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ABSTRACT

Braking action is recognized as one of the challenges in automotive industries as a
result of frictional heat generated on the interface between brake rotor and pad. This
process results to high temperature which induces several undesirable conditions such
as, thermal deformation and permanent distortion resulting in braking deficiency. The
application of advanced materials with improved processing technique is required to
tackle these challenges for brake rotor production. In this work, multiple particle size
(MPS) reinforced silicon carbide particulate (SiCp) is incorporated into aluminium
matrix as reinforcement phase in order to develop a light weight automotive
composite brake rotor using the novel stir casting process. Finite element (FE) and
actual braking analyses were performed by considering the influence of material type,
particle size variation and volume fraction on mechanical and thermal performance
stability. This study covers the effect of incorporating MPS-SIiC in developing
aluminium matrix composite (AMC) by evaluating the microstructural and
mechanical properties when compared to 6061 aluminium alloy and commercial cast
iron. Actual braking test was performed using a passenger car (Proton Wira 1.3) brake
system rig set up and a high speed infrared (IR) camera to capture thermal distribution
on the rotor surface. It was found that the microstructural and mechanical properties of
MPS-SiCp AMC were influenced by varying the 20 wt% SiC particle size in the
aluminium matrix. The microstructural analysis revealed a uniform distribution of the
MPS-SIC reinforced particulate in the matrix which in turn improves density and
tensile strength value. The tensile strength recorded an increment of 45.8 % and 10.2
% when compared to matrix alloy and cast iron material respectively. However, the
ductility reduced due to particle reinforcement. The wear rate of cast MPS-SiC AMC
is lower compared to the matrix alloy and cast iron used for various type of
commercial brake rotor material as revealed from previous studies. Moreover, the
friction coefficient is between 0.31 to 0.44, which is observed to be within the
deviation band for automotive brake system application according to the industrial
standard range. On the other hand, the actual braking test for 2 MPa pressure
application on the rotor contact surface revealed an average temperature of 265.1 °C
and 351.6 °C for the MPS-SiC AMC and cast iron rotors respectively indicating a
significant thermal difference of ~25 %. It can be therefore concluded that AMC
improved heat dissipation as a result of high thermal conductivity compared to cast
iron thereby avoiding undesirable effects caused at high temperature. Moreover, a
good agreement was achieved for thermal profile analysis between the simulation and
actual braking results which did not exceed 5.5 % for the AMC brake rotor.
Conclusively, the light weight MPS-SiC AMC has successfully improved the thermal
and mechanical performance of the newly fabricated AMC brake rotor.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

The demand for efficient use of energy and materials is being considered strongly
because of diminishing resources in the present times. There has been an important
role of materials in the development of advanced technology. In the transportation
industry, automobile parts made from steel and iron are known to be very bulky
compared with today’s light weight vehicles. Iron, copper and their alloys have been
utilized for thousands of years for structural applications until last century when the
bauxite ore known as the main provider of aluminium was discovered as the second
most abundant ore in the earth crust. Its properties make it to become an economic
competitor to steel and cast iron for structural applications because of its excellent
combination of lower density, lightweight, high thermal conductivity, high coefficient
of thermal expansion (CTE), good corrosion resistance and higher ductility etc.
However, the poor mechanical and tribological properties of aluminum limit its wider
range of usage.

Realizing the potential as well as availability of aluminum, considerable efforts
are being made to explore the possibilities of improving the mechanical strength and
wear resistance so as to meet the requirements of various applications. More
aluminum is being consumed recently (Miller, Zhuang, Bottema, Wittebrood, De
Smet, Haszler and Vieregge, 2000) than all other non ferrous metals and alloys. The
transformation of the automobiles requiring more fuel, frequent maintenance and also

endangers the environment to the energy efficient automobiles requiring lesser



maintenance and which is also environment friendly has resulted from better advanced
engineering materials (Telang, Rehman, Dixit and Das, 2010). With the advent of
lighter weight efficient material technology, the automobiles industry undertook a
shift towards aluminum alloy cars; in order to improve the mechanical strength and
modulus properties of aluminum. This can be achieved by alloying various elements
such as Cu, Zn, Mg, Si, Mn etc. (Polmear, 1995).

Amidst the various aluminum alloys, the following are found to show
tremendous improvement and find application in automobile structural components;
Al-Zn-Mg alloys exhibit improvement in mechanical strength, Al-Mg cast alloys
show excellent corrosion resistance, good machinability and attractive appearance
when anodized. In automotive parts, Al-Si alloys are used extensively because of their
properties like low CTE, bearing properties, good corrosion resistance in association
with the strength and stiffness and significant weight reduction.

Composite materials consist of at least two chemically and physically distinct
phases suitably distributed to provide properties not obtainable with either of the two
individual phases. It signifies that two or more constituents are combined on
microscopic scales to synthesize a useful material. A variety of materials can be
combined on a microscopic scale. The advantage of the composite materials is that
their individual constituents retain their characteristic unlike alloys. As a result,
various combinations of useful properties, usually not attainable by alloys, can be
obtained through composite materials by suitable tailoring the matrix and
reinforcement. The reinforcement phase particles may be either harder or softer than
the matrix alloy and affect the properties of the composites accordingly. The softer
dispersoids like graphite, talc, mica shell etc. impart solid lubricating properties

wherein the total wear resistance of the material improves (Das and Prasad, 1993). In



this case, other properties such as strength, hardness etc. of the composites is less than
that of the matrix alloy. However, they have been found to be within acceptable limits
as confirmed through some experiments (Prasad, 1991). The reinforcement of hard
ceramic particles like silicon carbide, alumina, silica, zircon etc. in aluminium alloys
has been found to improve the wear resistance as well as high temperature strength
and stiffness properties (Gupta, Dan and Rohatgi, 1986).

