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AAV auxiliary air valve
ABS anti lock brakes
AC air conditioning
ACT air charge temperature (sensor)
ACV air control valve
AEI integrated electronic ignition
AIV air induction valve
AKR anti-knock control
ALU aluminium
AP air pump
APP accelerator pedal position
ARB anti-roll bar
AS air suction
ASV air suction valve
AT automatic transmission
BARO barometric pressure
BPP brake pedal position
Cab/Cabrio cabriolet/convertible
Cam camshaft
CKP crankshaft position
CMP camshaft position
Cpe coupe
CPP clutch pedal position
Crank crankshaft
CS crankshaft
CTP closed throttle position
CTS coolant temperature sensor
DI direct/distributorless ignition
DIS digital idling system
DLC data link connector
DME digital motor electronics (Motronic)
DOHC double overhead camshaft
DPFE differential pressure feed back exhaust
EACV electronic air control valve
ECM engine control module
ECT engine coolant temperature
ECM electronic control module
EDIS electronic distributorless ignition system
EEC exhaust emission control
EGR exhaust gas recirculation
ELCD evaporative loss control device
ELD electronic load detector
EPC electronic pressure control
EPROM erasable programmable read only memory
EPT exhaust pressure transducer
ESA electronic spark advance
ESC electronic spark control
ESP electronic stability programme
ETC electronic traction control
ETV electronic throttle valve
EVAP evaporative emission (canister purge valve)
EVR electronic vacuum regulator
EZF/K/L-i/-h computerised ignition
F cooling fan
FBC feed-back carburettor
FWD front wheel drive
G guide pulley
GEN alternator
HC high compression ratio
HD heavy duty
HEGO heated exhaust gas oxygen (sensor)
HO2S heated oxygen sensor
Hyd hydraulic (tappets)
IAC idle air control
IAT intake air temperature
ICE computerised ignition system
ICM ignition control module
ICSV idle control solenoid valve
IRS independent rear suspension
ISB idle speed boost
ISC idle speed control
ISCS idle speed control servo
KAM keep alive memory
Kmb/3/5/Est. estate 3/5 door
KS knock sensor
Lambda lambda value (special test equipment)
LC low compression ratio
LH left-hand (as seen from driver's seat facing forward)
Lim hatchback 3/5 door
Lim 2/4 saloon 2/4 door

LSD limited slip differential
LWB long wheel base
MAF mass air flow (sensor)
MAP manifold absolute pressure (sensor)
Map-DI ECM controlled direct ignition
Map-DIS ECM controlled distributorless ignition
Map-h ECM controlled, Hall effect ignition
Map-i ECM controlled, inductive ignition
Mass mass (hot wire) air flow meter
Max maximum
MFI-c multi-port fuel injection - continuous
MFI-i multi-port fuel injection - intermittent
MFI-s multi-port fuel injection - sequential
MIL malfunction indicator lamp
Min minimum
min minutes
MLUS modulated lock-up solenoid
MMC manual mixture control
Mono. Monopoint
Mot. Motronic
MPi multi-point injection
MT manual transmission
N negative
N= 91 octane petrol (Mercedes-Benz)
NOx oxides of nitrogen (control)
O2S oxygen sensor
OD overdrive
OHC overhead camshaft
OHV overhead valve
P positive
PAIR pulsed secondary air
PAS power assisted steering
PIP profile ignition pick-up (signal)
PNP park/neutral position
PROM programmable read only memory
PSP power steering pressure
RAM random access memory
R-Cat regulated catalytic converter
RH right-hand (as seen from driver's seat facing forward)
RHD right hand drive
ROM read only memory
RPM revolutions per minute
RUF adaptable to catalytic converter
S= 95 octane petrol (Mercedes-Benz)
SC supercharger
SACV secondary air control valve
SLS self levelling suspension
SPi single point injection
SPOUT spark output signal
STA start signal
SWB short wheel base
SZ coil ignition (breaker triggered)
T tensioner
TBI-c throttle body injection - continuous
TBI-i throttle body injection - intermittent
TCS traction control system
TDC top dead centre
TP throttle position (switch/sensor)
TR transmission range
Trans-h transistorized Hall effect ignition
Trans-i transistorized inductive ignition
TSZ-h transistorized ignition - Hall effect
TSZ-i transistorized ignition - magnetic induction
U-Cat unregulated catalytic converter
VAF volume air flow
Vanos variable valve timing
VEZ fully electronic ignition
VIN vehicle identification number
VP vacuum pump
VSS vehicle speed sensor
VSV vacuum switching valve
V-Tec variable valve timing and valve lift
VTV vacuum transmitting valve
WOT wide open throttle
WP water pump
2WD two wheel drive
4WD/4x4 four wheel drive
4WS four wheel steering
~ not adjustable

