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Abstract— Aluminium metal matrix composites are a class of 

advanced materials which have been developed for weight-

critical applications in the aerospace and automotive 

industries. The present work aims to establish the 

Tribological behaviour of Aluminium-based Silicon carbide 

(SiC) particle reinforced composites manufactured by stir 

casting was studied using a pin-on- disk apparatus under dry 

sliding conditions. The pins made of these composites were 

then slid against a steel disk under ambient conditions. With 

this type of test, we can perform controlled wear by having 

control of the sliding speed, the material, the load applied, and 

the duration of the test. Analysis of variance used to find 

optimum wear under influence of SiC, sliding speed, 

material, and load. In all this SiC reinforced composite 

exhibited lower wear loss as compared to the unreinforced 

alloy in order to suggest most suitable material for brake pad 

Application. 
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I. INTRODUCTION 

The aluminium and its alloys have many application in the 

design due to of lightweight structures, low density, high 

specific strength, high specific energy absorption capability, 

good corrosion resistance, good thermal conductivity, less 

sensitivity to adiabatic shear banding and thermoplastic. In 

recent years aluminium alloys are widely used in automotive 

industries. This is particularly due to the real need to weight 

saving for more reduction of fuel consumption. The typical 

alloying elements are copper, magnesium, manganese, 

silicon, and zinc. Layers of aluminium alloys have a good 

shine in dry air with the formation of a shielding layer of 

aluminium oxide. Metal-matrix possess many advantages 

over monolithic materials, including higher specific strength, 

good wear resistance[higher thermal conductivity than 

ceramic materials, lower coefficient of thermal expansion, 

etc., and they have been used in the aircraft, space, defence 

and automotive industries Particulate reinforced composites 

improved both mechanical and physical properties with 

increasing metalworking characteristics and stir casting 

processing is one of the methods proper for fabricating these 

materials. Best properties in the composites can be obtained 

by stir casting route. 

 In order to achieve the ever increasing reliability 

requirements even more attention must be given to moving 

machine-elements such as brake rotor disk, step bearing etc. 

Several industries face the problem of wear on parts in 

service. Virtually any part that is moving in service will be 

subject to wear at the contact point with other parts. The 

consequence of this wear is that parts need to be replaced, 

which costs money and causes downtime on the equipment. 

The challenge of engineers in these fields is to find, or design, 

materials that are the most wear resistant, in order to extend 

the life of the parts and reduce the frequency of part 

replacement. 

 Aluminium is the third most abundant element of the 

Earth’s crust behind that of oxygen and silicon. Aluminum is 

useful for the metal's low density and for its ability to resist 

corrosion due to the phenomenon of passivation. Aluminium 

is used extensively in the modern world and the uses of the 

metal are extremely diverse due to its many unusual 

combinations of properties and the choice of lightweight is 

the key and unavoidable solution for the future. Structural 

components made from aluminium and its alloys are vital role 

in aerospace industry, marine, transportation and automotive 

sector. 

 Silicon carbide (SiC) is an extremely hard silicon–

carbon ceramic and ionic material, used in numerous 

industrial applications. Silicon Carbide material reinforced 

aluminium composites have good combination of all required 

properties. A limited research work has been reported on Al 

alloy reinforced with SiC due to higher raw material cost and 

poor wetting. SiC is a robust material having excellent 

chemical and thermal stability, high also it is used for 

manufacturing Water jet cutting tools, Hence, SiC reinforced 

aluminum matrix composite has gained more attraction with 

low cost casting route. 

II. LITERATURE REVIEW 

S.Jerome, B.Ravisankar, Pranab Kumarmahato, S.Natarajan 

[1]. In situ Al–TiC (5, 10 and 15 wt%) composites were 

produced by using a reaction mixture of K2TiF6 and graphite 

powder with molten metal. The effect of ceramic particulate 

addition on the high temperature sliding wear resistance of 

the composites was studied. The sliding wear tests were 

conducted at room temperature, 120 and 200oC.The wear rate 

increases with the increase in applied load and decreases with 

increase in the weight percentage of TiC. 

