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(57) Abstract: The subject matter described herein is directed to a brake drum (402) with a friction liner. The brake drum (402)
includes an outer shell (404) and a friction liner (302). The outer shell (404) is formed from a first material such as a metal alloy.
The friction liner (302) is formed from a functionally graded metal matrix composite (FGMMC) material. The brake drum (402)
produced by the method described herein is economical and easy to manufacture. Also, due to an increased volume fraction of ce-
ramic particles present in the friction liner (302), better wear resistance and enhanced life of the brake drum (402) is achieved.



WO 20117027354 A1 W00 00O R A

Declarations under Rule 4.17: Published:
—  of inventorship (Rule 4.17(iv)) —  with international search report (Art. 21(3))




10

15

20

WO 2011/027354 PCT/IN2010/000375

BRAKE DRUM WITH A FRICTION LINER

Technical Field

The subject matter described herein, in general, relates to brake drums and in

particular, relates to a brake drum with a friction liner.

Background

Typically, there are two types of brakes that can Be used in vehicles, viz., disc brakes
or drum brakes. A drum brake assembly includes a brake drum over which the wheels are
mounted, a brake shoe assembly, and a friction liner. The Brake drum is a cylindrical
component, which hoﬁses the brake shoe assembly. The friction liner can be provided either
on an inner surface of the brake drum or on an outer surface of a brake shoe or on both the
surfaces. During operation, the brake shoes engage with the friction liner on the inner surface
of the brake drum to slow or stop the rotation of the wheel mounted on the brake drum, in

response to a braking event.

Typically, brake drums are manufactured using cast iron or steel to provide'siréngth to
the drum brake assembly. These brake drums are heavy due to the cast iron or steel content.
Sophisticated brake 'drums utilize a metal matrix composite (MMC) of an Al alloy‘as the
friction liner. However, the process of manufacturing the same requires costly machinery, and
involves vacuum and inert environments. Also, the machining of MMC is a cumbersome and
difficult process. Additionally, an inner shell or the friction liner is either press-fitted or cast
in an outer shell or body of the brake drum. In such brake drums, the friction liner tends to
contract towards its center on cooling, resulting in severe stresses or de-bonding at its
interface with the outer shell, due to the differences in the coefficient of thermal expansions of

1



10

15

20

WO 2011/027354 PCT/IN2010/000375

the material of the outer shell and the material of the friction liner. Also, interfacial problems

associated with the composites made by ex-situ methods, lead to inferior wear properties.

Summary

This summary described herein is directed to manufacturing a brake drum with a
friction liner, which is further described below in the detailed description. According to one
embodiment, the brake drum with the friction liner includes an outer shell and a friction liner.
The outer shell is forméd from a first material such as a metal alloy. The friction liner is
formed from an FGMMC material. The friction liner is pre-heated before attaching it to the
outer shell. Thus, the brake drum produced is economical and easy to manufacture. Also, due
to an increased volume fraction of the reinforcement particles present in the friction liner,

better wear resistance and enhanced life of the brake drum is achieved.

The aforemen;ioned features, aspects, and advantages of the present subject matter
will be better understood with reference to the following description and appended claims.
This summary is provided to introduce a selection of concepts in a simplified form. This -
summary is not intended to identify key features or essential features of the claimed subject

matter, nor is it intended to be used to limit the scope of the claimed subject matter.

Brief Description of Drawings

The detailed description is described with reference to the accompanying figures. In
the figures, the left-most digit(s) of a reference number identifies the figure in which the
reference number first appears. The same numbers are used throughout the drawings to

reference like features and components. The features, aspects, and advantages of the subject
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matter will be better undérstood with regard to the following description, appended claims,

and accompanying drawings where:

Fig. 1 illustrates a sectional view of an exemplary mould for casting a brake drum
with a functionally graded metal matrix composite (FGMMC) liner according to an

embodiment of the present subject matter.

Fig. 2 illustrates a sectional view of the functionally graded metal matrix composite

(FGMMC) material pipe.

