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The two level composite of co perpetual aluminium-alumina arrangement is to circumvent SiC particle
which provides thermal conductivity. The Wear of CuSiCpMMC material is analysed by utilizing scam
electron as well as optical microscopy of wear cicatrices. The tribological inadequacies of the single phase
material and categorical function of sundry type of additives were outlined. The results of test withal

show is that a friction material with the steel fiber is not well-matched with the AI-MMC disk because
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of astringent materials as well as erratic friction comportment through descending at elevated
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1. Introduction

An Automotive manufacturers were determined to satiate cli-
ents and require for less maintenances in cars. The Automobiles
as well as trucks were severely amended in their performance,
safety and reliability in history of several decades. The braking sys-
tem could be converted into absolutely high tech and a lot of astute
system for example anti lock braking system. The development of
incipient pad material is an intricate subject as apparatus relate
and synergetic effect to hard straighten out occur. The common
wear mechanisms is to carbon surface and wear rubbish engen-
dered subsequent for testing the carbon combination aircraft
brakes has been proposed [1] in the carbon composition below
low which abrade wear rubbish and distorted into the friction film
energy situation, high energy that adheres to the wear surface [2].
The friction material of the automobile brake system characteristi-
cally contains metallic ingredient towards ameliorate their thermal
diffusivity, wear resistance and vigor metallic matrix (customarily
alloy of Fe, Al, Mg, Pb, Cu and Ti) contain 3D inclusion (customarily
carbide, oxide and nitride).
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2. Literature review

Chapman et al., states that Aluminium boron carbide Al-B-C
brake pads was evaluate utilizing by Screening Test. The variation
in yield sample is wide range of the mechanical properties as well
as following test deportment. This prosperous sample is engen-
dered from the coarse and bimodal BC powder that was highly
reacting by infiltrate aluminium. Those four exactly materials were
exhibit wear rate higher than order of magnitude less than asbes-
tos as well as semi metallic material whereas engendering refusal
incrimination in the rotor wear. The optical metallography, the EDS
and SEM analyse denoted that the wear surface is coated by an iron
affluent, 2 phase glazing with single phase contains considerable
amount of an aluminium. These interface glazing was believe to
enhance the performance during maintenance of the smooth sur-
faces as well as incremented pad to the rotor contact. This result
advice conveyance tests are to be conducted to determine genuine
performance [3-9].

Breslin and Daehn state that this paper summarizes preliminary
route is to engender further generation material for automotive
brake rotor. These kinds of materials are being tested. The two-
level composites of co perpetual alumina aluminium arrangement
that circumvents SiC particle is to provide thermal conductivity.
During higher temperature, aluminium alloy was superseded
among aluminium bronze. These materials are showed friction as
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well as wear property which compare to the cast iron, half density
more over good thermal conductivity [10-15].

Giltrow state that the growth of composite as own lubricating
materials is to able to be measured. Thus tribological inadequacy
of one phase material in addition to concrete function of sundry
category of preservative is outlined. Low friction as well as wear
is infrequently the only consequential characteristics required of
a material. The competency is to resist superior temperature the
extremely high load otherwise corrosive environment have to be
adopted and cull of fabric consequently become an involutes task
of an ecological and mechanical surroundings pertaining to every
potential applications.

Nielsen et al., states that the automobile brake system, has more
temperature and pressure were produced at the contact surface.
These distracts the disc and pad material making the friction layer
in between the surface which cover the wear particle and unstable
reactant starting the disc and pad. The result of firm lubricant is
considered in various different pad matrixes by few apparatus
are associated to industrial brake pads. The works are PbS, Sb S
and Cu S which is kenned to change and steady the coefficient of
friction. The coefficient of friction and wear tariff of the pad is
observed by dynamometer, in which pretends sequence of authen-
tic life car brake event. The two various energy level and atmo-
spheric temperature are considered. After the test, brake disc
surface is taken account with energy Z. This experiment is accli-
mated to talk about the relationship between the external vari-
ables, pad matrix and tribological properties, solid lubricants and
braking temperature [16,17].

