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The History and Impact of Braking Systems
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The diagram represents part of a car’s hydraulic braking system.

% Bra.k: dise

Brake caliper

Outline the operation of this hydraulic system and its advantages over 4
‘mechanical systems.

OPERATION — Force on brake pedal puts force on the piston in the brake master cylinder
system to force the pads onto the brake disc.

which pressurises the hydra

ADVANTAGES

« Fewer moving parts — less maintenance, simpler.

« More efficient - less frictional loss = parts lubricated by hydraulic fuid.,
« Even force transmitted to all wheels.

« Can use electronic aids such s ABS, ESC

«  Easier to monitor.
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“We strive to maintain aceuracy in this table. However, errors may
occur and the end user assumes all risk and liability from its use.’

This statement, or similar ones, are often found attached to commercially

provided engineering tables. Discuss the implications of this statement for the
engineer.
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Outline TWO control technologies used to make modern cars safer. 3

Anti Lock Braking Systems (ABS) use inputs from sensors that detect wheel lockup to produce an
output that prevents skidding via controls from micro processors.

Regenerative Braking ~ used in hybrid vehicles use inputs from sensors in the braking module which
changes the electric motor to a generator that charges the battery pack as well as provide added
braking from the inductive resistance
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Answer the following questions concerning three brake types shown illustrating the development
of road vehicle brakes.

SHOE - wood - wrought iron

EXTERNAL SHOE BRAKE .

BAND - steel stfap

. EXTERNAL BAND BRAKE leather lined
HYDRAULIC
WHEEL CYLINDER
RETRACTION
DRUM SPRING
castiron

LINING =

composite - asbestos ANCHORS
metal
polymer

INTERNAL EXPANDING SHOE BRAKE (DRUM)
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(a) Briefly describe the principle of the External Band Brake and state its main advantages over
the simple Shoe Brake.

The early braking systems used to stop steel tyred coaches and wagons consisted of a curved block
designed to bear against the steel tyre when manipulated by a simple leverage system from the
drivers seat. The first cars were equipped with this type of brake as they also used steel tyred
wheels. With the advent of rubber tyres a new method of braking was required. The application of
the friction block ground down solid rubber tyres These brakes became inefficient due in part to
their exposure to the elements and relatively small contact area. In wet conditions these crude
brakes would lose their effectiveness. An inner wheel or brake drum was added with an external
contracting band meant to bear against the drum to retard the vehicle. This type of brake was
actuated by the driver depressing a pedal or operating a lever. A mechanical linkage caused the band
to contract more tightly around the drum giving greater retardation. Continuous replacement of
drum and band combined with poor friction quality soon led to lining the band with an organic
friction material which could be easily replaced.
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(e) Outline the developments in friction materials that took place which made the Internal
Expanding Brake (Drum) Brake possible.

Reliability of friction properties at high temperature, Polymerisation (able to make a “pad”), Bonding
method/design( ability to fix pad to shoe), suitable coefficient of friction of materials used.
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(b)

Briefly describe the principle of the Internal Expanding Shoe Brake (Drum) and state the
main advantages over the Band Brake.

The external band brake was vulnerable to road and weather conditions which caused rapid wear of
Jining, loss of efficiency and automatic brake application due to drum expansion. To overcome these
problems the internal expanding shoe brake was developed in which the brake shoes were inside
the drum and protected from weather and dust. The internal expanding shoe brake consists of two
shoes, one a leading and one a trailing shoe. On depressing the brake pedal the cam is rotated by a
Jever connected to the pedal by a system of rods and cables and forces the shoe into contact with
the brake drum. Springs return shoes to the “off” position. With the many service problems involved
in keeping linkages operative and in equalisation of brake application a new means of operating
brakes was developed — hydraulics. It differs little from cam operated two shoe brakes apart from
its method of operation. Its advantages being that a hydraulic system gives completely uniform
pressure throughout, greatly reduces adjustment problems and provides even braking on all wheels
at all times. The drum brake had several advantages over the earlier external contracting band
brake including : better resistance to overheating, improved response to driver demands, brake
drums were now able to be made of lightweight metals such as aluminium and fitted with a liner of
cast iron giving added weight reduction.
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While mechanical systems were simple and mostly reliable they did have some

disadvantages. Explain these disadvantages.

_Lever and cam operated drum brake

corrosion of the actuating components
(particularly bad with sheathed cable
systems)

problems resulting from wear and
misadjustment,,  producing  uneven
braking and often causing turning of the
vehicle (yawing)

slow response times of larger systems
due to the mass of the moving
components, rubbing surfaces and
friction in the system.
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(b)  Three stages in the development of drum brakes are shown below.

HYDRAULIG WHEEL CYLINDER

puar Fxed RETRACTION

SPRING.

NG

BRAKE SHOES.

TYPEI TYPE 11 TYPE 111

State the main advantages of Type Il drum brake over the Type | drum brake.