 V. Sivananth, S.Vijayarangan, N.Rajamanickam.[2] 

This work is evaluating the load bearing behavior of titanium 

carbide reinforced aluminum matrix composites and their 

suitability for automotive application. Three different weight 

percentages of TiC particulates 10, 12 and 15, in the size of 

325 meshes were prepared by stir casting process to study the 

effect of particulates for load bearing application. Tensile, 

fatigue and impact tests were conducted on the ASTM 

standard test samples to investigate the effect of titanium 

carbide in Al–Si matrix alloy. 

 Nassim Samer , Jerome Andrieux , Bruno 

Gardiola.[3] A metal matrix composite has been obtained by 

a novel synthesis route, reacting Al3Ti and graphite at 1000 

oC for about 1 min after ball-milling and compaction. The 

resulting composite is made of an aluminium matrix 

reinforced by nanometer sized TiC particles (average 

diameter 70 nm). The average TiC/Al ratio is 34.6 wt.% (22.3 

vol.%). The microstructure consists of an intimate mixture of 
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two domains, an unreinforced domain made of the Al solid 

solution with a low TiC reinforcement content, and a 

reinforced domain. This composite exhibits uncommon 

mechanical properties with regard to previous micrometer 

sized Al–TiC composites and to its high reinforcement 

volume fraction, with a Young‟s modulus of ~110 GPa, an 

ultimate tensile strength of about 500 MPa and a maximum 

elongation of 6%. 

 Malek Ali, M. I. Fadhel, M. A. Alghoul.[4] Powder 

metallurgy technique has been used to fabricate aluminum 

matrix composites reinforced by different weight ratios (Al-

5, 15 and 25 wt. % TiC composites Al) to study the effect of 

different weight fractions on microstructure, mechanical, and 

electrical properties of the Al-TiC composites. The green 

compacts of Al-TiC composites were sintered for 3 hours at 

500, 550, and 600 ⁰C. Hardness test, wear test, and electrical 

conductivity test were carried out on the Al-TiC composites. 

SEM techniques were used for microstructure examination of 

the Al-TiC composites. The presences of TiC particulates as 

reinforcement lead to a simultaneous increase in hardness and 

wear resistance of the composites. On the contrary, the 

electrical conductivity decreases marginally with increasing 

weight fraction of the TiC reinforcement in the aluminum 

matrix. Al-25wt. % TiC composites with 600⁰C sintering 

temperature exhibited the best properties with micro hardness 

value (63.7 Hv); wear rate (0.043 mm3/s). Al-5wt. % TiC 

composites with 600⁰C sintering temperature exhibited the 

higher electrical conductivity value [0.285×107] (Ω-m). 

 T.S. Kiran, M. Prasanna Kumar, S. Basavarajappa, 

B.M. Viswanatha.[7] Dry sliding wear behavior of zinc based 

alloy and composite reinforced with SiCp (9 wt%) and Gr (3 

wt%) fabricated by stir casting method was investigated. Heat 

treatment (HT) and aging of the specimen were carried out, 

followed by water quenching. Wear behavior was evaluated 

using pin on disc apparatus. Taguchi technique was used to 

estimate the parameters affecting the wear significantly. The 

effect of HT was that it reduced the micro cracks, residual 

stresses and improved the distribution of micro constituents. 

The influence of various parameters like applied load, sliding 

speed and sliding distance on wear behavior was investigated 

by means and analysis of variance (ANOVA). Further, 

correlation between the parameters was determined by 

multiple linear regression equation for each response. It was 

observed that the applied load significantly influenced the 

wear volume loss (WVL), followed by sliding speed implying 

that increase in either applied load or sliding speed increases 

the WVL. Whereas for composites, sliding distance showed 

a negative influence on wear indicating that increase in 

sliding distance reduces WVL due to the presence of 

reinforcements. The wear mechanism of the worn out 

specimen was analyzed using scanning electron microscopy. 

The analysis shows that the formation and retention of 

ceramic mixed mechanical layer (CMML) plays a major role 

in the dry sliding wear resistance. 

III. PROBLEM STATEMENT 

AL Alloy reinforced with ceramic particles are very 

promising materials in industrial machines, engines, and 

automobile industry, hydraulic turbines, electric generators, 

steam and gas turbines, compressors and other machines used 

in power, oil, gas, and petrochemical industries. Brake pad 

material should possess a combination of properties such as 

superior wear resistance, low coefficient of friction, high 

temperature strength, compatibility, conformability, 

embedability, fatigue strength, cavitations resistance. No 

single material satisfies all the requirements of a good brake 

pad material. So, a compromise and mix of above properties 

is required for successful performance under a particular set 

of operating conditions.AL Alloy for lightweight, cheap, high 

temperature and self-lubricating components used in 

automotive, aerospace, power generation and marine fields. 