Fig. 3 illustrates an exemplary location of the functionally graded metal matrix
composite (FGMMC) ring in the mould, according to an embodiment of the present subject

matter.

Fig. 4(a) illustrates an exemplary brake drum with a multiple layered functionally
graded metal matrix composite (FGMMC) ring as friction liner, according to an embodiment

of the present subject matter.

Fig. 4(b) illustrates the exemplary brake drum with a single layered functionally
graded metal matrix composite (FGMMC) ring as friction liner according to an embodiment

of the present subject matter.

Fig. 5 illustrates an exemplary method of manufacturing the brake drum with the
functionally graded metal matrix composite (FGMMC) liner of Fig. 4(b), according to an

embodiment of the present subject matter.
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Detailed Description

The subject matter disclosed herein relates to the manufacturing of a brake drum

having a functionally graded metal matrix composite (FGMMC) liner.

Typically, a brake drum includes an outer shell or body of the brake drum and an inner
shell or friction liner. The outer shell can be manufactured using a variety of materials such as
aluminum alloys in order to reduce the overall weight of the brake drum. The friction liner of
the brake drum is usually made of a metal matrix composite (MMC) of the Al alloy, which is
typically applied on an inner surface of the brake drum. The friction liner is attached to the
outer shell of the brake drum through protrusions or fins created on the inner surface of the
brake drum. The friction liner is then either press-fitted or heated in order to attach it to the

outer shell of the brake drum.

Conventionally, a metal matrix composite (MMC) is used for both the outer shell and
the friction liner of the brake drum because of its high specific modulus, strength and wear
resistance. For example, aluminum MMC have been found to possess high wear resistance
and low friction coefficient with increasing vplume fraction of reinforcement particles.
However, the surface bonding between the outer shell and friction liner is inefﬁc.:ient because
distributing the MMC at the int¢rface between the friction liner and the inner surface of the
outer shell or m the corners of protrusions or fins of the brake drum is difficult. Further,
utilizing the strength of the MMC effectively is also difficult. Some schemes suggest the use
of vacuum melting furnace and extrusion machines for the purpose of bonding the outer shell

and the friction liner. However, such schemes are very expensive.
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In one embodiment, to provide enhanced wear properties, the outer shell of the brake
drum can be made of an aluminum (Al) alloy or an Al alloy MMC, and the friction liner is
made of a functionally graded metal matrix composite (FGMMC) material. The friction liner
is alternatively referred to as FGMMC liner hereinafter. The FGMMC line; has a volume
fraction distribution of reinforcement particles, for example, ceramic particles such as
titanium carbide (TiC) and tifanium di-boride (TiB;), which varies continubusly from an inner

to an outer layer of the FGMMC material.

Tixe use of the reinforcement material in the metal matrix achieves a combination of
properties not attainable by either of the materials individually. For example, use of ceramic"
fibers/particulates offers increased specific stiffness, improved wear resistance, higher bulk
toughness, and decreased coefficient of thermal expansion. Further, the graded volume

fraction distribution provides continuously changing properties across different layers of the

FGMMC liner. Also, the properties of the FGMMC liner can be optimized for use at high

temperature and high shearing forces that can generally arise during a braking event.

In the present embodiment, the friction liner or FGMMC liner is an FGMMC ring.
The FGMMC ring can be made by centrifugal casting of a molten metal matrix composite
material having ceramic particles as a reinforcement material and a metal alloy as a metallic
base matrix material. Using centrifugal casting method, heavier ceramic particles entrapped in
the molten metal matrix composite are displaced towards the outer layer under centrifugal
forces. Thus, the FGMMC ring includes a metal layer substantially void of reinforcement
material on one side and a functionally graded composition layer of ceramic and metal on the

other side. The functionally graded composition layer of ceramic and metal has high
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toughness and also prevents de-bonding between the functionally graded ceramic and metal

layer in the FGMMC ring and the metal layer of an FGMMC lined brake drum.

