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Mark II Anti-Lock Brakes

Overview

The Teves MK II brake system combines normal system operation, hydraulic power boost and
anti-lock braking.  The system uses an independent electrically-driven motor / pump unit to pro-
vide both boost pressure and brake application pressure.  A common operating fluid, DOT 4
BRAKE FLUID, is used for both power boost and brake application.

In this system, three hydraulic circuits are used — one to each front wheel and one to the rear
wheels.  Depending on the mode of operation, the circuits operate differently:

Normal Operation

The two front hydraulic circuits operate conventionally via the master cylinder, assisted by the
hydraulic booster.  The rear hydraulic circuit is operated continuously by the controlled pressure
in the booster via the pressure reducing valve.  Simply stated, during normal operation, the front
hydraulic circuits are “static” and the rear circuit “dynamic.”

Anti-lock Operation

When anti-lock control is required, the front hydraulic circuits also become “dynamic” as boost
pressure replaces master cylinder pressure via the main valve.

The four wheel speed sensors input to the ABS control module (ABS CM), which processes the
information and modulates the three sets of solenoid valves in the valve block to control the
pressure in the three circuits and prevent wheel lock.  Because both rear wheels share a com-
mon circuit, a tendency for one wheel to lock will result in control of both wheels according to
the need of the “locking” wheel.

The state of the anti-lock braking system is continuously monitored by the ABS CM.  If a system
fault is detected, the CM flags a diagnostic trouble code (DTC) corresponding to the fault , acti-
vates the ANTI LOCK MIL, stores the DTC in its nonvolatile memory and signals the instrument
pack vehicle condition monitor (VCM).  For most faults the CM will also switch the system OFF
until the fault is corrected.

Full boosted braking to all wheels is maintained if the control module switches off the ABS sys-
tem.  If a failure of the hydraulic boost portion of the system occurs, the brake system will
function on the front wheels only, without boost pressure.

MK II ABS ENGINE COMPARTMENT COMPONENTS: SEDAN RANGE 1993 – 1994 MY

HYDRAULIC
ACTUATION UNIT

T500/2.01

MOTOR / PUMP
UNIT
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Fault Diagnostics

In addition to JDS and PDU diagnostics accessed through the dedicated ABS diagnostic connec-
tor, located near the CM, the TEVES MK II anti-lock braking system incorporates a facility that
allows the numeric DTCs to be displayed as coded blinks on the ABS MIL.

Refer to page 24 for instructions for activating the “blink code” display.

MK II ABS SYSTEM: SEDAN RANGE 1990 – 1992 MY

MOTOR / PUMP
UNIT

HYDRAULIC
ACTUATION UNIT

FRONT WHEEL SPEED SENSORS

PRESSURE REDUCING VALVE

ABS CONTROL
MODULE

T500/2.02

MK II ABS SYSTEM: XJS RANGE UP TO 1995 MY VIN 198335 (INBOARD REAR BRAKES SHOWN)

MAIN
VALVE

ACCUMULATOR

MOTOR / PUMP
UNIT

COMBINED PRESSURE
SWITCH

FRONT WHEEL
SPEED SENSORS

SOLENOID VALVE
BLOCK

PRESSURE
REDUCING VALVE

ABS CONTROL
MODULE

REAR WHEEL
SPEED SENSORS

HYDRAULIC
ACTUATOR

RESERVOIR

T500/2.03
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Mark II Anti-Lock Brakes

Overview (continued)

Sedan Range: 1990 – 1992 MY

In the Sedan Range from model years 1990 – 92, the motor / pump unit, reservoir and hydraulic
actuation unit are integrated on the brake pedal and accelerator housing.  The motor / pump unit
contains the hydraulic pump, motor, accumulator and combined pressure switch.  The hydraulic
actuator incorporates many components including the solenoid valve block.

