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ABSTRACT

Brake friction material is very important in braking system where they convert Kinetic
energy of moving vehicles to thermal energy by friction during braking process. The
purpose of this research is to determine the optimal friction materials composition of
brake pad for light rail train system. Currently all the component of the train system
including brake pad is imported from overseas such as Germany. Hence, this research is
use to find the new formulation of the mixture ratio that may replace or compete with
the commercial available brake pad. Three different testing which are density and
porosity test, shore hardness test and wear test were done in order to select which metal
is the most suitable for railway application. Different composition were used,
(Cu30%BaS0430%), (Cu25%BaS0435%), (Cu20%BaS0.40%), (Steel30%
BaS0430%), (Steel25% BaS0435%), (Steel20% BaS0440%), (Al30% BaS0430%),
(Al25% BaS0435%), and (Al20% BaS0440%) this study to determine the optimal
properties with lower wear rate. The selected material were mixed and compacted into
desired mould with 5 tons of pressure. The compacted samples were sintered using two
different temperatures which is 600°C and 800°C. Steel30% BaS0430% results in the
optimal composition since the result shows the lowest porosity, highest SD reading of
shore hardness and the lowest wear rate. The samples were analysed by using Scanning
Electron Microscopy (SEM) with an Energy Dispersive Spectrometry (EDS) system to
determine the morphology surface and overall composition of the samples. Comparing
different sintering temperature, the sintered sample of 800°C shows lower wear rate than
the sample sintered at 600°C. This is due to dense sample without crack showing by the
samples sintered at 800°C than at 600°C.



ABSTRAK

Bahan geseran untuk brek adalah sangat penting dalam sistem brek di mana ianya
menukar tenaga kinetik kenderaan bergerak untuk tenaga haba melalui geseran semasa
proses brek. Tujuan kajian ini adalah untuk menentukan optimum komposisi bagi bahan
geseran pada pad brek untuk sistem kereta api aliran ringan. Pada masa ini semua
komponen sistem kereta api termasuk pad brek diimport dari luar negara seperti Jerman.
Oleh itu, kajian ini adalah untuk mencari formula baru dengan nisbah campuran yang
boleh menggantikan atau menjadi pesaing pad brek yang sedia ada. Tiga ujian yang
berbeza dilakukan iaitu ujian kepadatan dan ujian keliangan, ujian kekerasan dan ujian
kehausan untuk memilih logam yang paling sesuai untuk digunakan pada kereta api.
Sembilan komposisi, (Cu30%BaS0430%), (Cu25%BaS0435%), (Cu20%BaS0440%),
(Steel30% BaS0430%), (Steel25% BaS0435%), (Steel20% BaS0440%), (Al30%
BaS0430%), (Al25% BaS0435%), dan (Al20% BaS0440%) digunakan dalam kajian ini
untuk menentukan sifat-sifat optimum dengan kadar haus yang lebih rendah. Bahan
yang dipilih adalah bercampur dan dipadatkan ke dalam acuan yang dikehendaki dengan
5 tan tekanan. Sampel dipadatkan disinter menggunakan dua suhu yang berbeza yang
600°C dan 800°C. Steel30% BaS0430% menghasilkan komposisi yang optimum kerana
hasilnya menunjukkan keliangan yang paling rendah, bacaan SD tertinggi bagi ujian
kekerasan dan kadar haus yang paling rendah. Sampel kemudiannya dianalisis dengan
menggunakan SEM dengan sistem EDS untuk menentukan permukaan morfologi dan
komposisi keseluruhan sampel. Bagi perbandingan suhu pembakaran yang berbeza,
sampel yang disinter pada suhu 800°C menunjukkan kadar haus lebih rendah daripada
sampel disinter pada 600°C. Ini adalah kerana sampel padat tanpa menunjukkan retak

pada sampel yang disinter pada 800°C berbanding pada 600°C.
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CHAPTER 1

INTRODUCTION

1.1 Background of study

Braking system is a crucial part in a rolling stock which where it convert mechanical
energy into heat energy through a friction to stop a vehicle (Yoong et al., 2010). Brake
friction materials play an important role in braking system. They convert the kinetic
energy of a moving car to thermal energy by friction during braking process. The ideal
brake friction material should have constant coefficient of friction under various
operating conditions such as applied loads, temperature, speeds, mode of braking and in
dry or wet conditions so as to maintain the braking characteristics of a vehicle (Jang et
al., 2004). Besides, it should also possess various desirable properties such as resistance
to heat, water and oil, has low wear rate and high thermal stability, exhibits low noise,
and does not damage the brake disc (Xin, Xu, & Qing, 2007). However, it is practically
impossible to have all these desired properties. Therefore, some requirements have to be
compromised in order to achieve some other requirements. In general, each formulation
of friction material has its own unique frictional behaviours and wear-resistance

characteristics.