Further, the FGMMC ring obtained through centrifugal casting is pre-heated and
mounted in a mould of a brake drum, the FGMMC ring acting as a core for the brake drum. A
molten metal alloy such as an.Alumlfnum (Al) alloy is then poured into the sand mould to
form the brake drum. During solidification, the outer surface of the FGMMC ring fuses or
gets attached to a surface of the outer shell of the brake drum. On solidification of the molten
metal alloy, the FGMMC lined brake drum is taken out of the sand mould. In one
embodiment, the ceramic particle free region, corresponding to the inner metallic layer of the
FGMMC ring is removed, thus leaving a functionally graded ceramic layer having a high
volume fraction of ceramic particles. This functionally graded layer of the FGMMC ring acts

as the friction liner in the FGMMC lined brake drum.

As the FGMMC liner is attached to the outer shell of the brake drum while the
material of the brake drum is in the molten state, the bonding between the brake drum and the
FGMMC liner is much stronger than that obtained by conventional press fit methods. Also,
the use of FGMMC mateﬁal as the friction liner for the brake drum provides an economical
technique to manufacture light weight brake drums having high wear resistance. The
FGMMC liner has more volume fraction of in-situ ceramic particles, which have better
interface with the matrix, thus imparting better wear properties. Also, there is no need to
perform any machining operations on the brake drum itself. Further, the reinforcement side
doesn’t require any machining operations. The FGMMC lined brake drum can be used in.

braking systems implemented in vehicles, cranes, elevators, etc.
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Fig. 1 illustrates a sectional view of an exemplary mould 100 for casting a brake drum

 with a functionally graded metal matrix composite (FGMMC) liner, such a brake drum

hereinafter referred to as FGMMC lined brake drum. The mould 100 of the FGMMC lined
brake drum is prepared using a pattern (not shown in Fig. 1) of the FGMMC lined brake
drum. The pattern can be made of a variety of materials such as wood, metal or plastic. The
mould 100 may be a sand mould or a perrﬁanent mould. In one embodiment, the mould 100 of
the FGMMC lined brake drum is created in a moulding box. The moulding box includes a top
half called cope 102 and a bottom half called drag 104. The pattern of the FGMMC lined
brake drum is placed in the cope 102 and the drag 104 and a sand mixture is poured all around

the pattern.

Based ofl the pattern of the FGMMC lined brake drum, a lower surface 106 of the
cope and an upper surface 108 of the drag 104 define a mould cavity 110 of the mould 100. In
case of a sand mould, an annular cavity in the pattern forms a cylindrical body 112 of sand
that connects the cope 102 and drag 104 substantially in a center of the mould cavity 110. The
cope 102 and the drag 104 are aligned to face each other and at least one runner 114 is formed
in the cope 100. The runner 114 can be used to pour molten metal alloy, for example, Al
alloy, into the mould cavity 110. Additionally, small passageways or risers 116-1 and 116-2
collectively referred to as risers 116, are created in the cope 102 which avoid the shrinkage of

the mould 100.

In one embodiment, to ensure that that the surface bonding between the outer shell and

‘the inner shell or friction liner of the brake drum is good, the friction liner is first prepared

from at least one FGMMC pipe in accordance with an embodiment of the present subject -

matter. The FGMMC pipe (not shown in Fig. 1) is then cut into at least one FGMMC ring.

7



10

15

20

WO 2011/027354 PCT/IN2010/000375

The FGMMOC ring is pre-heated before placing it on an inner surface 118 of the drag 104. The
molten metal alloy is then poured into the mould cavity 110 of the mould 100 to form the
FGMMClined brake drum. The process of making the FGMMC pipes and the FGMMC liner

therefrom will be discussed in detail in the subsequent figures.

Fig. 2 illustrates a sectional view of a functionally graded metal matrix composite

(FGMMC) material pipe 200, from which the FGMMC ring can be made.