NOTES

ABS MOTOR / PUMP UNIT, RESERVOIR AND HYDRAULIC ACTUATION UNIT: SEDAN RANGE 1990 – 1992 MY

ACCUMULATOR
RESERVOIR

HYDRAULIC
ACTUATION UNIT

SOLENOID VALVE
BLOCK

MOTOR / PUMP
UNIT

COMBINED
PRESSURE SWITCH

T500/2.04
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Sedan Range: 1993 – 1994 and XJS Range:  1989 – 1995 MY

In all XJS Range models and 1993 – 94 Sedan Range models, the motor / pump unit is located
separately on the right side of the firewall.  The reservoir and the hydraulic actuation unit are inte-
grated on the brake pedal and accelerator housing.  The motor / pump unit contains the hydraulic
pump, motor, accumulator and combined pressure switch.  The hydraulic actuator incorporates
many components including the solenoid valve block.

NOTES

ACCUMULATOR

RESERVOIR

HYDRAULIC
ACTUATION UNIT

SOLENOID VALVE
BLOCK

MOTOR / PUMP
UNIT

COMBINED
PRESSURE SWITCH

ABS MOTOR / PUMP UNIT, RESERVOIR AND HYDRAULIC ACTUATION UNIT: SEDAN RANGE 1993 – 1994 MY
AND XJS RANGE UP TO 1995 MY VIN 198335

T500/2.05
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System Description

Hydraulic Actuation Unit

The hydraulic actuation unit contains the reservoir and the components used for pressure appli-
cation, boost application and anti-lock valving.

Actuating piston

The actuating piston transmits the motion from the brake pedal to the control valve and the boost piston.

Control valve

The control valve opens and closes the high pressure line from the accumulator to the actuator
hydraulic booster.

Hydraulic booster

The boost piston is independent from the actuating piston and applies boost pressure on the
master cylinder piston.  Boost pressure is used to directly operate the rear brakes.

Master cylinder

The master cylinder operates the front brakes only.

Main valve

The solenoid-activated main valve is opened under anti-lock conditions to apply boost pressure
directly to the master cylinder and the front brake circuits.

Central valve

The central valve opens under anti-lock conditions to allow boost pressure to be applied directly
to the front brakes.

Positioning sleeve

The positioning sleeve is used during anti-lock operation to minimize brake pedal pulsation.

Solenoid valves

The six solenoid valves direct hydraulic pressure and hydraulic return in the three brake circuits
during anti-lock conditions.  During normal operation, the valves are at rest, allowing conventional
application.

Motor / Pump Unit

The motor / pump unit supplies the system-operating hydraulic pressure.

Pump

The pump is driven by an electric motor and is switched on and off to maintain a range of oper-
ating pressure.

Accumulator

The accumulator stores the pump pressure and provides reserve for normal, anti-lock and pump
failure operations.  A check valve prevents pressure loss.

Pressure control valve

The pressure control valve limits the maximum system pressure to 210 bar (3046 psi).

Combined pressure switch

Two sets of contacts in the pressure-operated switch signal the ABS control module for activa-
tion of warnings and anti-lock shutdown.  The other contacts switch the pump on and off.  (The
brake warning switch contacts close at 105 bar [1255 psi] turning on the warning light.  The pump
switches on at approximately 140 bar [2030 psi] and off at approximately 180 bar [2610 psi].)

Pressure Reducing Valve

Because the rear brakes operate directly off boost pressure, a pressure-limiting device is neces-
sary.  The pressure reducing valve is located in the rear brake circuit and limits the pressure
applied to the rear brakes.  (A differential of 6 bar [87 psi] is maintained between the front and
rear circuits.)
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TEVES MK II ABS SYSTEM DIAGRAM

T500/2.06
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Mark II Anti-Lock Brakes

System Operation

Brakes Not Applied

Control valve

The control valve is open to the reservoir and closed to accumulator pressure from the motor /
pump unit.

Pump

The pump is switched on or off as determined by system pressure.

Accumulator

The accumulator stores boost pressure for use as soon as brakes are applied.

Boost piston

The boost piston is retracted.

