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ABSTRACT 

In recent years, the demand for reduced weight and high performance materials 

for automotive applications such as brake disc have increased. The newly developed, 

aluminium metal matrix composite (AI-MMC) reinforced with silicon carbide (SiC) 

particulate seem suitable to be an alternative material for this application. In this 

experimental study, AI-Cu-SiCp MMC was developed through stir casting method with 

sand mould. A constant 4.5% of weight percentage of 5 !-Ull pure copper powder was 

added to the mixtures to enhance the properties of AI-MMC. The effects of particle 

sizes of SiC as well as the weight percentage of SiC, pouring temperature and stirring 

time on the hardness, wear, compressive properties, flexure behavior and density of Al

Cu-SiCp MMC were investigated. Taguchi's Robust Parametric Design was used \vith 

ilmer array L9 34 and outer array with 2 replications to plan the experimental runs. A 

statistical Pareto Analysis of Variance (Pareto ANOVA) was employed to detennine the 

significant factors of these properties and optimum combinations of process variables 

for targeted functions. From the analysis, it was found that particle sizes of SiC is the 

most significant factor for density characteristic and compressive properties while 

weight percentage of SiC is the most significant factor for hardness and wear resistance 

characteristics. Optimum combinations were determined and conformity test were 

conducted to verify the optimum properties of newly developed material, AI-Cu-SiCp 

MMC. Optimum combination of hardness was AIB2CoDO ( 59 fllll particle size af SiC, 

15% af weight percentage af SiC, 675°C pauring temperature and 5 minutes stirring 

time) with 82.5 HV; wear rate A2B2C2Do ( 106 flm particle size af SiC, 15% af weight 

percentage af SiC, 725°C pauring temperature and 5 lllinutes stirring time) with 1.585 

x 10-5 g/sec; compressive strength A1B2C2Dl (59 flm particle size of SiC, 15% afweight 

percentage af SiC, 725°C pouring temperature and 10 minutes stirring time) with 

9410.06 MPa and density AoB1C1Dl ( 40 flm particle size af SiC, 10% af weight 

percentage of SiC, 700°C pauring temperature and 10 minutes stirring time) with 

2.6592 g/cm3
• 
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CHAPTER I 

INTRODUCTION 

1.1 Introduction 

In the recent years, the demand for light weight, low cost and high quality 

perfOlmance materials has increased. Many researches have been done to develop new 

materials that meet these requirements. One of the newly developed materials is 

aluminum metal-matrix composites (AI-MMCs). Basically, there are three types of 

MMCs: particle reinforced, whisker reinforced and continuous fiber MMCs. 

Metal-matrix composite (MMCs) are widely used in industry because of their 

excellent mechanical properties. Nowadays, there are various products used of MMCs 

especially for automotive and engineering applications. This is because of their high 

strength, high elastic modulus, low co-efficient of thermal expansion, light weight, lo\v 

thermal shock, good wear resistance and many more advantages. This combination of 

these properties are not available in a conventional material. These mechanical 

properties also depend on the composite particles for the reinforcement of the 

aluminium. Most of the alloys that were used as matrices are light alloys, particularly 

those based on aluminium (Abd EI-Azim, et at. 2002). 

Most researches on metal matrix composite (MMCs) in recent years has been 

concentrated on the development of high perfornlance continuous fibre-reinforced 

composites for specialized applications. In spite of their unique properties, such 

composites are expensive. Therefore, development of less-expensive composites for 

non-critical applications is desirable. Particulate-reinforced MMCs are cost-effective 

alternatives and have the advantage of being machinable and workable using 

conventional processing method. However, their poor mechanical properties such as 

low fracture strain and fracture toughness, which are important for the design of 

structural materials, have limit their applications (Soon-Jik Hong, et al. 2003). 

