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ABSTRACT: 
In this present investigation Aluminium-Silicon based alloy (LM6) with addition of 

0%, 2.5%, 5%, 7.5%, 10% Copper Coated Steel short Fiber and 5% of tungsten carbide (WC) 
particles reinforced composites have been fabricated by stir casting method. The Mechanical, 
Tribological behaviour of LM6 based hybrid composites and micro structures of different 
castings were examined by image analyser. The dry sliding wear characteristics of 
Aluminium Hybrid Matrix Composites were investigated by Pin-On-Disc. The test are 
subjected to composites against the hard steel disc at different load (20N, 30N, 40N), sliding 
distance (500m, 1000m, 2000m) and sliding velocity (0.6m/s, 0.8m/s, 1m/s) respectively.  

A plan of experiments based on Taguchi technique was used to acquire the data in a 
controlled way. An orthogonal array and analysis of variance was employed to investigate the 
influence of wear parameters like as normal load, sliding speed and sliding distance on dry 
sliding wear of the composites. The objective was to investigate which design parameter 
significantly affects the dry sliding wear. It shows that ceramic particles are effective agents 
in increasing dry sliding wear resistance of hybrid composite. Field Emission Scanning 
Electron Microscope was used to observe the fracture surface at LM6 Hybrid matrix 
composites are examined. In this hybrid composites of both short fibers and reinforcement of 
ceramic particles at varying percentage are to improve mechanical properties and superior 
wear have been obtained.  

The main objective of optimisation process was to obtain minimum wear rate for 
LM6 hybrid composites.  The fracture surface of tensile specimen and worn surface and 
matrix and composites were analysed. 

 