Metal matrix composites (MMC) compared to other composite is a material in
which continuous metallic phase (the matrix) is combined with another phase (the
reinforcements) to strengthen the metal and increase high-temperature stability. The
reinforcements are typically ceramic in the form of particles, fibers or whiskers. The
metals are typically, aluminium alloys, magnesium alloys, zinc alloys, copper alloys
or titanium alloys. They have become attractive for engineering structural applications
due to their excellent specific strength property and their properties can be determined
by varying the nature of constituents and their volume fraction.

The utilization of MMC has increased in various areas of science and
technology due to their special mechanical and physical properties. MMC, particularly
aluminium based composites have a high strength to weight ratio, high stiffness, lower
CTE, high thermal conductivity, as well as corrosion and wear resistance. Therefore
MMC have the potential to replace conventional materials in various fields of
application such as automotive, as well as in others advanced industries because of its
properties.

MMC is accepted as an alternative candidate material because of its enhanced
stiffness, strength, and weight reduction. The addition of strong ceramic reinforcement
is incorporated into the metal matrix to improve its properties including specific

strength, specific stiffness, wear resistance, corrosion resistance and elastic modulus



(Humphreys, Miller and Djazeb, 1990). MMC combine metallic properties of matrix
alloys (ductility and toughness) with ceramic properties of reinforcements (high
strength and high modulus), which translate to greater strength in shear and
compression and higher service-temperature capabilities (Ajayan, Schadler, Braun and
Picu, 2003). Thus, it provides significant technology and commercial importance to
various institutions and industries. Other important characteristics include the
immense value of wear resistance achieved for structural applications e.g., in WC/Co
composites used in cutting tools or oil drilling inserts and SiC, Al rotor in brakes.
Aluminium matrix composite (AMC) is a broad family of composite materials
aimed at achieving an enhanced combination of properties and this can be attained by
selecting different reinforcing phases. In addition to the matrix microstructure,
reinforcing phase also controls the characteristics attainable by the MMCs (Terry and
Jones, 1990). Matrices reinforced with high modules short fibres, whiskers or
particulates have improved strength and stiffness and are isotropic in nature. This
variety of the composites is less expensive to produce. In the case of continuous fibre
or whiskers with high aspect ratio (length /diameter), to align fibres in the desired
stress direction and to transfer the applied load to the fibres the matrix serves to hold
them together. The mechanical properties of the composites are dependent upon the
efficiency of the matrix in transferring the load to the reinforcement fibres and are
therefore related to the quality of the fibre/matrix interfacial bonding. This type of
composites exhibits significantly higher strength and stiffness. But they are non-
isotropic in nature and are expensive. Aluminium and its alloys form the most widely
investigated matrix for use in MMC. This popularity of Al-alloy as a matrix material
can be attributed to its low cost relative to other light structural metals such as Mg, Ti,

etc. its current dominance is on automotive component and other structural application



and so on. There are two types of reinforced metal matrix composite:

i.  Discontinuously reinforced (short fibre, whisker and particulate)

ii.  Continuously reinforced (long continuous fibre reinforced).
Particle or discontinuously reinforced MMCs (the term discontinuously reinforced
MMCs is commonly used to indicate metal matrix composites having reinforcements
in the form of short fibers, whiskers, or particles) have assumed special importance for
the following reasons (Chawla and Chawla, 2006):

I. Particle reinforced composites are inexpensive vis-a-vis continuous fiber
reinforced composites. Cost is an important and essential parameter,
particularly in applications where large volumes are required (e.g.
automotive applications).

ii. Conventional metallurgical processing techniques such as casting or
powder metallurgy, followed by conventional secondary processing by
rolling, forging, and extrusion can be used.

iii. Enhanced modulus and strength.

iv. Increased thermal stability.

V. Higher wear resistance.

Vi. Relatively isotropic properties compared to fiber reinforced composites.
Aluminium matrix are usually reinforced by SiC, Al,O3, C but TiB,, BeO, BN, B4C,
SiBg, Cr3Cy, Gr, TiB, TiC, Si may also be considered (Evans, Marchi and Mortensen,
2003). Figure 1.1 and Figure 1.2 show that the usage of aluminium as matrix and SiC
as particle reinforcement materials is mostly utilized for composite material
application (Evans et al., 2003).

Earlier works on composites reported that the continuous fibre reinforcement

composites are very expensive and hence limit their applications (Bhansali and



Mehrabian, 1982). The cost of continuous fibres, complex fabrication technique, and
production volume restricted the use of composites for high performance applications.
These led to the development of discontinuously reinforced composites, particularly
short staple Al,O3 fibre, TiB, and SiC whiskers reinforced composites (Prasad, Dan
and Robhatgi, 1993; Dhokey and Rane, 2011). Discontinuous fibre has found
commercial application as selective reinforcement in the ring land area of diesel piston
(Smallman and Bishop, 1999) and whisker reinforcement is under development for

aerospace applications.
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Figure 1.1: Usage of matrix materials (Evans et al., 2003)
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Figure 1.2: Usage of particulate reinforced materials (Evans et al., 2003)





