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Objectives
s Introduce you to the:
* Principles
» Basic operation
» Components

o Service procedures

Py
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NOTES:

Welcome to the anti-lock brake
series. This class will introduce
you to the principles and diag-
nostics of ABS brakes.

There are many ABS systems.
Before we go into the individual
systems, we will cover basic op-
eration, components, diagnostics,
and service procedures. It is
important to gain a competent
level of knowledge before tackling
some of the more complicated
systems.




In the diagram, you can see the
proportioning valve. As a vehicle
comes to a stop, the weight is
shifted to the front. A proportion-
ing valve compensated for this by
reducing the pressure to the rear
brakes avoiding lock up. The first
ABS systems were just an add on
to this system.

ABS Configuration There are integral and non-inte-
gral ABS systems. Testing the two

* Integral system different systems will be the

. mﬂfﬁ,mm,msmm same. The systems are different,
« Nor-integ m" | pé)v;:ae(\:/:g wpen a part must be

» Master cylinder, power boaster, ABS hydraulic P y

unit are separate
NOTES:




Channels

« There are different type of ABS systems:
e Rear only ABS
e Four wheel ABS (three channel)
« Four wheel ABS (four channel)

Rear Only ABS

¢ Rear only ABS systems:
s AntiHock protection for rear wheels only
» Improves straight line control
» Does not help with loss of steering control
¢ Single fluid/pressure channel

Four Wheel ABS
(Three Channel)

e Four wheel ABS (three channel)
= Anti-Hock protection for rear wheels
» Anti-lock protection for front wheels
s Helps with steering control
= Three fluld/pressure channels
= One fluid/pressure rear channel
s Two fuld/pressure front channels

NOTES:

There are different types of ABS
systems. One distinguishing fac-
tor is the number of channels the
system has.

Used mostly on light trucks, the
rear only systems control the rear
wheels. It is a single fluid/pres-
sure channel system. This system
helps the vehicle stop in a
straight line, but does not help
the driver control the vehicie.
This system uses only one speed
Sensor.

On a three fluid/pressure channel
system, the two front wheels are
controlled separately. They each
have a speed sensor and hydrau-
lic valves. The rear is a single
system. This system offers anti-
lock protection for ali 4 wheels
and assists in steering control.




Four Wheel ABS
(Four Channet)

* Four wheel ABS (four channel)
= AntiHock protection for rear wheets
+ AntiHock protection for front wheels
» Helps with steering conbrol
= Faur fluid/pressure channels

= Two fuld/pressure rear channel
* Two fuid/pressure front channals
1
Why was ABS Necessary?
* Prevents wheels m:mmu: I
. Provides steeri
control

L BRAMES
* nFRLIED

Anti-lock Braking

¢ ABS is not used under normal braking

= ABS prevents wheel lock-up, providing the
driver with steering conbrol.

+ A computer controls brake pressure to
prevent lodk up.

NOTES:

On a four fluid/pressure channel
system, all four wheels are con-
trolled separately. They each
have a speed sensor and hydrau-
lic valves. This system offers lock
protection for all 4 wheels and
assists in steering control,

When the wheels lock up, the
vehicle cannot be controlled. ABS
prevents wheel lock up and al-
lows the driver to steer the ve-
hicle. Many experienced drivers
pump the brakes in a panic stop
to avoid having the wheels lock
up. ABS does this for you.

Pumping the brakes means ap-
plying and releasing the pressure
to the wheels. The ABS computer
controls electric solenoids to do
the same thing.




Faster Than Pumping the Pedal

» ABS systems are capable of modulating
hydraulic pressure up to 15 times per
second.

» Base brake components must be able to
apply and release at the same rate.

» Worn or fatigued brake components
can reduce ABS function.

Service Techniques Change

NOTES:

The computer can apply and
release the pressure up to 15
times per second. This is much
faster than even the best driver
can pump the brakes. The basic
brake components must be able
to respond to the ABS action.

In order for the ABS system to
function properly, the basic brake
system must be in good working
condition.

A technician must know and un-
derstand the different service
procedures involved when work-
ing on ABS equipped vehicles.




Basic Brakes First

¢ The vehicle may have an ABS problem.

» Caused by the conventional base brake
components:

w7

Complete Brake Inspection
Includes:
Correct friction material
Rotors and drums
Wheel cyfinders and calipers
Brake fluid
Whee! bearings (if applicabile)
Adjust wheel speed sensors (if applicable)

« Semi-metalic
« Organic

« Ceramic

« Shimmed

» Slotted

» Chamfered

» Beveled

¢ Premium

Comrect Friction

NOTES:

A basic brake problem can cause
an ABS problem. A technician
must inspect and test the basic
brake components before looking
at the ABS system. A wheel may
lock up from something simple
like oil on the brake surface.

Is something in the basic brake
system causing the problem?
Taking the time to ensure they
are working correctly is impor-
tant.

Today’s vehicles utilize an array of
different friction materials. More
than once, someone has installed
the wrong type of brakes on a
vehicle.




Inspecting for pitting, heat
cracks, hard spots, and bearing
problems will ensure the rotor is
not the cause of the problem.

Dial Indicator Will eésure A A warped rotor can cause the
Warped Rotor ABS system to fail.

Never use a rotor that does not
meet the minimum thickness
requirement.

R_'or Thickness

NOTES:




] Taking the time to put the correct
Rotor Finish finish on the rotor is a very critical
step.

« 50 micron or kess
surface smocthness

= Sharp cutting bits

= Fnish at

» Lathe integrity

* Do not aut a new
notor

When replacing tires, they should
be done in pairs. Tires should be
the same size as the originals.
Tire size variation can adversely
affect the ABS operation and may
set a computer fault code. Tire
tread wear also has an affect on
the stopping distance and the
vehicle’s operation.

NOTES:




ABS Function

« Monitors brake switch and speed sensor
inputs

« If a wheekKs) is about to lock up, the ABS
system modulates brake pressure to assist
the vehicle in stopping.

» This modulation provides vehide stability
and control.

The Computer Must Wake Up

« The ignition switch sends the wake-up call
to an ABS system.
« The ABS computer then does a self-test.

= The computer goes back to sleep.

NOTES:

Torque sticks allow you to put the
correct torque on each lug nut.
Improper torque on the lugs can
lead to many problems.

A driver monitors the vehicle's
speed and applies the brakes as
necessary. The computer of the
ABS system does the same thing.
It monitors wheel speed instead
of vehicle speed. It also monitors
the brake switch. The computer
then pumps the brakes through
solenoids to control brake pres-
sure.

When the ignition switch is
turned on, the ABS computer
wakes up. It will do a self-test.
Different systems do different
self-tests. After the self-test, the
computer goes back to sleep.




Wake Up & Test

i

The Brake Switch

« If the brake switch doses, it is seen by the

computer.

» The computer wakes up and begins to
monitor the wheel speed sensor(s).

= The computer compares wheels.

Pedal Travel Switch

« Some vehides are equipped with a pedal

travel switch,
» This is a switch that detects brake pedal
movement.

NOTES:

This is a schematic of a simple
rear wheel only ABS system.
When the computer receives this
signal, it becomes active. It will
do an internal self-test. If the
computer fails the test, it will
disable the ABS and illuminate
the ABS warning lamp. If it
passes the first part of the test, it
will continue with the inputs and
outputs. If anything fails, the
computer disables the ABS sys-
tem and illuminates the warning
lamp. If it passes, it goes back to
sleep.

When the driver applies the
brakes, the brake switch closes
and the computer wakes up and
begins to monitor the speed
sensor(s).

Some vehicles are equipped with
a pedal travel switch. It is a
simple switch that detects brake
pedal movement. When the
switch signals the computer, the
brake pedal has been depressed
and the computer wakes up. The
switch is mostly used in conjunc-
tion with a hydraulic pump. It is
adjustable and is used to alert
the computer and turn on the

pump.

10




Back-up switch

« Some vehides use a switch to back-up the
brake switch.

Switch Testing

Normally Open

Normally Closed

= kW

NOTES:

For safety reasons, the vehicle
may have a switch to detect
brake pedal movement in the
event the brake switch fails.

Switches are tested to see if they
will open and close the circuit.
Switches are normally open or
closed. Use a DVOM for testing.

If the system supplies data, you
can see the status of the switches
on a scan-tool. This computer is
reading the status of this brake
switch as off. If you step on the
brake, the status should change
to on.




Wake Up & Monitor Sensors

» Afier the computer wakes up, it monitors
the speed sensors.
» Compares the wheel speeds to each other
» Compares speed to a program

Sensor Signal / AC

NOTES:

Once the computer has been
signaled by a switch, it must
prepare for possible ABS action.
The first thing is to determine if
ABS action is required. The com-
puter monitors the speed sensors
and compares them against each
other. If one or more of the
wheels are slowing down (pos-
sible lock-up) faster than the
others, the computer applies ABS
action to that wheel. If the ve-
hicle is a 1 channel system and
has only one speed sensor, the
computer compares the signal
from the sensor to a computer
program to determine if ABS
action is required.

After the computer wakes up, it
monitors the wheel speed sen-
sors. This is a sensor ring. This
one is mounted on the axle as-
sembly. On a 1 channel system,
the ring may be mounted inside
the differential assembly.

The speed sensor is a permanent
magnet type sensor. (PM) wire is
wrapped around the magnet. As
the magnetic field is interrupted
by the sensor ring, AC voltage is
induced into the wire. The faster
the sensor ring turns, the more
voltage the sensor produces.

12




The AC Signal

111

A A e Y

1
|

i

i

1

i
13
+

i

i

1

i

i

1

1:4.70 B0 73 DA 42

* G

4 . : :
Eoh ros[0Ee
The AC Signal

%

1:0.7% 2:~0.71 D:-1.92

The AC Signal

té

LAB SCOPE

Ecl msies

NOTES:

This is a waveform of a wheel
sensor where the whee is being
hand turned. A very important
characteristic of AC voltage is that
it alternates between positive and
negative polarities. This signal
can be viewed with a DSO for its
repetitive shape and to look for
any noise riding on the signal.
The DSO or a DVOM may be
used to look at the amplitude of
the signal. The number of cycles
the signal completes is measured
in frequency. When amplitude
and frequency are combined,
they show the condition of the
Sensor.