Hutton et al., states that the Micro structural study utilizing
SEM, optical microscopy and X-ray diffraction were composed of
wear waste from carbon composite aircraft brake which created
under various replicated braking operation. In which under simu-
lated cold taxing condition the particulate wear fragments includ-
ing a muddled carbon phase comprising fiber waste is composed.
This disordered phase was formed mainly by the shear deforma-
tion of graphitic CVI matrixes in parent carbon composites. Over
simulated land condition the wear waste was partly changed by
the shear process to friction layer by kindred disordered micro -
structure to wear rubble composed in taxiing. The friction layer
is composed as a output is interfacial temperature and high power
density in landing. The high power density and interface tempera-
ture that relate during repudiated take off result in the shear stress
availed graphitisation of friction layer and fine mosaic surface that
is rather different since the texture of CVI matrixes in parent
composite.

Fash et al., states the outcome of various metallic fiber ahead
frictions and wear presentation of sundry brake friction. Predicated
in easy investigational formulation, friction material with another
metal fibers namely Cu, Al and steel are fabricated and evaluate
utilizing by minuscule scale friction tester. The two various coun-
ter disk namely aluminium metal matrix and (gray cast iron com-
posite are engaged to friction test. These tests are carried at various
temperature ranges as elevated temperature and ambient temper-
ature. The result of ambient temperature test is exposed the fric-
tion material along with Cu fiber which indicates the pronounced
negative friction coefficient vs the sliding velocity cognation, when
friction material is rub adjacent to gray cast iron disk, implicatively
insinuating that the stick slip could occur at minimum speed. The
negative cognation did not noticed when friction materials along
with Cu fiber rub against the Al MMC counter surfaces. At a same
time, elevated temperature indicates the friction materials along
with Cu fiber exhibit good fade resistance as compare to others.
The test result shows that friction materials along with steel fiber
did not well-matched with Al MMC disk because of rigorous mate-
rial transfer as well as erratic friction demeanor at sliding elevated
temperatures.

Lashmore et al., states that principle is to examine the tribolog-
ical character of numerous co predicated SE particulate metal
matrix composites were synthesize since copper coated Sic particle.

The Pin on disk test were carried to analyse wear as well as fric-
tion property of hemispherically tipped pMMC pins with these
suitable to gray cast iron machine.

The sliding interfaces in ttibotests were semi metallic and less
metallic friction material of which type used in industrial brake
pads. Beside both of these counterfaces, the pMMCs exhibit less
wear rate than the cast iron material. It is additionally noted that
coefficient of friction of pMMCs next to the friction materials coun-
ter faces were commensurable with cast iron material. The wear
[18,19] for the CuSiCpMMC material were considered utilizing
optical microscopy and scam electron of wear cicatrices. The power
of Sic atom size and friction material won efface on tribological
deportment of pMMCs were considered. The role of sundry interfa-
cial coating is designed to amend bond of the matrix to panicles.

Papadopoulos et al., states that the disc brakes were screech
remains an elusive quandary in the automotive industry. The sev-
eral investigators were examine the quandary with an experimen-
tal, computational techniques and analytical but there is as
however no method to thoroughly suppress disc brake howl. This
article provides the complete re-evaluate and bibliography of work
carried on disc brake. The effort to make the re-evaluate reachable
to an astronomically immense audience, background section in
vibration and disc brake systems were added.

Maleque et al., states that the MMCs (Metal matrix composite)
contain attractive for engineering structural application due to its
outstanding concrete vigor belongings and more visually perceived
as alternative to the conventional material concretely in automotive
production. The conversation includes the examination of the pro-
duct life cycle by stir casting as case study. The past review study
exposed that gradual growth of material and processing technique
contains lead to a light weight, low cost, and good performance
brake rotor as a output of the good understanding of the mechanics
of MMC. It emerges from the study that stir casting technique pro-
vide easy to operation, sustainability and most significantly very
competitive exclusive of sacrificing quality relative to various tech-
nique as well as such is the mainly alluring manufacturing process in
the industrial sector. This finding can be used to further design and
manufacture of efficacious and efficient aluminium matrix compos-
ite brake rotor to automotive in addition to various applications.