Abbreviations
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General procedures

n Before disconnecting the battery earth lead ascertain if the vehicle is fitted with a coded radio. If it is, ensure
that the owner has a record of the code or that an auxiliary power supply is connected to the set.

n Always disconnect the battery earth lead before starting work.

n Always note the routing of the auxiliary drive belts and mark the direction of running before removal.

n Always refit a used auxiliary drive belt so that its original direction of running is maintained.

n Remove spark plugs (petrol engines) or glow plugs (diesel engines), to ease turning the engine.

n Always turn the engine in normal direction of rotation (clockwise - unless otherwise stated).

n Do NOT turn the camshaft, crankshaft or diesel injection pump, once the timing chain has been removed
(unless otherwise stated).

n Do NOT use timing pins to lock the engine when slackening or tightening crankshaft pulley bolt(s).

n Do NOT use the timing chain to lock the engine when slackening or tightening sprocket retaining bolt(s).

n Do NOT turn the crankshaft from the camshaft or other drive sprockets via the timing chain.

n Ensure that the replacement chain is of the correct pitch, width and length.

n Check the sprocket alignment.

n Check the free running of auxiliary drives, such as oil pump and balancer shaft(s).

n Check the free running of guide sprockets.

n Check the condition of chain guides and tensioner pads.

n Check the condition and operation of chain tensioners.

n Always mark the chain with the direction of running before removal.

n Always refit a used chain so that its original direction of running is maintained.

n Do NOT lever or force the chain onto its sprockets.

n Check the ignition timing after timing chain replacement - see AUTODATA Technical Data Manual.

n Always check the diesel injection pump timing, after replacing the timing chain - refer to AUTODATA Diesel
Injection Manual.

n Observe all tightening torques.

n After refitting a timing chain, ALWAYS turn the engine over by hand before attempting to start to ensure that
there is no valve-to-piston interference.

Safety precautions
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Types

Timing chains are of complex construction and are manufactured in various sizes and forms to suit many applications.

The three most common types are illustrated below:

Service life

The service life of a timing chain and sprockets is dependent on:
Correct chain tension (tensioner operation).
Correct sprocket alignment.
Correct lubrication.
Vehicle operating conditions.

Service replacement

Timing chains are not normally considered a service item and only need checking if:
Removed or the sprockets or tensioner are dismantled.
Excessively noisy.

AD21921

Single row (simplex) chain – Fig. 1

AD21922

Double row (duplex) chain – Fig. 2

AD21927

Inverted tooth (Morse) chain – Fig. 3

Timing chains
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Inspection

Chain
Check rollers for cracks [A], free rotation [B] and wear [C] Fig. 4.
Check for excessive sidebow Fig. 5.
Check length between designated links and compare to the vehicle manufacturer's specified maximum Fig. 6.

NOTE: If not specified, compare the chain's length to that of a new part.

Sprockets
Check sprockets for general damage, broken or chipped teeth and 'hooking' Fig. 7.
Check sprocket runout with a dial gauge (DTI) Fig. 8.
Check sprocket alignment with a straightedge Fig. 9.
Check sprocket and chain assembly for wear by lifting chain away from sprocket to reveal extent of slack Fig.10 .

AD21928

A B C

Fig. 4

AD219

Fig. 5

AD21934

Fig. 7

AD21935

Fig. 8

AD21931

Fig. 9

AD21942

Fig.10

AD21932

Fig. 6

Timing chains
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Tensioner
Check for free movement.
Check pad or slipper for excessive wear Fig. 11 [1].
Check ratchet for excessive wear (if applicable) [2].
Check spring tension [3].
Check oil filter and oilways for cleanliness
(hydraulic types only, if fitted) [4].