Therefore present research in Aluminum-based composite is 

aimed to develop brake pad material with improved 

tribological and mechanical properties. Proposed material 

would offer superior wear resistance and low coefficient of 

friction. 

IV. MATERIALS 

In this paper the material used LM30 composites with Silicon 

Carbide made by using stir casting method. The material 

having different % of reinforcement as Pure alloy, 5% wt, 

10% wt. 

Cu Mg Si Fe Mn Zn Pb Ti Sn Al 

4.0-5.0 0.4-0.7 16-18 1.1 0.3 0.2 0.1 0.2 0.1 Balance 

Table 1: Chemical Composition

A. Preparation of Material 

LM30 cast Al alloy is mixed (reinforced) with particles of 

Silicon Carbide in the proportion of 0%,5% & 10% is used 

for preparation of composite matrix material Stir casting is 

suitable for manufacturing composites with up to 30% 

volume fractions of reinforcement. The cast composites are 

sometimes further extruded to reduce porosity, refine the 

microstructure, and homogenize the distribution of the 

reinforcement.. The final distribution of the particles in the 

solid depends on material properties and process parameters 

such as the wetting condition of the particles with the melt, 

strength of mixing, relative density, and rate of solidification 

.The distribution of the particles in the molten matrix depends 

on the geometry of the mechanical stirrer, stirring parameters, 

placement of the mechanical stirrer in the melt, melting 

temperature, and the characteristics of the particles added. An 

interesting recent development in stir casting is a two-step 

mixing process. In this process, the matrix material is heated 

to above its liquids temperature so that the metal is totally 

melted. The melt is then cooled down to a temperature 

between the liquids and solidus points and kept in a semi-

solid state. At this stage, the preheated particles are added and 

mixed. The slurry is again heated to a fully liquid state and 

mixed thoroughly. This two-step mixing process has been 

used in the fabrication of aluminium. 

B. Material for Friction Disc 

The disc is made up of steel (EN31). The elements present in 

disc is C-1.08%, Mn-0.72%, Si- 0.26%, S- 0.03%, P-0.02% 

& Fe-97.89%.The disc is machined to diameter of 165mm & 

8mm thickness with surface roughness value (Ra) of 1.57μ. 
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The surface roughness value have checked by using 

SURFTEST 221 series 178, MITUTOYA (Japan made). 

C. Taguchi Technique 

Minimum number of experiment is to be carried out to yield 

best result is determine by using taguchi technique. Dr. 

Taguchi of Nippon Telephones and Telegraph Company, 

Japan had developed a this method based on orthogonal 

array(OA), which gives desired combination of various 

parameter use for wear tasting. Sequence in which tasting is 

to be carried out is also been given by taguchi technique. 

After tasting wear analysis of wear data is done by ANOVA. 

ANOVA is use to determine the percentage contribution of 

various parameter on wear loss and coefficient of friction. 

Smaller is better criteria is used to determine the influence of 

control factor on wear loss and coefficient of friction. Signal 

to noise ratio (S/N) is also obtained from design of 

experiment (DOE) section of taguchi technique, which gives 

optimize condition of control factor to minimize the wear loss 

and corresponding coefficient of friction. This technique is 

multi step process, which follows a certain sequence for the 

experiment to yield an improve understanding of product and 

process performance. All this techniques i.e. orthogonal array 

(OA) ANOVA, DOE, Signal to noise ratio, regression 

equation, are available in MINITAB 17 software. Hence 

detail statistical analysis and optimization of operating 

variable is done by using MINITAB 17 software. 

V. EXPERIMENTAL DESIGN 

Design-of-Experiments (DoE) requires attentive planning, 

careful layout of the experiment, and professional analysis of 

results. Taguchi has standardized methods for each of these 

DoE application steps. The experiment specifies three 

principle wear testing conditions including percentage of TiC 

Particles, sliding distance and sliding velocity as the process 

parameters. 