Barbe and Lee [20] States that the Thermo - elastic volatility in
the automotive disk brake systems were investigate experimental
under drag braking condition. The onset of volatility is pellucidly
individual through the inspection of nonuniformities in tempera-
ture quantified utilize surrounded thermo-couples. The stability
layer is formed in the temperature, space, critical temperature
creature attributable to the temperature dependence of the prop-
erties of brake pad material. It is further established that the form
of resulting uneven perturbations changes depends on tempera-
ture and sliding speed.

3. Results and discussions

Aluminium boron carbide (Al B C) brake pads [29] was analysed
by means of the industrial standard Friction Assessment as well as
Screening Test. The variation in the processing yielded sample with
a variety of mechanical property and succeeding test deportment.
From these, a successful sample was engendered from coarse,
bimodal B C powder with the purpose of highly reacts with infil-
trated aluminium. This four particular material is exhibit wear rate
higher than the order of magnitude less than the current asbestos
and semi-metallic material even as engendering no incrimination
in the rotor wear.
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The two-level composites of co perpetual alumina aluminium
structure facilitates SiC particle which provides the thermal con-
ductivity. Higher temperature conditions the aluminium alloy
were being superseded by aluminium bronze. The coefficient of
friction in addition is to wear rate of the pad were examined on
the dynamometer, which simulate series of authentic life car brake
event [21]. The two various energy level as well as atmospheric
temperature is also considered. Behind those test, the brake disc
surface is checked with energy. The experiment is acclimated to
talk about the correlation among the tribological property [22]
and external variables such as solid lubricants, pad matrix and
braking temperature [24-26].

The micro-structural study utilizing X ray diffraction (Fig. 3.1),
optical microscopy and SEM [27]| were composed to wear frag-
ments from the carbon composite aircraft brake engendered below
the various simulated braking conditions [28]. Under the virtual
cold taxing condition, particulate wear fragments comprising
uneven carbon phase contain fiber fragment which is composed.

The result of various metallic fiber in the lead friction as well as
wear presentation of sundry brake friction couples. The predicated
in the easy experimental formulation, friction material along with
various metal fibers like Cu and Al steel was fabricated then
analysed by utilizing the minuscule scale with friction tester. The
two dissimilar counter disks namely gray cast iron and Al-MMC
(Aluminium metal matrix composite) were engaged to the friction
tests [23].

The principle of this review is to explore the tribological fea-
tures of various co predicated SE particulates MMCs (Metal matrix
composites) synthesize from copper coated Sic particle Pin on disk
test were carried to evaluate the wear and friction property of

Crystal

=

Collimator Photographic
Rlm
Incident Reflected
beam beam

Fig. 3.1. X ray diffraction.

hemispherically tipped pMMC pins with these to gray cast iron
machine for automotive brake rotor.

The disc brake squeal remains an elusive quandary in automo-
tive fields. A numerous of investigators had examine the quandary
with setup, computational techniques analytical but close at hand
is a no system to thoroughly suppress disc brake squeal. The MMCs
(Metal matrix composites) has turn into alluring for engineering
structural application owed to their good concrete vigor property
and more visually supposed as option to the conventional material
concretely in the automotive fields.

The Thermo-elastic instability in automotive disk brake
arrangement investigated experimentally by drag braking condi-
tions. The onset of wavering is pellucidly particular through the
surveillance of nonuniformities in temperature quantified utilizing
embedded thermocouple.

4. Conclusion

The alumina aluminium arrangement which provides thermal
conductivity. Wear for CuSiCpMMC materials were studied and
the power of Sic particle size and type of friction material won’t
effect on tribological demeanor to pMMCs. The tribological inade-
quacy of single phase material and categorical function of many
types of additive were outlined. The friction materials with steel
fibers were not well-matched with AI-MMC disk because of harsh
material transfer and uneven friction behaviour throughout sliding
at elevated temperature. The stir casting method gives easy of
operation and very aggressive without offering quality.

