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Objectives

1. ldentify common power assist
braking systems.

2. Explain the principles of operation for
vacuum brake booster systems.

3. Describe the diagnosis and repair procedures
for vacuum brake booster systems.

4. Explain the principles of operation of
air-over-hydraulic brake booster systems.



Objectives

5. Describe the diagnosis and repair procedures
for air-over-hydraulics brake booster systems.

6. Explain the principles of operation for
hydraulic over hydraulic brake booster

systems

/. Describe the diagnosis and repair
orocedures for hydraulic over hydraulic

orake booster systems




Objective One

ldentify common power assist
braking systems.



Uses

lydraulic over Hydraulic (hydroboost) System

Hydro-boost

o Steer Master Fower Brake
D;'ﬁ':np :ﬁgng Cylinder Brake Pedal
Resarvoir and Linkage

To Other
Rear Brake

Combination .
Valve

Front Brakes
(disc)

Fear Brakes
{drumj

power steering pressure to assist in braking.

U

sed with both gas and diesel engines.



Vacuum / Atmospheric System

Uses vacuum and atmospheric pressure for
assist.

Vacuum Port
Intake Manifold _ (closed)

Wacuum T~

Diaphragm
Atmospheric Atmospheric W& Pedal Inpuf
Pressyure Port (open) ik Force



Vacuum / Atmospheric System

To Vacuum Master _ = st
Source p Cyinder il B Cleaner
sl el '
- \J
Vacuum
Check Valve Vacuum Power Ta Wheel

Booster (Hydrovac)

r—' Brakes

Vacuum/

SVED‘IUUF Vacuum Wl

upply Line Reserve Tank ¥ .
T— y ¥ Atmospheric

Pressure

m Control Valve

May have a remotely mounted unit (hydro-vac).




Air-Over-Hydraulic Systems
Air-Pak Booster System

+—— Hydraulic
Master Cylinder

Reservoirs

Ta Air Pressure
y~ Source

1

: .,L_;f

Air-Pak B\ Whee
Cylinders

Uses pressurized air from a compressor.

Usually remotely mounted.



Air-Over-Hydraulic Systems

Piston Head
Air Assembly
Chamber

; Hydraullc Cylinder

“ (((?C '/ 0;' \_I Assembly
- A

Self-Locking Nuts

The power cluster can be coupled directly to a
master cylinder or to a hydraulic slave cylinder.



Objective Two

Explain the principles of operation for
vacuum brake booster systems.



Integral Power Brake Booster Vacuum
Suspended

Vacuum f Atmosphenc
Prassure Chamber

Seal

Return Spnng

Diaphragm Hub

Valve Housing

Cutput Pushrod

(To Master Cylinder) Filter

Feaction Disc

Input Pushrod

Yacuum

Poppet Assembl
Check Valve oppet Assembly

Valve Plunger

Yacuum Chamber Diaphragm

Round shaped housing mounted to fire wall..
Master cylinder mounted on booster.



Integral Power Brake Booster Vacuum
Suspended

Vacuum f Atmosphenc
Prassure Chamber

Seal

Return Spnng

Diaphragm Hub

Valve Housing

Cutput Pushrod

(To Master Cylinder) Filter

Feaction Disc

Input Pushrod

Yacuum

Poppet Assembl
Check Valve oppet Assembly

Valve Plunger

Yacuum Chamber Diaphragm

Uses vacuum created in the engine and
atmospheric pressure to move diaphragm



Integral Power Brake Booster Vacuum
Suspended

— YVacuum Fort
. pen
| (Open)
[

T QT | T ik
[ 5= \ L s
¢ * A0
To Vacuum A _| '/ -
.y Atmospheric Pon
Chamber (Closed)

Vacuum is low pressure and atmospheric
pressure is high..

Controlled by a valve operated by the
brake pedal.



Integral Power Brake Booster Vacuum
Suspended

JJ

Vacuum Fort

| ™ (Open)

e
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To Vacuum '/ Atmospheric Porl

Chamber (Closed)

' il
III
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In the released position, the diaphragm is
suspended by vacuum (vacuum on both sides)..

A spring pushes the diaphragm to the released
position.



Integral Power Brake Booster
Vacuum Suspended

Inlet
(From Filter)

VWinng
Harness
Connected

An electric vacuum pump may be required
If the engine Is diesel.



