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Sect ion G6

Anti-lock braking system

lntroduction
The ant i - lock braking system consists of  a speed
sensor f i t ted to each wheel,  an electronic control  uni t
(ECU),  and a three channel  hydraul ic modulator.

The speed signals t rom the sensors are
cont inual ly processed bythe ECU. When the brakes
are appl ied,  the wheel decelerat ion and sl ip is
determined by the ECU. Sig nals f rom the ECU are fed
to the 3-way solenoid valves in the modulator.  The
modulato.  then ei ther nolds pressure,  decreases
pressure,  or  a l lows pressure to increase to the brake
ca l ipe rs,

The rear wheels are control led jo int ly.  using the
'select  low'  control  pr inciple.

Fai lure of  the ant i - lock braking system is indicated
by a warning lamp on the facia,  and does not af fect
normal braking performance. A check Jor t ransient
malfunctions of the system can be carried out by
switching off the ignition and then restarting the
engine. Cont inued i l luminat ion wi l l  need to be
checked as descr ibed later in th is Sect ion.

Whenever any work is carr ied out which disturbs
the ant i - lock braking system components.  the
complete system must be checked with the ABS test
box before the car is driven (see Anti-lock braking
system -To testl.

Wheelsensors
lf any of the wheel speed sensors are fou nd to be
defective and need to be replaced, refer to either
Chapter H ( f ront  hub) or Chapter J (rear hu b) for  the
removar proceoure.

Electronic control unit (ECU)
The electronic control  uni t  s i tuated in the luggage
compartment,  is  mounted on the lef t -hand side rear
wheel arch. Access to the ECU is gained by removing
the lef t  hand side tr im panel .

Hydraulic modulator
The hydraul ic modulator is located in the engine
compartment forward of  the lef t 'hand side
suspension spr ing cover {see f ig.  G6-1}.

The modu lator consists of three solenoid valves
(one for each front wheel ,  and one tor the rear axle).
These valves are actuated by the electronic control
u ni t  (ECU).

Whenever any work is carr ied out on the
modulator,  i t  is  importantto note the pipe
connect ions and return them to the same posi t ions
(see f ig.  G6-2 and Sect ion G2).

The modulator is a non serviceable assembly,
therefore i f  a faul t  is  found, the complete assembly
should be removed and a new one f i t ted.
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Fig. G6-1 Hydraulic modulator
1 Electrical plug
2 Flexible mount
3 Modulator reiay - 1 987 model year cars.

From 1988 model year the modulator
relay is repositioned in the luggage
compartment

Precautions
l f  any work is carr ied out on a car equipped with an
ant i - lock braking system, the fo l lowing points should
be observed.
1. Before any welding is carried out on the car, the
electr ical  connect ion to the ECU should be
disconnected.
2. lf force d rying is to be used after spraying the car,
remove the ECU.
3. Always ensure the battery connections are
secure.
4.  In the event of  accident damage or fa i lu re of  any
part  in the system, the only serviceable i tems are.
a.  ECU
b. Relays (ABS and modulator)
c.  Hydraul ic mod u lator
d. Wheel speed sensors.

Hydraulic modulator - To remove
1. Depressur ize the hydraul ic systems as descr ibed
in Sect ion G3.
2 nic.^nno.r  

'ho 
hr+ran/

3. Ensure the modulator and surrounding area is
thoroughly c lean.
4.  Disconnect the hydraul ic pipes f rom the
modulator and blank the open ports and pipes.
5.  Sl ide the electr ical  p lug upwards from the
modulator,  Disconnect the main loom connect ions
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f rom the plug, not ing the cable colours and posi t ions.
6.  Slacken the nuts secur ing the modulatorto the
mou nt ing brackel .  L i f t  the modu lator c lear of  the
bracket,  taking care to avoid damaging the hydraul ic
pipes.

Hydraulic modulator - To fit
To f i t  the hydraul ic modulator,  reverse the pfocedure
given for removal  not ing the fol lowing.
1.  l f  a new modulator is to be f i t ted,  the rubber
mounts must be transposed from the modulator
removed.
2. All nuts and setscrews musl be torque tightened
to the figures quoted in Section G22 and Chapter P.
3. Bleed the system (see Section G5).

Anti-lock braking system - To test
The ant i - lock bfaking system electronic controi  uni t
(ECU) has a sel f -check programme which is act ivated
whenever the car is operat ing.  Any faul t  detected wi l l
cause the system to switch itself off, indicated by
i l luminat ion of the ANTILOCK warning panel  on the
facia.

