connected to the drive shafts
through the differential.

Shift mechanism
The transfer from the control unit to the selector forks is
divided between two locations in the transmission:
- The upper gear selector affects back-up (reverse) gear
and 1st and 2nd gears
- The lower gear selector affects 3rd, 4th, 5th and 6th
gears.
4 gear selector forks transfer the movement from the
control to the relevant coupling sleeve.
The gear selectors are connected to the gear selector forks
which are in the housing.
Two carrier plates are used to transfer the torque from the
longitudinal movement lever to the axially sliding gear
selectors. The carriers run in a groove in the gear selector
plate.
The gear selector panel is affected by a carrier plate
connected to the lateral movement lever.
The carrier plates move vertically between four possible
positions. The different gears can be activated in the
different positions.
- In the uppermost position the upper gear selector
activates back-up (reverse) gear
- In the next highest position the lower gear selector
activates 5th and 6th gears
- In the next lowest position the lower gear selector
activates 3rd and 4th gears
- In the lowest position the upper gear selector activates
1st and 2nd gears.
The longitudinal movement lever affects the gear selector
so that the correct gear is engaged. The control unit also
contains two springs (10 and 12) which help return the
gear selector lever to the neutral position.

BackBack-up (reverse) inhibitor
There is a solenoid on the gear selector assembly which
operates as an electronic back-up (reverse) inhibitor. When
the vehicle speed exceeds 25 km/h the solenoid is
activated and back-up (reverse) gear cannot be engaged.
The solenoid releases when the speed falls below 15 km/h.
If the vehicle speed exceeds 25 km/h the solenoid is
activated and back-up (reverse) gear cannot be engaged.
When the speed falls below 15 km/h the solenoid releases
and back-up (reverse) gear can be engaged.

Differential
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When driving straight ahead, the ring wheel and
differential housing rotate at the same speed as the drive
shafts and the driving wheels.
When cornering, the differential gears rotate to
compensate for the different speeds of the wheels.
Because the small side gears are rotating on the shaft
journal, the drive shafts can rotate at different speeds.
Power is transferred from the differential housing to the
drive shafts via the small side gears in the same way as
when driving straight ahead. Both drive wheels still have
the same driven power.
Cars with four wheel drive have a splined pin on the
differential housing. The sleeve on the pin connects the
differential housing with the bevel gear. This transfers the
power to the rear wheels.
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