Waveform taken at 15-20 MPH.

Waveform taken at 50-55 MPH.




The AC Signal
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AC Signal

« AC voltage is created by the sensor.

« The amount of voltage is dependent upon:
» The number of ums of the wire
» The speed of the sensor ring
*» The air gap

NOTES:

Waveform taken at 60-65 MPH.

Waveform taken at 70-75 MPH.

The sensor is designed to send a
specific voltage value at a certain
wheel speed. It is engineered
with the correct numbers of turns
of wire and how many teeth the
ring will have. These together
determine the output at any
given wheel speed.

14




. Here we can see that the sensor
AC Signal is creating the signal as the ring
o moves past it. The relationship
RN B between the sensor and the ring
[ i 0 builds a different section of the

| waveform.
These are the other factors that

Other Factors will affect the signal output of a
o Cleaniiness speed sensor.
= Air gap
¢ Teeth condition
s Cracked ring
« Run out, wobble or egg shape
« Connections, wiring
« Sensor often replaced unnecessarily

NOTES:




£
ah
L

NOTES:

= Non-ferrous

gauge should he

g used

If there are metal filings or any
other build up of debris on the
ring, the waveform will have
noise on it, as well as possibly
having less output.

Here the air gap is being mea-
sured. Some sensors are adjust-
able and others are not. Because
the sensor is a permanent mag-
net, a non-ferrous feeler gauge is
used. The teeth of the sensor on
this vehicle are in good condition.
The sensor would not work prop-
erly if the teeth were damaged.

16




Run Out, Wobble or Egg Shape

NOTES:

If the distance between the sen-
sor and ring increases, the volt-
age decreases.

Hitting the curb during parking or
off-road use may damage the
axle wheel assembly. The sensor
ring must run true for the sensor
to work correctly. As we did with
the rotor, run out must be
checked.

If the ring has too much run out,
the peek voitage levels will be
different.

17



Wiring and Connections

Speed Sensor Testing

» Scan-tool
« DVOM

* Digital Storage Scope

Scan-tools

« Used to:
= View data
» Trouble codes
» Bi-directional control

NOTES:

All wiring and connections of the
speed sensors must be checked.
Because the wiring and connec-
tions are under the vehicle, they
are exposed to a harsher environ-
ment.

There is mare than one way to
test the speed sensors. A techni-
Cian can use a scan-tool, DVOM,
or a DSO.

Scan-tools will help you look at
the data from the ABS computer,
as well as trouble codes. Many of
the systems allow you to access
bi-directional control.

18
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DVOM Testing
« Measure the resistance of the speed
Sensor.
« Measure the voltage signal of the speed
Sensor.
= Measure the frequency of the speed
SENSOr.
DVOM Testing
d <4
= Resistance
:
. 4
Speed Sensor
NOTES:

This is a Genisys scan-tool. When
you want to look at the wheel
speed sensors, this is how the
screen would look. Which sensor
on the left and the wheel speed
in miles-per-hour on the right.
The MPH value for each sensor
should be the same. The first test
is to see if they match the vehicle
speed sensor and then are they
the same reading. If a reading is
different, that is the sensor you
want to test.

When using a DVOM to test the
speed sensor, there are three
basic tests to make: resistance,
frequency and voltage.

Use the DVOM to measure the
resistance of the speed sensor
and compare it to the expected
value. This is a static test and is
not a complete test for the speed
Sensor.




DVOM Testing

» Incorrect resistance:
= Not within specificationsftoo low
« A smalier signal will be created
+ Not within spedficabons/no high
» A smafler signal will be created

f
5

DVOM Testing

NOTES:

If the resistance of the speed
sensor is not within specifications,
an incorrect signal will be pro-
duced. This causes the computer
to think that the wheel is turning
at a different speed than it actu-
ally is. The computer then makes
an incorrect ABS action.

Use the DVOM to measure the
voltage output of the speed sen-
sor. This is a dynamic test. Volt-
age should increase as wheel
speed increases.

As the ring is turned faster, the
voltage level increases.

20




Monitors the Speed Sensors

« After the computer wakes up, it monitors
the speed sensors:
» Compares the signal to a program

» Compares the signal to the other speed
sensor’s signal

ABS Action

« Isolates the pressure that has been
applied to the wheel(s)

» Dumps the pressure

« Allows the pressure to build

 Repeats ABS action up to 15 times a

NOTES:

If the vehicle is equipped with
only one speed sensor, the com-
puter compares the signal to a
program. The engineers program
the computer to recognize normal
stopping characteristics. If the
computer sees other than normal
stopping (lock-up), it starts the
ABS action. If the vehicle is
equipped with more than one
speed sensor, the computer will
compare them to each other. If
one wheel is slowing faster than
the others, the computer will
apply ABS action to that wheel
only.

ABS action is the process of iso-
lating, dumping, and allowing the
pressure to build again. This is
repetitive up to 15 times a sec-
ond.

This is a common rear only ABS
system. It is a simple one channel
ABS system. It has one speed
sensor, When the computer ap-
plies ABS action, both rear wheels
are affected at the same time.
When ABS action is required, the
computer isolates the pressure
that has been built up to the rear
wheels.




Normal Braking
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Dump

« The computer continues to monitor the
speed sensor after it has isolated the
channel that controls the wheel that was
locking up.

« If the wheel continues to lock up, the
computer will dump the pressure to the
channel.

NOTES:

When the brakes are applied,
fluid under pressure from the
master cylinder flows through the
isolation valve past the dump
valve to the rear wheels.

The pressure has been sealed to
the rear wheels. The fluid/pres-
sure that was applied by the
normal brake system has been
isolated by the isolation valve.
This is the first step of any ABS
action. Stop further build up of
pressure in an attempt to keep
the wheels from locking up.

After the computer has isolated
the wheel that was locking up, it
will continue to monitor the speed
sensor. If the wheel continues to
lock up, the computer dumps the
pressure from that channel.

22




Dump The computer has applied the
dump valve and the pressure will
bleed off into the accumulator on
this system. The isolation valive is
still applied. The computer
toggles the isolation and dump
vaive to control the wheel(s).

When the cycle is complete, the
isolation valve is open and the
dump valve is closed. The spring
and piston in the accumulator

| pushes the fluid past the dump

] valve seat into the master cylin-
der channel and the system is
ready for another application. At
this point, the computer returns
to the sleep function.

Accumulator Accumulators are used in ABS

« Used to store brake fluid under pressure Syrzt_,im:?etosstore b;alr(f 1;.||UId under
« Uses an inert gas and diaphragm pressure. Some are high pressure

» Usesa spring and diaphragm systems with up to 2,500 psi.

NOTES:




Testing Solenoids

» Blectrical test:

« The solenoid is ground side controlled.

* To tum the solenoid on and off, the computer
supplies a ground for the solenoid or opens
the ground dircuit.

e Mechanical test:

* As the solenold opens and doses,

fluid/pressure passes through the solennid.

Testing Solenoids

¢ Mounted inside a hydraulic control unit
» Can be simple to complicated
» All test the same way

NOTES:

Testing ABS solenoids is no differ-
ent from testing any other sole-
noid.

Solenoids in an ABS system are
not stand alone. They are part of
an assembly. There may be one
isolate and dump solenoid or four
of each.

This is a simple unit for a rear
only ABS system.

24




=& A magnetic field is
=}, Created around A

« conductor when
¢ current flows in a
circuit.

NOTES:

Here is a drawing of a four chan-
nel ABS system. This system calls
the isolate valves inlet valves.
There are four of them. The out-
let valves (dump) are also shown,
All the valves are inside the con-
trol unit.

This is a solenoid that is wired to
the computer. The power for the
solenoid is supplied by a relay.
The control side (ground) is wired
to a driver inside the computer.
When the driver is closed, the
solenoid is grounded turning it
on.

A magnetic field is created
around the conductor and the
solenoid as current flows through
the circuit. The magnetic field
causes a valve inside the solenoid
to move.




Power side of
e sofenoid

Power side of
the solenoid
Oﬂi} On
Powex side of
he solenod
o\, om
NOTES:

With power supplied to the one
side of the solenoid windings and
the ground side open, no current
flows through the circuit.

The solenoid becomes an electro
magnet when the ground circuit
is completed and current flows
through the circuit.

When the magnetic field is cre-
ated, the valve moves inside to
open a passage.

26




NOTES:

This solenoid is normally closed.
No fluid can pass through it.

When the solenoid is turned on,
the passage is opened and fluid
will flow. A normally open sole-
noid reacts the opposite.

With the solenoid turned off, the
voltage at the ground side should
be system voltage.

27



NOTES:

With the solenoid on, the voltage
should be below 1 volt. This tests
the electrical side of the solenoid
and its driver inside the com-
puter.

With the same connection to the
solenoid, change the DVOM over
to the mili-amp function. This
turns the solenoid on. The com-
puter supplies the ground to turn
it on and that is the same thing
that the DVOM is doing. The
circuit is completed through the
DVOM and measures the amount
of current the solenoid is draw-

ing.

On the scan-tool, you can see the
valves on the left and the status
of the valve on the right. When
there is no ABS action, the valves
are disabled. The status changes
to enabled when the computer is
turning the valve off and on con-
trolling wheel lock-up.

28
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. With the DSO connected to the
DSO Testing ground (control) side of the sole-
b noid, we view a waveform like
this when the solenoid is not on.

_ With the solenoid on, the voltage
DSO Testing should be near zero volts as seen
in this waveform.

m .
|
-
¢ &
. If the computer was cycling a
DSO Testing solenoid on and off, we would
2 S | view a waveform like this.
A e ®
NOTES:
i
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Mechanical Testing

o Fluid must flow through the solenoid when
itison.
* Test with a pressure gauge.
= Activate the solenoids and use the whee! to
test,

ppapa !
PIPE
VAV ij | om

and] check o see that the

whee! is locked.
Release the brake pedal and the
whee] should remain locked.