Controlla

ble 

Factor 

Loa

d 

(N) 

Temperat

ure 

(0C) 

% wt 

Reinforcem

ent 

Sliding 

velocity

m/s 

1 20 
Room 

Temp 
0% 5 

2 30 50 5% 10 

3 40 100 10% 15 

Table 2: Level of Control Parameter used in Equipment 

Techniques 

Sr 

N

o 

Load(

N) 

Reinforcement

(%) 

Sliding 

Velocity(m

/s) 

Temperat

ure 

(°C) 

1 20 0 5 27 

2 20 5 10 50 

3 20 10 15 100 

4 30 0 10 100 

5 30 5 15 27 

6 30 10 5 50 

7 40 0 15 50 

8 40 5 5 100 

9 40 10 10 27 

Table 3: L9 Orthogonal Condition 

A. Experimental Process 

Wear test where carried out by using pin on disc apparatus 

design as per standard ASTM. The samples were cylindrical 

shape of size 10 mm diameter and 20mm length. Before 

testing, the flat surface of the specimens was polished with 

fine grained emery papers up to a surface roughness value of 

0.36 micron meter. During testing, the flat end of the 

specimen was pressed against a hardened EN31 steel 

horizontal rotating disc of hardness 65HRC.The wear tests 

was conducted under three different applied loads (20 N, 30 

N and 40 N), three temperature (27°C, 50°C and 100°C), 

three sliding velocity (5 m/s, 10 m/s, 40m/s), two weight 

percentages of SiC (0%, 5% and 10%) and a constant sliding 

distance of 1000m . Reduction in height of specimen is 

measured by using height sensor given on apparatus and by 

using this height volume loss of specimen is calculated. Thus 

wear rate is calculated sliding velocity separate specimen is 

used. The coefficient of friction is calculated by the ratio 

between tangential forces (Ft) and the normal force (FN) by 

using equation Reading of tangential force is directly given 

by apparatus on its display. The tangential force was 

uniformly recorded within 30sec interval and the average was 

used for computation. Mean value of coefficient of friction is 

directly calculated by WINDCOM software, which is use as 

a data acquisition system for apparatus monitoring. 

Coefficient of friction, μ = (Ft / FN) 

 For each sliding velocity a separate specimen was 

used and each test was repeated three times and the average 

was reported as a result. 

 
Fig. 1: Pin On Disc Apparatus 

 The objective of experiment is to develop a 

mathematical model to predict the influence of abrasive wear 

parameter of on the wear rate and coefficient of friction of the 

experimental composites. The model was design based on 

statistical approach by using MINITAB 17 software. 

B. Experimental Result 

Sr No Load(N) Reinforcement(%) Sliding Velocity(m/s) 
Temperature 

(°C) 

Wear 

 
COF 

1 20 0 5 27 37.12 0.391 

2 20 5 10 50 34.84 0.356 

3 20 10 15 100 30.63 0.324 

4 30 0 10 100 50.25 0.417 

5 30 5 15 27 42.46 0.392 
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6 30 10 5 50 48.43 0.423 

7 40 0 15 50 52.72 0.448 

8 40 5 5 100 59.31 0.472 

9 40 10 10 27 53.85 0.459 

Table 4: Experimental Result of Abrasive Wear Test & CoF

VI. RESULT & DISCUSSION 

Analysis of variance (ANOVA) is a collection of statistical 

models used to analyze the differences among group means 

and their associated procedures. It was used to analyze the 

influence of wear parameters like sliding speed, load and 

sliding distance. The ANOVA establishes the relative 

significances of factors in terms of their percentage 

contribution to the response. 

 
Fig. 2: Main Effect Plot for Means of Wear. 

 
Fig. 3: Main Effect Plot for SN Ratios for Wear 

 
Fig. 4: Main Effects Plot Means of Coefficient of Friction 

 
Fig. 5: Main Effect Plot for SN Ratios for Coefficient of 

Friction 

 Above Fig 2 the main effect plots for means for 

wear. It shows that As the load, temperature increases,the 

wear rate also increases but as the % reinforcement increases 

we can get wear rate minimum. The ANOVA result for SN 

ratio for and coefficent of friction and it gives the data related 

to percentage contribution of each parameter. For wear rate 

and coefficent of friction load and Reinforcement are the 

most contributing factor. 

