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In this present investigation, Metal Matrix Composite (MMC) containing Aluminum alloy (6061), and Silicon Carbide (SiC) were 

fabricated using sand casting technique. The objective of this work is to investigate the effect of parameters like Voltage, 
Current on the responses Material Removal Rate (MRR) and Tool Wear Rate (TWR) while machining Aluminum Alloy (6061) / Silicon 
carbide MMCs using Electrical Discharge Machining (EDM). The aluminum powder mixed different die electric fluid mediums are a
used to investigate the influences of electrical parameters to calculate the output response such as MRR and TWR). The experimenta
been done on Taguchi’s L27 orthogonal array under different combinations of parameters. Analysis of variances (ANOVA) has bee
determine the design parameters significantly influencing the response. The experimental results proposed optimal dielectric 
gives the maximum MRR and minimum TWR.
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INTRODUCTION  
 

A homogenous material is created by the synaptic 
assembly of two or more materials to be obtained a 
specific characteristics and properties. A 
material is a combination of two or more macro 
constituents which are different in form and different 
material composition. Generally composite posses a 
unique property of high strength to weight the ratio. 
The second phase may be added to provid
stiffness, toughness and self-lubrication etc. 

The most significant property of the composite 
materials are light weight when compare with 
conventional monolithic material.
materials balance to the combination of matrix and 
reinforcement [1]. Commonly the composite 
materials are classified in to three main groups: 
polymer and ceramics. Reinforcements added to these 
materials produced Metal matrix composites,
matrix composites, and Ceramic matrix composites.
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ABSTRACT 

investigation, Metal Matrix Composite (MMC) containing Aluminum alloy (6061), and Silicon Carbide (SiC) were 
fabricated using sand casting technique. The objective of this work is to investigate the effect of parameters like Voltage, 

ent on the responses Material Removal Rate (MRR) and Tool Wear Rate (TWR) while machining Aluminum Alloy (6061) / Silicon 
carbide MMCs using Electrical Discharge Machining (EDM). The aluminum powder mixed different die electric fluid mediums are a

to investigate the influences of electrical parameters to calculate the output response such as MRR and TWR). The experimenta
orthogonal array under different combinations of parameters. Analysis of variances (ANOVA) has bee

determine the design parameters significantly influencing the response. The experimental results proposed optimal dielectric 
gives the maximum MRR and minimum TWR. 

MMC, Sand Casting, EDM, Taguchi method, Dielectric fluid, ANOVA   

A homogenous material is created by the synaptic 
assembly of two or more materials to be obtained a 
specific characteristics and properties. A composite 
material is a combination of two or more macro 
constituents which are different in form and different 

Generally composite posses a 
unique property of high strength to weight the ratio. 
The second phase may be added to provide strength, 

lubrication etc.  
The most significant property of the composite 

materials are light weight when compare with 
nventional monolithic material. The composite 

o the combination of matrix and 
Commonly the composite 

sified in to three main groups: Metal, 
polymer and ceramics. Reinforcements added to these 
materials produced Metal matrix composites, Polymer 
matrix composites, and Ceramic matrix composites.  

The major advantage of composites lies in the 
change ability of their mechanical and physical 
properties to meet specific design criteria 
addition of high modulus ,high strength refractory 
particles to a ductile metal matrix produce a 
whose mechanical properties are 
matrix alloy and the ceramic reinforcement 
have a useful combination of properties such as high 
ductility, high strength and high temperature 
resistance, but sometimes have low stiffness, whereas 
ceramics are stiff and strong through brittle

The Aluminum Metal Matrix Composites 
(AMMCs) consist of an alloy, which are soft and bind. 
The reinforcement particles such as high strength to 
weight the ratio. Al matrix comp
increasing in commercial applications
aerospace and defense [4]. The selection of Al
will depend on trade off between such properties as 
tensile strength, shear strength, hardness, impact 
strength, corrosion resistance and ease of processing. 
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e major advantage of composites lies in the 
change ability of their mechanical and physical 
properties to meet specific design criteria [2]. The 
addition of high modulus ,high strength refractory 
particles to a ductile metal matrix produce a martial 

mechanical properties are in-between the 
and the ceramic reinforcement metals 

have a useful combination of properties such as high 
ductility, high strength and high temperature 

have low stiffness, whereas 
ceramics are stiff and strong through brittle [3]. 