.: r{‘tﬂ”! |[ Ly
! u‘ki,, J

solenoid with another DVOM of fused jumper lead.
The wheet on that channel should now be free to tum.

NOTES:

After the electrical side of a sole-
noid is tested, the mechanical
side must be tested.

If you are going to test ali the
solenoids, place the vehicle on a
rack. If you are going to test only
one of the solenoids, you can use
a jack and lift only that wheel.
Have an assistant step on the
brake pedal and lock the brakes.
Make sure the wheel you are
testing is locked by attempting to
turn it. Activate the isolation sole-
noid with a DVOM. Have the
assistant release the brake pedal.
Attempt to turn the wheel that is
on the channel where the isola-
tion solenoid is activated. It
should be locked. If it is, this tells
you the isolation solenoid for that
channel is working properly.

With the isolation solenoid still
activated, use another DVOM or
fused jumper lead to activate the
dump solenoid. The wheel on the
channel should now turn freely.
This test is done after the electri-
cal side of the solenoid is com-
pleted. Repeat the test for all the
solenoids.
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Kelsey-Hayes RWAL/RABS
ABS System
-
$ystem Configuration
. Reww;teel » Rear antiHock
anti-ock (RWAL) brake systerm (RABS)
s GED s Chrysler
o sz + Ford
. Slm.ﬂ? . z
NOTES:

The computer receives the inputs
and commands the output func-
tions of the ABS system. The
computer is programmed with
the logic for the ABS system. It
performs self-diagnostics of the
system and stores trouble codes.
On some models, diagnostic
trouble codes are lost when the
ignition switch is turned off. Other
systems keep the code alive so
that they can be read.

Depending on the manufacturer
of the vehicle, they call their ABS
system RWAL/RABS. Mostly on
light trucks, the ABS system af-
fects the rear wheels only.

This is what the different manu-
facturers call the system.
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System Configuration

* Prevents lock-up to rear wheels
s System amnsists of:

Corventional brake system
Electrosic control unit (ECU)
Electro-hydraulic control vaive

A speed sensor

Stop kght switch

ABS waming light

On some GM vehicles a digital ratio ade controller or
a wahiclke speed sensor

°*

RWAL/RABS Comporents

System Operation

= Ignition on brakes not applied:

The ECL) performs a self-test of the intemal
dreuits and extermnal drcults.

Cydes isolation and dump valve

« If no faults are detected, the system is
operational .

o If faults were discovered, the ECU tums
on the waming light and disables ABS.

NOTES:

Most of the manufacturers use
the same components. On some
GM vehicles, a digital ratio axle
controller or a vehicle speed sen-
sor is used.

Bl Basic components consist of the

ECU, which is the electronic con-
trol unit - computer; the speed
sensor, this may be a wheel

| speed sensor (WSS) or a vehicle

speed sensor (VSS); the digital

| ratio adapter which is used only
| with a VSS; and the EHCV, which
| is an electro-hydraulic control

valve.

This system wakes up and per-
forms a self-test as most systems
do. If no faults are discovered,
the system becomes operational
and if faults are discovered, the
ECU turns on the warning light
and disables ABS.
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System Operation

« Wakes up and monitors speed sensor if
brakes are applied.

« If the ECU senses a lock-up condition, it
will enter into ABS action.

« The ECU continues to self-test and if a
fault occurs, it will tum on the waming

RWAL/RABS remains at rest until
the ECU sees the brake switch
close. At that time, it will monitor
the speed sensor. Using a com-
puter program to determine if
lock-up is present, the ECU enters
into ABS action. The ECU will
continue to perform the self-test

light and disable ABS. and turn the warning light on
and disable ABS if a fault occurs.
Electronic Systems The electrical system for ABS is
common to all computer systems.

» Powers When testing, starting with pow-

» Grounds ers and grounds will give us our

« Spedifications basic information to begin diag-

« Connections nosing. Never replace a compo-
*Dit nent until you are sure it has
:w proper powers and grounds. It is

e best to use vehicle-specific infor-
. mation when diagnosing.
Power Supply & Protection Both ignition switch power and
B+ memory power are fused.

* Power e The ground for the EBCM is criti-
ey arinon e iy - cal since it switches the control
shed e e b valves to ground. Poor connec-

power = EE" | tions will lead to multiple codes.
» Ground — 3

o Multiple codes - 0t
caused by
poor -
connecions

NOTES:




System Components

« ECU

s The logic
+ Control system
» Diagnostic trouble codes

System Components

¢ Bectro-hydraulic control valve (E-HCV)
* Solenold operated isolation valve

» Solenokt operated dump valve

» Accumuiator

* Reset switch

The ECU is the logic and control-
ler of the system. It receives the
inputs and makes decisions for
the outputs. It has power and
ground circuits that must be
tested. The ECU performs a self-
test and turns on the warning
light. It also stores a trouble
code if a fault is discovered.

The electro-hydraulic control
valve is controlled by the ECU. It
houses both the isolation and
dump valves. The system’s accu-
mulator is inside the E-HCV. The
E-HCV also has a reset switch.
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NOTES:

On Ford and Chrysler vehicles,
they mount the EHCV on the
frame. RWAL systems use a ve-
hicle speed sensor to measure
the rate of deceleration to deter-
mine wheel lock up. RWAL sys-
tems use a single channel hy-
draulic system to control both

| rear wheels.

Ford typically mounts the hydrau-
lic control valve inside the frame,
under the drivers seat. Weather
and road debris are a factor with
the connections

Chrysler mounts the hydraulic con-
trol valve inside the frame. Connec-
tions are subjected to weather and

road debris. Wires can be cut or

damaged from gravel.
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DODGE DAKOTA RWAL

s

System Components

« The isolation valve is a normally open
valve that has 3-6 chms of resistance,

= A dump valve is a nomally closed valve
that has 1-3 ohms of resistance.
» Keeps fud under pressure in the acoumulator

e Accumulator uses a spring loaded piston

» Reset switch is a 5 volt logic into the ECU
* Remains open If pressure Is equal

Both the isolation and dump
valves are solenoid operated
valves. Note that the resistance of
the valves is not the same. This
means that they each draw a
different amount of current to
operate. They both are common
to all ABS systems in their opera-
tion. On this system, the dump
valve also keeps fluid under pres-
sure inside the accumulator. The
accumulator is a spring loaded
version. The reset switch is used

by the ECU to determine if pressure is equal on both sides of the valve. If a
fault occurs and pressure changes on either side of the valve, the switch
closes and the ECU receives a 5 volt signal. It then turns on the warming light

and disables the ABS system.

NOTES:
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No ABS Action

NOTES:

System at rest: the ECU will wake
up if it receives a signal from the
brake switch, at which time it will
begin to monitor the speed signal.

The system has activated the
isolation valve. The ECU has de-
tected a possible iock-up and has
isolated the fluid/pressure to the
rear brakes.

The system has activated the
dump valve. The wheels are still
in danger of locking-up. The ECU
has dumped some of the pres-
sure to the rear wheels into the
accumulator. If the wheels re-
quire more pressure, the dump
valve closes and the accumulator
supplies additional pressure. If
the need continues for additional
pressure, the ECU opens the
isolation valves. This is the ABS
action and may happen up to 15
times a second.




Mt Seiiee-

= No service parts available
¢ Only new modulators, no remanufactured
units

13

ZP RWAL Control Valve

NOTES:

After ABS is no longer needed,
the accumulator will bleed down.
The spring in the accumulator
pushes the accumulator piston,
forcing the fluid past the dump
valve into the rear brake channel.
The dump valve is designed to
keep a small amount of pressure
in the accumulator.

If any part of the electro-hydrau-
lic valve is not functioning prop-
erly, the unit must be replaced.

The zero pressure RWAL is de-
signed with an absence of pres-
sure in the accumulator. Pressure
from the master cylinder is di-
verted to a plunger which pro-
trudes through the center of the
accumulator piston compressing
the spring. This design is used on
heavy duty trucks using disc
brakes in the rear. The size of the
piston surface area, combined
with no springs to retract the
friction material, dictates the
need for this zero pressure unit.
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ZP RWAL Pressure Decrease

15

”e

System Variations

e 7P RWAL
« VOM = Veahide control module
+ EBCM = Electronic brake control module

~—IIPCHT ANT—
AL
BLACK CTLIVED

GPEE S
GORRREE MR TOR - SHLORLD

HwWhL ERRON 4L,

G - CONRECTDN Yok

NOTES:

Since there in no spring pressure
to overcome on the accumulator
piston, and the dump valve is
open, the fluid in the wheel
channel is relieved of all pressure.

When the cycle is complete, the
isolation valve is opened, the
dump valve is closed, the reset
switch is in the neutral position.
The spring and piston in the
accumulator pushes the fluid past
the dump valve seat into the
master cylinder channel and the
system is ready for another appli-
cation.

Larger vehicles with rear disc
brakes use ZP RWAL valves and
control modules. They operate in
an identical manner to the con-
ventional RWAL, except for the
dump valve phase. The control-
lers are not interchangeable.
Some vehicles use a VCM (vehicle
control moduie) that performs the
same function as the EBCM (elec-
tronic brake control module).




System Components

= Brake waming light #hsminates if-
» Parking brakes are applied
» Hydraulic failure with basic brakes
» Some vehides have an ABS waming light.
= The EQ) iluminates the waming Sght and
disables the ABS system.

EN S BY
G COMPONENT!

* BRAKE FAILURE
* ABS

ABS
LIGHT

NOTES:

There will be one or two lights
used with this system. A red
brake light or an amber ABS
warning light.