Integral Power Brake Booster
Operating Conditions

To Vacuum/ Atmospheric

Vacuum Port
Pressure Chamber

(Open)

Atmoaspheric Port

To Vacuum (Closed)

Chamber

Control valve assembly for the vacuum
and atmospheric ports.



Integral Power Brake Booster
Operating Conditions

Atmospheric Chamber

Applled Condition Air Entering Vacuum/

Vacuum Port
{EIDsed}

To Vacuum
Chamber

Atmﬂspheric
Port {(Qpen)

Vacuum valve closes and atmospheric valve
opens, and atmospheric pressure enters the
chamber and exerts a force of 14.7 psi.



Integral Power Brake Booster
Operating Conditions

Hold Position  vacuum Port
o (Closed)

Atmospheric
Fort (Closed)

Operator stops pushing (holding vehicle stationary),
the reaction disc pushes back to close
atmospheric valve (brake feel).



Integral Power Brake Booster
Operating Conditions

Hold Position  vacuum Port
o (Closed)

Atmospheric
Fort (Closed)

Vacuum valve closes and atmospheric valve
closes, and the diaphragm stops and brakes
are held in that position.



Remote Power Brake Booster
Vacuum Suspended

To Vacuum Master Alir
Source o Cylinder e Cleaner
--""_’—FF' )
VYacuum
Check Valve Vacuum Power To Wheel
Booster (Hydrovac) [" Srakes
SwacllwI ulfn vacuum - Vacuum/
upply Line Reserve Tank =3 -
¥ Atmospheric
FPressure

Control Valve

Remote mounted brake booster (hydro-vac)
IS mounted under cab on the frame
because of Its size.



Remote Power Brake Booster
Vacuum Suspended

To Vacuum Master Alr
Source Yo Cylinder » Cleaner
.-"',"" )
Yacuum
Check Valve Vacuum Power To Wheel
Booster (Hydrovac) [" Srakes
S\ulfﬁmllwI ulf'n vacuum - Vacuum/
upply Line Reserve Tank =T -
¥ Atmospheric
Pressure

Control Valve

Booster works the same as a vacuum
suspended, and is triggered by the master
cylinder to operate the slave cylinder.



Remote Power Brake Booster
Vacuum Suspended

Power Diaphragm ‘a Diaphragm Return Spring

Released
Position

Push Rod and Piston

Fluid Inlet Port

: Fluid
Bleeder Valve = ;,_.‘ Outlet Port

ijaém

' Control Valve Plst 1
4 S Vacuum Port Residual Pressure
Check Valve

4 Control Valve
' Diaphragm and Spring
Poppet Return Spring

Atmospheric Port (filtered air)
Atmospheric Poppet (2nd stage)
Atmospheric Poppet (1st stage)

Vacuum Poppet




Remote Power Brake Booster
Vacuum Suspended Applied Position

| Pressyre from Master Cylinder

] Push Rod and Piston [FE§7] Brake Fiuid Outlet

= i
_) T — - T
[Nl o

Atmospheric Valve Open

Control valve piston is activated by a low
pressure signal from that master cylinder.



Remote Power Brake Booster
Vacuum Suspended Applied Position

| Pressyre from Master Cylinder

Push Rod and Piston [FE§ | Brake Fluid Qutlet

= ] \]/
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> LRSS P = [e
=y

3 ) = | 1|l

o Atmospheric Valve Open

Master cylinder pressure is cut off to the
integral hydraulic cylinder.



Remote Power Brake Booster
Vacuum Suspended Applied Position

| Pressure from Master Cylinder

= ] Push Rod and Piston [FE37] Brake Fluid Outlet
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- -Control Valve Piston

—\/acuum Valve Closed

Atmospheric pressure enters the diaphragm
chamber and boost pressure Is created.



Remote Power Brake Booster
Vacuum Suspended lold Position
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Control Valve Piston

Vacuum Port

Control Valve Diaphragm

’ T ——— Atmospheric Port

Control valve piston moves up slightly, closing
the atmospheric port, but not enough to open
the vacuum port.