This findings can be utilize to further design and manufacture of
effective of Aluminium matrix composite brake rotor to the auto-
motive and others application.

References

[1] Y. Amaguci, J. Ahodas, Nob-asbestos, non-metallic and non-glass brake pad
composite, Automot. Eng. (1991) 99-104.

[2] M.A. Maleque, A. Atiqua, R)J. Talib, H. Zahurin, New natural fibre reinforced
aluminium composite for automotive brake pad, Int. J. Mech. Eng. (2012) 166~
170.

[3] J.H. Park, J.O. Chung, H.R. Kim, Friction characteristics of brake pads with
aramid fiber and acrylic fiber, Ind. Lubr. Tribol. (2010) 91-98.

[4] N. Liew, On the dry and wet sliding performance of potentially new friction
brake pad materials for automotive industry, Wear (2009) 275-287.

[5] R. Vijay, J.M. Jees, M.A. Saibalaji, V. Thiyagarajan, Optimization of tribological
properties of nonasbestos brake pad material by using steel wool, Adv. Tribol.
(2013) 165-169.

[6] W. Osterle, M. Griepentrog, T. Gross, I. Urban, Chemical and microstructural
changes induced by friction and wear of brakes, Wear (2001) 1469-1476.

[7] A.L. Craciun, T. Heput, C. Pinca-Bretotean, Formulation of materials with
natural fibre for brake system components, Int. J. Eng. (2016) 17-20.

[8] A.L. Craciun, C. Pinca-Bretotean, D. Utu, A. Josan, Tribological properties of
nonasbestos brake pad material by using coconut fiber IOP, Conf. Ser.: Mater.
Sci. Eng. (2016) 163-168.

[9] L.V. Pascu, Research on improving the quality of brake shoes intended for
rolling stock Doctoral Thesis, University Politehnica Timisoara, Romania.

[10] Y. Sasaki, in: 8th International Pacific Conference on Automobile Engineering
Development Philosophy of Friction Materials for Automobile Disc Brakes,
1995, pp. 407-412.

[11] S. Baskar, M. Chandrasekaran, T. Vinod Kumar, P. Vivek, S. Ramasubramanian,
Experimental studies on flow and heat transfer characteristics of secondary
refrigerant-based CNT nanofluids for cooling applications, Int. J. Ambient
Energy (2018) 1-4.

[12] S. Baskar, M. Chandrasekaran, T. Vinod Kumar, P. Vivek, L. Karikalan,
Experimental studies on convective heat transfer coefficient of water/
ethylene glycol-carbon nanotube nanofluids, Int. ]. Ambient Energy (2018) 1-4.

[13] Baskar, Heat transfer characteristics of acetone/water mixture in a tubular
heat exchanger with turbulator, in: International Conference on Advanced
Nanomaterials and Emerging Engineering Technologies (ICANMEET), 2013, pp.
627-630.

[14] M. Arulprakasajothi, M. Dineshbabu, C. Jothishanmugam, V. Saikrishnan,
Convective heat transfer characteristics of nanofluids, Front. Automobile
Mech. Eng. (2010) 257-263.

[15] M. Arulprakasajothi, K. Elangovan, U. Chandrasekhar, S. Suresh, Performance
study of conical strip inserts in tube heat exchanger using water based
titanium oxide nanofluid, Therm. Sci. (2018) 477-485.

Please cite this article as: S. Venugopal and L. Karikalan, A review paper on aluminium-alumina arrangement of composite materials in automotive brakes,
Materials Today: Proceedings, https://doi.org/10.1016/j.matpr.2019.05.452



http://refhub.elsevier.com/S2214-7853(19)31419-1/h0005
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0005
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0010
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0010
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0010
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0020
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0020
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0025
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0025
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0030
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0030
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0030
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0035
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0035
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0040
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0040
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0045
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0045
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0045
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0045
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0055
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0055
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0055
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0055
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0060
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0060
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0060
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0060
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0065
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0065
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0065
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0070
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0070
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0070
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0070
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0070
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0075
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0075
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0075
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0080
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0080
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0080
https://doi.org/10.1016/j.matpr.2019.05.452

ARTICLE IN PRESS

4 S. Venugopal, L. Karikalan/Materials Today: Proceedings xxx (XxXx) XxX

[16] M. Arulprakasajothi, K. Elangovan, U. Chandrasekhar, S. Suresh, Experimental
studies of water-based titanium oxide nanofluid in a circular pipe under
transition flow with conical strip inserts, Heat Transfer Res. 49 (5) (2018) 439-
456.