On early GM trucks and some
cars, they do not have an amber
brake waming light. The intensity
of the red light is used to indicate
a system failure or warning. The

| light is the brightest when the

parking brake is applied. Check to

| see if the parking brake is ap-
| plied. The light is less bright
| when a base brake fault is de-

tected. Disconnect the pressure

| differential switch. The light is the

dimmest when an ABS fault is

| detected. If the light is still on,

there is an ABS problem.

o 1 When the ignition switch is
i turned on, the EBCM goes

through a self-test. Part of that
test is checking the brake warn-
ing lights. The bulbs should light

1 up and then turn off, indicating

that the ABS system and base
brake system have no faults. If

the bulbs stay on, there is a
el problem. If the bulbs do not

come on, the system needs to be
checked out to determine why.
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Red Brake Waming Light

» Lights when smtsoin
» Parking - R
m ST L p—
» Pressure e T3k i
* Key on ey B we D
o ABS fault v G e e S
oSl 1 ¢ H o o
diagnostics | i S im
System Components
¢ Brake switch:

s Used a5 an input for the ABS system

» 12 v o the ECU ¥ the brake switch is open

» Less than 1 volt if the switch dloses

» This wakes the ECU and It monitors the speed
Sensor

» Zerp volts from the switch wil set a trouble
code for the switch

System Components

o Four-wheel drive switch
« On 9X4 wheel drive vehicles
« Open when the vehide is in 2 wheel drive
The ECU sees 12 volts from the switch
= Clases if the vehide is in 4 wheel drive
The EQU sees less than 1 volt
= Mounted in the transfer case

NOTES:

The red brake warning light is
turned on when the parking
brake is applied. It is also turned
on when the pressure differential
switch is closed. When the key is
turned on, the light will come on
during a bulb test or if there is an
ABS fault. The red light is also
used for self-diagnostics.

The brake switch is used by the
ECU to prepare for ABS action. If
the ECU sees 12 volts on the
brake switch circuit, it goes into
rest mode. If the ECU sees less
than 1 voit on the brake light
circuit, it wakes up and monitors
the speed sensor. If the ECU sees
0 volts on the brake light circuit,
it will set a trouble code for the
light.

The ECU will disable ABS if the
vehicle is placed into four-wheel
drive. A switch mounted in the
transfer case closes when four-
wheel drive is selected.




Brake & 4 WD Switches
« Brake switch ‘”w:_l {g;:
signals EBBCLM 7 T R

FRE T  — i
ST .
e e ol

» Four wheel o
drive switch
disables ABS ...

:g R
L4

BT il M M MR

= DR RS it 1

WD KTV PRNETON T IR SR B
M, SRR KPR

System Components

« Speed sensor
o Mourited to the:
= Output shaft of the: transmission
» Output shaft of the transfer case
+ In the read diffeventiat housing

Ford Speed Sensor Location

NOTES:

When the brake is applied, the
brake switch signais the EBCM
that the vehicle is in the stopping
mode. In this case, the voltage at
terminal F drops to zero, since
the circuit is open. When the
vehicle is in the four wheel drive
mode, the EBCM disables the
system.

This system has a common speed
sensor. The difference is that
there is only one. It is mounted
differently in different vehicles.
Because the ECU controls the
wheels with one channel, only
one speed sensor is needed.

Ford and Chrysler mount their
vehicle speed sensor on the top
of the differential. This location is
subject to weather and road
debris. Connection must be tight
and dry.
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Speed Sensor Locations

System Components

VSS Calibrator

« Digital ratio axie controller (DRAC)
s GM uses a DRAC

» Pre-processes speed sensor signal
» Calibrated for spedific tire size and ade

combinations

« Changes the AC signa! of the speed sensor

to a digital signal

VSS Calibrator

VES MBS
e
WeiCLE Bl
A
RE et Sl
KA B
WD PR

O e

i YA LA Hr TR
CEEANE

O e Y i

NOTES:

GM uses transmission and trans-
fer case locations for their vehicle
speed sensor mounting. If the
vehicle is four wheel drive, they
will locate them in the transfer
case, otherwise they are in the
transmission housing.

The digital ratio axle controller
receives the AC signal from the
speed sensor and changes it into
a digital signal before sending it
to the ECU. These are used on
GM vehicles. The unit calibrates
tire size and axle combinations for
the ABS controller.

VSS produce an AC voltage.
When measuring output at the
sensor connection, be sure your
DVOM is set on AC voltage. When
measuring output at the EBCM
terminal, be sure your DVOM is
set on DC voltage. Since the VSS
signal is of low impedance, it
does not use the chassis for
ground.
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V5SS Calibrator
88-91 C/K Series Trucks
. Cha]ge tre

» Must change
cabrator

NOTES:

If the tire size has been changed,
the speedometer and odometer
calibrator must be modified. The
exact procedure is outlined in the
ABS service manual and is differ-
ent by make and model.

The location of the calibrator on
the S & T series trucks is on the
passenger side of the instrument
panel.

When changing calibrators, be
sure to use caution when han-
dling since static electricity can
ruin them. Use a wrist static
ground strap connected to the
vehicle to neutralize any static
charge. Refer to the manual for
proper procedure in replacing the
calibrator.
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Trouble Codes

o If a fault is found during a self-test, the

ECU will store a trouble code.

s Code retrieving:

» Chrysler momentarily grounds the diagnostic
connector located by the computer (tied to
the hamess)

« Count flashes of ABS amber lamp

Flashing Ford Trouble Codes
rys & Asian Similar

Code Retrieving

» Ford momentarily grounds the diagnostic
connector located by the computer (tied
to the hamess)

» Count flashes of ABS amber lamp

¢ Diagnostic connector not always a

connector alone, sometimes in a hamess _

Cormprtie

Trouble codes point you in the
direction the ECU thinks the prob-
lem is. Do not replace a compo-
nent because it has a code. A
code indicates that the compo-
nent requires testing. Retrieving
codes will be different for differ-
ent vehicles.

On Ford, Chrysler and some Asian
vehicles, the procedure calls for
grounding out a lead from the
EBCM and watching the ABS light
flash. After grounding the wire
momentarily, disconnect it. You
can save a lot of time by iooking
up the location of the wire in your
service manual.

NOTES:




Code Retrieving

* GM jumper A to B in the diagnostic
connector

¢ Others jumper H to A in the diagnostic
connector

» Jumper must be in place for at lease 20
seconds before codes will flash.

» Walch the ABS amber light if equipped or the
brake waming ight
« Can use a scan-tool to retrieve ondes

p: 3

Code Retrieving

e Imports
= Momentarily ground the diagnostic connector
located by the computer (tied to the hamess).
= Count flashes of ABS amber lamp.

Clearing Trouble Codes

= Manual procedure - remove fuse,
disconnect battery, key/drive cydes
« Scan-tool

NOTES:

Procedures to clear trouble codes
vary by make, model, and year.
Older models have less diagnostic
capabilities and were simpler to
access and clear. In order to save
time, we suggest you refer to the
service manual for the exact pro-
cedures on the vehicle you are
working on. Using a scan-tool will
help clear them quickly.
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Hydraulic Systems

» Void of air
s Proper fluid
« Clean fluid
« No leaks

Brake Fluid Is Hydroscopic

« Absorbs moisture

« Any contamination can keep the solenoids
from operating

» Test

e Dran

s Fush

» Refill

i

NOTES:

On older models, clearing the
trouble codes from the ECM can
be as simple as pulling the stop
hazard fuse.

Before diagnosing the ABS sys-
tem, make sure the basic brake
system is not the problem. Com-
mon to the above is the brake
fluid. It must be clean. When
doing brake jobs, the flushing
and replenishing of the fluid is
often overlooked.

Brake fluid is hydroscopic. That
means it absorbs moisture. When
it becomes saturated, it can no
longer absorb moisture build up.
The valves in the ABS system are
very small. Any contamination can
keep them from working. It is im-
portant to explain this to your cus-
tomers when you are doing a brake
job on their vehicle if it has ABS.
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Brake Fluid’ Integrity

o

Changing Tire Size

= All 4 tires must be
the same size
= Tire size may vary
by 10%
» When changing tire
of axle size
= Vehide speed sensor
calibrated
» Procedure varies by
make and model b

NOTES:

A test kit is available to test for an
excess of moisture. Other test kits
can cost more and are more
complicated to use. Choose the
one that fits your shop.

Brake fluid meter: this unit
checks the condition of the brake
fluid quickly. It boils a small
sample of brake fluid in the reser-
voir to test for water contamina-
tion. The LCD read out gives you
all the prompts for you to per-
form the test and gives the re-
suits.

The ECM measures sine curve
frequency from the sensor to
determine wheel speed. Different
tire sizes will generate a signal at
a different frequency (rate) com-
municating to the ECM the
wheels are turning at a different
rate. When speed sensor is used
exclusively for information to the
brake ECM, the tire size has no
effect as long as they are all the
same size. When a VSS sensor is
used, the VSS must be re-cali-
brated when tires or axle size is
changed, since it provides the
signal for the odometer, cruise
control, EECM, and EBCM.
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Isolating The Wheels

o Install isolation
clamp on hose
at afl locations.

s A very important tool
avaidable to the
technidian is the
service manual.

+ Manuals must be
current and up to
date,

Diagnostics

= Low pedal diagnostics
« Low and/or spongy brake pedal
» Generation 1 and 2, all manufachsrers, all
years

NOTES:

The manufacturer recommends
special procedures when working
on the brakes. You do not want to
create an ABS problem. Before
working on the vehicle’s brakes, iso-
late calipers and wheel cylinders.
We recommend using a special
clamping device on the brake hose.
This unit is designed to prevent
harming the brake hose. Use only
thumb pressure on the screw to
avoid damage to the hose. The
clamp is available from your sup-
plier. After installing the clamp, open
the bleeder screw and install a hose
on the bleeder to divert fluid into a
clear container. Force the piston
back into the caliper using a C
clamp.

As always, we stress vehicle-spe-
cific information.

A common problem with the
RWAL system that does not set a
code is leaking past the dump
valve, when normally closed. The
pedal feels like the master cylin-
der is leaking internally.