INTRODUCTION: 
[1]investigated the effect of Aluminium matrix Composite (AMC) by using stir casting 
process to the hardness properties by using Taguchi method. The result shows that the 
hardness increases significantly as the level of the material increases and it contributes an 
error of 8.49% was obtained where such percentage means that all significant factors affects 
the average value.[2] investigated the effect of borosilicate glass with aluminium alloy. The 
result shows that the hardness of the metal matrix composite increases as the %reinforcement 
increases and achieved a maximum value of 70 HRB. The tensile strength tends to increase as 
the % reinforcement increases and reaches a maximum of 147 MPa at 7.5 % of reinforcement 
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and then it started to decrease due to the clustering borosilicate glass which permits crack 
propagation and it also shows that the impact strength also increases as the %reinforcement 
increases.[3] investigated the effect of copper coated steel fibre with aluminium alloy under 
squeeze casting process. The result as shows, when a constant pressure was applied during 
the solidification which minimized the porosity resulting in fine grain structure and also the 
two composite mixes well with each other as a fine grain structure by squeeze casting 
process.[4] investigated the effect of silicon carbide and graphite with aluminium alloy is 
processed using stir casting process. The result shows that the wear rate decreases as increase 
in graphite and silicon particles and the testing is done by using orthogonal array process and 
the result is also identified using minitab software.[5] investigated the effect of copper coated 
short steel fiber with aluminium alloy by squeeze casting process. The result as shown that 
the addition of steel fiber increases the hardness of composites and maximum hardness of 
72BHN is observed in 10 wt% of fiber composites. Application of squeeze pressure during 
the solidification of casting also contribute for minimising the porosity, fine microstructure of 
samples offering resistance to plastic deformation which increases the hardness of 
composites.[6] investigated the effect of Al LM6 hollow cylinder is fabricated using 
centrifugal casting process. The result as shown that hardness and the wear rate increases 
with increase in the wt% of Al and Si particles. The process is processed under the elevated 
temperature of 725˚C and a motor speed of 1500rpm.[7] investigated the effect of Silicon 
carbide and Al2O3 with LM6 composites processed using stir casting process. The result as 
shown that with the increase in SiC and Al2O3constituents impact strength increases as 
compared to the base metal. The hardness of composite samples was measured at 10kg load 
for 20 seconds for 25 to 30 times repeatedly on a sample. The result of Vicker’s hardness test 
for LM6 without reinforcement Sic/ Al2O3 and Al alloy LM6 as a hardness of 110VHN.[8] 
investigated the effect of boron carbide with aluminium composites were fabricated by liquid 
metallurgy techniques with different particulate weight fraction of 2.5, 5 and 7.5%. The result 
shows that the hardness of the LM6 Al alloy and composites was evaluated using Rockwell 
Hardness testing with 100kg load and 0.5 mm diameter steel ball indenter. The indentation 
time for hardness measurement was 15 seconds. As the amount of boron carbide is 
increasing, the hardness of the composites is increasing. The average hardness of values were 
measured to be 17, 25, 39 and 54 HRB.[9] investigated the effect of Fly ash and B4C in 
aluminium alloy processed using stir casting process. In this the composites undergone 
hardness test to check its properties under different conditions. The result shows that the 
addition of hard particles increased the hardness of composites and maximum hardness of 
124BHN was observed for 10 wt% of boron carbide particles with 5wt% of fly ash reinforced 
composites. Addition of hard particles in soft matrix resist plastic deformation while 
indentation.[10] investigated the effect of copper coated steel wire with aluminium LM6 
alloy composites is processed under squeeze casting process. The result as shown that the 
hardness of composites increases with increasing distance from matrix to steel wire. 
Reinforcement of high strength steel wire in matrix increases the hardness of composites. 
Application if squeeze pressure minimises the porosity, offering fine grain structure that 
resist plastic deformation while indentation. Average hardness values of 259 and 90 Hv are 
observed in steel wire and matrix respectively.[11]investigated the effect of aluminium and 
its composites is processed by liquid route, which includes squeeze casting and liquid 
pressure infiltration techniques. The result as shown that the hardness is increased when the 
composites values is increased and the wear rate is also increased as the increase in volume of 
metal composites.[12]investigated the mechanical properties of Al LM6 matrix Composite 
reinforced with Al-N particles prepared by stir cast and concluded that composite material 
gives the higher ultimate tensile and yield strength than pure alloy.  The author also revealed 
