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Abstract— Engineering science has done tremendous 

progress in use of composite material. This paper had shown 

work of Wear testing, Hardness testing and Tensile testing 

on Al /Al2O metal matrix composite (MMC). This work has 

been carried to show strength extension of MMC in contrast 

to original metal. The MMC of Al /Al2O is fabricated via 

Stir casting way. Particulate reinforcement has been chosen 

for this work in contrast to fabric reinforcement because of 

its isotropic nature and also having advantage that most 

existing processing techniques can be used for fabrication 

and finishing of the composites for this type of MMC like 

hot rolling, hot forging, hot extrusion and machining etc. 

Experimental work had been carried out on MMC having 

alloy Al6063 and 10% Al2O3 . Further in experimental work 

uniform reinforcement distribution is used for effective 

utilization of the load carrying capacity. Final results shown 

for Hardness testing taken by Vickers hardness measuring 

machine also for tensile testing results taken by UTE-100 

and paper ended with wear testing results also shown Graph 

between Coefficient of friction & Frictional Force Versus 

time under different Load and speed for the purpose of wear 

testing. All results are taken under Government registered 

laboratory. 
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I. INTRODUCTION 

A. MMC and Reinforcement 

Metal Matrix Composites  are innovative materials having 

wide application in traffic engineering, especially in the 

automotive industry, also been used commercially in fiber 

reinforced pistons and aluminium crank cases with 

strengthened cylinder surfaces as well as particle-

strengthened brake disks[1]. Composites are engineering 

planned mixture of metallic or non metallic or ceramic 

materials. This paper had shown content for design of 

composite figure 1.  Composite materials have low specific 

gravity that makes their properties particularly superior in 

contrast to pure metals, due to which there are enhancement 

of their use in various design fields. Composites can be 

categorized in three ways on the matrix phase used among 

them first is Polymer-matrix composites (PMCs) second is 

Ceramic-matrix composites (CMCs) and the last is Metal-

matrix composites (MMCs). 

 
Fig. 1: Composite content 

MMC is having advantages of reasonable cost – 

performance relationship in the component production [1]. 

MMCs are achieved by processing of metals via 

reinforcement. Matrix in MMC is mostly a metal or 

sometime alloy witch get reinforced with other material to 

enhance strength. Reinforcement is carried for MMCs so 

that they can be designed into the material, custom-made, 

dependent on the application. Reinforcement increases the 

strength, stiffness and the temperature resistance capacity 

and lowers the density of MMC. As the study leads us that 

the reinforcement of metals should solve many objectives in 

which priority come for Increasing yield strength and tensile 

strength at room temperature and above while maintaining 

the minimum ductility or rather toughness, also Increasing 

creep resistance at higher temperatures compared to that of 

conventional alloys. Reinforcement could be fiber 

reinforcement or particulate. This work is had focused on 

particulate reinforcement as fiber reinforcement does not 

show isotropic behavior [3]. In this paper we worked on 

particulate reinforced MMC in which we also aimed at 

Increase in fatigue strength, especially at higher 

temperatures and wear resistance. In this paper Aluminium 

which is used widely as a structural material especially in 

the aerospace industry because of its light weight properties 

is reinforced with Al2O3 particles and whiskers. Aluminium 

comprise advantages like light weight, environmental 

resistance and useful mechanical properties such as 

modulus, strength, toughness and impact resistance but in 

adverse side aluminium alloys suffers problems like low 

strength and low melting point. These problems are tried to 

cover up via reinforcement Al with aluminium oxide. This 

reinforcement have generated significant interest in the 

industries where strength to weight ratio is the primary 

concern.  Primary reason to choose aluminium oxide among 

various reinforcements is because of its high modulus and 

strengths, excellent thermal resistance, good corrosion 

resistance, good compatibility with the aluminium matrix, 

low cost and ready availability. When an MMC is fabricated 

at high temperature and cooled at room temperature there 

are some disadvantage also like low tensile etc that need to 

be taken care of 

B. Stir Casting 

Fabrication is production way for designing MMC. 

Fabrication is categorized three ways among which one is 

liquid phase second is solid phase and last category comes 

vapor State fabrication. Stir Casting is the fabrication way 

under liquid phase category in which dispersed phase 

(ceramic particles, short fibers) is mixed with a molten 

matrix metal by means of mechanical stirring after which 

step followed casting and forming. During fabrication many 

factors are worth of consideration Speed of Rotation, 

Pouring Temperature, Pouring speed, Mould Temperature, 

Mould Coatings etc. In this paper ---------- 
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II. RELATED WORK 

A. Wear 

Wear is definite as damage to a solid surface that generally 

involves progressive loss of material and is due to relative 

motion between that surface and a contacting substance or 

substances. Depending on the nature of movement of the 

media wear has been classified in these type Abrasive wear, 

Sliding and Adhesive wear Corrosive wear, Oxidational 

wear etc. one category is also die wear which had been 

studied in paper[9]. Abrasive wear get affected by various 

parameters like Temperature, speed of contact , humidity etc 

Abrasive wear had been studied in [4] for various 

MMC of Al with variation in reinforcement. The results in 

this paper had proved that quantity of Al2O3  had great 

impact in Wear resistance. The work had been performed by 

compo casting. In this paper we had also worked with MMC 

of Al alloy with. But in contrast we used stir casting way of 

fabrication. Our work also gives results of hardness and 

Tensile testing for this MMC. The paper [5] had reviewed 

Aluminium-silicon alloys and aluminium-based metal-

matrix composites (MMCs). Paper represented operating 

performance and resistance to wear of aluminium based 

MMC. 