Positioning sleeve

The positioning sleeve is at rest.

Master cylinder

The master cylinder is at rest.

Main valve

The main valve is switched off.

Equalized hydraulic pressure   The hydraulic pressure is equalized throughout the system (except
in the accumulator-to-control valve line).

NOTES
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TEVES MK II ABS SYSTEM: BRAKES NOT APPLIED

T500/2.07
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Mark II Anti-Lock Brakes

System Operation

Brakes Applied: Normal Operation

Control Valve

As the driver applies force to the brake pedal, the actuating piston moves forward.  The lever
mechanism moves the control valve forward, opening the port from the accumulator and clos-
ing the return port to the reservoir.  Boost pressure is applied to the boost piston and the rear
brakes.

Boost Piston

The boost piston increases the pedal force acting on the master cylinder piston.

Main Valve

The main valve remains at rest, connecting the master cylinder to the reservoir.

Central Valve

As the master cylinder piston moves forward, the central valve closes and pressure is built up in
the front brake circuits.

Positioning Sleeve

The positioning sleeve moves forward with the boost piston.  The displaced fluid returns to the
reservoir through the main valve, which is at rest.

Pressure Reducing Valve

Boost pressure is applied to the rear brakes through the pressure reducing valve.

Solenoid Valves

All solenoid valves are at rest, allowing pressure application and preventing return to the reservoir.

Boost Pressure Control

As the boost pressure increases, it acts between the boost piston and the actuating piston,
moving the actuating piston back, which moves the control valve to close the port from the
accumulator.  The control valve closes the accumulator pressure port when the pedal force and
boost force acting on the actuating piston equalize.  The return port to the reservoir remains
closed.  The resulting pressure in the booster is proportional to the pedal force:
low pedal force = low pressure, high pedal force = high pressure.

“Dynamic”, “Static”   During normal operation, boost pressure is applied directly to the rear
brake circuit, thus the description “dynamic”.  The front brake master cylinder is supplied with
reservoir gravity pressure only, thus the description “static.”

NOTES
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TEVES MK II ABS SYSTEM: BRAKES APPLIED – NORMAL OPERATION

T500/2.08

P
R

E
S

S
U

R
E

S
:

R
E

S
E

R
V

O
IR

A
C

C
U

M
U

L
A

T
O

R

B
O

O
S

T

M
A

S
T

E
R

 C
Y

L
IN

D
E

R

M
A

IN
 V

A
L
V

E
P

O
S

IT
IO

N
IN

G
S

L
E

E
V

E

C
O

N
T

R
O

L
 V

A
L
V

E

C
E

N
T

R
A

L
V

A
L
V

E

M
A

S
T

E
R

P
IS

T
O

N
B

O
O

S
T

P
IS

T
O

N

A
C

T
U

A
T

IN
G

 P
IS

T
O

N



12

Mark II Anti-Lock Brakes

System Operation

Brakes Applied: Anti-Lock Operation

Main Valve

When the ABS control module senses the need for ABS control, it activates the main switch,
which moves the main valve, closing the reservoir feed line and applying boost pressure to the
master cylinder circuit.

Central Valve

The central valve is held open by the pressure, allowing boost pressure to be applied directly to
the front brake circuits.

Positioning Sleeve

The positioning sleeve is gradually moved to its rest position by the boost pressure.  This action
pushes back the boost piston, the actuating piston and the brake pedal, minimizing ABS pulsa-
tion transmitted to the brake pedal.

Solenoid Valves

The solenoid valves are modulated by the ABS control module, as necessary, to prevent wheel lock.

“Dynamic”   During ABS operation, both the front and rear brake circuits are “dynamic”, as the
front brakes are also operated directly by boost pressure.

NOTES
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TEVES MK II ABS SYSTEM: BRAKES APPLIED – ANTI-LOCK OPERATION

T500/2.09
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Mark II Anti-Lock Brakes

System Operation (continued)

Solenoid Valve Operation

A pair of solenoid valves for one control circuit is shown.  During ABS operation, the ABS con-
trol module modulates the valves in three phases as necessary to prevent wheel lock.  The three
phases are repeated up to six times per second until wheel lock is eliminated.