[17] M. Arulprakasajothi, K. Elangovan, K. Hema Chandra Reddy, S. Suresh,
Experimental investigation on heat transfer effect of conical strip inserts in a
circular tube under laminar flow, Front. Energy 10 (2) (2015) 136-142.

[18] M. Arulprakasajothi, K. Elangovan, K.H. Reddy, S. Suresh, Heat transfer study of
water-based nanofluids containing titanium oxide nanoparticles, Mater.
Today: Proc. 2 (4-5) (2015) 3648-3655.

[19] M. Arulprakasajothi, K. Elangovan, K. Hemachandra Reddy, S. Suresh,
Experimental study of preparation, characterisation and thermal behaviour
of water-based nanofluids containing titanium oxide nanoparticles, Appl.
Mech. Mater. 766-767 (2015) 348-354.

[20] Kwangjin Lee, ].R. Barber, An experimental investigation of frictionally-excited
thermoelastic instability in automotive disk brakes under a drag brake
application, J. Tribol. 116 (1994) 409.

[21] A.A. Adebisi, M.A. Maleque, M.M. Rahman, Metal matrix composite brake
rotor: historical development and product life cycle analysis, Int. J. Automot.
Mech. Eng. 4 (2011) 471-480.

[22] F.E. Kennedy, A.C. Balbahadur, D.S. Lashmore, The friction and wear of Cu-
based silicon carbide particulate metal matrix composites for brake
applications, Wear (1997) 715-721.

[23] H. Jang, K. Ko, S.J. Kim, R.H. Basch, J.W. Fash, The effect of metal fibers on the
friction performance of automotive brake friction materials, Wear (2004) 406-
414.

[24] N.M. Kinkaid, O.M. O'Reilly, P. Papadopoulos, Automotive disc brake squeal, J.
Sound Vibr. (2003) 105-166.

[25] Toby J. Hutton, Brian McEnaney, John C. Crelling, Structural studies of wear
debris from carbon-carbon composite aircraft brakes, Carbon (1999) 907-916.

[26] Luise Gudmand-Hgyer, Allan Bach, Georg T. Nielsen, Per Morgen, Tribological
properties of automotive disc brakes with solid lubricants, Wear (1999) 168-
175.

[27] J.P. Giltrow, Friction and wear of self-lubricating composite materials,
Composites (1973) 55-64.

[28] Glenn S. Daehn, Michael C. Breslin, Co-continuous composite materials for
friction and braking applications, JOM (2006) 87-91.

[29] T.R. Chapman, D.E. Niesz, R.T. Fox, T. Fawcett, Wear-resistant aluminum-
boron-carbide cermets for automotive brake applications, Wear (1999) 81-87.



http://refhub.elsevier.com/S2214-7853(19)31419-1/h0085
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0085
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0085
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0085
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0090
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0090
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0090
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0095
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0095
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0095
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0100
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0100
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0100
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0100
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0105
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0105
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0105
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0110
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0110
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0110
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0115
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0115
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0115
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0120
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0120
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0120
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0125
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0125
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0130
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0130
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0135
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0135
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0135
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0135
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0140
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0140
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0145
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0145
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0150
http://refhub.elsevier.com/S2214-7853(19)31419-1/h0150
https://doi.org/10.1016/j.matpr.2019.05.452
https://www.researchgate.net/publication/335597173

	A review paper on aluminium-alumina arrangement of composite materials in automotive brakes
	1 Introduction
	2 Literature review
	3 Results and discussions
	4 Conclusion
	References