Friction materials are generally consist of a number of different materials. Sometimes up

to 20 or 25 different components are used. These components including:

1. Binder - which holds the other components together and forms a thermally stable
matrix. Thermosetting phenolic resins are commonly used, often with the

addition of rubber for improved damping properties (Chan & Stachowiak, 2004).

2. Structural materials - providing mechanical strength. Usually fibres of metal,
carbon, glass, and/or Kevlar are used and more rarely different mineral and
ceramic fibres. Before its prohibition in the mid 80's, asbestos was the most

commonly used structural fibre (Maleque et al., 2012).

3. Fillers - mainly to reduce cost but also to improve manufacturability. Different
minerals such as mica and vermiculite are often employed. Barium sulphate is

another commonly used filler (Chan & Stachowiak, 2004).

4. Frictional additives - added to ensure stable frictional properties and to control
the wear rates of both pad and disc. Solid lubricants such as graphite and various
metal sulphides are used to stabilise the coefficient of friction, primarily at
elevated temperatures. Abrasive particles, typically alumina and silica, increase
both the coefficient of friction and the disc wear. The purpose of the latter is to
offer a better defined rubbing surface by removing iron oxides and other

undesired surface films from the disc (Selamat, 2006a).



1.2 Problem statement

Previously asbestos has been widely used as the main material in a brake pad; however it
has been avoided due to its cancer-causing nature (Idris et al., 2015). The brake pad is a
very important component in a railway where a regular replacement needed and it is
imported from overseas where it might cause higher maintenance cost (Bouvard et al.,
2011). Therefore a new asbestos free brake pads need to be developed and manufactured
locally to avoid health problem and reducing the production cost and eventually will
upgrade Malaysia railway industry level. Thus, the exact formula for the mixture ratio of
the brake pad need to be studied to formulate and create a stronger or at same level of

properties of the brake pad that had been use commercially by local rolling stock.

1.3  Objective

The purpose of this research is to study the wear behaviour of a brake pad for light rail
train system. Currently all the component of the train system including brake pad is
imported from overseas such as Germany. Hence, this research is conduct to find the
new formulation of the mixture ratio that can generate a better and stronger brake pad
for commercial used. The findings of this study will help in identifying which mixture
ratio will produce the finest friction material reinforcement that will generate a good
brake pad. In this study, a sample of specimen has been fabricated and gone through
several testing such as wear test and porosity test. The outcome of this study is expected
to be useful in Malaysia railway industry where it can be a starting point for Malaysia to

develop our own train from scratches including all component such brake pad.



The objectives of this study are to:

1.4

a) Determine the new ratio of the fibre reinforcement used in fabricating the brake

pad for light rail train (LRT) to enhance the friction material reinforcement.

b) Compare the porosity and density, hardness and wear behaviour of the fabricated

specimen with the commercial used brake pad.

Scope of study

This study is focus on light rail train system where it has different load and maximum

speed compare to heavy train system and it is focus on the range of study such:

Fabrication of brake pad with 9 different content of metal fibre used in the
mixture which is (Cu30%BaS0430%), (Cu25%BaS0435%),
(Cu20%BaS0440%), (Steel30% BaS0430%), (Steel25% BaS0435%), (Steel20%
BaS0440%), (AlI30% BaS0430%), (Al25% BaS0435%), and (Al20%
BaS0440%) by using mould with diameter size 20mm and compacted with 5
tons pressure for every sample after mixing process.

Sintering temperature for this study is at 800°C and 600°C.

The characterisation of mechanical properties of the samples using shore
hardness test.

The characterisation of the physical properties of the sample by using density
and porosity test.