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that both micro and macro hardness increases in composite as Al-N percentage increases into 
the alloy matrix.[13]investigated that the production of aluminium alloy 6063 reinforced with 
hybrid reinforcement of SiC and B4C were fabricated by vacuum assisted block mould 
investment casting techniques.  The porosity could be calculated in Archimedes test.  In the 
production techniques leads to improving the wet ability of the hybrid reinforcement with the 
molten metal.  The reinforcement fraction up to 37.5% was obtained.  The block mould 
investment casting process could be used for jewellery and dental prosthesis productions for a 
longer period.  This fabrication technique was best suitable for metal matrix composite in the 
industrial applications.[14]studied the solidification characteristic of titanium carbide 
particulate reinforced aluminium alloy matrix composites.  They used aluminium-11.8% 
silicon alloy (LM6) specimen as matrix material and reinforced with weight fractions of 5 
and 15% of titanium carbide particulate (TiC) by gravity casting.  They have shown that by 
adding TiC as reinforcement to LM6, the solidification time faster and it gives finer grain size 
and better mechanical property.  The author also observed that hardness number is increased 
as more TiC particulate are added to the matrix material.[15] observed the solidification 
behaviour of stir cast Al alloy MMCs.  Authors fabricated Aluminium alloy LM6/SiC 
composite.  Experiments were carried out over a range of particle weight percentages of 
2.5%, 5%, 7.5%, 10%, 12.5%, and 15%.  Uniform distribution of SiC particles over matrix, 
revealed by SEM images.  Experimental results revealed that reduction in cooling rate was 
due to the increased SiC content.  Hardness increases with increase in fraction of SiC 
particles.[19] have investigated the influence and graphite on the wear behaviour of Al 
7075/Al2O3/5 wt.  % graphite hybrid composite.  The Al 7075/Al2O3/graphite hybrid 
composite was prepared with 5 wt.  %graphite particles addition and    2, 4, 6 and 8 wt.  % of 
Al2O3.  The dry sliding wear behaviour of Al 7075/Al2O3.5 wt.  % graphite hybrid 
composites is carried out in pin on disc apparatus.  The wear rate decreases with the addition 
of Al2O3 and reaches a minimum at 2 wt.  %Al2O3/5 wt.  %graphite and it is about 36% less 
than that of the matrix material Al 7075, whereas the wear rate of the hybrid composites 
increases with increasing sliding speed.  The hardness of hybrid composites increases with 
increasing Al2O3 and it was higher than that of base alloy in all compositions.  Addition of 
Al2O3 particle increases the tensile strength, compression strength, compression strength and 
flexural strength of the hybrid composite and it was higher than that of base alloy.  Addition 
of graphite to aluminium alloy is known to decrease the hardness, tensile strength, 
compression strength and flexural strength and it was overcome by the addition of Al2O3 
particulates in the hybrid composites.  The presence of graphite in the hybrid composites a 
trend for keeping the wear less due to the formation of thin layer of graphite on the tribo 
surface.  The presence of graphite in the hybrid composite as also been able to decrease the 
coefficient of friction of the composite and this is attributed to the release of graphite which 
acted as the solid lubricant during the wear process.[20]studied on mechanical &tribological 
properties of LM25- graphite silicon carbide and LM25-flyash silicon carbide – hybrid MMC 
produced with stair casting method.  They infer that graphite and fly powder blended with 
SiC makes the material harder up to a certain point of confinement.  Arranged MMC’s give 
superb wear qualities as far as possible load.  The rigidity enhances for 2% expansion of SiC 
and 4% of SiC in Al-graphite.  This extent is perfect for some outcomes of result effectively.  
So also, 2%, and 4% expansion foSiC in fly ash mix makes a productive material.  The 
material’s hardness increments with the mix of 2% expansion of SiC and graphite.  The 
compressive quality is perfect at 2% and 4% expansion of SiC graphite and flyash.  Here the 
compound’s hardness makes it not able to tolerate the wear.  Looking at the thickness and 
expense of the combinations recommends that the amalgams containing 2% and 4% SiC 
would be financially savvy and vitality productive for wear and quality 
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applications.[21]investigated the effect of lead oxide with aluminium alloy by the process of 
sand casting process to study the mechanical and microstructure properties of it. The result as 
shown that the tensile strength increases with increase in the % of reinforcement up to 7.5% 
after that it reduces and the hardness of the metal matrix component increases with increase 
in PbO glass reinforcement.[22] investigated the effect of graphite and silicon with 
aluminium alloy is under gone by stir casting process to study the wear characteristics of 
those composite materials. The result has shown that the wear rate of these composites 
decreases with increase in the % of reinforcement up to 7.29% of reinforcement. 

