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Abstract - In view of this, the present work is aimed at investigating the effect of tool shape and size factor on material 
removal rate and surface roughness in electrical discharge machining of aluminium based metal matrix composites, in 
conjunction with the variation of electrical parameters namely, gap current, gap control, pulse on time, and pulse off time 
while keeping other electrical parameters constant. 
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I. INTRODUCTION 
 
Metal matrix composites (MMCs) have been 
successfully applied in aerospace industries since 
1970s and in the middle of 1980s these materials 
reached the automobile industry and nowadays their 
uses are gaining importance. These materials are 
based on a metal matrix, usually aluminium, 
magnesium or titanium matrix, reinforced with a 
disperse phase, particles, fibres or whiskers, of silicon 
carbide, aluminium oxide etc. The most important 
advantages of metal matrix composites are increased 
strength, decreased weight, and higher service 
temperature, improved wear resistance, higher elastic 
modulus.  
However the machining of MMCs using conventional 
tool materials is very difficult due to the presence of 
the abrasive reinforcing phases, which cause severe 
tool wear. The greater the reinforcement in a 
composite the faster is the tool wear. Thus non-
traditional machining like electric discharge 
machining (EDM) can be used to perform the 
precision machining of MMCs. Electrical discharge 
machining is a non-traditional machining process 
based on removing material from apart by means of a 
series of repeated electrical discharges between a 
tool, called the electrode, and the part being machined 
in the presence of a dielectric fluid. EDM is a 
widespread technique used in industry for high 
precision machining of all types of conductive 
materials such as: metals, metallic alloys, graphite, or 
even some ceramic materials, of any hardness [14]. 
1.1 Metal Matrix Composites 
Metal-matrix composites (MMCs) are engineered 
combinations of two or more materials (one of which 
is a metal) where tailored properties are achieved by 
systematic combinations of different constituents. 
Conventional monolithic materials have limitations in 
respect to achievable combinations of strength, 
stiffness and density. The matrix in these composites 
is a ductile metals .These composites can be used at 
higher service temperature than their base metal 
counterparts. Reinforcements in these materials 
improve specific stiffness, specific strength, abrasion 

resistance, creep resistance and dimensional stability. 
The MMCs is light in weight, resist wear and thermal 
distortion, so it mainly used in automobile industry. 
MMCs consist of continuous or discontinuous fibers, 
whiskers, or particles in an alloy matrix which 
reinforce the matrix or provide it with requisite 
properties not achievable in monolithic alloys. 
Among the most metal alloys used as a matrix in 
MMC are aluminum, titanium, magnesium & copper, 
with intermetallic compounds that are finding 
growing interest due to their excellent resistance at 
high temperature. MMCs have higher strength-to-
weight ratio and stiffness-to-weight ratios. It has 
better fatigue resistance and better elevated 
temperature properties. MMCs have another few 
good advantages like it has lower coefficients of 
thermal expansion and lower creep rate, better wear 
resistance and radiation resistance, higher 
temperature capability with fire resistance, higher 
transverse stiffness and strength, no moisture 
absorption and no out gassing, higher electrical and 
thermal conductivities [20]. 
 
II. DETAILS EXPERIMENTAL  
 
This chapter is about material and methodology 
followed in manufacturing of LM24/SiC metal matrix 
composite and machining of fabricated MMCs on die 
sinking EDM. The experimental plan usages 
orthogonal arrays based on Taguchi design for 
machining of MMCs on die sinking EDM. 
Orthogonal array reduces the total number of 
experiments. In this study L36 orthogonal array was 
used. The developed MMCs were tested for hardness 
and microstructure analysis to confirm the 
distribution of reinforcement in the matrix. For the 
sake of clarity and visual basics, photographs of 
equipment / instruments that have been used in this 
work are also presented according to their place of 
use. 
2.1 Material 
Commercial grade aluminium alloy (LM24) was used 
as matrix. LM24 is useful to manufacture the piston 
in automobiles and in aerospace. Silicon carbide(SiC) 
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particulates were used as reinforcement. Different 
compositions of MMCs were fabricated by using 
different weight percentage of SiC particulates and 
their size lies in range from 1-25 µm. 
2.2 Preparation of Al/Sic MMC 
Al-Si-Cu reinforced silicon carbide metal matrix 
composite was prepared by liquid metallurgy route 
(stir casting method). A known quantity of Al alloy 
bars was cleaned to remove surface impurities and 
then the base metal was charged in electric resistance 
furnace & raised up to 7600 C. The Silicon carbide 
(SiC) particles were also preheated to 8000C to 
remove moisture. The aluminum alloy was melted 
&degassed by purging hexa-chloro-ethane tablets to 
remove the entrapped gases from molten alloy [2]. 
The slag powder was sprayed to remove the slag 
content. The preheated silicon carbide particles by 
weight ratio were reinforced with the base metal. The 
melt was stirred with the help of stirrer. The stirring 
was maintained for 10 min at impeller speed of 
400rpm. The melt temperature was maintained 7200C 
during addition of silicon carbide particles. The 
molten alloy with reinforced particulates was poured 
in the preheated permanent metallic moulds. The 
pouring temperature was maintained at 7000C. The 
melt was then allowed to solidify the moulds. The 
composite were made with a different amount of 
silicon carbide (SiC) i.e. 3, 5, 7 wt%. After removing 
the specimens from moulds the specimens are 
machined to the required size for tests and to carry 
out machining test on die sink EDM. 
2.3 Design of experiments 
A commonly used approach in scientific and 
engineering investigation was to study one factor at a 
time or study several factors one at a time. This 
approach has inherent disadvantages like, more 
experimental runs are required for the precision in 
effect estimation, factor interaction effects cannot be 
studied, conclusions are not general and may miss the 
optimal settings of factor. To overcome this problem 
design of experiments (DOE), a scientific approach to 
effective planning and performing experiments using 
statistics are commonly used to improve the quality 
of a products or processes. Such methods enable the 
user to define and study the effect of every single 
condition possible in an experiment where numerous 
factors are involved EDM is such a process in which 
a number of control factors collectively determine the 
output responses in other words quality 
characteristics. Hence, in the present work one 
statistical technique called Taguchi method was used 
to optimize the process parameters leading to the 
improvement in quality characteristics of the part 
under study. The most important step in the DOE lies 
in the selection of the control factors and their levels. 
EDM process has large number of process related 
parameters which are defined below. Based on initial 
trials and exhaustive literature review four machining 
parameters namely, discharge current (I), pulse-on-
time (Ton), pulse-off-time (Toff) and Gap control (G) 