An FGMMC material is composed of a metallic base matrix material, hereinafter

referred to as matrix, which is reinforced with fibers or particulates of a reinforcement

material to achieve a combination of properties of both the matrix énd the reinforcement
material. In addition, the FGMMC méterial is characterized by a continuous variation in the
volume fraction of the reinforcement material across different layers of the FGMMC material
thereby providing varying properties across the different layers. For example, a ceramic-metal
FGMMC material has a characteristic transition of material properties with the ceramic-metal
mi)'(ing ratio varying from one layer to the other. The FGMMC material shows a consecutive
change of properties along its thickness, showing ceramic properties on its ceramic-metal side
and metal properties on its metal side. However, in the inter-layers between the two sides, the

properties experience a continuous transition through the thickness.

The FGMMC material properties can be optimized for use in real environment which
usually include severe temperature conditions. Additionally, since material properties such as
mechanical properties are dependent on the volume fraction of the reinforcement material of
the FGMMC material, the transition of volume fraction can be designed to control the

material properties to suit the requirements. As the FGMMC material can be designéd for use
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at high temperatures and abrasive conditions based on the metal matrix, the reinforcement
material and the volume fraction distribution of the reinforcement particulates, the FGMMC
material can be advantageously implemented as the inner shell or friction lining on brake

drums.

For the purpose of using the FGMMC material as a friction liner, the FGMMC
material pipe 200 is prepared from the FGMMC material. In one embodiment, the matrix of
the FGMMC material is made of the same material as that of the brake drum such as
aluminum (Al) or its alloys. The reinforcement material used can be Titanium Carbide (TiC),
Titanium Di-boride (TiB;), Aluminium Oxide (Al;03), Silicon Carbide (SiC), Boron Carbide
(B4sC), fly-ash, graphite, etc. Additionally, volume fraction, size, and shape of the '
reinforcement material can be chosen according to the desired material properties. The size of
the reinforcement particulates can range from sub-micron to micron level such as 0.2um to
25um. In said embodiment, the reinforcement particulatés of sub-micron size are used. The
shape of the reinforcement particulates can be spherical, rod-like, angular, needle, flaky,

cuboid, etc.

In an embodiment, an Aluminum-Ceramic metal matrix composite (AIC-MMC)
having Al alloy as the matrix and a ceramic, for example, TiC, as the reinforcement material
is used to prepare thé FGMMC material pipe 200. In another embodiment an IN-SITU
reinforcement is carried out, wherein the particles are generating in the melt itself, for
example, by additing titanium bearing ﬂu); such as K,TiFs and carbon to aluminium melt to
make Al-TiC composite. The FGMMC material pipe 200 is prepared by centrifugal casting..
However, it will be appreciated that the FGMMC material pipe 200 can also be prepared by

other methods known in the art. In centrifugél casting, solidification of AIC-MMC material

9
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takes place in a rotating cylindrical mould under the influence of centrifugal forces génerated

by a rotational or spinning motion.

In one implementation, a molten AIC-MMC is poured into the permanent mould
rotating about its axis at a speedv ranging- from 300 to 3000 rpm. Due to such high speed
rotation, heavier particles within the AIC-MMC material move towards the walls of the
permanent mould due to the centrifugal forces and form the FGMMC material pipe 200 with
increasing thickness. In said implementation, the molten AIC-MMC where TiC is used as the
reinforcement material and Al alloy as the matrix, the density of TiC is more than that of the
Al alloy. Thus, the molten AIC-MMC poured into the rotating mould forms the FGMMC
material pipe 200 vf;th multiple layers such that a high fraction of the reinforcement material
gets segregated towards an outer periphery or outer layer 202 of the FGMMC material pipe

200 and the Al alloy with negligible reinforcement material accumulates in an inner layer 204

of the FGMMC material pipe 200.

In one embodiment, the inner layer 204 is a layer of Al alloy void of reinforcement
material. Depending on a desired thickness of tl;e friction liner of the brake drum, the
FGMMC material pipe 200 having the outer layer 202 of a desired thiglmess is prepared.v
Accordingly, the volume fra;:tion of reinforcement particles in the outer layer 202 is more as

compared to a typical MMC friction liner.