ALUMINIUM LM6 
Pure form of aluminium is soft in nature. Therefore the tensile strength, hardness 

strength is usually low. In order to have a wide range of mechanical properties small amount 
of alloying element are added to the pure form of aluminium. LM6 Alloy Aluminium-silicon 
alloys, as a matrix material, are chosen for their good strength-to-weight ratio, ease of 
fabrication at reasonable cost, good thermal conductivity, high strength at elevated 
temperature, excellent corrosion resistance as well as good capability and wear resistance 

properties. 

 

Aluminium LM6 Alloy 

Thus, these alloys are suitable for aerospace, automotive and military applications. 
Majority of eutectic or near eutectic Aluminum-silicon alloys are used to produce pistons and 
are, therefore, known as “piston alloy‟, which provides the best overall balance of properties. 

TUNGSTEN CARBIDE (WC) 
           Tungsten Carbide is the chemical compound of carbon and Tungsten. It was 
originally produced by a high temperature electro-chemical reaction of sand and carbon. 
Tungsten carbide is an excellent abrasive and has been produced and made into grinding 
wheels and other abrasive products for over one hundred years. Today the material has been 
developed into a high quality technical grade ceramic with very good mechanical 
properties. 

Tungesten Carbide 
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It is used in abrasives, refractoriness, ceramics, and numerous high-performance 
applications. The material can also be made an electrical conductor and has applications in 
resistance heating, flame igniter sand electronic components. Silicon carbide is composed of 
tetrahedral of carbon and tungsten atoms with strong bonds in the crystal lattice. This 
produces a very hard and strong material. Tungsten carbide particles are shown inFigure4.2. 

COPPER COATED STEEL FIBER 
Copper Coated Steel Fiber has high compressive intensity, tensile intensity and crack 
resistance. It can improve the performance of the aluminium, such as anti-tensile, anti-
compressive, shear intensity, impermeability, impact resistance, fatigue resistance etc., 

4.3.1 PROPERTIES OF COPPER COATED STEEL FIBER 
 Oxidation Withstanding 

 Electrical Conductivity 

 Thermal Resistance 

 
FABRICATION OF ALUMINIUM HYBRID METAL MATRIX  
COMPOSITES: 
 The experimental setup for fabricating metal matrix composites is shown in 
Figure-5.1. It mainly consists of a bottom pouring furnace with crucible, mechanical stirrer 
assembly, cast iron mould and hydraulic press. An electrical resistance heating furnace with a 
capacity of 1000°C was used to melt the metal and to hold the molten metal at a desired 
temperature. The temperature in the furnace was measured and accurately controlled by a 
PID temperature controller. Stainless steel material has been selected for the crucible, stirrer 
rod and impeller because of its good corrosion resistance. The mechanical stirrer was 
connected to a variable speed (0 - 2000 rpm) motor which has been used to mix the ceramic 
particles with matrix alloy. A lifting mechanism was provided to extract the stirrer from the 
melt and to facilitate the stirrer positioning, cleaning and replacement. 

Stir Casting Setup 
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 A spilt type cast iron permanent mould was specially designed for fabricating 
composites of 30 mm diameter and 300 mm height. The molten metal has been poured into 
the mould through a path way of bottom. 
 
 PROCESSING OF COMPOSITES      
 The hybrid aluminium composites were produced by using melt stirring and Stir 
casting method. The two most important stages in the processing of composites are (i) 
reinforcement incorporation into molten melt and (ii) casting under Stir speed. The matrix 
alloy in the form of ingots was charged into the crucible and the temperature of the furnace 
has been raised to 800°C. The inner side of the crucible and stirrer were coated to avoid any 
contaminations at high temperatures. The B4C and Short fiber (Copper coated steel fiber) 
particulates were preheated at 350°C for 2 hr to improve their wet ability with the matrix 
alloy. The preheated mechanical stirrer was introduced into the melt and positioned just 
below the surface of the melt. The molten metal was stirred at the approximate speed of 500 
rpm and then preheated ceramic particles were added gradually in the vortex. After the 
particle addition the stirring was continued for another 10 min to prepare homogeneous 
slurry.  The pouring temperature has been maintained at 750°C. The permanent cast iron 
mould was preheated to 250°C to obtain uniform. After solidification the castings were taken 
out from the mould. For the purpose of comparison unreinforced aluminium alloy was also 
fabricated by using the same procedure. 
 
 TRIBOLOGICAL BEHAVIOUR OF ALUMINIUM COMPOSITES  
 The specimens of required size were cut from the cast unreinforced aluminium 
alloy and composite to carry out the microstructure analysis. The specimens were carefully 
prepared following standard metallographic procedures of grinding and polishing. The 
general structure and particulate distribution in the matrix alloy was observed by Optical 
microscopy. Pin-On-Disc Wear tester was used to measure the weight loss and coefficient of 
friction of aluminium alloy and composite. The test has been carried out using 10mm dia 
specimen and load varies from 10N, 20N, 30N, 40N and speed varies from 250rpm to 
350rpm and Track dia 100mm to 130mm and for each 20mins.  