In tills study, particulate-reinforced aluminum metal matrix composites (AI

MMCs) was emphasized. Aluminum acted as matrix component while the 4.5% copper 

(5 micron) and silicon carbide particles act as the reinforcement materials. In addition, 
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CHAPTER II 

LITERATURE REVIE'V 

This chapter reviews relevant literatures on metal matrix composites and its 

possibility for braking system application. Begin with overview of disc brake in Section 

2.1. Then, Section 2.2 reviews the composites, and metal matrix composites in section 

2.3. Factors affecting mechanical properties of AI-MMCs reinforced with SiCp will be 

discussed in section 2.4. Manufacturing process of AI-MMCs reinforced with SiC 

particles in section 2.5. Relationship between wear loss and hardness will be in section 

2.6 while section 2.7 reviews study of the influence of SiC on mechanical properties of 

aluminum metal matrix composites by other researches. For section 2.8, the 

comparison of studies is discussed. Section 2.9 reviews the gray cast iron and AI-ivIMC 

for automotive components. Section 2.10 reviews the Design of Experiment (DOE) with 

the summary of literature study in the last section. 

2.1 Disc Brake 

The optimization of automotive vehicles braking systems, subjected to 

mechanical and thermal stresses, depends on a combination of properties. In general. a 

complex state of stress is found and it is practically impossible to select a material and 

design a component based only on one of these properties. The material used in brake 

rotors should absorb and dissipate, as soon as possible, the heat generated during 

braking (G. Cueva, et af. 2003). Lately, reinforced aluminium has been introduced as 

disc material. Tribologically, this material works completely different from grey cast 

iron. The performance of aluminium disc is vitally dependent on the formation of a 

thick transfer film on the disc surface. On cast iron discs, thick transfer films must be 

avoided, as some wear of the disc is needed to remove oxides (1vIikael Eriksson and 

Staffan Jacobson, 2000). Disc brakes are widely used for reducing velocity for their 

characteristics of braking stability, controllability and the ability to provide a wide

ranging brake torque. The braking processes in the friction units of a brake arc very 

complicated. In the course of braking, all parameters of the processes such as velocity. 

load, temperature, physicomechanical and tribological characteristics of the materials of 

the couple, and the condition of contacts are varying with time. The frictional heat 

generated on the interface of the rotor and the pads can cause high temperature. 

7 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



REFERENCES 

A.M. Samuel and F.H. Samuel (1995). Key Engineering Material. 65. J04 - J07 .. 

Abd El-Azim A.N., Kassem M.A., El- Baradie Z.M., Waly M (2002). Structurc and 

properties of short alumina fibre reinforced AlSi l8CuNi produccd by stir casting. 

A1atel'ial. 56, 963 - 969. 

American Society for Testing and Materials (2000). Standard Test Method/or Vickers 

Hardness of A1etallic Materials. West Conshohocken: (ASTM E92-82 Rcapprovcd 

1997)c3 

Ani Idris and Jasmi Hashim (1997). Pengenalan Kepada Bahan Kejllrllteraan, 3
rd 

cd. 

Skudai, Johor: Penerbit Universiti Teknologi Malaysia, 220 - 504. 

Ashby M. F. (1997). A1aterial Selection in Mechanical Design. Grcat Britain: Buttcrworth

Heinemann, 14 - 15. 

ASM (1995). "ASM Handbook, Properties and Selections: Irons, Stccls and High 

Performance Alloy, Volume I." USA: ASM Intcrnational. 

Bendell, A. (1988). Introduction to Taguchi Methodology. Tagllchi Methods: Proceedings 

of the J988 European Conference: , Elsevier Applied Scicncc, London. 

Bimdumadhavan, P.N, Heng, Keng \'lah and Prabhakar, O. (2001). Dual Particle Sizc 

(DPS) Composites: Effect on Wear and Mechanical Properties of Particulate j\letal 

Matrix Composites.Wear.248: 112::J 20.· 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



Blau, P.J. (2001). Composition, Functions and Testing of Friction Brake Jvlaterials and 

Their Additives. Oak Ridge: Not Published. 

British Standards Institution (1988). AlulIliniulIl Casting Alloy LM6. London: (BS 

1490:1988LM6) 

Bruce R. Munson, Donald F Young and Theodore H. Okiishi (2002). Fundamelltols or 
Fluid 1I1echanics, 4u1 ed. New York: John Wiley & Sons, Inc., 331 - 333. 

C.H. Gao, X.Z. Lin (2002). Transient temperature field analysis of a brake in non -

axisymmetric three-dimensional mode1.l29. 513 - 517. 

Casting For Industry, (2001). What Are Casting. Casting For Industry Horneragc. 

http://www.castingsforindustry.com/what-are-castinQs.html 

Chawla, K.K. (1993). Metal Matrix Composites. Materials Science ([nd Techllolo:.!.y 

Volume 13. New York: VCH. 