The Aluminum Metal Matrix Composites 
(AMMCs) consist of an alloy, which are soft and bind. 
The reinforcement particles such as high strength to 
weight the ratio. Al matrix composite is being used 
increasing in commercial applications, automobiles 

The selection of Al-Matrix 
will depend on trade off between such properties as 
tensile strength, shear strength, hardness, impact 

ce and ease of processing. 
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Also aluminum can accommodate a variety of 
reinforcing elements. Al-MMCs (particulate or 
whisker) have a great ease of manufacture, low 
production costs and relatively isotropic properties 
however high performance composites are produced 
by more expensive fiber reinforcements. Among these  
Silicon, Copper, Magnesium and Aluminum Oxide 
particles have been found an excellent compatibility 
with Aluminum matrix and can obtain low cost.  

The variety of manufacturing process for MMCs 
such as sand casting, powder metallurgy route, stir 
casting and vapor deposition are available. But the 
sand casting is generally accepted because it is low 
cost and easy manufacturing cast technique. [5] 

EDM is a non-traditional manufacturing process 
capable of machining any electrical conducting 
material. The principle of metal is remove from a part 
is by means of a series of recurring electrical 
discharges (created by electric pulse generators at 
short intervals) between a tool (“electrode”) and the 
work-piece immersed in a dielectric fluid. This fluid 
makes it possible to remove the large amount of heat 
generated during machining; quench the spark; and to 
flush eroded particles from the gap (between the 
electrode and work-piece, called “spark gap”) and it is 

really important to maintain this flushing 
continuously [6]. Design of Matrix (DOE) is chosen 
to perform more accurate, less costly and more 
efficient experiments.       

Three factors, three levels, central composites 
rotatable design matrix having 27 runs were used to 
conduct the experiments. The adequacy of the 
developed model is tested by one way analysis of 
variance (ANOVA) with help of SPSS software the 
statistical analysis method is mainly used to compare 
the means of two or more samples. ANOVA is 
performed to determine which machining parameters 
significantly affects the quality characteristics of 
EDM process and also to find the relative contribution 
of machining parameters in controlling the response 
of the EDM. 
 
2. Experimental Work: 
2.1 Material Selection: 

In this fabrication process, Aluminum alloy 
(6061-T6) is used as a matrix material. The chemical 
composition of AA 6061-T6 alloy is shown in Table 
1. SiC having a mesh size of 12 microns used as 
reinforcement. Mg has been used to improve the 
wettability between Al and SiC.

  
Table 1: Chemical composition of Aluminum alloy (AA6061) 

    Composition determined spectrographically (%) 
Elements Mg Si Fe Cu Mn Cr Ti Zn Al 
%by 
weight 

0.95 0.54 0.22 0.17 0.13 0.09 0.01 0.08 Balance 

 
2.2 Fabrication of AMMCs: 

The fabrication of AMMCs used in the present 
was carried out by using sand casting method. First 
of all, Aluminum alloy (6061) in the form of round 
rod was melted at 840oC using an oil fired furnace. 
The melt is stirred with the help of mechanical stirrer 
to form a fine vortex .The preheated SiC particles 
and Mg flux were introduced at a constant feed rate 
into the vortex. The molten mixtures were mixed 
thoroughly and transferred to a ladle. From the ladle, 
the liquid alloy was poured into sand (circular shape 
dies) mould and solidified. The same fabrication 

procedure is repeated for different weight percentage 
of (5, 10, 15 and 20) the AMMCs.  