The type Il drum brake has no trailing shoe thus servo — assistance applies equally to both linings.
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(c)

Most of the disadvantages of cable operated mechanical systems were overcome with the
introduction of hydraulic brakes. Explain the advantages provided by the introduction of

hydraulic brakes in the Type lil drum brake.
. Hydraulic systems provided ..

o an overall reduction in weight

o a greater freedom of design considering
hydraulic lines did not need to be
mounted on rigid mountings in the same
fashion as cable systems and were more
flexible

o distribution of equal force to each brake
surface

s improved response times, and a better
transfer of energy between the driver's
foot and the brake.

-Hydraulic  systems  also  allowed  the
development of lightweight and ~effective
* power assistance devices.
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Briefly describe the operation of a drum brake.

pads, one on either side of the rotor. Operated
hydraulically the friction pads are driven by two
opposing pistons. When hydraulic pressure is

——— created the pads are forced against the rotating
metal disc (rotor), exerting a normal force on

each contact surface. These two normal forces

—— cancel one another axially but generate
tangential frictional resistance which opposes
the disc's and therefore the wheel’s motion.

A device called a calliper holds two friction

||
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Heat generated during the application of drum brakes causes a loss of effectiveness.
Describe reasons for this loss of effectiveness due to heat.
DisadvantagesDrum brakes, like most other types, are designed to convert kinetic energy into heat
by friction.[1] This heat is intended to be further transferred to the surrounding air, but can just as
easily be transferred into other components of the braking system.
Brake drums have to be large to cope with the massive forces that are involved, and they must be
able to absorb and dissipate a lot of heat. Heat transfer to atmosphere can be aided by incorporating
cooling fins onto the drum. However, excessive heating can occur due to heavy or repeated braking,
which can cause the drum to distort, leading to vibration under braking.
The other consequence of overheating is brake fade.[1] This is due to one of several processes or
more usually an accumulation of all of them. .
1.When the drums are heated by hard braking, the diameter of the drum increases slightly due to
thermal expansion, this means the brakes shoes have to move farther and the brake pedal has to be

depressed further.
2.The properties of the friction material can change if heated, resultingin less friction. This can be a

much larger problem with drum brakes than disk brakes, since the shoes are inside the drum and not
exposed to cooling ambient air. The loss of friction is usually only temporary and the material
regains its efficiency when cooled,[1] but if the surface overheats to the point where it becomes
glazed the reduction in braking efficiency is more permanent. Surface glazing can be worn away with
further use of the brakes, but that takes time.

3.Excessive heating of the brake drums can cause the brake fluid to vaporize, which reduces the
hydraulic pressure being applied to the brake shoes.[1] Therefore less deceleration is achieved for a
given amount of pressure on the pedal. The effect is worsened by poor maintenance. If the brake
fluid s old and has absorbed moisture it thus has a lower boiling point and brake fade occurs

sooner.[11
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- Asbestos is now considered unsuitable to be used as a fibre in brake pad composites. List
three (3) reasons why asbestos is no longer suitable for use in brake pads.

During the last 25 years requirements for braking materials have dramatically changed. There is a
tendency towards smaller friction elements operating at higher temperatures and pressure.
Asbestos does not fulfil the requirements needed for heat resistance at much higher temperatures,

higher coefficient of friction, nor extended durability required in todays brakes.

Asbestos also represents a serious heaith problem. It has proved that exposure to asbestos can lead
to asbestosis, a form of cancer. For this reason many countries have banned the use of asbestos.
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(b)  List three (3) reasons pressed medium carbon steel, used in early drum brakes, was not

satisfactory.

(i)

Early drums were made from pressed, medium carbon steel. However they were not strong enough
o maintain their shape, they were easily scored and they were poor conductors of heat.
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(c) Name three (3) materials used for brake drums prior to the 1970s.

A nickeliron alloy was used in the 1920's; it had greater rigidity and better frictional properties. Cast
aluminium alloys with cast iron liners were also used but were considered too expensive. Grey Cast
Iron was found to be the best material for use in drums, but it was largely replaced in the 1970’s
with spheroidal graphite cast iron providing greater toughness.
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During the past sixty years disc brakes have become widely used. A typical disc brake is shown.
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List and explain the reasons why disc brakes are superior to drum brakes.

——— Disc brakes are considered superior to drum
‘brakes because they:

handle higher braking temperatures
dissipate heat more quickly

do not trap water

are simpler in design

provide better braking performance

are significantly better in their resistance
to brake fade due to heat dissipation

o allow greater air ventilation (cooling).

| [T
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(b)  State how the design of discs have been modified to provide improved braking
effectiveness.

Improved ventilation by holes, grooves, larger diameter, materials development for greater heat

dissipation.
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During the past sixty years disc brakes have become widely used. A typical disc brake is shown.

(@)

Briefly describe the operating of the disc brake.

The disc brake is the most common type of brake used in modern cars. It consists of a

rotating disc (rotor) that is connected to the axle. Connected to the suspension is a

backing plate with a caliper attached. The caliper wraps over the disc and houses two

pads that are forced laterally against the disc by a hydraulically operated piston. The

frictional resistance created retards the rotor. The disc brake offers better heat
" dissipation than the drum brake and also offers better wet-weather performance as
water is thrown off the disc by centrifugal force. Initially, the disc (rotor) was solid
but now they have vents through them (ventilated discs) or they are drilled to further
- improve heat dissipation.