Remote Power Brake Booster

Vacuum Suspended lold Position
% i p \A‘Pressure from Master Cylinder
B | ."",ﬁ ?". Eﬂ, AT = Push Rod and Piston Brake Fluid Outlet

Control Valve Piston

Vacuum Port

Control Valve Diaphragm

Atmospheric pressure Is trapped on one side
of the diaphragm and full vacuum exists on
the other side.



Remote Power Brake Booster
Vacuum Suspended lold Position

————— :
Control Valve Plston

Vacuum Port
Control Valve Diaphragm

Atmospheric Port

The power diaphragm assembly and the
hydraulic cylinder pushrod and piston assembly
move back slightly, holding the vehicle stationary.



Remote Power Brake Booster

Vacuum Suspended

_ Single
Both units show Diaphragm

> 9 S
e

signs of leakage.  EEielto-ie

Double

Diaphragm
Hydrovac




Power Brake Booster
Atmospheric Suspended

Vacuum booster may also be called
atmospheric suspended.

When the brakes are released and the engine
IS running, there is a balanced atmospheric
pressure on both sides of the diaphragm and
No boost pressure can be created.

To activate this unit a vacuum must be created
In the diaphragm chamber closest to the
master cylinder (integral) or the integral
hydraulic cylinder (hydrovac style).



Objective Three

Describe the diagnosis and repair procedures
for vacuum brake booster systems.



Power Brake Booster — Vacuum Suspended
Troubleshooting

Very simple operation - not many problems..

To test, depress the brake pedal and start
vehicle..

Use vacuum gauge to measure engine
vacuum..

Check for broken or leaking vacuum lines..

Check output push rod for proper adjustment.



Troubleshooting

The volume of vacuum is critical to ensure full

power braking.. | Vacuum/Atmospnenc
Return Spring - Pressure Chamber
Dlaphragm Hub g - ' Seal

Valve Housing

Cutput Pushred Filtar

Reaction Disc
Input Pushrod

Vacuum ; [ Poppet Assembly
Check Valve = g

Valve Plunger

Vacuum Chamber ,
Diaphragm

Check vacuum reading, apply brake, note
the vacuum drop, and how soon it returns to
normal indicates volume.



Troubleshooting

Hydro-vac should be bled first.



Troubleshooting

Integral vacuum booster must have a specific
clearance between
the master cylinder
pushrod and Power

primary piston..

Go/Ne Go
Gauge

Must
I I / Always
Must

Not Touch

Touch
Some booster are o

pre-adjusted for particular applications, while
others have to be adjusted.



Objective Four

Explain the principles of operation of
air-over-hydraulic brake booster systems.




Power Booster-Air Pack (or Air Pak) System
Air Over Hydraulic System

Uses compressed air to move a piston..

] ®

Governor Master cylinder

----- -

Compressor

Triggered by the master cylinder fluid
pressure to operate a slave cylinder..

Compact unit that is remotely situated the
same as a hydrovac.



Power Booster-Air Pack (or Air Pak) System
Released Condition

Air Control Breather
Reservoir  lube o Tube
\ Diaphragm

Assembly

Compressed
Air Valve

\

Control Valve
Hydraulic Piston —»

Outlet
—» PortTo
Wheel
Cylinders
/ /f J
Inlet Port Hydraulic
E'i:;:f': Pushrod From Master ;i ston

Cylinder

With no pressure signal from the master
cylinder, the compressed air valve Is closed
and the exhaust port is open.



Power Booster-Air Pack (or Air Pak) System
Released Condition

Air Control Breather
Reservoir  1Ube r’/ Tube
\ Diaphragm

Assembly

Compressed
Alr Valve

\

Control Valve
Hydraulic Pistan —m

Outlet
— PartTo
Wheel
Cylinders
/ /f N
Inlet Port Hydraulic
E'i::‘:frrl cushrod  From Master ;i ston

Cylinder

The power piston/pushrod is moved back by
spring pressure and no hydraulic pressure Is
exists in the integral cylinder.



Power Booster-Air Pack (or Air Pak) System
Applied Condition

: EBreather
Air Control
Reservoir Tube o Tube
\‘ \ Diaphragm
Assembly
Compressed
Control Valve Air Valve
Hydraulic Piston —»
Qutlet
— PortTo
Wheel
Cylinders
7 ~ ‘\
Power / Inlet Port Hydraulic
Piston Pushrod From Master Piston
Cylinder

Pressure signal from the master cylinder
opens the compressed air valve and closes
the exhaust port.