Cho MIt, Kim S.1., Basch R.H., Fash J.W., Jang H. (2003). Tribological study of grey cast 

iron with automotive brake linings: The effect of rotor 

rribology International. 36. 537 - 545. 

111 i crostructu re. 

Clyne, T.W. and Withers, P.1. (1993). An Introduction to Metal Matrix Composites. 

Cambridge: Cambridge University Press. 

Cooke PS, Werner PS (1991). Pressure infiltration casting of ll1etalll1atrix composites. 

Material Science Engineering .A144.189 -193. 

C G S· A G \'T L Tschiptschin A.P. (2003). Wear resistance of cast ueva ., lI1atora ., uesser ,I. ., 

irons in brake disc rotors. Wear. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



Doel TJA and Bowen P. (1996). Tensile properties of particulate reinforced metal matrix 

composites. Composites, Part A. 27 A. 655- 65. 

Douglas C. Montgomery (2001). Design alld Analysis of Experiments, 5lhcd. Ncw York: 

John Wiley & Sons, Inc., 11 - 20. 

Eriksson M., Bergman F., Jacobson S. (2002). On thc nature oftribological contact in 

automotive brakes. Wear. 252. 26 - 36. 

Eriksson M., Jacobson S. (2000). Tribological surfaces of organic brakc pads. Tribolo~')' 

Intemational. 33. 817 - 827. 

Fareed bin Hamis (2003). Casting of Aluminium Alloy Based Metal Matrix Compositcs/or 

Alitomotive Brake Rotor. University of Malaya: Bachelor degrec Thcsis. 

Feller, W.O (1990). "Materials Science, Testing and Properties for Tcchnicians.'· London: 

Prentice Hall, International. 60-74 

Ganguly,P. and Poole, W.J. (2001). Characterization ofreinforccmcnt distribution 

inhomogenity in MMCs. Material Science alld Engineering. A332 (2002). 30 J -3 Io. 

Gao C.H., Lin X.Z. (2002). Transient tempcrature ficld analysis of a brakc in non

axisymmetric three-dimensional modcl. JOllrnal of Material Processing 

Technology. 129, 513 - 517. 

Garcia-Cordovilla, C, Narciso, J and Louis, E. (1996). Abrasivc Wcar Rcsistancc of 

Aluminium Alloy/Ceramic Particulate Compositcs. Wear. 192 . I 70- 177. 

Gnjidic, Z., Bozic, D. and Mitkov, M. (2001). The Influence of SiC Particles on the 

M I . I P rt' f~A' tal ~1atrix Compositcs Material Charac(cri::a(iol1. 4i. ec 1al11Ca rope les 0 lYle 1\ • 

129-138. 

----------cJlmsh;-PX:~Ray;S:-(I 984 t:Trans;JaptlWMstitflte 0/ Material. 25. 440. 
0.: 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



Grimes, J.L (1999). "Design of a Thermal Compensating Adjuster for Drurn Brakc." 

Marquette University: Master Thesis. 

Groover M.P. (2002). Fundamentals of Modem Manufacturing, 2nd ed. New '{ ork: John 

Wiley & Sons, Inc., 39 - 50. 

Gur, C.H. (2003). "Investigation of Microstructure-Ultraconic Velocity Rclationshir in 

SiCp - Reinforced Aluminium Metal Matrix Composites." Material Science & 

Engineering. A361. 29-35. 

Hameedullah.M, Azlis Sani and Malaque.A. (2004). Prelimary Investigations on 

Aluminium Based Metal Matrix Composites Reinforced With Ceramic Particulatc~. 

A UN/SEED-Net 3rd Field Wise Seminar on Manufacturing and Materiall'ron'.Ising 

Technology. 59-72. 

H.Snelson Engineers, (2001). Properties of Aluminium, I-I.SNELSON ENG. LTD 

I-Iomepage, http://www.snelsons.co.ukJindex.html 

Hajri, M.A (2003). Understanding the Mechanical Behavior of Particulate Rcil!(orccd 

lvIetal ~Matrix Composites. University of Akron: Ph.D Thesis. 

Heller, W. (1993). Copper Based Alloy in. Matucha, K.I-1. Material Science and 

Technology, Structure and Properties of Nonferrous Alloys. Ncw York:VCII. ~77-

346. 