Generation 1 Valve

Generation II Valve

NOTES:

The procedure to determine if
the dump valve is leaking is to
remove the back cap on the gen-
eration one valve and monitor the
piston travel with the brake ap-
plied. If the piston moves, the
dump valve is leaking. If fluid
comes out when the nut is re-
moved, the seal is leaking and
the vaive should be replaced.

The procedure on the second
generation valve is to remove the
rubber cap and insert the end of
a paper clip till it bottoms. Press
the brake pedal. If the clip
moves, the normally closed dump
valve is allowing fluid to leak by.
If fluid is present when the rub-
ber cap is removed, the seal on
the piston is bad, replace the
valve.

When bleeding the brakes, the
procedure is the same as a ve-
hicle without 4WAL.
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o\ N / " L_-- Bleeding the base brakes of an
_J" ol J “’W - ABS system is identical to non-
ABS systems. Conventional meth-
ods are effective as long as the
modulators have not been re-
placed, or the master cylinder
reservoir has not drained dry. In
the event the modulator must be
bleed, refer to the brake bleeding
sequence guide for directions
and procedures.

In many cases, when replacing
the modulator {EHCV) the unit
may require a special procedure,
to remove any air trapped in it.
In the case of this RWAL unit, the
bleeder screw must be opened
and bleed before bleeding the
wheels. We suggest that you
refer to the service manual and/
or the bleeding sequence guide
to save time.

NOTES:




Tips & Tricks
 False modulation, pedal pulsates or
ratchets

» Check for grabbwy brakes
» Temporarily disable ABS
* Disconnect ABS controller harness, ignition OFF
* Evaluate hydraulic brake operation; repair as
required

= If ABS issue, chedk for V5SS drop-outs using
scan-tool

» Check sensor output voltage

153

When the brake is applied, any
variation in wheel speed signal
will cause the ECM to operate the
EHCU in an attempt to get the
wheels to turn at the same rate.
If the braking is erratic, the signal
will be erratic causing the ECM

to cycle the EHCU. If the base
brake system is suspect, disable
the ECM and operate the vehicle
and check brake operation. If the
brake system continues to oper-

ate in an erratic manner, the problem is in the base brakes. If the problem
goes away, reconnect the ECM and check wheel speed sensors for proper
resistance and voltage values. If they are within parameters, check the con-
nections and cables and monitor their output while operating the vehicle.

.01ang|ngureonGM
» Early - DRAB/ODRAC - Chip
» Late - Tech 1, 1A, Mastertech, Tech 2

NOTES:

Since this system uses a vehicle
speed sensor, the signal feeds the
speedometer, cruise control, en-
gine ECM, and EBCM. The signal
that is generated by the sensor is
AC. The signal must be converted
to digital in order for the control
unit to function properly. This is
done by the DRAC (digital ratio
adapter control) or the DRAB
(digital ratio adapter buffer).
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= Trouble codes
» Fash cndes manually, domestics and imports
» Scan-tool

Clyehing Om (oo
/AL -

adds up to A code 11.

NOTES:

Procedures for retrieving trouble
codes from RWAL systems vary
depending on make, model, and
year. The service manual should
be referenced in order to save
time. If you do not have a scan-
tool, you may be able to get the
codes on many vehicles by
grounding out the EBCM diagnos-
tic lead.

By counting the number of bulb
flashes, you can determine the
code that is stored in the EBCM.
In some cases, you may get a
preemptive code such as a code
12 and then get the actual
trouble code. Since the proce-
dure changes by make, model,
and year; it is always a good idea
to reference your service manual
to interpret the flashes correctly.

In the event the buib does not
light, you should refer to the
diagnostic section in your service
manual to determine where the
problem may be. The diagnostic
charts help you determine where
the problem is in the fastest pos-
sible way. By following the pre-
scribed procedures, you will not
overlook something and will not
have to back track, which wastes
time.
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EBCMFuncIJonTest
= Bully test

« Tests isolation valve
» Tests dump valve
» Tests VSS drcuit

g

Tive iielke

* Low and/or spongy brake pedal
* Generation 1 and 2, all manufacturers,
all years

—
l\llﬂdllmf il Se:vu,,;,,,

+ No service parts available
e Only new modulators, no remanufactured
units

NOTES:

The EBCM lights the bulbs at start
up, tests the circuit to the isola-
tion valve for resistance and con-
tinuity, tests the circuit to the
dump valve for resistance and
continuity, and tests the vehicle
speed sensor circuit for resistance
and continuity.

A common problem with the
RWAL system that does not set a
code is the leaking of the dump
valve, when normally closed. The
pedal feels like the master cylin-
der is leaking internally.

If any part of the electro-hydrau-
lic valve is not functioning prop-
erly, the unit must be replaced.
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Code 7 - iso solenoid dircuit or EBCM are
hard codes

« Code 6 and 9, VSS signal and code 10
brake light circuit are soft codes

Delco VI

» Anti-lock brake systemj/traction control

« Nor-integral

« ABS and TCS use the same control module

« ABS occurs during braking

« TCS occurs during acceleration {not all
models)

Deico VI System
« Non-integral unit
« Modulator bolted to master cylinder
* Added to base brake system

NOTES:

Trouble codes fall into two cat-
egories: Soft type 1 is when the
ABS is disabled and the red
warning light stays on for that
ignition cycle only. Soft type 2 is
when the ABS is disabled and the
red warning light stays on as long
as fault persists. Hard is when the
ABS is disabled and the red
warning light stays on until the
vehicle is serviced

Delco VI also incorporates trac-
tion control on some models.

This system is a non-integral unit
that uses a conventional master
cylinder and booster for the base
brake components. At first glance
it may appear to be an integral
system, since the master cylinder
is attached to the modulator.
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Delco VI Modulator/Master Cylinder

N
HYDRAULIC
MORULATOR

Some Differences

« The use of an expansion spring brake
« The use of an electromagnetic brake
« Traction control

HYDRAULIC CHANNEL

FRONT/REAR OR SPLIT DIAGONAL

NOTES:

On this platform, the modulator is
bolted to the master cylinder. On
others, the modulator may be
located away from the master
cylinder. The modulator consists
of the hydraulic control unit and
motor pack. The isolation valves
are easily serviceable.

There are new subjects to learn
when working on the Deico VI
system.

The hydraulic channel configura-
tion is the three channel split
front to rear.
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ABS Components

ABS Faults

« The ABS amber lamp iluminates and
remains on.

« A flashing amber ABS lamp indicates that
a problem with the brakes has been
detected.

« If the ABS controller detects an ABS fault,
it will disable the ABS system.

NOTES:

Delco VI components consist of a
modulator, EBCM, enable relay,
WSS and rings, warning lamps,
and electrical connections.

When the ignition switch is
turned to the run position, the
amber ABS lamp, red brake
lamp, and low traction lamp (if
equipped) will illuminate for ap-
proximately 3 seconds and go
out. When the switch is turned to
the crank and then returned to
the run position, the cycle will
repeat itself.

If a fault is detected, the EBCM
illuminates the amber ABS lamp
and sets a diagnostic trouble
code. 1995 and older Delco VI
systems will flash the ABS lamp if
a minor fault has been detected
and the controller has not turned
off the ABS system.

57




In most cases, the EBCM is
located in the bulk head or
under-the-dash and is acces-
sible for testing. The ABS sys-
tem is powered by an enable
relay and system components
are protected by fuses and
fusible links. A wiring schematic
assists in locating the proper
circuit/wire to be tested. It is
not serviceable and must he
replaced as a unit. The relay
switches power to the DC motors, isolation solenoids, and the electromag-
netic brake.

Whenever the ignition is in the
EBCM Function run positiqn, the ECM continu-
ously monitors the speed of each
« Monitor wheel rotation wheel and the electrical status of
« Conbrols hydraulic o the modulator/motor pack assem-
channels during ABS and bly. When the EBCM detects that
TCS operation the brakes have been applied
* Monitors electrical and wheel slip is detected, the
arcuits EBCM commands appropriate
* ﬁf‘s :_"“bb mr positions in the modulator/motor
ng &g pack assembly to control hydrau-
lic pressure to one or more wheel
channels.
NOTES:
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EBCM Functionat Test

« Battery voltage
¢ WSS drouits
« Relay drauit
= Motor drcuit

» Isp valve circuit )
» EMB drouit

¢ Brake switch circuit
« Throttie adjuster

| BERERE

dircuit

17

EBCM Inputs

» Ignition (power)

« Brake switch

e Wheel speed sensors
¢ Fluid level switch

= Combination valve
« Red brake light lamp

1”3

EBCM Inputs W/TCS

e TCS switch
« Torque converter
« Throttle position sensor

4

NOTES:

When the ignition is turned on,
the EBCM checks battery voltage,
wheel speed sensor circuits, the
relay circuit, the motor circuit, the
isolation valve circuit, the electro-
magnetic brake circuit, the brake
switch circuit, and the throttle
adjuster circuit. After the vehicle
reaches 3 to 9 MPH and the
brake is not applied, it will oper-
ate the relay, motors, iso valve,
and electromagnetic brake. Some
noise may be heard during the
test. As an example, the connec-
tors shown are for a 1991 Cut-
lass:

A= Relay switched power

B= Power ground

Using vehicle-specific information
will help you make the electrical
test when the EBCM fails one of
the tests and sets a code.

The ignition switch is an EBCM
input, as well as, wheel speed
sensors, brake switch, fluid level
switch combination valve switch,
and red brake light lamp.