 
Experiment setup of Pin on Disc Apparatus 
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TESTING REPORT: 

SAMPLES TENSILE STRENGTH 
N/mm2 % OF ELONGATION 

SAMPLE 1 70.45 12.3 

SAMPLE 2 124.52 2.0 

SAMPLE 3 113.30 2.3 

SAMPLE 4 134.09 1.2 

SAMPLE 5 47.66 3.5 

 

 
 

THEORITICAL ANALYSIS OF OBTAINED VALUES USING MINITAB  
 The experiments were conducted as per orthogonal array and the wear rate results 
obtained for various combinations of parameters are shown in table. The experimental values 
were transformed into S/N ratio for measuring the quality characteristics using MINITAB 18. 
The S/N ratio obtained for all experiments are shown in below table. 
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StdOrder RunOrder PtType Blocks A B C Wear 
4 1 1 1 30 2000 0.6 0.024 
15 2 0 1 20 1500 0.8 0.019 
10 3 -1 1 30 1500 0.8 0.014 
9 4 -1 1 10 1500 0.8 0.012 
5 5 1 1 10 1000 1.0 0.003 
7 6 1 1 10 2000 1.0 0.002 
19 7 0 1 20 1500 0.8 0.019 
8 8 1 1 30 2000 1.0 0.021 
3 9 1 1 10 2000 0.6 0.016 
14 10 -1 1 20 1500 1.0 0.019 
2 11 1 1 30 1000 0.6 0.013 
17 12 0 1 20 1500 0.8 0.017 
1 13 1 1 10 1000 0.6 0.006 
13 14 -1 1 20 1500 0.6 0.018 
12 15 -1 1 20 2000 0.8 0.021 
11 16 -1 1 20 1000 0.8 0.015 
18 17 0 1 20 1500 0.8 0.017 
6 18 1 1 30 1000 1.0 0.016 
16 19 0 1 20 1500 0.8 0.017 
20 20 0 1 20 1500 0.8 0.017 
 

 TAGUCHI METHOD 
Taguchi method is a powerful tool for the design of high quality systems. It provides simple, 
efficient and systematic approach to optimize designs for performance, quality and cost. 
Taguchi method is efficient method for designing process that operates consistently and 
optimally over a variety of conditions. The Taguchi technique is a powerful design of 
experiment tool for acquiring the data in a controlled way and to analyse the influence of 
process variable over some specific variable which is unknown function of these process 
variables and for the design of high quality systems. This method was been successfully used 
by researchers in the study of wear behaviour of aluminium metal matrix composites. The 
aim of this technique is to make the products that are robust with respect to influencing 
parameters. Taguchi creates a standard orthogonal array to accommodate the effect of several 
factors on the target value and defines the plan of experiment. The experimental results are 
analysed using analysis of means and variance to study the influence of parameters. The wear 
rate of the materials are found using this method, and the values are listed below. 
Load Speed Distance Wear 

10 0.6 1000 0.006 

10 0.8 1500 0.012 

10 1 2000 0.019 

20 0.6 1500 0.018 

20 0.8 2000 0.021 
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20 1 1000 0.004 

30 0.6 2000 0.024 

30 0.8 1000 0.010 

30 1 1500 0.015 

 

Response table for signal to noise ratios- Smaller is better (Wear rate) 

Level Load(N) Speed(m/s) Distance(m) 
1 39.02 36.9 44.26 
2 38.55 37.25 36.52 
3 36.63 39.83 32.04 
Delta 18.45 12.03 6.5 
Rank 1 2 3 
 

 
Response Table for Means-Smaller is better wear rate 

Level Load(N) Speed(m/s) Distance(m) 
1 0.0124 0.0172 0.0065 
2 0.0148 0.0146 0.0149 
3 0.0170 0.0127 0.0230 
Delta 0.0153 0.0137 0.0172 
Rank 2 3 1 
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ANALYSIS OF VARIANCE 

Source DF Adj SS Adj MS F-Value P-Value 
Load 2 0.000150 0.000075 2.14 0.319 

Speed 2 0.000282 0.000141 4.01 0.200 

Distance 2 0.000174 0.000087 2.48 0.287 

Error 2 0.000070 0.000035   
Total 8 0.000676    
 

 

RESPONSE SURFACE METHODOLOGY 

Response Surface Methodology (RSM) had been used for analysis of result. Response 

Surface Methodology (RSM) is the collection of experimental strategies, mathematical 

methods and statistical inferences that enable an experimenter to make efficient empirical 

exploration on the system of interest. RSM can be defined as a statistical method that uses 

quantitative data form appropriate experiments to determine and simultaneously solve 

multivariable equations. This method is now broadly used in many fields such as chemistry, 

biology and manufacturing.  