Source DF Seq. SS Contribution Adj.SS Adj. MS F-Value P-Value 

Regression 4 764.30 95.41% 764.30 191.074 57.45 0.001 

Load 1 670.14 66.37% 670.14 670.138 201.49 0.023 

Velocity 1 10.56 2.61% 10.56 10.56 3.18 0.149 

% Reinforcement 1 71.67 24.09% 71.67 71.968 21.64 0.010 

Temperature 1 11.63 2.34% 11.63 11.63 3.50 0.135 

Error 4 13.30 4.59% 13.30 3.326   

Total 8 777.60 100.00%     

Table 5: Analysis of Variance of Wear Loss 

Source DF Seq. SS Contribution Adj. SS Adj.MS F-Value P-Value 

Regression 4 0.016358 92.37% 0.016358 0.00409 344.09 0.029 

Load 1 0.013920 62.43% 0.013920 0.0139 1171.20 0.014 

Velocity 1 0.000204 4.29% 0.000204 0.0002 17.18 0.005 

% Reinforcement 1 0.000143 22.46% 0.000143 0.00209 175.90 0.000 

Temperature 1 0.000048 3.19% 0.000048 0.000143 12.07 0.025 

Error 4 0.016406 7.63% 0.016406 0.00001   
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Total 8 0.016406 100.00%     

Table 6: Analysis of variance of CoF

 Above tables shows that the ANOVA result for SN 

ratio for wear and It gives the data related to percentage 

contribution of each parameter. From table 5 it shows that for 

wear rate the load (66.37%) and Reinforcement (24.09%) are 

the most contributing factor for wear. 

 The ANOVA result for SN ratio for and coefficient 

of friction and it from table 6 gives the data related to 

percentage contribution of each parameter. From above 

shows that the for wear rate the load (62.43%) and 

Reinforcement (22.46%) are the most contributing factor for 

wear rate. 

Multiple Linear Regrassion Analysis 

Wear = 19.62 + 1.0548 Load - 0.239 Reinforcement% 

- 0.635 Velocity + 0.0304 Temperature 

Cof = 0.31155 + 0.005133 Load 

- 0.001667 Reinforcement% 

- 0.004067 Velocity - 0.000126 Temperature 

 It also be observed that the coefficents associated 

with sliding distance( D ) , load (N) and Temperature (0C)are 

positive for LM30+SiC which indicates that the wear and 

coefficent of friction increses as the these parameter 

increases. But conversely %wt reinf incereses the coefficent 

of friction and wear decresed. 

Level Load Velocity % Reinf. Temp. 

1 -30.13 -32.96 -33.21 -32.46 

2 -33.05 -32.49 -32.75 -32.51 

3 -34.53 -32.26 -31.75 -32.73 

Delta 4.40 0.69 1.45 0.27 

Rank 1 3 2 4 

Table 7: Response Table for Signal to Noise Ratios (Wear) 

Level Load Velocity % Reinf. Temp. 

1 9.375 8.090 7.807 8.127 

2 8.242 .8.302 8.322 8.258 

3 7.193 8.418 8.681 8.425 

Delta 2.182 0.329 0.874 0.297 

Rank 1 3 2 4 

Table 8: Response Table for Signal to Noise Ratios (COF) 

VII. CONCLUSION 

1) Brake pad material is important with respect to 

increasing strength of the systems as well as safety, to 

overcome problems as wear loss, coefficient of friction, 

low strength, which leads to more maintenance cost and 

failure of system. 

2) These works help in determining material of high 

strength, high energy absorption capable and low 

possible weight .With better resistance to wear and 

friction loss For all condition material LM 30 + SiC 

composites shows better tribological properties. Also 

Increased in weight percentage of reinforcement has 

increased the more wear resistance and lesser coefficient 

of friction. 

3) Design of experiment section of MINITAB 17 software 

is used to determine the minimum number of experiment 

to be carried out for the analysis of wear resistant 

properties for composite. 

4) Design of Experiment is the successful technique to 

analyze tribological research. From the ANOVA, it 

shows that, Load 66.37% and Reinforcement 24.09 % 

have the significant influence on the wear of hybrid 

material. While temperature 2.34% and Velocity 2.61% 

have moderate effect on wear rate. 

5) In case of Coefficient of friction Load 62.43% and 

Reinforcement 22.46 % have the significant influence on 

Coefficient of friction for hybrid material. while Velocity 

4.29 % and temperature 3.19 % have moderate effect on 

Coefficient of friction 

6) Comparing both experimental and analytical value its 

found that the error does not extended above 8 %. 
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