On models equipped with TCS, the
TCS switch status is an input into
the EBCM. The torque converter
lock up solenoid and the TPS are
also inputs.
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Ignition Switch
« Fused power to enable relay
« Special relay contacts
¢ High cusrents
e IPC indicator lamps
* Powers EBTCM
e Extremely sensitive to low voltage
Brake Switch
* Fused power f_’_“:f s
= Normally open é% D
« Switch alerts ABS e N
* No signal - No ABS W -
EBCM Outputs
« ABS (amber) lamp
« Red brake lamp
* ABS enable relay
« Motors
« ISO valve
» Hectro magnetic brake
» Serial data.
NOTES:

When the ignition switch is on,
fused power is available to the
enable relay. The relay has spe-
cial coated contacts to handle the
high current drawn by the motor
pack, when under load. Power is
also available to the instrument
panel cluster lamps. Power
through the relay is available to
the EBTCM or EBCM. The system
is extremely sensitive to low volt-
age. Check source voltage and
grounds first.

Power to the brake switch is fused
and ground side switched. Apply-
ing brakes initiates ABS. The EBTCM
or EBCM will not function without a
brake switch signal.

The EBCM controls the ABS lamp
driver, the red brake lamp, the ABS
enable relay, motors, ISO valve, and
electro magnetic brake. Serial Data
may be read on scan-tools.
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EBCM Outputs W/TCS

» TCS switch

« TCS lamp

¢ TCS enable relay
« TCS motors

i

When equipped with TCS, there
are other outputs to consider.

The Delco-VI system uses four
wheel speed sensors.

NOTES:
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Discreet Sensors

NOTES:

The type of sensor used is based
on the drive train design. Integral
sensors may be used in the front

11 or rear, as is the case with the

discrete style sensor.

On the Delco-VI system, the sen-
sors are made with a plastic cas-
ing and care must be taken when
using brake clean around them.
The connectors are exposed to
the elements and should be
checked for tightness and cleanli-
ness.

Here is a front wheel speed sen-
sor mounted on a vehicle. This is
typical for the Delco-VI system.
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Front Wheel Speed Sensor

« Mounted on the steering knuckle assembly
« No air-gap adjustment
« On the C/V joint (boot must be replaced)

« Make sure a replacement C/V joint has the
cormect ABS sensor ring for the application

= Made of plastic (handle with care)

In the event the integral sensors
are bad, the entire bearing as-
sembly must be replaced. An
erratic signal could be caused by
a bad bearing assembly. The
sensor may test good with a
DVOM when the vehicle is not
under a load.

The rear sensors are located in
the rear bearing and hub assem-
bly.
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Rear Wheel Speed Sensor

« Mounted in the rear whee! bearing and
hub assemblies

+ Replaced as a complete assembly

« No air-gap adjusbment

Wheel Speed Sensor Circuits
TR TR tTa g
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Wheel Speed Sensor Circuits
* The two wires are twisted together.

« This eliminates the drcuit from being
effected by any outside electrical noise.
* Do not use if the pair has been damaged.

NOTES:

The rear sensors are also non-
adjustable. They can be replaced
as assemblies only.

Since the wheel speed sensor
generates electricity and is sensi-
tive to stray current, it uses a
shielded two wire system to the
EBCM for input.

The pair is twisted to reduce any
electrical noise affecting the sig-
nal from the sensors.

64




On this vehicle, cavities E-1 and
E-2 are used for the left rear
wheel speed sensor.

1994-1995 Connector
[/- { Delco Moraine VI 32-Pin )L———\ﬁ
12344678 910111213141516
rf-lliliiiiilllii[ii
"'\ (-‘:t;aw is looking into the Cnr;na;tors) /"1
E-1 and E-2 are the cavitiea for the LR wheel speed sensar.
E-1 (BLK) and E-2 (RED) are 3 twisted par.
0
The AC Signal (Hand-tumed)
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NOTES:

Waveform taken at 15-20 MPH.




The AC Signal
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The AC Signal
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The AC Signal

1:3.95 2:-2.00 miom. o8 |

+5

NOTES:

Waveform taken at 50-55 MPH.

Waveform taken at 60-65 MPH.

Waveform taken at 70-75 MPH.
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AC Signal

» AC voltage is created by the sensor.,

= The amount of voltage is dependent upon:
» The number of tums of the wire
» The speed of the sensor ring
» The air gap

Wiring and Connections

Speed Sensor Testing

« Scan-tool
« DVOM
« Digital Storage Scope

NOTES:

The sensor is designed to send a
specific voltage value at a certain
wheel speed. It is engineered
with the correct numbers of turns
of the wire and how many teeth
the ring will have. These together
determine the voltage output at
any given wheel speed.

As with all wiring and connections
on the different systems of the
vehicle, the ABS speed sensors
must be checked. Because the
wiring and connections are under
the vehicle, they are exposed to a
harsher environment.

There is more than one way to
test the speed sensors. A techni-
cian can use a scan-tool, DVOM,
or a DSO.
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Scan-tools

e Used to:
= View data
» Trouble codes
» Bi-directional control

F34'%.3-3-3

%%

Scan-tools will help you look at
the data from the ABS computer
as well as the trouble codes.
Many of the systems allow you to
access bi-directional contral.

This is a Genisys scan-tool con-
nected to a Delco-VI.

This is a normal stop on a dry
surface.

NOTES:
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DVOM Testing

« Measure the resistance of the speed
Sensor.

« Measure the voltage signal of the speed
Sensor.

» Measure the frequency of the speed

sSensor.

Combination Valve

» The combination valve has a piston
between the two channels on the normal
brakes.

» If there is a fluid loss in one channel, the
piston shifts to the side.

s The red brake light comes on.

+ The signal is sent to the EBCM.

s The EBCM disables the ABS.

NOTES:

This is a stop on a snow covered
parking lot. Here we see the
wheels stopping at different
speeds. The right wheels lock up
and stay locked up. You can see
the left wheels locking and un-
locking.

When using a DVOM to test the
speed sensor, there are three
basic tests to make: resistance,
frequency and voltage.

This is @ common valve used on
vehicles without ABS. The signal
from the valve is the same as the
electrical circuit that drives the
brake light. If hydraulic pressure
is lost in either the secondary or
primary side of the master cylin-
der, the red brake light is turned
on and the EBCM receives that
signal.
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Fuid Level Switch

+ Normally open
+ Closed when fluid level is low
¢ EBCM enables the ABS when it receives a

EBCM Outputs

¢ ABS (amber) lamp

¢ Red brake lamp

¢ ABS enable relay

s Motors

« ISO valve

» Bectro magnetic brake
» Serial data

The fluid level switch is a nor-
mally open switch that closes
when the brake fluid is low. As
the fluid is used to take up the
space left by the caliber piston
moving out to compensate for
brake pad wear, the fluid level in
the master cylinder reservoir
lowers. When the level gets to a
critical point, the switch closes.

As with any computer, there are
output devices.
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The hydraulic assembly and mo-
tor pack is attached to the master
cylinder.

In this photo, the hydraulic as-
sembly and motor pack are sepa-
rated.

The master cylinder is connected

Master Cylinder Mounting

» Mounting banjo bolts

» Transfer tubes

= Do not reuse

= Transfer tubes and
*0” rings included
with m/cyl

to the modulator by two banjo
bolts and two fluid transfer tubes.
These tubes cannot be reused.
Fiuid moves from the master
cylinder through the banjo bolts
to the rear wheel circuit. The
transfer tubes allow fluid to move
from the master cylinder to the
front wheel channels. Raybestos
includes the transfer tubes and
“O" rings with their master cylin-
ders.

NOTES:

On some models, the three mo-

tors have electromagnetic brakes.
(EMB)
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This cutaway shows the mounting
of the master cylinder and modu-
lator with the use of the banjo
bolts and fluid transfer tubes.

The transfer tubes and their “Q”
rings are not to be re-used.

The hydraulic assembly and mo-
tor pack contain four fluid cham-
bers for all four brakes and four
check valves, There are also two

isolations valves in the assemhlv . -

This is a clutch brake conﬁgura-
ectro } i t is applied by spring
. magneac Broke g?gs:E?e holcil)iﬁg the motor shaft —
from turning, in turn holding the
piston in place. The electromag-
net overcomes the holding force
applied by spring pressure _wI_'len
piston travel is required. Friction
pucks on the disc wear out, al-
lowing the piston to move dqu-
ward under pressure. The friction
pucks are replaceable.

The EBCM controls the EMBs
ground side switching. Battery
power is supplied through the
enable relay. The relay is power

ECIRea by ignition power.
_ 1@)
o g»" ;/*"““*:‘ -
- RFEMB |~
e -
k The electromagnetic brake is
EMB Brake

located at the top of the motor
and is normally applied by spring
pressure.

NOTES:
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Spring Brake Assembly

NOTES:

There may or not be expansion
spring brakes. (ESB) Some mod-
els have an EMB instead of the
ESB. It performs the same func-
tions as the ESB but is mechani-
cal.

The spring is retained in a hous-
ing at close tolerance. One end of
the spring is in contact with the
motor drive dog and the other
end is in contact with the pinion
drive dog. Brake pressure is
present on the top of the modu-
lator piston applying a downward
force. The force applies a coun-
terclockwise torque to the motor
pinion which tries to rotate the
spring counterclockwise. The
counterclockwise torque expands
the spring outward within the
housing and prevents gear rota-
tion.

The assembly has three ball screw
assemblies. They are the link be-
tween the motors and the pistons.

75



NOTES:

There are 4 pistons in the assem-
bly. As we will see later, the ex-

tension tip on top of the piston is
what will unseat the check valve.

There is a gear cover and a gear
drive set that is also a part of the
assembly. The gears are driven
by the motors and drive the ball
SCrews.

A motor drives the gear. The gear

is attached to a worm gear shaft.
The bearing is stationary. The pis-
ton rides in a channel and cannot
rotate. Rotating the worm gear
shaft causes the piston to move up
and down on the shaft. The piston
is at TDC when it is in the home

{ position.
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Isolation Solenoids

Isolation Solenoids

» The rear wheels do not use an isolation
solenoid.

« Because of weight transfer during braking

« A combination valve reduces brake
pressure to the rear wheels during braking

Isolation Valves

« 1996 and after models:
Solenoids were grounded and power was
sent from the EBCM for control

The isolation solenoids are used
to isolate each front wheel as the
EBCM detects wheel lock up.
There is one solenoid for each
front wheel.