Study the wear behaviour using weight loss test at 5 N pressures for 5 minutes
using 200 RPM speed.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The growth of railway transportation has been increase significantly this day which
require urgent attention in transportation industry. Since railway industry in such a
massive demand, it should be manufactured locally. In Malaysia, they only manage to
manufacture 80% of the train and some of the component was imported such as alarm
system component, seat, wheel, heating, ventilation and air conditioning (HVAC) and
brake pad. Brake pad is a component that been change regularly, hence, if it is
manufacture locally, it can reduce the cost. This study is particularly studied to produce

a local brake pad for railway application.

This study based on previous research in order to improve the outcome of
previous researcher. The theoretical analysis of the brake pad from the operation up until
the details of materials use in a brake pad particularly the one use for railway application

will be discussed in this chapter.



2.2  Brake pad

Braking system is the most important parts in a vehicles where it convert the kinetic
energy of a vehicles to thermal energy through friction to stop or slower the moving
vehicles (Talati & Jalalifar, 2009). There are basically made up by several parts of
equipment and brake pads are one of those that play a very important role where it
contact and apply pressure and friction to the brake disc. The pressure and the friction
that applied to the brake disc will eventually slow and stop the wheels. Thus, the

vehicles will stop running when the wheel stop turning.

Though the operation of brake pad looks simple, but the break pad itself play a
huge role where it undergo a great stress every time the vehicles is slow down or stop
because it is depends on the speed of the wheels rotate and the amount of weight that the
vehicles carry. In (Halderman & Mitchell, 2010) book’s explain that there basically two
types of brake system which is disc brake and drum brake and both of the system
applying the same rule where it slow down or stop the vehicles by engaging hydraulic
pistons to press brake pads or brake shoes against the brake disk or brake drums that

rotate along the wheels.

Brake pad and brake shoes is actually a different component which have the
same function. The main difference between those two is their position in the vehicle.
Brake shoes are specially designed to fit in drum brakes, while brake pad are placed on
top of brake disk, and act to apply pressure to the discs when applying the brakes
(Halderman & Mitchell, 2010). The brake shoes are attached to consumable surfaces in
brake systems called lining which use to support the brake shoes. Normally, the shoes
are made of two pieces of sheet steel welded together in a T-shaped cross section (Babel,
1933). Brake shoes are more expensive to produce and it is not good for high
temperature because it is not durable enough and obviously it is not suitable for railway
system because a train running with a huge system and it require equipment that can
sustain in high temperature. However, the interesting about brake shoes are it is a solid

part that can be relined and reused many time as long as the web (The crescent-shaped



piece which contains holes and slots as shown in Figure 2.1 ) and lining table are not

damage.

LINING
TABLES

LONGER
SHORTER SECONDARY
PRIMARY LINING LINING

Figure 2.1 : The crescent-shaped piece that attach with lining tables is called web
(Jeffrey & Halderman, 2006)

Basically, the design of a brake pad is somewhat much simpler than brake shoes
where it consists of a block of friction material that attached to a stamped steel backing
plate. Some of the backing plate is installed with a bent tabs that use to prevent noise.
Figure 2.2 show the position of the bent tabs that will hold the pad tightly in place so
that it can prevent any brake noise. Usually, the edge of the lining material on a brake
pad is straight cut to reduce the vibration and noise. As for brake shoes, the lining
material can be fastened to the backing plate in several ways to reduce the vibration and
noise (Jeffrey & Halderman, 2006).



BENT TABS

OUTBOARD

VIBRATION
INSULATOR

Figure 2.2 : Bent tabs that hold the break pad is use to reduce break noise (Jeffrey &
Halderman, 2006)

Brake pads are widely used in a large vehicles including train system. In the
early 1970’s, disk brake is getting on demand and been broadly produce by automobile
manufacturers because it had better braking performance than drum brakes (Idris et al.,
2013). Brake pads operate by converting the kinetic energy of the vehicles to thermal
energy by friction. It happens when the temperature of the brake pad is increase by the
contact with break disc to provide stopping power, thus the break pad starting to transfer
small amounts of friction materials to the disc. In general, to ensure the safety of the
vehicles, the friction materials are required to provide a firm friction coefficient and a
best wear rate at numerous operating speeds, pressures, temperatures and environmental
condition in order to reduce the extensive wear, vibration and noise during braking.
History shown from the past two decades, asbestos had been a common material used in
producing the brake pads due to its durability. However, since 1980s, research show that
asbestos is found out as harmful content and was banned from being used as the
ingredient in producing brake pads as it can cause severe disease (Liew & Nirmal,
2013).