 
2.3 EDM Process: 

The experiment were carried out using Electric 
Discharge Machine, model ELECTRONICA- 
ELECTRAPULS PS 50ZNC (die-sinking type) with 
servo-head (constant gap) and copper electrode was 
used to conduct the experiments. Aluminum powder 
particles (with an average size of 15 mm) were 
suspended in kerosene and EDM oil which was used 
as dielectric.
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Fig. 1: EDM experimental setup 
 
Table 2: EDM Process Parameters Rang and levels 

Sym 
bol 

process  Parameter Notation Unit level 
1 2 3 

A Pulse on Time Pon µs 200 300 400 
B Voltage V V 50 60 70 
C Discharge  Current I A 3 6 9 

 
Metal removal rate and tool wear rate can be calculated using Eq. (1&2), 

MRR = Work piece weight loss (g ) / Machining time (min)              (1) 
TWR = Tool electrode weight loss (g) / Machining time (min)            (2) 
 
2.4 Taguchi Experimental Design: 

This approach has been built on traditional 
concepts of DOE provides a systematic route for 
understanding the control of the input variables of a 
system on the output response. Minimum time and 
least expanses using DOE conducting a set of 
representative experiments with regards to set of input 
variables. A general approach DOE is to define a new 
representative experiments followed by standard 
reference experiments. These new experiments are 
arranged out in a symmetrical method about the 
standard reference experiment. Therefore the standard 
reference experiment is typically called the center 
point. 

The three preliminary experimental objectives in 
DOE are very useful for: Screening, optimization and 
robustness testing. Screening is to be done at the start 
of the experimental procedure. The objective is to 

look at the many factors in order to make known 
whether they have an influence on the response. The 
optimization is used after the screening. The objective 
is to calculate the response values for all possible 
combinations of factors within the experimental 
region and to make out an optimal experimental point. 
The robustness testing is the third objective in which 
to find out that the method is strong to small 
fluctuations in the factor levels and if non-robustness 
is detected, to know how to alter the bounds of the 
factors so that robustness might be achieved. 
 
Results And Discussion 

 
The analysis of the experiments data were carried 

out using SPSS software, which is especially used for 
DOE applications.

 
Table 3: Input machining parameters and output response parameters by using dielectric fluid as EDM oil and kerosene 

Exp. 
No 

Input  Machining Parameters 
Output Response Parameters 
EDM oil Kerosene 

Current  
(I) 

Voltage 
(V) 

Pulse on 
Time (µs) 

MRR 
(g/min) 

TWR 
(g/min) 

MRR 
(g/min) 

TWR 
(g/min) 

1 3 50 200 0.0095 0.0045 0.00675 0.00275 
2 3 60 300 0.0355 0.0065 0.0125 0.0225 
3 3 70 400 0.0405 0.0067 0.0115 0.00525 
4 6 50 200 0.0135 0.0065 0.0381 0.00725 
5 6 60 300 0.0382 0.0055 0.03225 0.00525 
6 6 70 400 0.0435 0.005 0.042 0.00525 
7 9 50 200 0.0162 0.0075 0.0255 0.00775 
8 9 60 300 0.0435 0.0065 0.0405 0.0041 
9 9 70 400 0.0452 0.00775 0.0291 0.0052 
10 3 50 300 0.019 0.0055 0.04125 0.0065 
11 3 60 400 0.0397 0.0041 0.01875 0.0065 
12 3 70 200 0.0307 0.0057 0.00275 0.00675 
13 6 50 300 0.029 0.0062 0.02575 0.006 
14 6 60 400 0.041 0.007 0.05125 0.00875 
15 6 70 200 0.033 0.0052 0.0065 0.00575 
16 9 50 300 0.023 0.006 0.0125 0.0051 
17 9 60 400 0.0465 0.007 0.0275 0.01025 
18 9 70 200 0.016 0.0072 0.0355 0.0085 
19 3 50 400 0.034 0.0063 0.0221 0.00875 
20 3 60 200 0.021 0.0058 0.0285 0.0065 
21 3 70 300 0.023 0.0063 0.02975 0.0065 
22 6 50 400 0.0322 0.007 0.02475 0.00525 
23 6 60 200 0.0297 0.0075 0.0305 0.011 
24 6 70 300 0.0182 0.008 0.0271 0.00675 
25 9 50 400 0.035 0.0085 0.039 0.00775 
26 9 60 200 0.039 0.005 0.055 0.02775 
27 9 70 300 0.0485 0.0092 0.0467 0.00525 

 
3.1 Checking accuracy of the developed model: 
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The adequacy of the developed model is tested by 
one way ANOVA with help of SPSS software and the 
results are shown in table 4.The statistical analysis 
method is mainly used to compare the means of two or 

more samples. ANOVA gives an overall test report 
for the difference between the means of K Groups. It 
enables to compare all K (K-1)/2 possible pairs of 
mean using the method.