Fitting
When fitting a chain, the tensioner must be set in the retracted position.
At each stage of chain fitting, carefully check the timing marks are
aligned correctly.
Some chains have marked or bright links which will relate to marks on
the sprockets Fig. 12.
Alternatively the sprocket marks may be aligned Fig. 13, they may have
marks which are aligned with fixed reference points on the engine, or
holes for timing pins to lock the sprockets in the correct position.
Never use the chain to lock the camshaft sprockets when undoing the
sprocket retaining bolts, as this may damage the chain. Use a sprocket
holding tool, or the hexagons or flats which are provided on some
camshafts for this purpose.

Always mark chains for refitting in the same
direction of rotation as originally fitted.
Some chains can be replaced in situ by
dismantling with a link extractor, joining a
new chain to the old with a temporary spring
link and 'winding' it round the sprockets.
After fitting, the old chain is detached and the
new chain joined using a link riveting tool.
On some older vehicles the chain may be joined
with a spring link. Care must be taken to fit the
spring in the correct direction in relation to the
chain rotation Fig. 14.

Tension
The tension of the chain is important and must only be set by the tensioner.
In most cases the tensioner operates automatically, but the installation procedure must be carefully
followed to ensure that the correct tension is achieved.
Never assist an automatic tensioning system by levering or forcing the tensioner pad against
the chain as incorrect tension can lead to premature wear or chain failure.
Manually tensioned chains must be tensioned in accordance with the manufacturer's instructions.

1

2

3 4

AD21943

Fig. 11

AD21930

Fig. 12

AD21998

Fig. 13

AD21965

Fig. 14

Timing chains
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Valve timing

Valve timing is crucial to the efficient operation of the 4-stroke petrol or diesel engine. The opening and closing
of the inlet and exhaust valves at the correct time in relation to piston position must be precisely controlled,
either at a fixed compromise position, or variable within finely controlled limits.
The valves are opened and closed by the camshaft(s) which are driven by chain, toothed belt or gear train from
the crankshaft.
The valve timing diagram Fig. 1 shows a typical arrangement.

Induction
As the piston rises, and at a point just before it reaches top dead centre (TDC) [A], the intake valve opens [1],
and a mixture of fuel and air begin to enter the combustion chamber.
As the piston travels downwards the mixture of fuel and air continues to enter the combustion chamber and at a
point just after the piston reaches BDC [B], the intake valve closes [2].

Compression
The fuel/air mixture is compressed as the piston travels upwards to a point just before it reaches TDC [A],
at which time the spark plug is operated and combustion takes place forcing the piston downwards.

Power
As the piston travels downwards, and at a point just before it reaches BDC [B], the exhaust valve opens [3] and
the exhaust gases begin to leave the combustion chamber.

Exhaust
As the piston travels upwards the exhaust gases continue to leave the combustion chamber and at a point just
after the piston reaches TDC [A], the exhaust valve closes [4].

It can be noted from the above that the valves operate before and after the piston has reached the end of its
travel. This arrangement ensures that the gases flow into and out of the combustion chamber efficiently at most
engine operating speeds.
This arrangement of 'fixed' valve timing is a compromise and engine efficiency can be greatly improved by
varying the valve timing to specifically match the engine's operating conditions.

Fig. 1

A Top dead centre (TDC)
B Bottom dead centre (BDC)
1 Intake valve opens - 17a BTDC
2 Intake valve closes - 45a ABDC
3 Exhaust valve opens - 45a BBDC
4 Exhaust valve closes - 17a ATDC

1

4

3

2

A

B

AD21963
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Valve timing

17
© 2006 Copyright Autodata Limited

28



Variable valve timing
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A B

Fig. 2

1 Intake valve opens
2 Intake valve closes
3 Exhaust valve opens
4 Exhaust valve closes
5 Exhaust valve
6 Intake valve
7 Timing chain guide
8 Intake valve retardation angle

Valve timing
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Variable valve timing