Normal operation

During normal braking operation, the sole-
noid valves are not controlled by the ABS
control module and no current is applied.
The inlet valve is open and the outlet valve is
closed, porting hydraulic pressure to the
brake caliper circuits.

Phase one:  Pressure hold

To maintain brake pressure, the ABS control
module activates the inlet valve, which closes
and prevents the application of additional hydrau-
lic pressure.  The outlet valve remains closed,
preventing return to the reservoir.

NOTES

NORMAL OPERATION

HYDRAULIC
PRESSURE

BRAKE
CALIPERS

RESERVOIR

T500/2.10

PRESSURE HOLD

HYDRAULIC
PRESSURE

BRAKE
CALIPERS

RESERVOIR

T500/2.11
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Phase two:  Pressure reduce

If a wheel still has a tendency to lock with
the pressure maintained, the ABS control
module activates both valves, which pre-
vents the application of hydraulic pressure
and allows return to the reservoir, decreas-
ing the pressure in the brake circuit.

Phase three:  Pressure increase

As the wheel accelerates, the ABS control
module deactivates both valves, allowing
hydraulic pressure to be applied to the
brakes.

NOTES

PRESSURE REDUCE

HYDRAULIC
PRESSURE

BRAKE
CALIPERS

RESERVOIR

PRESSURE INCREASE

HYDRAULIC
PRESSURE

BRAKE
CALIPERS

RESERVOIR

T500/2.13

T500/2.12
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Components

ABS Control Module

The ABS control module (ABS CM) processes
information from the wheel speed sensors
and the various switches for system opera-
tion, control and warnings.  The wheel speed
input signals are converted into values that
correspond to relative individual wheel speed.
These values are used to control the solenoid
valves during ABS operation.

A vehicle speed is output to the instrument
pack for distribution to other vehicle systems.
The speed signal is provided from the ABS
CM on 1993 and 94 Model Year Sedan Range
vehicles.  The left rear wheel speed sensor
input is used as the wheel speed source.

ABS CM diagnostic monitoring

Each time the ignition is switched ON, the
ABS CM conducts a self-test to determine
system condition.  The length of the test is
dependent on the time required for charging
of the accumulator.  The instrument pack ABS
MIL is illuminated during this test.  If a fault is
detected by the CM, the ABS MIL remains
activated, the ABS system is switched off and
a DTC is stored in memory.

During routine driving, the CM continuously
monitors the system input and output signals.
If a failure is detected, the ABS MIL is acti-
vated.  If an ABS fault is detected, ABS is
canceled; however, normal boosted braking
will be maintained.

Refer to the DTC Summary following this sec-
tion of the book.

NOTES

TEVES MK II ABS CONTROL MODULE

T500/2.14
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Hydraulic Brake Booster

The hydraulic booster boosts brake pedal force
using hydraulic force supplied from the sys-
tem pump.  The pressure in the booster is pro-
portional to the pedal force.  Brake hydraulic
pressure to the rear wheel brakes is applied
through the control valve.  Because the rear
brakes are always operated dynamically, the
hydraulic pressure to the rear brakes will never
exceed 195 bar (maximum system pressure).

Hydraulic brake booster diagnostic monitoring

Hydraulic brake booster pressure is monitored
by the CM via the combined pressure switch.

Refer to the DTC Summary following this sec-
tion of the book.

NOTES

TEVES MK II HYDRAULIC BRAKE BOOSTER

UPPER ARTICULATED
BALLS

CONTROL
VALVE

RESERVOIR

BOOSTER
PISTON

LOWER ARTICULATED
BALLS

ACTUATING
PISTON

SCISSOR

T500/2.15A & B
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Components (continued)

Motor / Pump Unit

The pump supplies hydraulic pressure for sys-
tem operation.  When hydraulic pressure in the
accumulator falls to the low switching point,
128.5 – 149 bar (1863 – 2161 psi), the pump is
switched ON by the combined pressure switch
and pressurizes the system until the accumula-
tor pressure reaches the high switching point,
171 – 195 bar (2480 – 2828 psi).