 
Table 4: Result of ANOVA for MRR and TWR 
Source DF Adj SS Adj MS F P 

Output 
Parameter 

Metal Removal 
 

0.000300128 0.000300128 1.630964095 0.213304042 
Tool Wear 1 2.94116E-06 2.94116E-06 0.100521853 0.753836899 

Work Piece 
Before 1 0.314457818 0.314457818 29.0628322 1.359824E-05 
After 1 0.237917748 0.237917748 32.46288048 6.2069E-06 

Electrode 
Before 1 0.629539268 0.629539268 53.14051998 1.22565E-07 
After 1 0.99509812 0.99509812 1.047314857 0.315927638 

Total 
 

5 2.177012954 
   

 
The analysis of variances for the factors is shown 

in Table-4which is clearly indicates that the diameter 
of the tool is not important for influencing MRR and 
TWR. The current (I), voltage (V) and pulse on time 
(Pon) is the most influencing factors for MRR and 
TWR. The other factors are not significant. 
 
3.2 ANOVA result is analyzed by using normal 
distribution curve: 

 For any machining processes there is 1% or 5% 
of error is occur. The normal distribution curve shows 
that the error level of the operations is in negative and 
positive axis. The peak point of the graph indicates the 
0% of error and away from the point 0 in both 

direction increases the chance of occurring the error. 
For checking the exact error we have the standard 
table vale which is termed as (F) and the calculated 
value is termed as (P) value. 
 
4. Conformity test results: 

If calculated value is less than the tabulated value, 
then the hypothesis is accepted. If calculated value is 
greater than the tabulated value, then the hypothesis is 
rejected. In this EDM machining processes all the 
calculated values are less than the table value. Then 
the hypothesis is accepted and there are no significant 
differences for two machining parameters which are 
used by kerosene and EDM oil as dielectric fluid.

 

F (Table Value) P (Calculated Value) 

1.630964095 0.213304042 

0.100521853 0.753836899 

29.0628322 1.359824E-05 

32.46288048 6.2069E-06 

53.14051998 1.22565E-07 

1.047314857 0.315927638 

 
Conclusion: 

The aluminum matrix (6061) composites 
reinforced with 5%, 10%,15% and 20% wt.of SiC 
particles were fabricated by using sand casting route. 
The produced AA6061-SiC MMCs were successfully 
machined by using EDM process. Statistical tools 
such as DOE and ANOVA were used to control the 
process parameters. The experiments were conducted 
under various parameters setting of Discharge of 
current (I), Pulse on time (PON) and Voltage (V).  

1. The aluminum powder mixed different die 
electric fluid mediums are also used to investigate the 
influences of electrical parameters to calculate the 
output response such as MRR and TWR. All the 
selected element input parameters have strong 
influences on MRR and TWR. 

2. Using powder mixed dielectric fluid medium 
kerosene the MRR is increased with decrease of 
current (I) compared with using of EDM oil.  

3. The voltage (V) in EDM process significantly 
affects the TWR and MRR. TWR decrease at smaller 

gap voltage. By using powder mixed dielectric fluid 
medium kerosene increases machining efficiency of 
the process compared with using of EDM oil. 

4. Pulse on time (Pon) significantly affects the 
TWR in EDM process. But in powder mixed 
dielectric fluid medium kerosene was using in EDM 
process, this factor also influence the MRR, in 
addition to TWR. 

5. Among these three process parameters Pulse 
on time (Pon), Discharge of current (I) and Voltage 
(V) by using EDM process, the aluminum powder 
mixed dielectric fluid medium of kerosene is one of 
the best methods of improving the machining 
efficiency of EDM process. 
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