Hong SJ, Kim H.M, Huh Dae, Suryanarayana C., Chun B.S. (2003). Effcct of c1ustcrin~ nn 

tl I · I rt'e of SI'C partl'culate-reinforccd aluminiulll allo\' 2024 mctal le mec lal1lCa prope IS' . 

matrix composite. Materials Science and Engineering. A3.t7. 198 - ~O.f. 

HowStuffWorks,Inc.(2000). Hall' D/'lII1I Brakes Work. b.1.ill:/1ww\\,.howstufj\·,wks.ClI!l1 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



J. Hashim, L. Looney and M.SJ. Hashmi (2002).Partic\e distribution in cast metal matrix 

composites-Part I Journal o/Materials Processing Technology 123. 251-251 

Jamaliah Idris, et.al. (2003). Kajian Sifat Kehausan Dan Kekerasan Komposit lvlatriks 

Aluminium. Jurnal Teknologi. 38A. 11-24. 

Jananee Sivanason (2004). Chacteristics 0/ Aluminium Based Metal Matrix Composite 

with Ceramic Particulate, Stir Cast in Sand Mould. University of Malaya: Bachelor 

Degree Thesis. 

Jasmi Hashim (2003). Komposit Matriks Logam. Skudai, Johor: Penerbit Universiti 

Teknologi Malaysia, 31 - 45. 

Jasmi Hashim, Looney, L. and Hasmi, M.SJ. (1999). "Metal Matrix Composites: 

Production by Stir Casting Method." Materials Processing Technology. 92-93. 1-

7. 

Juran, J .M. and Godfrey, A.B.( 1998). Juran's Quality Handbook, 5th cd. New York: 

McGraw-HilI. 

K.H.W Seah, J. Hemanth and S.C. Sharma. (2003) Mechanical properties of 

alll1ninium/quartz particulate composites cast using metallic and non-metallic 

chills, 24 87 - 7. 

Kackar, Raghu (1985). Off-Line Quality Control, Parameter Design, and the Taguchi 

Method. Journal o/Quality Technology. Vol. 17, No.4.J76-1SS. 

M. F. Ashby (1997). Material Selection in Mechanical Design. Great Britain: BPC 

Wheatons, 14 - 15. 

M I-I CI S J K' R H Basch lW. Fash, H. Jang (2003). Tribological study of grey Clsl 
.. 10, .. 1m, .' , 

iron with automotive brake linings: The effect of rotor microstructure. 36. 5r -

545. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



Majumdar BS,Yegneswaran AH and Rohatgy PK (1984). Strength and fracture behavior of 

metal matrix particulate composite. Material Science Engineering. 68. 85- 93. 

MatWeb (2005).1I,lfatweb A1aterial Properties Data- Gray Cast Iron, 

http://www.matweb.com/search/GetProperty.asp 

Mikael Eriksson, Filip Bergman, Staffan Jacobson (2002). On the nature of tribological 

contact in automotive brakes, 252. 26 - 36. 

Mike & Vidi Van Voorhis, (1998). Physical Properties of Materials, Mike & Vidi Van 

Voorhis Homepage, 

http://ourworld.compuserve.com/homepages/MJV an Voorhis/T004 .htm 

Mikell P. Groover (2002). Fundamentals of Modern Manufacturing, 2
nd 

cd. Ncw York: 

John Wiley & Sons, Inc., 39 - 50. 

Miracle, D.B. (2001). Metal Matrix Composites for Space Systcms: Current Uses and 

Future Opportunities. TMS: 1-27 

Miyajima, T. and Iwai,Y. (2003). Effects of Reinforcements on Sliding Wcar Behavior of 

Aluminium Matrix Composites. Wear. 1-11 

MMC-Assess (2000). Assessment of Metal Matrix Composites for Innomtions, lillR:/ 1r1ll1lC

assess.tuwien.ac.atiindex l.htm 

Montgomery D.C. (2001). Design and Analysis of Experiments, 5
th 

ed. New York: John 

Wiley & Sons, Inc., 11 - 20. 

Mortensen A, Michaud VJ, Flemings MC (1993). Pressure infiltration processing of 

reinforced aluminum. Journal of Metallurgy. 45(1).36 -.f3. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



Munson B.R., Young D.F and Okiishi T.H. (2002). Fundamentals of Fluid Mechanics. 4th 

ed. New York: John Wiley & Sons, Inc., 331 - 333. 