In another embodiment, depending on the comparative densities of the matrix and the
reinforcement material, the volume fraction distribution of reinforcement particles in the inner

layer 204 and the outer layer 202 can get interchanged.

10
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The FGMMC material pipe 200, with varying concentrations of the reinforcement
material and the Al alloy, is cut into at least one FGMMC ring (not shown in Fig.2) of a
predefined length for lining the brake drum. The placement of the FGMMC ring on the

FGMMC lined brake drum is described in Fig. 3.

Fig. 3 illustrates a sectional view of an exemplary system 300 represer;ting the
location of an FGMMC ring 302_ in the mould 100. As described before, the FGMMC
material pipe 200 with varying conceﬁtration of the reinforcement particles and the Al alloy is
obtained by centrifugal casting. The FGMMC pipe 200 is then cut into a cylindrical FGMMC

ring 302 having a pre-defined length.

In one embodiment, the FGMMC ring 302 has two functionally graded layers, nzltmely
the inner layer 204 and the outer layer 202, as present in the FGMMC material pipe 200. The
inner layer 204 can be a layer of Al alloy void of a reinforcement material such as TiC‘ and
TiB,. The outer layer 202 can be an Al alloy laye; having a high volume fraction of the
reinforcement material. In addition to the high volume fraction of the reinforcement material
in the FGMMC ring 302, a pre-determined fraction of Al alloy facilitates in allowing a

reliable fusion and bonding of the FGMMC ring 302 with an interface 304 of molten metal.

In an embodiment, the FGMMC ring 302 is pre-heated to a predetermined
temperature, of about 450°C, and mounted on the mould 100. The placement of the FGMMC
ring 302 is done in such a way that the inner layer 204 faces the inner surface 118. Once the
FGMMC ring 302 is placed, a molten metal alloy such as molten Al alloy, is poured into the
mould cavitsl 110 through the runner 114 in the mould 100. As a result, the molten Al alloy

fills the mould cavity 110 and also flows over the interface 304 between the outer layer 202

11
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and the mould cavity 110. Upon solidification, the m(;lten metal alloy is attached to the outer
layer 202 of the FGMMC ring 302 and takes up a shape of the mould cavity 110. In addition
to the increased volume fraction of reinforcement particles in the outer layer 202, the
FGMMC ring 302 also has a pre-defined fraction of the matrix such as Al alloy that facilitates
reliable fusion and bonding of the outer layer 202 of the FGMMC ring 302 with the molte.n Al

alloy at the interface 304.

In another embodiment, during the manufacturing of the FGMMC material pipe 200,
the outer layer 202 can be interchanged with the inner layer 204 such that' the outer layer 202
is a layer of Al alloy void of the reinforcement material such as ceramic particles like B4C,
and the innér layer 204 is an Al alfoy layer having a high volume fraction of the reinforcement
particles in a reinforcement material like B4C. This interchange can be obtained a result of the
relative difference in densities between the matrix and the reinforcement material, in a case
where the density of the reinforcement material such as B4C is less than the density of the
matrix such as molten Al alloy. The interchange of the layers can reduce the manufacturing
costs related to machining the layer which is void of reinforcement material. In addition,
better surface bonding can be achieved as the inner layer 204 is an Al alloy layer and is of the

same material as that of the outer shell of the FGMMC lined brake drum.

Fig. 4(a) illustrates an exemplary brake drum 402 with a friction liner made of
FGMMC material having multiple layers and Fig. 4(b) illustrates the exemplary brake drum

402 with the friction liner made of FGMMC material having a single layer.

Once the molten metal alloy that is poured into the mould 100 solidifies, the mould

100 is broken and the runner 114 and the risers 116 are removed to obtain the brake drum 402

12
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with the FGMMC ring 302. In an embodiment, the FGMMC ring 302 is the friction liner. The
FGMMC lined brake drum 402 is made of an outer shell 404 or a body of the brake drum and
the friction liner. The FGMMC lined brake drum 402 also has a bore 406 in the center for

facilitating a connection with an axle.