The rear wheels do only about 20
% of the vehicles braking and
don't require an isolation valve.
They use a combination valve.

The isolation valves are controlied
by the EBCM turning the ground
on and off on model years 1996
and newer.
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Isolation Valves

» 1995 and before models:
Solenoids were grounded and power was
sent from the EBCM for control

i
g

Isolation Solenoids

¢ Do not work like other isolation valves on
other ABS systems

« Do not open and dose

« Isolates the identified brake drcuit and
keeps that drcuit isolated as long as ABS
action is required

NOTES:

The isolation valves were con-
trolled by the EBCM turning the
power on and off on model years
1995 and before.

On most ABS systems, the isola-
tion and decay valves open and
close many times a second to
control pressure to a brake cir-
cuit. On the Delco-VI system, the
isolation valve isolates the brake
circuit and that circuit remains
isolated as long as ABS action is
required.

This is another view of the internal
parts of the modulator. Shown are
the check ball, the piston, screw
assembly, and the isolation valve.
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The front brakes are controlied

- individually and the rear brakes
are controlled as a pair.
This is a drawing of the front
i brake circuit.
inlet :
cggﬁk - E!ectrgg:?etic-
Piston -
Bali
S_t:re.-
-
Dbl
There is an isolation valve, check
ball, ball screw and piston, DC
motor, gear drive, and an EMB
_ for each of the front brake cir-
cuits.
NOTES:
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Normal Braking

« Fluid will pass through the master cyfinder
and the moduie.

* The ball screw is in the home position.

NOTES:

The EMB is a brake used to con-
trol the motor located on the top
of the front motor assembly. The
spring and pad pushes down on
the assembly when no voltage is
applied. This holds the motor
from turning. If voltage is applied
to the EMB, the electro magnet
pulls up on the plate and disen-
gages the brake. The motor is
free to turn.

During normal braking, the fluid
passes through the master cylin-
der and the module to each
wheel. The home position is
when the ball screw and piston is
at its highest position.

The ball screw is in the home posi-
tion during normal braking. The
check ball is held open and fluid
passes through to the brake circuit.
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The ball screws and pistons are

held in the home position by the
EMBs. When there is no current
to the EMB, it keeps the motors

from turning.

The two isolation valves are nor-
mally open valves. Brake fiuid
passes through them when they
are not activated.

This is the ball screw assembly
and check ball in the home posi-
tion when no ABS action is re-
quired.

NOTES:
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Rear Circuits

" iniets

There are two fluid passages to
the front brakes, in case an isola-
tion valve or ball screw assembly
fails. One channel is through the
modulator, around the check ball
and out to the brake circuits. The
other is through the modulator,
past the normally open isolation
solenoid, and out to the brake
circuits.

The rear wheel channels operate
with the use of two pistons and
check ball assemblies, but do not
have an isolation valve. The two
pistons are operated by one mo-
tor. When one wheel approaches
lock up, the motor drives the two
pistons downward. The check ball
valves are closed isolating the
pressure from the master cylin-
der. As long as the pistons are in
a downward position, fluid cannot

get to the rear wheels.

There is a piston chamber for
each of the rear brakes.

NOTES:
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NOTES:

They use the one ball screw and
motor.

During non-ABS braking, the ball
screw is in its home position.

This keeps the check balls open
and allows fluid to flow through.
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An expansion spring brake (ESB)
holds the motor in this position
until current is applied to the
motor. The ESB is a mechanical
brake that works like an overrid-
ing clutch,

Let’s discuss ABS action on the
front brakes. This system uses a
select low principal of operation.
The WSS with the lowest signal is
the one that is most likely to lock
up. This circuit will receive the
ABS action first.

As with any system, the first step
of ABS action is to isolate the
wheel that is about the lock up.
This blocks any additional fluid
passing through and going to the
calipers.

NOTES:
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When the isolation valve is acti-
vated, it blocks off one of the
passages through the modulator.

When current is applied to the
EMB, the motor is released and
free to turn.

The motor will begin to turn and
draw the ball screw and piston
down. The check valve seats and
that brake circuit is isolated.




NOTES:

! P -
SR AN NS A,

Here we see the fluid beginning
to fill the space above the space
left by the downward motion of
the piston.

The pressure in the brake circuit
applies pressure through the
piston to the bail screw.

The motor will continue to turn
until the pressure above the pis-
ton is equal to the pressure ex-
erted by the motor against the
ball screw.
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As the wheel starts to turn, the
piston is moved upward increas-
ing the pressure in the wheel
channel applying the brakes once
again. The EBCM regulates the
brake pressure in the channel by
controlling the current to the
motor. More current, more pres-
sure.

ABS Pressure Increase

As the wheel continues to lock-
up, the motor continues to drive
the two pistons downward reduc-
ing the pressure in both wheel
channels until the wheel begins
to turn again. If the rear modula-
tor brake fails and the piston
moves and allows the check ball
to close, there are no rear
brakes. The pistons must be at
TDC in order to bleed the rear
wheels, With motor pack in place,
manually turn the center gear
until it stops, (it will only turn one
way). The piston is at TDC and
will allow the fluid to flow to the
rear wheels.

ABS Rear Circt
Pressura Decrease

When the pressure is equal, the
motor stops turning and current
is supplied to the motor by the
EBCM. This holds the motor
steady.

NOTES:
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NOTES:

G g 7 P

If the WSS signal indicates the
wheel is turning too fast, pres-
sure can be reapplied by the
motor driving the ball screw and
piston back up.

The EBCM commands the motor
forward and reverse to increase
or decrease the pressure as
needed.

When ABS action is no longer
required, the EBCM commands
the motor to return the ball screw
and piston to the home position.
This unseats the check ball and
opens one of the passages for
the brake circuit.
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NOTES:

The EMB is turned off and holds
the motor in the home position.
Current is removed from the
isolation valve and returns to its
normally open position allowing
fluid to pass through the second
passage way.

The rear brakes work the same in
principle. There are two pistons
and one ball screw. This ball
screw moves both pistons at the
same time. There is one motor
and one EMB.

When ABS action is required, the
brake circuits are no longer di-
agonally split. Both rear wheels
are controlled as one brake chan-
nel.
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To Rear
Gircuits

The empty space left by the pis-
tons moving down will be filled with
fluid until the pressure is equal.

tions are the same as the front
brakes.

When the wheel approaches
lockup, the isolation valve closes,
stopping fluid from getting to the
caliper. At the same time the
piston is moved downward, clos-
ing the ball check valve, stopping
fluid from getting to the wheel

1 cylinder through that channel.

Pressure from the master cylinder
is isolated from the wheel. If the
wheel continues to lock up, the
piston continues to move down-
ward, reducing pressure in the
wheel channel.
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Diagnostics

» Never connect any of the ABS componerts
with the ignition tum on

When Welding

» Disconnect the EBCM hamess

When Fast Charging the Battery

= Disconnect the BBCM Hamess

NOTES:

If a fast charge is needed on the
vehicle, disconnect the EBCM to
protect it from damage.
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Brake Huid

+ Use DOT 3 or 4 depending on the vehidle
» Do not use DOT 5

NOTES:

Do not use DOT 5 brake fluid in
the Delco-VI ABS system. Use
only DOT 3 or 4 depending on
the vehicle.

If the vehicle has air bags, they
should be de-activated when do-
ing any electrical work. This will
avoid setting a false code or acci-
dentally deploying the air bag.

To de-activate the air bag, remove
the fuse.
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Disconnect the Air Bag

Disconnect The Air Bag

Disconnect the yellow air bag con-
nector at the base of the steering
column.

Disconnecting the main vehicle
battery will also de-activate the
air bag. Remember the air bag
control module has a small bat-
tery that can keep the system
active for up to 10 minutes. If
you disconnect the main vehicle
battery, you will not have power
for the ABS diagnostics.

Whenever working on any electri-
cally controlled systems, the first
place to start is with the source of

Electronic Systems power. After assuring there is
proper source voltage and
« Source voltage ground, continue checking for
+ Common ground loose or dirty connections, mois-
» Proper values Never commectidisconmect | LUIE OF coOrrosion, and broken
« Connections any clectrical components | Wires. When working on elec-
. while the key ks on . . .
« Corrosion tronic control devices, never dis-
« Moisture connect or connect components
« Dirt with power applied. Never fast
charge battery with computers
™ | connected.
NOTES:
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Hydraulic Systems

» Void of air
« Proper fluid
s Clean fluid
s No Jeaks

Trouble Shooting

¢ Slow, sinking brake pedal?
- gbeaslhﬁmEFB[ESBhﬂam

s Press pedal - observe gears
+ Should nor um

n

In order for the hydraulic system
to operate effectively, there
should be no air in the fluid
chambers. In the case of ABS,
the system should contain clean
brake fluid as recommended on
the master cylinder cover. The
system must not have any inter-
nal or external leaks. Never open
a hydraulic chamber that has
fluid under pressure.

When the ABS is not operating,
the front wheel isolation solenoids
are open, allowing fluid pressure
to be applied to the modulator
pistons, as well as to the rest of
the system. If the motor brakes
are worn out, the piston will be
forced downward onto the screw.
If this should happen, the effect
on the pedal will be the same as
a defective master cylinder. Re-
move the cover to the gears and

with the piston at TDC, press the pedal and note if the gears move. If they

do, inspect the motor brake for wear,

NOTES:

94




Troubie Shooting

= 93 Corsica, Beretta

« GM added trouble code 31 (no signal from
two wheels)

« Check hamess connector from rear wheels

» May be set by operating vehicle on lift or in
mid or Snow.

Fo

A trouble code of A031 has been
added to the diagnostic charts.
When the vehicle speed has
reached 10 MPH and the parking
brake is off, if the EBCM does not
see any wheel speed from two
wheels simultaneously for 20
seconds, a code A031 will be set
and the ABS wiil be disabled. This
condition can occur if the vehicie
is operated on a lift, or on a slip-
pery surface. Since both rear

wheel sensors and the fuel sender are connected through a common har-
ness connector, the connector should be suspect and checked to be sure it is
clean and tight. The wire harness should be checked for cuts and abrasion.
Code 31 may be set by operating vehicle on lift or in mud or snow.