COMPARISION OF WEAR BEHAVIOUR OF WC AND B4C 
BORON CARBIDE B4C TUNGESTEN CARBIDE WC 

Load Distance Speed Wear Load Distance Speed Wear 
30 2000 0.6 0.024 30 2000 0.6 0.022 
20 1500 0.8 0.019 20 1500 0.8 0.017 
30 1500 0.8 0.014 30 1500 0.8 0.012 
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10 1500 0.8 0.012 10 1500 0.8 0.010 
10 1000 1.0 0.003 10 1000 1.0 0.002 
10 2000 1.0 0.002 10 2000 1.0 0.001 
20 1500 0.8 0.019 20 1500 0.8 0.017 
30 2000 1.0 0.021 30 2000 1.0 0.019 
10 2000 0.6 0.016 10 2000 0.6 0.014 
20 1500 1.0 0.019 20 1500 1.0 0.017 
30 1000 0.6 0.013 30 1000 0.6 0.011 
20 1500 0.8 0.017 20 1500 0.8 0.015 
10 1000 0.6 0.006 10 1000 0.6 0.004 
20 1500 0.6 0.018 20 1500 0.6 0.016 
20 2000 0.8 0.021 20 2000 0.8 0.019 
20 1000 0.8 0.015 20 1000 0.8 0.013 
20 1500 0.8 0.017 20 1500 0.8 0.015 
30 1000 1.0 0.016 30 1000 1.0 0.014 
20 1500 0.8 0.017 20 1500 0.8 0.015 
20 1500 0.8 0.017 20 1500 0.8 0.015 

Comparision of Wear between WC & B4C 

 

GRAPH FOR BORON CARBIDE (B4C) 

 



International Journal of Research in Engineering and Management  

 Vol. 1, No. 1, 2019, pp.302 – 317                                         www.ijrem.in 

 

313 

 
GRAPH FOR TUMGESTEN CARBIDE (WC) 
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SEM REPORT  
 The SEM report shows the image of the broken material after tensile test. The 
structure of the material is identified using SEM testing machine to check its internal 
structure after elongation. Thus the image are shown in. 

 



International Journal of Research in Engineering and Management  

 Vol. 1, No. 1, 2019, pp.302 – 317                                         www.ijrem.in 

 

315 
 

 
CONCLUSION 
 Coefficient of friction and wear rate decreased with the addition of fiber content and 

increased in sliding distance. The average coefficient of friction for matrix was 0.27 
and that for 10 wt% of composite was 0.20.  

 The cumulative weight loss of composites decreased with increasing fiber content and 
decreased up to 57% for 10 wt% of composites when compared to LM6 aluminium 
alloy.  

 Fracture surface of tensile test specimen showed dimple formation in matrix and fiber 
pull out in composites. Copper coating on steel fibers improved wetting and showed 
better interface bonding in composites which resisted crack propagation.  

 Worn surface of samples showed local delamination on the surface in matrix. Smooth 
and fine grooves were observed in composites due to ploughing and mild wear was 
observed for 10 wt% of composites. 

 This developed copper coated steel fiber reinforced composites might be considered 
as a promising candidate to be used in automotive, aerospace and marine applications 
because of its better wear resistance and mechanical properties. 
 

 FUTURE SCOPE 
 In future, the strength  of  material can be  increased with various coated steel 

fiber and addition of ceramic particles and with variation in the composites. There is 
possibility for new application of material. 

 In further enhancement mechanical behaviour of compression test, fatigue test, impact 
test and three body abrasive wear test were examined. 
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