In one embodiment, the outer layer 202 is the layer of Al alloy void of the
reinforcement material and the inner layer 204 is the Al alloy layer having a high volume
fraction of the reinforcement particles. In said embodiment, none of the layers need to be
machined out and the FGMMC ring 302 with multiple layers serves as the friction liner. Thus,
an FGMMC lined brake drum 402 is obtained that includes an outer shell 404 and the
FGMMC ring 302. In additibn, in said embodiment, a better surface bonding is achieved as
the outer layer 202 is the Al alloy layer void of reinforcement material and is of the same

material as that of the outer shell of the FGMMC lined brake drum 402.

In another embodiment, when the inner layer 204 is the layer of Al alloy void of the
reinforcement material and the outer layer 202 is the Al alloy layer having a high volume
fraction of the reinforcement material, the inner layer 204 is removed such that the outer layer
202 of the FGMMC ring 302 serves as the friction liner of the FGMMC lined brake drum
462. After the inner layer 204 is machined out, the thickness and the high volume fraction of
the sub-micron size reinforcement particles in the reinforcement material such as TiC in the
outer layer 202 imparts the properties of a reliable frictional surface. Thus, an FGMMC lined
i)rake drum 402 is obtained that includes the outer shell 404 and a single layer (the outer layer
202) as the friction liner. The outer layer 202 haviné a high volume fraction of the
reinforcement material acts as a frictional surface at which the brake shoe(s) come in contact

for the braking action.

13
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Fig. 5 illustrates an exemplary method 500 for manufacturing the FGMMC lined
brake drum 402. The order in which the method is described is not intended to be construed as
a limitation, and any number of the described method blocks can be combined in any order to
implement the method, or an alternative method. Additionally, individual blocks may be
deleted from the method without departing from the spirit and scope of the subject matter

described herein.

At block 502, the mould 100 is prepared for casting the FGMMC lined brake drum
402. Using a variety of techniques known in the art, the mould 100 can be prepared by using
the pattern of the FGMMC lined brake drum 402. In one embodiment, the mould 100 for

manufacturing of the FGMMC lined brake drum 402 can be prepared using sand.

At block 504, the FGMMC pipe 200 is prepared. In said embodiment, an MMC
material is transformed into FGMMC pipes 200 using centrifugal casting. Such a
transformation results in one or more layers or gradients in the FGMMC pipe 200 under the
effect of centrifugal force due to the difference in density between the matrix and the
reinforcement material. Thus, in one implementation, a two layered FGMMC pipe 200 is
formed in which the material (matrix or reinforcement material) with higher density is in the
outer layer 202 and the one with lower density is segregafed towards the inner layer 204. In
one embodiment, the outer layer 202 is an Al alloy léyer having a high volume fraction of the
sub-micron size reinforcement particles in reinforcement material like TiC and the inner layer

is an Al alloy layer substantially void of the reinforcement material.

At block 506, the FGMMC ring 302 is extracted. The FGMMC pipe 200 is cut into the

FGMMC ring 302 of a pre-determined length. For example, the FGMMC ring 302 has a

14
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length of 60mm. In one embodiment, out of the two functionally graded layers, the outer layer
202 alone may be used as the friction liner for the FGMMC lined brake drum 404. In another
embodiment, the FGMMC ring 302 and hence, both the outer layer 202 and the inner layer
204 may be used as the friction liner. In one implementation, the inner layer 202 is around

3mm thick and the outer layer 204 is around 7mm thick.

At block 508, the FGMMC ring 302 is heated. The FGMMC ring 302 is heated at a

pre-defined temperature, for example, about 450°C.

At block 510, the pre-heated FGMMC ring 302 is then placed in the mould 100. The
FGMMC ring 302 is placed in such a way that the inner layer 204 faces the inner surface 118

of the drag 104.