Ref Mitchell Chev 93-46-5 10/28/92

Trouble Shooting

» False Modulation
« 1992 - 93 Cavafier, Corsica, Beretta, Achieva,
Grand Am, Sunbird
o Rear whesls locking up
s Replace
+ Dnans
= Shoes
+ Hardware

-
-

NOTES:

Since the rear brakes tend to grab
when applied, it causes the wheels
to lock up momentarily and skid,
then release. This sends a signal to
the EBCM and causes the unit to
modulate. The repair is to replace
the hardware, shoes, and drums.
Inspect the backing plate and park-
ing brake cables, to assure proper
operation.

Bulletin ST97-23




Trouble Shooting

« Erratic / excessive variation speed
sensor cedes may be:
» Tone ring related
« Bearing related

Mechanical Systems

¢ Operational condition
* Free movement

« Proper lubrication

« Proper components
« Proper adjustment

Compact Spare Tire

» Use of tire will not set code

« ECM compensates
* Stopping distance is reduced

NOTES:

If tone rings (sensor rings) are
missing teeth, cracked, out of
round, wobble, or if a bearing
assembly is bad, the EBCM could
mis-interpret the signal, causing
false modulation. This problem
could cause motors to run exces-
sively causing failure and motor
brakes to wear out quickly.

All mechanical devices must be
able to perform their designed
function. They should move ac-
cording to their purpose, and
where required be lubricated
with the proper lubricant. Me-
chanical components must stay
within adjustment tolerances to
perform properly. When replaced,
they must be able to perform
equal to the original part.

Use of the compact spare tire will
not set a code. The ECM is pro-
grammed to accept the variation.
The ABS unit will not function as
efficient as if all tires were the
same size. Stopping distance may
be longer.
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Scan-tool Diagnostics

« Data

» Code history

« Trouble codes
« Recording data
« Bi-direction test

History Codes

« History of codes that were set

« Stored in order they were set

« Number of drive cydes since the code was
set

« A drive cyde is completed when the
ignition is tumed on and the vehide is
driven over 10 MPH.

NOTES:

You can use a scan-tool on the
Delco-VI system. Data, code his-
tory, current trouble codes, re-
cording data, and bi-directional
test be accessed with a scan-tool.

With a scan-tool you can view the
data list. The data list is not the
same for all vehicles.

History codes will help you when
diagnosing the system. The codes
are stored in the order they were
set. The history codes will help
you determine if the earlier fault
is linked to the present fault.
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Trouble Codes

e Current trouble codes
« Stored even when power is removed
¢ Can clear codes (50 drive cycles)

Recording Data

¢ Record the data on a test drive and review
» Drive the vehicle on a dirt road
¢ Make a hard stop

Bi-Direction Test

Manual Test

+ Motors

s EMBs

« Isolation solenoids
+ Enable relay

NOTES:

Current codes should be diag-
nosed first. Diagnose the lowest
numbed code first.

You must be careful on a test
drive. Do not watch the scan-tool.
Record the data and review it
after you have come to a safe
stop.

You can turn on and off the out-
puts with the manual test.
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On some scan-tools, an automatic

b Bi-Direction Test test will test the mechanical func-
) tions of the modulator and motor

: A“m"“:f tfdt (Some scan-tooks) pack. The test will also perform
: ug'_ 'wmu;t” motor pack light, battery voltage, system ID,

and gear tension relief test. On
* Battery voltage test some scan-tools the gears relief

L] S IDM H A\ 173
. Gea’s? " rolief toct test is called “home motors”,
Bleeding Procedures
« Right rear
s Left rear
« Right front
» | eft front
>
. You must make sure the rear pis-
Bleeding Procedures tons are in the home position. The
- P - check balls must be unseated or
you will not be able to bleed the
rear brakes.
NOTES:
-
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NOTES:

You can use the manual functions
of your scan-tool to home the
motors.

Without a scan-tool, you must
first bleed the modulator. There
are two bleeder screws, make
sure you use the front one for
bleeding the modulator. Then
bleed the front brakes. Bleed the
right one first. Drive the vehicle
above 3 MPH. The system will
reset itself and home the rear
motor. You can then bleed the
rear brakes.

Traction control can be managed
by the ABS system. When the
EBTCM detects positive wheel
slip, that information is fed to the
ECM. The ECM will first retard the
engine timing, if it continues to
detect wheel slip, it will then shut
down the injectors. If the wheel
continues to slip, it will back off
the throttle, and if it still contin-
ues, the EBTCM will apply the
brake to the wheel.
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| The traction control modulator is
very similar to the brake modula-
tor. It is downstream of the brake
modulator and may have only
one brake line supplying it. Two
brake lines from the TCS modula-
tor supply two drive wheels.

tion Cont This modulator uses two motors,

T on ! one for each drive wheel. Gears

« Motor pack drive the piston assembly just like

« Modulator the brake modulator. The pistons

o Gears are parked in the bottom posi-

« Pistons at BDC tion, waiting for the EBTCM com-
mand.

TCS At Rest Mode When traction control is at rest,
the motor has no power to it. The
piston is at the bottom position

* Motor at rest i
« Piston BDC and, the poppet valve is in the

open position. The unit performs

« Poppet valve open no function at this time.

* No fluid pressure

NOTES:
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TCS Applied Mode

» Motor energized
» Piston applies pressure
« Poppet vaive dosed = 3
« Pressure to drive wheel ~ (F1
» Pton mest be 3t BDC o
relcase preveare (rom driwe  Pows
wheel

= DOMESTIC
ANTI-LOCK
BRAKE
SYSTEMS
SERVICE

Flashimg amber bamp - fault i rod lizht circwit 1995+

TCS gt will come on during ABS opcration ot

NOTES:

When the EBTCM detects positive
wheel slip by comparing drive
wheel speed to the other wheels,
it turns the motor on that controls
that wheel channel. The motor
drives the piston up and applies
spring pressure to the poppet
valve closing the line to the mas-
ter cylinder. As the piston contin-
ues, closing pressure is applied to
the rear channel applying the
brake. If the motor stops in the
up position, fiuid will not be re-
leased since the poppet valve will
be held closed. This may act like
a faulty brake hose.

Manuals or a comparable re-
source is required to work on ABS
equipped vehicles, since there
are so many variations in proce-
dures and systems. Following
diagnostic charts and proven
procedures, save time and
money.

When the key is turned on, the
red, amber and TCS light will
turn on. In vehicles after 1995, if
a fault is detected in the red light
circuit, the amber light will flash.
During ABS stops, the amber
light and the TCS light will come
on. The TCS will stay on for 3 to 4
seconds after the ABS stop is
completed.
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Anti-Lock Brakes ABS-101 Pre-Test

1. True or False: The pedal travel switch replaces the brake stop light swich on some vehicles.

True False
2. Wheel speed sensors are type sensors.
A Digital B. Hall affect C. Permanent magnet D. Potentiometer
3. Wheel speed sensors create voltage.
A AC B.DC C. Digital D. All the above

4. True or False: As voltage increases the frequency decreases on a wheel speed sensor.
True False

5_The first ABS action the PCM will perform to prevent a wheel from Jocking up is:
A. Dump Presure B. Release presure  C. Isolate the wheel D. Un-lock the wheel

6. Afier the PCM setsa DTC it will:
A. Isolate the wheels B. Abort ABS action C. Dump wheel presure D. None of the above

7. On Delco VI ABS systems the PCM changes the presure to the wheels with:

A. Dump valves B. Isolation valves  C. Both A&B D. None of the above
8. True or False: On Delco V1 systems the rear wheels are never isolated.
True False
9. Use brake fluid only in ABS systems.
A.DOT3,40r5 B.DOT 3or4 C.Only DOT 5 D. Only DOT 2

10. When the brake fluid hydroscopic value is zero the fluid is:
ANew B. Acceptable C. Not acceptable D. None of the above




In this photo, the hydraulic a3s-
sembly and motor pack are sepa-

The master cylinder is connected
to the modulator by two banjo
ster Cvii - bolts and two fluid transfer tubes.
Ma Cylmder Mountmg These tubes cannot be reused.
* Mounting banjo bokts Fluid moves from the master
» Transfer tubes cylinder through the banjo bolts
* Do not reuse to the rear wheel circuit. The
e Transfer tubes and transfer tubes allow fluid to move
"0” rings included from the master cylinder to the
with m/cyl front wheel channels. Raybestos
| includes the transfer tubes ang:l
| “0” rings with their master cylin-
ders.
NOTES:
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shows the mounting
cylinder and modu-
of the banjo

nsfer tubes.

W

the hydraulic assembly and mo-
in four fluid cham-

snr pack conta
| zers for all four brakes and four
~heck valves. There are also tWo

| s<olations valves in the assembly.

: There are two isolation valves in
the assembly.
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M

The motor pack in the assembly
- has three bi-direction motors.
The three motors are for the right
RFF Molor High and left brake circuits. The rear
RIF Moter Low brake circuit has only one motor.
L/F Motor High —
L/F Motor Low ;
On some models, the three mo-
tors have electromagnetic brakes.
(EMB)
NOTES:
-
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Electromagnetic Brake

g Blaary
it
/ —

NOTES:

This is a clutch brake configura-
tion that is applied by spring
pressure holding the motor shaft
from turning, in turn holding the
piston in place. The electromag-
net overcomes the holding force
applied by spring pressure when
piston travel is required. Friction
pucks on the disc wear out, al-
lowing the piston to move down-
ward under pressure. The friction
pucks are replaceable.

The EBCM controls the EMBs
ground side switching. Battery
power is supplied through the
enable relay. The relay is power
by ignition power.

The electromagnetic brake is
located at the top of the motor
and is normally applied by spring
pressure.
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