Before the system is checked with the test box
(see f ig.  G6-3),  switch of f the igni t ion and then reslart
the engine. l f  the warning panel  is  st i l l  i l luminated,

Fig. G6-2 Hydraulic modulator connections
1 Blue pipe to rear brakes
2 Mauve pipe to r ight-hand front cal ipers
3 Mauve pipe to Ieft-hand front calipers
4 White pipe to outboard reservoir
5 Black pipe to inboard reservoir
6 Bonnel  support  bracket
7 Blue pipe to upper distr ibut ion valve
8 lMauve pipe to lower distr ibut ion vaJve

proceed as fo l lows, reterr ing also to the Electr ical
Manua TSD 4701, Sect ion L
'1 . Ensure the ignition is switched off and then
disconnect the electrical harness plug from the
electronic control  uni t  in the luggage compartment.
2. Connect the 35-way connector lead from the test
box (Bosch ABS2 LED KDAS 0003),  to the har. less
prug removeo.

Al l tests are carr ied out wi th the igni t ion switch
ON. The ignition must be switched off before
removing or replacing the mult i -p in plug to the ECU.
The car must not be driven with the test box
connected.
Note The electronic control unit is not checked.

The test box checks the following system
components.
a.  Hydra u l ic  mod u lator
b.  Valve relay
c.  Wheel speed sensors
d. Warning lamp
e. Cable harness
f. Connectors
g. Earth connections
h. Brake lamp switch s ignal
i .  Al ternator s ignal .

Description of test box symbols
The test  box obtains supply vol tage from the car 's
battery.

This supply vol tage is monitored dur ing the ent i re
tesl ing sequence and in al l  programme switch
settings. One lighr emitting diode (LED) is constantly
i l luminated (1) to indicate that  the vol tage is suf f ic ient .

Note When checking with the test box, the system(s)
are correct when the LED indicators are
i l lum inated (unless stated).

Programme switch position 1

or r;r ilil(x) | ai
ooo ooolajr -  r+,  _++ ,

t t l t l
J5tJIO

t l
12

14'

1.  LED indicator for  ea r th connect ion 1.
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2. LED indicalorfor earth connect ion 2.
3.  LE D indicalor for  warning lamp control  d iode.
4. LED indicators for internal resistances of the
modulator solenoid valves and the of f  posi t ion of the
vatve retay.
5. LED indicatorforfront left-hand wheel.
6.  LED indicator for  f ront  r ight-hand wheel.
7.  LED indicatorfor rearaxle (bracketed symbol) .
8.  Not appl icable for  3-channel  hydraul ic modulator.

position 2

1. LED indicator for  a l ternator connect ion.
2.  LED indicator for  stop lamp switch connect ion.

Programme switch positions 3 and 4
Positions 3 and 4 are not used with this type of anti-
lock braking system.

Programme switch position 5

#-^

Funct ional tests of the solenoid valves and valve relay
in the hydrau l ic  modulator,  and checking that the
solenoid valves channel  assignments are correct .

Programme switch

oo
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Fig. G6-3 Anti-lock braking system test box (Bosch AB52 LED KDAS 0003)
1 LED indicator for  wheel  speed
2 LED indicator for battery voltage
3 Programme selection switch
4 LED indicators for switch position 1
5 LED indicators for switch position 2
6 Adapter lead to ABS wir ing harness
7 Switch posi t ion 3 (not used)

8 Switch posi t ion 4 (not used)
9 LED indicators for switch position 5

10 Push buttons for 'Reduce pressure' and
'Maintain pressure' (switch position 5)

'11 Wheel selection switch
12 LED indicator for  switch posi t ion 5
13 Indicator gauge for switch posi t ion 6
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'1 .  Push button and LED indicatorforthe'Reduce
pressure' function. The LED must i l luminate after
operating the push button.
2.  Push button and LED indicatorforthe'Maintain
pressure' funct ion.  The LED must i l lu minate af ter
operat ing the push button.
3.  LED indicator for  correcl  funct ion ing of  the valve
relay.  This LED must i l luminate cont inuously when
the programme switch is set to position 5.
4.  Solenoid valve symbol.

Wheelselection switch

E --'

When the programme switch is setto either position
5 or 6, the switch can be adjusted to the wheel to be
tested.
l .  Rotary switch forwheel select ion.
2. Front left-hand wheel.
3. Front right-hand wheel.
4. Left-hand symbol- Rear left-hand wheel for use
with programme switch position 6 (i.e. rear left-hand
wheel sensor).

Right-hand symbol-  Rear axle for  use with
programme switch position 5 (i.e. rear axle
modulator solenoid).
5.  Rear r ight-hand wheel for  use with programme
switch position 6 1i.e. rear right-hand wheel sensor).