After the piston reaches BDC on the intake stroke, the intake gases continue to flow into the combustion
chamber, even when the piston begins to move upwards. This is due to the inertia of the moving gas and
therefore the intake valve is allowed to remain open for a period after BDC to ensure that the cylinder is fully
charged.
The inertia of the gas increases with engine speed and so to benefit from this phenomenon the intake valve
needs to be closed as late as possible.
An example of one of the many ways in which valve timing can be varied to match operating conditions is
shown in Fig. 2.
In this case the exhaust camshaft [5] is driven directly by the engine crankshaft and thus its time of opening [3]
and closing [4] is fixed. However some engines have variable exhaust as well as inlet valve timing.
The intake camshaft [6] is driven by the exhaust camshaft with a hydraulically controlled chain mechanism.
The hydraulically operated mechanism controls the position of the timing chain guide [7].
With the timing chain guide [7] in position 'A' the intake camshaft is in the fully advanced position.
As the timing chain guide [7] moves in response to pressure from the hydraulic actuator the excess length of
timing chain between the camshaft sprockets changes from the top to the bottom.
This change of chain position relative to the camshaft sprockets results in the intake valve timing being altered.
With the timing chain guide [7] in position 'B' the intake camshaft is in the fully retarded position [8].
The change in timing can be noted from the valve timing diagrams 'A' (inlet valve opening fully advanced) and
'B' (inlet valve opening fully retarded).
The engine management system is programmed to control the hydraulic actuator resulting in optimum valve
timing to suit any specific driving conditions, from idling to the power required for full throttle acceleration or the
economy expected during steady speed cruising.

Valve overlap

It can be noted from diagram Fig. 1 that the intake and exhaust valves are both open at the same time when the
piston is at TDC at the end of the exhaust stroke and the start of the intake stroke.
This is known as valve overlap and the amount will vary according to the type of engine.
For engines operating at lower speeds and where smooth idle is important the overlap period is relatively small,
whereas in engines where high operating speed and power are required the overlap period is longer.
The valve overlap period can be used to establish basic valve timing settings.

WARNING: This procedure should not be used to set the valve timing as valve overlap periods vary.

Set the piston of No.1 cylinder at the TDC position. At this point the intake and exhaust valves of No.1 cylinder
should be partially open (start of the intake stroke) Fig. 3, or the intake and exhaust camshaft lobes
should face equally opposite the valves (start of the power stroke) Fig. 4.

AD21957

Fig. 3

AD21956

Fig. 4

Valve timing
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Gear types

Timing gears are more commonly fitted to engines without an overhead camshaft or on diesel engines.
Some engines use a combination of chains and gears.
Most gears used for driving camshafts and diesel injection pumps have helical-cut teeth, but some applications
use spur gears.
Some gears are fitted with a backlash reduction system consisting of a second, spring loaded, gear that is used
to reduce backlash and noise. When removing and refitting this type of gear it is imperative that the
manufacturer's instructions are followed.

Service life

The service life of timing gears is dependent on:
Correct gear backlash.
Correct lubrication.
Vehicle operating conditions.

AD21944

Spur (straight-cut) gear – Fig. 1

AD21947

Helical-cut gear – Fig. 2

1 2 3
4 5

AD21952

Backlash reduction system – Fig. 3

1 Main gear
2 Spring
3 Sub gear
4 Spring washer
5 Circlip

Timing Gears
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Service replacement

Timing gears are not normally considered a service item and need checking only if they are dismantled or are
excessively noisy.

Gear inspection

Check teeth for wear or damage Fig. 4.
Check backlash Fig. 5.

If the backlash is excessive:
Adjust the position of the idler gear (if applicable).
Replace the mating gears or the complete gear set.

Fitting

At each stage of gear fitting, carefully check the timing marks are aligned correctly.
Some gears have timing marks for alignment with fixed pointers on the engine block or cylinder head,
or with similar marks on the mating gears Fig. 5.
Never use the gear teeth to lock the camshaft when undoing the gear retaining bolts, as this may damage
the gear. Use a gear holding tool, or the hexagons or flats which are provided on some camshafts for this
purpose.

AD21954

Fig. 4

AD21955

Fig. 5

Timing Gears
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