REEER
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Explain why the Anti-locking braking systems are used in heavy vehicle. How ABS work and their
application to current model cars. You may have to conduct your own research to answer this
exercise.

— ABS brakes are used on heavy vehicles s since the vehicle is heavy, they requirc
longer stopping distance than do other lighter vehicles. This is why they require for safety
—  reasons other equipment like ABS brakes. It enables these heavier vehicles to in an '
emergency, stop sooner than it would normally be able for them to. Al heavy vehicles
used in combination, first registered or modified in New Zealand after May 2006, would
——  have to be fitted with Load Sensing Valves (LSVs) or an Anti-lock Braking System
(ABS), or another control system that includes the ABS function.

An anti-lock braking system (ABS) is a system on motor vehicles which prevents the
wheels from locking while braking. The purposc of this is to allow the driver to maintain
——  steering control under heavy braking and, in some situations; to shorten braking distances -
(by allowing the driver to hit the brake fully without the fear of skidding or loss of

control): Disadvantages of the system include increased braking distarices under certain
conditions and the creation of a "false sense of security” among drivers who do not .
understand the operation and limitations of ABS.

The anti-lock brake controller is also known as the CAB (Controller Anti-lock Brake).

— Atypical ABS is composed of a central electronic unit, four speed sensors (one for cach -
wheel), and two or more hydraulic valves on the brake circuit. The electronic unit

—  constantly monitors the rotation speed of each wheel. When it senses that any number of -

‘wheels are rotating considerably slower than the others (a condition that wil bring it to

lock) it moves the valves to decrease the pressure on the braking circuit, effectively

—  reducing the braking force on that wheel. Wheel(s) then turn faster and when they fum -
too fast, the force is reapplied. This process is repeated continuously, and this causes the

—  characteristic pulsing feel through the brake pedal. -

The sensors can become contaminated with metallic dust and fail to detect wheel slip;
—  this s notalways picked up by the internal ABS controller diagnostic. -

One step beyond ABS aré modern ESC systems. Here, two more sensors are added to

help the system work: these are a wheel angle sensor, and a gyroscopic sensor. The _
theory of operation is simple: when the gyroscopic sensor detects that the direction taken
—— by the car doesn't agree with what the wheel sensor says, the ESP software will brake the -
necessary wheel(s) (up to three with the most sophisticated systems) so that the car goes

the way the driver intends. The wheel sensor also helps in the operation of CBC, since

— this will tell the ABS that wheels on the outside of the curve should brake more than
wheels on the inside, and by how much.

—— A 2003 Australian study by Monash University Accident Research Centre found that ~ —
ABS:
~ *Reduced the risk of multiple vehicle crashes by 18 percent, but that it
“Increased the risk of run-off-road crashes by 35 percent. -
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(b)

Explain the operation of a Regenerative Braking System.

In traditionally powered vehicles under braking,
all of the energy expended is wasted as heat in
the brakes. Regenerative braking however
recaptures some of the vehicle's momentum as
electrical energy.

At this time this feature is found only in electric
vehicles and hybrid-electric cars where systems
take advantage of the fact that opposing
magnetic fields created within the electric motor
itself will slow the vehicle.

Regenerative braking occurs whenever a driver
eases back on the accelerator or applies the
brakes steadily. Regenerative braking handles
up to 80 percent of all vehicle braking
situations.

- When a driver releases the accelerator pedal, the
_ electric motor changes into a generator

recapturing the energy from the moving car and
transforming it back into electricity. The extra
electricity is then used to recharge and extend
the driving range of the batteries.

What are the advantages of the braking system?

improved fuel economy
reduced emissions

powertrains
extended life of the battery pack

hydraulic brakes

pads.

the system can be added to existing

reduced need for using the vehicle's

less wear on brake drums, rotors and
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One reason that disc brake technology was developed was the need to slow and stop cars which
were becoming much faster and more powerful each year. Discuss the social implications of this
statement.

Car safety became a big issue during the 1960s. Each year the number
of fatalities and injuries increased as a result of more accidents.

Poor braking, along with bad roads, the use of plain window glass in
windscreens, and poor safety awareness all contributed to the increase
injury and death by car accidents.

A gradual increase in public awareness lead to many changes that
actually slowed the rate of increase in accidents and in the past few
years dramatically reduced the road toll.

Design engineers were involved in improved road design, improved
brake technology, and in the introduction of laminated glass
windscreens.

The govemnment introduced restrictions on the permissible alcohol
blood level that a driver had to obey.

The improvements in brake system technology included the use of
disc brakes, initially on the front wheels and later the rear wheels, as
well as the use of ABS, anti-lock braking systems.

All these improvements came about because of increased public
awareness for the need to improve car safety and to decreaso the ever
rising fatality rate from car accidents.
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Explain how the application of electronic contro} technology has improved 3
EITHER braking efficiency OR engine efficiency in the modem motor vehicle.

ock
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