Not appl icable for  3-channel  hydraul ic modulator
when at programme switch position 5.

Programme switch position 6'-ce)+t

Checking ofthe wheel speed sensor signals and for
correct connecltons.
1.  lnstrument scale.
2. LED indicator for rota ry motion of the wheels.
This LED i l luminates cont inuously when the test
speed ls adequate. Only then must the instrument
indicat ion be read.

Test procedure
Do not drive the car with the test box connected.

Items to be tested Addit ional
requirements

Corecttest box
indication

Possible cause if incorrect
switch
oosition

Al lset t ings Power supply Igni t ion on t+ - l
LED Lj i l luminates
continuo!sly

1 . Battery voltage low.
2. Excessive voltage drops.
3. Fuse blown; check fuse on ABS

relay, fuse 82 on fuseboard Fl.
In addition from 1 988 model
year, fuse in luggage companment

4. ABS relay defective.

Earth connections,
Warning lamp control
diode.
Solenoid valves
inlernal resistances.
Off posit ion and earth
connection ofvalve
relay.

lgni t ion on AII 6 LED
indicators i l luminate
to the same extent

1. LED I does not i l lLrminate.
Check earth connections for
discontinuity.

2. LED -KF does not i l luminate.
ABS warnrng lamp defective,
diode defective, check valve
relay earth connections,

3. LED 4 does not i l luminate.
Check corresponding connectors
of solenoid valve and leads.

4. Al l  LED indicatorsft{ and-$
do not i l luminate. Check valve
relay earth connection, valve
reJay defective.

5. Weaker i l lumination ofthe LED
indicates a contact resistance in
the corresponding current path.

G6-6
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Progaamme
switch
posit ion

Items to be tested Addit ional
tequirements

Correct test box
indication

Possible cause if incorrect

2 Alternator voltage lgni t ion on LED 
@ 

i l luminates 1. LED may not ext inguish unti l
after engine speed increase (test
thus passed).

2. Check lead to alternator terminal.
3. Alternator deJective.

Start engine LED(9is extinsuishec
when enoine runninq

Stop lamp switch lgni t ion on LED \v i l luminates 1. Check lead to stop lamp switch.
2. Stop lamp switch deJective.
3. Lead incorrectly connected to

stop lamp switch.Operate brake pedal LED V is
ext inguished

5 Solenoid valve relay
operation (modulator)

lgni t ion on LED
.-J- ...

+l r l lumrnates 1. Modulator reJay defective.

Solenoid valves in
hydraul ic modulator
funct ioning and
correct connections,
Note Test each

consecutrvery,
keeping to
operating
sequence,

Jack up the vehicle.
lgni t ion on.
Wheelto be tested
must be lree to rotate
by hand.
Set the selection
switch tothe wheelto
lre tested.

1. Repeat the test with the engine
runntng.

2. Modulator control leads
transposed, shon or open circuit .

3. Current value not reached (LED
P J or P=extinguished)
because battery voltage is low.
Repeat the test with the engine
runnrng.

4. Hydraul ic modulator defective.
5. Hydraul ic modulator pipes

transposed.'Maintain pressure'
function

1- Operate push LED P= i l luminates

2. Depress brake
peoal

Wheel rotates by
na no

3. Release push LED P= is
extinguished, wheel
locked

'Reduce pressure'
function

4. Operate Push
button P J

LED P J i l luminateE
wheel rotates by hand

5. Release pusb
bufton P I

LEDPI is
extinguished, wheel
locked

6. Reiease brake pedal

It  is only necessary to (
'chock'the other wheel

heck one rear wheel,
wnen testrng

6 Wheel speed sensors
operarng correctly
and correct
connections.
Note Test each

consecuI|very.

Jack upthevehic le.
lgni t ion on.
Wheelto betested
must be free to rotate
by hand.
When test ing the rear
axle, the wheel not
beingtested must be
held.  Setthewhee
selection switch to the

lT9'.j",91"1 _
Turn the whee by hand
instrument i l luminates \
approx. 1 revlsecond). l
indication.

unti l  the LED above the
vithout f l ickering (speed
'hen read the instrument

Minimum indicat ion
must be greaterthan 4
divisions. Permissible
f luctuationj 47. ofthe
maxrmum rnorcalron.

1. Wheel speed sensor lead
incorrectly connected.

2. Whee speed sensor lead open
circuit .

3. Excessive air gap between wheel
speed sensor and toothed wheel.

4. Toothed wheel defective or loose.
5. Excessive wheel bearing play.
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