The asbestos exposure was actually can cause scar tissue to form in the lungs and
it’s called asbestosis which it gradually will increase the shortness of breath and make a
permanent scarring to the lungs (Frank & Joshi, 2014). Besides, asbestos exposure also
can lead to lung cancer which normally takes about 15 to 30 years after the exposure.
The Occupational Safety and Health Administration (OSHA) have recognised three
levels of asbestos exposure in their standard as it is very important to ensure the safety
of human being. Any vehicles services company must ensure that the asbestos exposure
must less than 0.2 fibres per cubic centimetre (cc) as resolute by air sample and if the
level of exposure is exceed the limit, action will be taken by the OSHA organization
(Halderman, 2010).

Nowadays, the development of asbestos — free brake pads is increasing through
different researcher. There are different kinds of fibres used to replace asbestos such
metallic, glass, ceramic and carbon fibres (Solomon, Berhan, & Pad, 2007). Friction
materials for brake pad are normally contain metallic ingredient which to improve wear
resistance, thermal diffusivity and strength. Most of the vehicles usually using metallic
brake pad and made of iron, copper, steel and graphite. Different characteristic of the
different type of metallic ingredients can affect the friction and wear of the friction
materials (Jang et al., 2004). Metallic brake pad s are commonly used because it is cost
effective and durable despite that it is also provide great performance and best at shifting

heat that generate by friction with the rotor or brake disk.

2.2.1 Application of brake pad for Light Rail Transit (LRT)

Brake pad is the crucial part in vehicles where it faces the greatest wears when every
time the pads are pressed against the rotating disc. Thus, it needs a proper maintenance
to maintain the effectiveness of the vehicles. The friction material of a break pad plays a
very important role where much consideration must be considered such heat resistance
and durability. Table 2.1 shows the different types of brake pad materials on various

applications where every each of application uses different types of brake pad. Every
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each of brake pads has different composition based own their application. Heavy
vehicles such as train especially the one with high speed need to choose a proper
material for break pad because such vehicles faces with great friction wear. Figure 2.3
(@) and 2.3 (b) show the brake pad that use in ampang line Light Rail Transit (LRT)

where it is imported from Becorit GmbH Company that base in Germany.

(a) (b)

Figure 2.3: (a) Front view of brake pad that use in ampang line LRT (b) Back view of
brake pad that use in ampang line LRT
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Table 2.1: Different types of brake pad materials on various applications

Type of vehicle Brake pad material Advantages Ref.
Train/Freight . Semi-metallic and ~ High stopping power but (Gultekin et
metallic (iron, expensive al., 2010a)
copper, steel and . High operating temperature
graphite all mixed . Sustain high temperature without
together) fade
Motorcycle . Manufactured using | - Organic brake pads does not wear (Kumar &
the same materials as fast in light weight vehicles Bijwe,
used in automotive 2011)
brake pads (ceramic
and organic are the
one that commonly
used)
Commercial car . Organic . Does not pollute the environment (Kabir &
. Kevlar as they are easy to dispose Ferdous,
. Softer compared to other material 2012)
means quieter
Racing car . Carbon fiber . Great braking performance (Renz,
. Ceramic . High operating temperature Seifert, &
. Lightweight Krenkel,
© Sustain high temperature without 2012)
fade
Trucks . Ceramic and + High stopping power but (Renzetal.,
metallic (iron, expensive 2012)
copper, steel and . High operating temperature
graphite all mixed
together)

2.2.2 Type of brake pad for railway application

Brake pad is basically the same even for other application except they have different
sizes of brake pad based on the suitability of the application. Brake pad that is use in
railway industry is almost the same with the one that regularly use in car. Brake pad for
railway is slightly larger than car break pad because it needs a better braking system
especially with the high speed train that been use widely nowadays, the needs for a
better braking system is vital. The selection of brake disc and pad friction pairing has a
significant impact on brake safety and life cycle cost. In choosing a brake pad, especially

for railway application, the specific thermal simulation and dynamometer test to ensure
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