Power Booster-Air Pack (or Air Pak) System
Applied Condition

: EBreather
Air Control
Reservoir Tube o Tube
\' \ Diaphragm
Assembly
Compressed
Control Valve Air Valve
Hydraulic Piston —»
Qutlet
— PortTo
Wheel
Cylinders
7 ~ ‘\
Power / Inlet Port Hydraulic
Piston Pushrod From Master Piston
Cylinder

Compressed air Is directed to the back of the
power piston, and the pushrod moves the brake
fluid under boost pressure to the brakes.



Power Booster-Air Pack (or Air Pak) System
Hold Condition

Breather

/ Tube

Diaphragm

Assembly

Compressed
Air Valve

Air Control
Reservoir Tube

Control Valve
Hydraulic Piston —»

Qutlet
— PortTo
Wheel
Cylinders
7 N
PGW{;f / Inlet Port Hydraulic
Piston Pushrod From Master Piston
Cylinder

Master cylinder pressure signal is reduced and
the control valve hydraulic piston moves back
slightly.



Power Booster-Air Pack (or Air Pak) System
Hold Condition

Breather

/ Tube

Diaphragm

Assembly

Compressed
Air Valve

Air Control
Reservoir Tube

Control Valve
Hydraulic Piston —»

Qutlet
— PortTo
Wheel
Cylinders
7 AN
PGW{;I' / Inlet Port Hydraulic
Piston Pushrod From Master Piston
Cylinder

The compressed air valve closes, the exhaust
valve is still closed and the air is trapped Iin
the air reservaorr.



Power Booster — Power Cluster System

Dual
Foot

Compressor

i (Governor @%Dual Air Reservair "

Dual
Master
Cylind

Uses compressed air.

Master cylinder and booster remotely mounted.



Power Booster — Power Cluster System

Compressor

Foot

i GCovernor Dual Air Reservoir K
i : Dual

Dual
Mastar

Cylinder
PR
i Dual

Actuator

Uses a treadle valve or air valve as a brake
pedal.. (same as air brakes)

Used mostly on heavy equipment. (loaders,
graders, scrapers etc.)



Power Booster — Power Cluster System

Fiston Head

(I PEE | f Hydraulic
L :'-E'J-':_- R _". Fe .- ,"* T3 Gylinder
T TR ey [ - Assembly
= 4 I'~l‘ ;
_ .r
Mﬁ%@ Self-Locking mﬁ
i ) Nuts

Can be connected to a hydraulic brake slave
cylinder, and when air is supplied to the air
chamber, the hydraulic brake slave cylinder send
brake fluid under boost pressure to the brakes.



Power Booster — Power Cluster System

When coupled to a master cylinder, air from the
threadle valve acts on large surface area of the
alr piston and rod assembly, sending boost

pressure on the brake fluid leaving the master
cylinder.



Objective Five

Describe the diagnosis and repair procedures
for air-over-hydraulics brake booster systems.



Air-Over-Hydraulic Power Assist System
Troubleshooting

Hydraulic ,
WViaster Cylinder Exhaust —»
_ ._F_L
. ) w |y
Reservoirs [ p— }! wul“
To Air Pressure ¥ { %
&~ Source :é . r'] \Iml N i
. Alr Pak To Wheel
Cylinders

Check air pressure.

Check for brake fluid leaks.

Cycle brakes and check for leaks.
Check service manual for specifications.



Air-Over-Hydraulic Power Assist System

Repair Air Pack Assembly
Air Exhaust Trailer
Air Pawer y drau“l?:ﬂn Diapl;ragm Control Port
Piston  Control Y = : Atmosphere _
TUhE-‘ ':- ﬂtrDl = = PUF]F!E"I.' A|r
\ Valve Fh:,ppet
AN SUpply
Port
_ Hydraulic
i Fluid Outlet
; o Fort
Hydraulic Hydraulie o=\ o

Piston ~ C¥linder Pressure

Piston Return Hydraulic  Check valve
Spring Fluid Inlet

Port

Fushrod

Caution:  Piston return spring should be
secured during disassembly.