At block 512, a selected molten metal alloy, for example molten Al alloy, is poured’
into the mould 100. The molten Al alloy is poured into the mould cavity 110 through the
runner 114. When the molten Al alloy flows over the interface 304, it fuses with the FGMMC
ring 302. In another embodiment, 6ther metallic alloys can also be used instead of Al alloy for

the body of the brake drum and the matrix in the FGMMC material.

" At block 514, the Al alloy layer that is substantially void of the reinforcement material
is removed from the FGMMC ring 302. The FGMMC lined brake drum 402 having the
FGMMC ring 302 is taken out of the mould 100. In one embodiment, the inner layer 204 of
the FGMMC ring 302 is machined to provide the final FGMMC lined brake drum 402. The
thickness and the concentration of the outer layer 202 is adjugted in such a way that the outer
layer 202 becomes the friction liner of the FGMMC lined brake drum after machining the

inner layer 204, which is the metallic layer void of reinforcement material.

15
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In another embodiment, the inner layer 204 and the outer layer 202 can be
interchanged when the density of the reinforcement material such as B4C is less than the
density of the matrix such as molten Al alloy. In this case, machining out the layer void of
reinforcement material is not required. Instead, it will facilitate in better surface bonding as
the inner layer 204 is an Al alloy layer and hence, is of the same material as that of the outer

shell 404 or the body of the brake drum.

The aforementioned process provides a brake drum manufactured by reducing the
machining steps and by implementing economical methods to manufacture FGMMC pipes

like centrifugal casting. Additionally, the FGMMC liner or FGMMC ring 302 imparts better

- wear properties and longer life to the FGMMC lined brake drum 402 due to the gradient

properties imparted by the FGMMC material. Further, the surface bonding between the
friction liner or FGMMC ring 302 and the brake drum or outer shell 404 is much stronger

than that obtained by conventional methods.

Although the subject matter has been considered in considerable details with reference -
to certain preferred embodiment thereof, other embodiments are possible. As such the scope
of appended claims should not be limited to the description of preferred embodiments

contained therein.
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I/'We claim:

1.

A brake drum (402) comprising:
an outer shell (404) formed from a first material; and

a friction liner (302) attached to the outer shell, wherein the friction liner is

formed from a functionally graded metal matrix composite (FGMMC) material.

The brake drum (402) as claimed in claim 1, wherein the FGMMC material comprises
a second material and a reinforcement material, and wherein the second .material isa

metallic base matrix.

The brake drum (402) as claimed in claim 2, wherein the reinforcement material is
selected from the group consisting of Titanium Carbide (TiC), Titanium Di-boride
(TiB;), Aluminium Oxide (Al,O;3), Silicon Carbide (SiC), Boron Carbide (B4C), fly-

ash, titanium flux (K, TiFs) and graphite.

The brake drum (402) as claimed in claim 2, wherein the reinforcement material is

made from particles of a size ranging from about 0.2um to about 20um.

The brake drum (402) as claimed in claim 1 or 2, wherein the first material and the

second material are a metal alloy.

The brake drum (402) as claimed in claim 5, wherein the metal alloy is an aluminum

alloy.

The brake drum (402) as claimed in claim 1, wherein the friction liner (302) is a

centrifugally cast FGMMC ring.

17
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8. The brake drum (402) as claimed in claim 1, wherein the friction liner (302) comprises
at least one layer (202) of a predefined thickness and a graded volume fraction of a

reinforcement material in the FGMMC material.
9. A method comprising:

5 placing a functionally graded metal matrix composite (FGMMC) ring (302) in

a mould (100) of a brake drum (402); and
pouring a molten metal alloy in the mould (100) to form the brake drum (402).

10. The method as claimed in claim 9 comprising heating the FGMMC ring (302) at a

predefined temperature before placing the FGMMC ring (302) in the mould (10.0).

10 ~ 11. The method as claimed in claim 10, wherein the predefined temperature is about

450°C.

12. The method as claimed in claim 9 comprising forming the FGMMC ring (302) from a

FGMMC material pipe (200).

13. The method as claimed in claim 9 comprising machining the FGMMC ring (302) to

15 provide a friction liner having outer layer (202).

18
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