Hydraulic accumulator

Adequate system hydraulic pressure is maintained
by the hydraulic accumulator.  The accumulator is
a pressure vessel with two chambers separated by
a membrane.  The upper chamber is charged with
nitrogen gas at an initial pressure of 84 bar (1218
psi).  The lower chamber fills with pressurized hy-
draulic fluid and is made available for system
operation.  Accumulator pressure is maintained by
a check valve located in the motor / pump unit.

NOTES

TEVES MK II MOTOR / PUMP UNIT

ACCUMULATOR

COMBINED PRESSURE
SWITCH

PUMP

COMBINED PRESSURE
SWITCH

TAPPET

CHECK VALVE

FILTER
SUCTION
CHANNEL

ECCENTRIC
RING

CONTROL
SHAFT

BALLSROTORCOUPLINGMOTOR
PISTONS

T500/2.16A & B

TEVES MK II HYDRAULIC ACCUMULATOR

UPPER
CHAMBER

MEMBRANE

LOWER
CHAMBER

T500/2.17
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Combined pressure switch

The combined pressure switch contains
three pressure-operated switches.  The two
“normally open” switches close when nor-
mal operating pressure is reached, switching
off the pump and the BRAKE warning.
The third “normally closed” switch opens if
the system pressure falls too low and sig-
nals the ABS control module, which lights
the ABS MIL.  XJS 1989 MY systems use a
combined pressure switch with two “nor-
mally closed”  switches and one “normally
open” switch.

Motor / pump unit, hydraulic accumulator and combined pressure switch diagnostic monitoring

A failure in the motor / pump unit, hydraulic accumulator or combined pressure switch will be
detected by CM monitoring of hydraulic pressure via the combined pressure switch.

Refer to the DTC Summary following this section of the book.

NOTES

TEVES MK II COMBINED PRESSURE SWITCH

PRESSURE
SWITCH

WARNING
SWITCH

SPRING TAPPET

T500/2.18A & B
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Components (continued)

Valve Block

The valve block contains three pairs of electroni-
cally controlled solenoid valves.  One pair of
solenoid valves (one inlet and one outlet valve)
is used for each brake circuit.  If a wheel ap-
proaches lockup during ABS operation, the CM
controls the brake apply pressure in the wheel’s
hydraulic circuit by modulating the solenoid
valve operation.

Valve block diagnostic monitoring

The CM continuously monitors ABS system
operation and the state of the components.
If the CM detects a solenoid valve electrical
or hydraulic failure, the ABS system is
switched off, the ABS MIL is activated and a
DTC is stored in memory.

Refer to the DTC Summary following this sec-
tion of the book.

NOTES

TEVES MK II VALVE BLOCK

OUTLET VALVE

INLET VALVE

T500/2.19A & B
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Master Cylinder

The master cylinder acts on the front brakes
only (static hydraulic circuit).  The hydraulic
pressure in the master cylinder is generated
by the force applied from the booster piston.
The main valve is incorporated into the master
cylinder.

Main valve

The solenoid operated main valve is activated
by the ABS control module during ABS control
to supply the front wheel brakes and the posi-
tioning sleeve with system hydraulic pressure.
The hydraulic force acting on the positioning
sleeve moves the sleeve to push back the
brake pedal.

Master cylinder and main valve

diagnostic monitoring

The main valve is continuously monitored by
the ABS CM.  If the CM detects a main valve
or hydraulic pressure failure, the ABS system
is switched off, the ABS MIL is activated and
a DTC indicating the failure mode is stored.

Refer to the DTC Summary following this sec-
tion of the book.