Air-Over-Hydraulic Power Assist System

Repair

Scribe mar
disassemb
liInes line u

KS on housing to before
y to ensure air hoses and hydraulic

Do not ove

Light honin

0 when installing..

r tighten in the vice.. (cylinder distortion)

g using brake fluid as a honing fluid

IS suitable for light scratches.

Follow manufacturers recommendation for
replacement of seals and diaphragm and

lubrication.



Air-Over-Hydraulic Power Assist System

Repair

When bleeding, drain of fill air reservoir to
approximately 20 psi (130 kPa) to prevent fluid
from exiting the bleeder screw at high velocity.

* Ifunit hastwo b

eed screw alternate

between the two until all air is bled.



Air-Over-Hydraulic Power Assist System
Repair

Danger

When the brake pedal is released,
compressed air will exhaust from the
breather tube on the air-pak assembly..

It could blow dirt in the vicinity into your
eyes..



Objective Six

Explain the principles of operation for
hydraulic over hydraulic brake booster
systems



lydraulic Over Hydraulic Brake Booster Syster

System Components

Accumulator Pump
Master \ Pressure Brake

Cylinder Port Pedal

Port To
Return To .
Pump Reservoir Hydraulic Steering
Booster Gear

The brake portion of the overall system uses
brake fluid, but the hydraulic booster section
uses a hydraulic fluid.



Mounted on the fire-wall.

Utilizes the power
steering pump to supply
high pressure fluid to
assist in applying the
brakes.

May contain an
accumulator or electric
pump for a back up.

lydraulic Over Hydraulic Brake Booster Syster

lydro-Boost
Hydraulic

Master Booster Unit

Cylinder

Power Steerlng _
REServoir.«= g

HA\/

Power Steenng Gear



Hydraulic Over Hydraulic Brake Booster Syster

Master —T>— /-
Cylinder JFANEERN
- |

Remote Pump
Reservoir
Fower
Steering
Pump

FPower
Steering
Gear

The Electric/Hydraulic Pump provides power
assisted braking to stop the vehicle if power
steering belt breaks.



lydraulic Over Hydraulic Brake Booster Syster

Dump Tw:? Ftelt:gtr:[r_‘l Port
Valve Function ' J""Q Spooal
Spool \ vave Spool - Plug Baffle &
Valve g Return Spring
Padal \ l Spring \ Retainer
Rod M .Z
\ | emm (CREQ
—— (Tl Uﬂﬂ@
Pawer 0 Fiston
Piston Feturn

Accumulator  Spring

The accumulator provides power assisted
braking to stop the venhicle if power steering
belt breaks.



lydraulic Over Hydraulic Brake Booster Syster

Danger

Accumulator contains fluid under
high pressure..

Great care should be taken when
opening any lines..

Most units are not repairable.



Hydraulic Over Hydraulic Brake Booster Syster

Master
Cylinder

Remote iy Pump
Reserveir —

Pump
FPower

Steering
Gear

Some manufactures direct fluid from the
pump through the booster to the steering
gear returning to the pump and reservoir.



Hydraulic Booster Operation
Released Condition

From Pump—  ~ To Steering Gear

‘T LTI

Reservolr
Port

Spool Valve

Hydraulic fluid from power steering pump flows
through a spool valve and to the steering gear.



Hydraulic Booster Operation
Applied Condition

From Pump To Steering Gear

. Spool Valve
_ &

Steering Gear

—
haN Input Rod

Power Piston



Hydraulic Booster Operation

Holding Condition

Spool move back slightly restricting the flow
through the spool valve and increasing flow to
the steering geatr..

* Maintains enough flow to maintain boost
pressure to hold the vehicle stationary.



Hydraulic Booster Operation

Emergency Operation

Will occur If there
Is a fluid flow loss
from power
steering pump

Electric/Hydraulic
pump supplies
fluid for some
booster action

No Flow To Na Flow From
Power Steering Flow val Power Steering
Pump Switch ~ Valve . Pump

| (Closed) F’ﬂ\” =
Input

Fushrod

To Master
Cylinder €

- High Pressure Check
(Supply) . = valve

Low Pressure . i
(Return) e

Electrlc/Hydraullc Pump



Objective Seven

Describe the diagnosis and repair
procedures for hydraulic over hydraulic
brake booster systems



Hydraulic Over Hydraulic Power Brake
System Service

Power Steering Gear

)
+ ]
[ |
} Master Power
Cylinder  Booster
Power Steering Return Line N
Pump and High Pressure I
Reservoirt Line

Both systems have different fluids, therefore
incorrect filling could lead to
contaminated systems



Troublesh

ooting

Check for any fluid leaks from both systems..