P.N. Bindumadhavan, T.K. Chia, M. Chandrasekaran, Heng Keng Wah, Loh Nee Lam and 

O. Prabhakar (2001). Effect of particle-porosity clusters on tribological behavior of 

cast aluminum alloy A356 SiCp metal matrix composites. Material Science and 

Engineering. A315. 217 - 226. 

Phadke, S. M., (1989). Quality Engineering Using Robust Design, Prentice Hall. 

Englewood Cliffs, N.J. 

Purohit R. and Sagar R. (2001). Fabrication of cam using metal matrix composites. 

Advanced 1I1anufacturing Technology. 17,644 - 64B. 

Roberts S.M., Kusiak J., Liu Y.L., Forcellese A., Withers P.J. (1998). Prediction of damage 

evolution in forged aluminium metal matrix composites using a neural network 

approach. Journal of Material Processing Technology. 80-81,507-512. 

S.M. Roberts, J. Kusiak, Y.L. Liu, A. Forcellese, P.J. Withers, Prediction of damage 

evolution in forged aluminium metal matrix composites using a neural network 

approach, 80-81 (1998) 507-512. 

Sahin, Y. (2003). Preparation and Some Properties of SiC particle reinforced Aluminium 

Alloy Composites. Materials & Design. 24.671-679. 

Sahin, Y. and Acilar, M. (2003). Production and Properties of SiCp-reinforced Aluminium 

Alloy Composites. Composites. A34. 709-71B. 

Schwartz, M.M. (1997). Composite Materials Processing, Fabrication and Application. 

New Jersey: Prentice Hall. 442. 

Schwetz, K.A. (2000). Silicon Carbide Hard Material. " in Riedel. R. "Handbook of 

-----0;ramic-Hard-Matcrials.-Singapore: Wiley-veH. 720. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



Seah K.H.W, Hemanth J., Sharma S.c. (2003) Mechanl'cal pro t' fl" . per les 0 a umlI1lum/quartz 

particulate composites cast using metallic and non-metallic chills. Material alld 

Design 24, 87 - 7. 

Shorowordi K.M., Laoui T., Haseeb A SMA Celis J P Fro)len L (2003) )'1' • • • ., •• , • • 1\' Icrostructurc 

and interface characteristics ofB4C, SiC and AhO) reinforced Al matrix 

composites: a comparative study. Journal of Material Processing 

Technology. 

Skolianos, S. (1996). Mechanical Behavior of Cast SiCp-reinforced AI-4.5% Cu 1.5%ivl1.! 

Alloy. Material Science & Engineering. Al10. 76-82 

Smith W.F. (1996). Principles of Materials Science and Engineering. 3
rd 

ed. New York: 

McGraw-Hili, 123 - 816. 

Song, W.O., Krauklis, P., Mouritz, A.P., Bandyupadhyay, S. Wear. Vol. 185.125. 

Soon-Jik Hong, Hong-Moule Kim, Dae Huh, C. Suryanarayana, Byong Sun Chun (2003). 

Effect of clustering on the mechanical properties of SiC particulate-reinforced 

aluminium alloy 2024 metal matrix composite, A347 198 - 204. 

Taguchi, G. (1986). Introduction to Quality Engineering. Asian Productivity Organization 

(Distributed by American Supplier Institute Inc., Dearborn, MI). 

Zainal Abidin Ahmad (1999). Proses Pembuatan, Jilid I. Skudai, .lohor: Penerbit Uni\'crsiti 

Teknologi Malaysia, 221 - 222. 

Zamzam M, Ros D, Grosch 1.(1993). Fabrication of PM in situ fibrecomposite materials 
. I -9 80 )' - ~ .f (, 

part-I: formation of fibrous structure. Key Engineering Matena s. / - :_.JJ -.; J. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH


	ABSTRACT
	ACKNOWLEDGEMENT
	CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	LIST OF SYMBOL
	LIST OF APPENDICES
	CHAPTER 1 INTRODUCTION
	CHAPTER II LITERATURE REVIEW
	CHAPTER III METHODOLOGY
	CHAPTER IV DATA ANALYSIS AND DISCUSSION
	CHAPTER V CONCLUSIONS AND SUGGESTION
	REFERENCES
	APPENDIX (A-I)