In the paper [6] work had been carried out on  a 

squeeze cast A390 Al alloy, a high pressure die cast 

20%SiC–Al MMC, and a newly developed as-cast 50%SiC–

Al MMC.  The experiments are carried out to check Dry 

sliding block-on-ring wear tests. The results in paper [6] 

shown that the sliding wear resistance increases as SiC 

particle volume fraction increases. In paper [7] effect of 

production parameters on wear resistance of Al–Al2O3 

composites had been studied. The paper [8] had shown 

study of effects of volume fraction and particle size of boron 

carbide on the abrasive wear properties of B4C particle 

reinforced aluminium alloy composites. This paper had 

shown the effects of sliding time, particle content and 

particle size of B4C particles on the abrasive wear properties 

of the composites. The dominant wear mechanisms were 

identified using scanning electron microscopy [8]. The 

results showed that the specific wear rate of composites 

decreased with increasing particle volume fraction [8]. 

III. PROPOSED WORK 

A. Production Steps of MMC 

 

Fig. 2: Production Steps of MMC 

IV. EXPERIMENTAL RESULTS 

A. Hardness Testing 

Hardness of the stir cast Al-Al2O3 samples is measured by 

the equipment Vickers hardness measuring machine 

(Vickers Hardness Tester, INDIA Model: VM 50) .The 

experimental results are shown here to show that initially 

average hardness for sample is found to be 93HV but after 

the stir casting, it increases to 97HV. 

Sr. No. % Al2O3 Hardness before reinforcement (HV) Hardness after reinforcement (HV) % Increase 

1. 10 66 72 9 

Table 1 Hardness Testing 

B. Tensile Testing 

For Tensile Testing specimen is taken as Rectangular bar 

with gauge length 77.35mm, width 10.53 and thickness 

17.8. Tensile testing is done on FIE Make Universal Testing 

Machine (UTE-100). The tensile properties such as Tensile 

strength and Percentage elongation have been evaluated for 

A6063 + 10% Al2O3+ (37µm) and are shown in table 2. 

Sr. No. Specimen Area of specimen (mm
2
) Tensile strength (KN/mm

2
) % Elongation 

1. Al 6063+10%Al2O3 131.75 .141 16 

Table 2: Tensile Testing 

C. Wear Testing 

For wear testing machine named Ducom, which is 

Bangalore made computerized pin on- disc wear test 

machine had been used for experiments. We had performed 

wear testing at different sliding velocity with different 

normal loads. A cylindrical pin of size 1.1cm diameter and 

2.1cm length, prepared from composite casting, was loaded 

through a vertical specimen holder against horizontal 

rotating disc. The rotating disc was made of carbon steel of 

diameter 50 mm and hardness of 64 HRC. The weights were 

measured before and after each test segment to determine 
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the abrasive wear loss of each sample. Scanning electron 

microscopy was used to analyze the morphology of the worn 

surfaces of sample 

Sr. 

No. 
R.P.M 

Internal 

load(g) 

Final 

load(g) 
Load(N) Wear 

1 300 12.199 12.198 20 0.001 

2 400 12.198 12.197 20 0.001 

3 500 12.197 12.196 20 0.001 

4 300 12.196 12.194 30 0.002 

5 400 12.194 12.192 30 0.002 

6 500 12.192 12.187 30 0.005 

Table 3: Wear testing 

V. WEAR BEHAVIOR GRAPH RESULTS 

Wear behaviour of MMCwas studied with different 

parameter like Time, Co efficient of friction, Frictional force 

and applied load 

A. Graph between Coefficient of friction & Frictional Force versus Time (Load-19.63N Speed-300 RPM) 

 
Fig. 3: Graph between Coefficient of friction & Frictional Force versus Time (Load-19.63N Speed-300 RPM) 

B. Graph between Coefficient of friction & Frictional Force versus Time (Load-19.63N Speed-400 RPM) 

 
Fig. 4: Graph between Coefficient of friction & Frictional Force Versus time( Load-19.63N Speed-400 RPM) 
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C. Graph between Coefficient of friction & Frictional Force versus Time (Load-19.63N Speed-500 RPM) 

 
Fig. 5: Graph between Coefficient of friction & Frictional Force Versus time( Load-19.63N Speed-500 RPM) 

D. Graph between Coefficient of friction & Frictional Force Versus time (Load-19.63N Speed-500 RPM) 

 
Fig. 6: Graph between Coefficient of friction & Frictional Force Versus time( Load-19.63N Speed-500 RPM) 

E. Graph between Coefficient of friction & Frictional Force Versus time (Load-29.44N Speed-400 RPM) 

 
Fig. 7: Graph between Coefficient of friction & Frictional Force Versus time (Load-29.44N Speed-400 RPM) 
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F. Graph between Coefficient of friction & Frictional Force Versus time (Load-29.44N Speed-400 RPM) 

 
Fig. 8: Graph between Coefficient of friction & Frictional Force Versus time (Load-29.44N Speed-400 RPM) 

VI. CONCLUSION 

This work has been carried to show strength extension of 

MMC in contrast to original metal. The MMC of Al /Al2O is 

fabricated via Stir casting way. Particulate reinforcement 

has been chosen for this work in contrast to fabric 

reinforcement because of its isotropic nature and also having 

advantage that most existing processing techniques can be 

used for fabrication and finishing of the composites for this 

type of MMC like hot rolling, hot forging, hot extrusion and 

machining etc. Experimental work had been carried out on 

MMC having alloy Al6063 and 10% Al2O3 
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