Depress t

Cycle bra

ne brake

Kes and ¢

through the pedal..

pedal and start the engine..

neck for feedback

Pressure checks should be done on the PS

pump..

All hydraulic pumps will have a pressure relief

valve..

Check manufacturer’s specifications and
procedures.



Troubleshooting

Inspect power steering pump belt tension
and condition.



Troubleshooting

Boost Head

NI
-lII

Master
Cylinder

Remote ﬁ LI

Reservoir

1 Test
Sower Equipmen
Steering ""‘6
FPump 1

Fower
Steering
Gear

Testing power steering pump pressure.



Troubleshooting Flow Charts

Hydro-Boost Brake Boosters
Noise Complaint

[

Noisy Brake Booster

Verify Complaint
1 Type of Noise
2 When it Occurs

If the Noise Ocecurs During:
-High Brake Pedal Efforts
-Cluick Pedal Release

If the Noise Occurs During:
-Low Brake Pedal Effort
-Engine ldle-No Pedal Effort
-Normal Driving Conditions

See Normal Operation Noises
and Compare With a
Known Acceptable System

Operate the Vehicle Until
the Engine is at Normal
Operating Temperature

Hydro-Boost Brake
Moise Characteristics

Normal Operating Noises

Duplicate the Operating
Conditions Above
and Listen for the Noise

Compare Results With a
Known Acceptable System




Troubleshooting Flow Charts

Danger

Before disconnecting any hydraulic lines,
ensure system pressure has been relieved.

Apply and release the brakes several
times with the ignition and engine off.



Troubleshooting

Flow switch used to activate electric/hydraulic

pump.

Electrical connections, conductors and

Flow
Switch

Electrical Connector

Hydraulc
Fluid from Power
Steering Pump

Hydraulic Fluid
to Power
Steering Pump
and Reservoir

electronic modules also require inspection.




Brake Booster
Module Wiring
Schematic

Low AIr

Brake Booster

Pressure Switch Motor Low Air
—o\o—@ Pressure
= O Al Switch
Brake Booster -
re . 40 Amp Relay A Brake
I Circuit Breaker Booster
< e - o 5 Amp Motor
[E] IOOQ.O:I_ A Hyd. Brake
+  Brake Switch 5 = Lamp
— | Stop Lamp
L\»—I Cl- D [ | switch
Flow Switch [ E Flow
| Input
B~~—{A- p
+¢ 1 .
10 Amp Check Gauge L_{ lgnition
Module Check
e —1 ec
L Gauges
Starter Park/Neutral
Relay  Position Switch
Q0000 =7 ~e —| Starter
JT— Efww |2 i L Signal
Primary Brake Generator |
Lamp |:|. oV E Generator
@ 5 Amp [ | Primary
Brake Level Switch “— Brake Lamp
@ LB Al
—_ |
| Low Coolant
Low Coolant @ [ | Secondary
Lamp Secondary L Brake Lamp
Brake Lamp Starter
Motor [ L_| Ground

Ground




Repair

g e Rl o
Valve F%”Ttm” J g Spoal
Spool ave Spool  Plug Baffle &
Valve g Eetym Spring
Pedal pring Retainer
Rnd \\

EMUE&IBO j

— Tip

Eeturn

Accumulator Spring

m _
When disassembling provide a soft surface
for valves and spools to lay on.



Repair

—

Control Valve/
Pushrod Assembly
Booster Head Body
Boot

Flow Switch

Flow Switch O-Ring
Power Fiston
Return Spring
Output Pushrod @
(Piston Rod) '

e e o

9. IDTags = o’
10. Electo-Hydraulic 7.5

Pump fR
11. Pushrod

When servicing booster service the electro-
hydraulic pump also, since both components
share the same hydraulic fluid.



Repair

" Booster
) 4 Body
Fully |
Treaded =
Bolt =% Booster
\\\"‘ Power Piston
= Spring
Nut — End Cover

Removing power piston spring in a
controlled manner.



THE END