NOTES

TEVES MK II MASTER CYLINDER

MAIN VALVE

MAIN
VALVE

CENTRAL
VALVE

PRIMARY
SEAL

MASTER
CYLINDER

PISTON

POSITIONING
SLEEVE

BOOSTER
PISTON

T500/2.20A & B

TEVES MK II MAIN VALVE

RESERVOIR
MASTER

CYLINDER

SOLENOID
VALVE

T500/2.21
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Components (continued)

Reservoir

XJS Range

The reservoir contains three fluid-level operated reed switches.  Two “normally open” switches
light the BRAKE FAILURE warning if the level drops too low.  The third, “normally closed” switch
signals the ABS CM if the level drops below the minimum level required for full ABS operation.
In this case, the ABS CM switches off the front wheel ABS and activates the ABS MIL.

Sedan Range

The reservoir contains two fluid-level operated reed switches.  The “normally open” switch ac-
tivates the VCM (vehicle condition monitor) BRAKE warning if the level drops too low.  The
“normally closed” switch signals the ABS CM if the level drops below the minimum level re-
quired for full ABS operation.  In this case, the ABS CM switches off the front wheel ABS and
activates the ABS MIL.

Diagnostic Connector

A diagnostic connector, located near the ABS control module, is provided for conducting system
testing using JDS or PDU.

NOTES
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Wheel Speed Sensors

Each wheel speed sensor is made up of a magnetic sensor and a rotating 48-tooth reluctor.
When the reluctor turns, it produces electrical signals that are fed to the ABS CM as individual
wheel speed information.

Wheel speed sensor diagnostic monitoring

The wheel speed sensors are continuously monitored by the CM.  If the CM detects a sensor
failure, the ABS system is switched off, the ABS MIL is activated and a DTC indicating the sen-
sor and failure mode is stored.

Refer to the DTC Summary following this section of the book.

MAGNETIC
CORE

TOOTHED
ROTOR

COIL

WHEEL SPEED SENSORS

SEDAN RANGE

FRONT REAR

XJS RANGE

FRONT REAR

T500/2.22A – D, 2.23
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Diagnostic Trouble Codes (Blink Codes)

The ABS CM continuously monitors the ABS system input and output signals.  If a failure is
detected, the CM activates the ABS MIL and either switches the ABS system off or inhibits its
operation, depending on the failure.  The CM also stores a two digit code (DTC) that indicates the
type of failure.  Refer to the DTC Summary following this section of the book.

DTCs are displayed by coded flashes (‘blink codes’) of the ABS MIL.

TO ACTIVATE ‘BLINK CODES’ (DTC display):
– Switch the ignition OFF
– At the ABS diagnostic connector located in wheel arch near the ABS CM, jump the N/K

(brown / pink) wire pin to the B (black) wire pin with a short JDS adapter.
– Observe the ABS MIL and switch the ignition ON.  The ‘BLINK CODE’ sequence will begin in

six seconds.
– Count the flashes (MIL ‘BLINKS’).  Each digit of the DTC is separated by a two second pause.

Individual DTCs are separated by a six second pause.

EXAMPLE:  Stored DTCs 21 and 31 display as follows:

IGNITION ON … (6 second pause) …
2 BLINKS … (2 second pause) … 1 BLINK … (6 second pause) …
3 BLINKS … (2 second pause) … 1 BLINK … (6 second pause) …
SEQUENCE REPEATS…

NOTE:  The CM will only display one DTC at a time for each group.

FOR EXAMPLE:  If two ‘20’ DTCs (DTCs 21 and 24) and one ‘30’ DTC (DTC 31) are stored, DTCs
21 and  31 will display.  After repairing the causes of DTCs 21 and 31, perform the memory erase
procedure (CLEAR CODES) and repeat the ‘BLINK CODE’ activation procedure.  This verifies the
repair and displays any remaining DTCs.

TO CLEAR CODES:
– Drive the vehicle at a speed greater than 19 mph (30 km/h).
– Perform the ‘BLINK CODE’ procedure to verify the repairs and check that no other

DTCs are stored.

NOTES
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