were identified as controllable electrical parameters. 
Non electrical parameters namely electrode shape & 
size and wt% of Sic particles in MMCs (workpiece) 
were treated as controllable parameters. Electrode 
shape was set at two levels and remaining six 
parameters were set at three levels, as shown in table 
2.1. Other electrical and non-electrical parameters 
were set at the medium level.  
 

Factors Levels 
Tool Shape Circular (C), Square (S) 
C/S Area 
(mm2) 195 280 365 

Wt SiC 
(%) 3 5 7 

Gap 
Current 
(Amp) 

6 9 12 

Pulse On 
Time (µs) 5 7 9 

Pulse Off 
Time (µs) 5 7 9 

Gap 
Control 
(µm) 

4 5 6 
 

Table 2.1 Process parameters with their levels 
 
2.4 Taguchi experimental design 
Taguchi’s idea is based on reducing variation in the 
system/product characteristics. He defined quality as 
the loss that a product causes in customer satisfaction 
after the product has been shipped. Therefore, 
according to his suggestion, to reach customer 
satisfaction, there are some variations in systems that 
should be optimized using parameter, tolerance and 
system design approaches and designing the data of 
these approaches in fewer runs with the help of 
orthogonal arrays and analysis of experimental results 
by analysis of variance (ANOVA). For example, after 
taking into consideration various interactions among 
existing factors, if seven factors with two levels are 
chosen for the optimization studies, according to 
classical full factorial experiment method, 128 
experiments (27=128) should be done. However, 
when Taguchi’s experimental strategy is used; only 8 
experiments are enough, if sufficient information is 
available regarding the interactions. In the Taguchi 
experimental approach, the experiment number is 
calculated according to factor levels and degrees of 
freedom. This study uses a mixed orthogonal array 
which consists of one factor at two levels and six 
factors at three levels, corresponds to L36 (21 x 36) 
Taguchi orthogonal array. 
 
RESULTS AND DISCUSSION 
 
In this chapter the experimental findings are 
discussed. The data is presented in the format of table 
and graphs. The experimental data is examined and 
analysed in great details. In this chapter results 
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related to influences of input factor on MMR and Ra. 
The most significant factors out of discharge current, 
pulse on time, pulse off time, shape & size of tool and 
wt pct of SiC were determined using Taguchi method 
and analysis of variance. Optimal parameter settings 
are calculated by Taguchi method. A confirmatory 
result showed the validity of the optimal results. 
3.1 Signal to Noise ratio for Surface Roughness 
This is the ratio of signal to noise where signal 
represents the desirable value while noise the 
undesirable value. This analysis is made by selecting 
larger the better characteristic. It was found that tool 
are was most significant process parameters for Ra. 
The response table 3.1 show the average of each 
response characteristic for each level of each factor. 
The table include ranks based on delta statistics, 
which compare the relative magnitude of effects. The 
delta statistic is the highest minus the lowest average 
for each factor. Minitab assigns ranks based on delta 
values; rank 1 to the highest delta value, rank 2 to the 
second highest, and so on. The ranks indicate the 
relative importance of each factor to the response. 
The ranks and the delta values show that tool area has 
the greatest effect on surface roughness and is 
followed by weight percentage of SiC and discharge 
current.  
 

 
Table 3.1: Signal to noise ratio for Ra 

 
3.3 Significance of Main Effect Plot for Ra 
As Ra is the “smaller the better” type quality 
characteristic and from the S/N data analysis, it can 
be seen from figure 3.1 that the circular tool shape, 
first level of tool size, first level of workpiece SiC wt 
pct, third level of current, second level of pulse on, 
first level of pulse off time, and second level of gap 
control provide minimum value of Ra.  
 

 
Figure 3.1: Main effects plot for SN ratios for Ra 

3.2 Analysis of Variance for Surface Roughness 
In order to study the significance of the process 
variables towards MRR, analysis of variance 
(ANOVA) was performed at a confidence interval of 
95% i.e. a significance level of 0.05. The results are 
further analyzed with Analysis of variance (ANOVA) 
and the F-ratio test is performed to check the 
adequacy of the model .The results of the ANOVA 
for MRR is shown in Table 4.3 From the ANOVA 
table it is again analyzed that significance level of 
α=0.05, i.e. for the confidence level of 95%.It has 
been acceptable that P value less than 0.05 is 
indicated that the performance of the parameter 
statistically significant and more than 0.05 less 
significant to the model.  
 

 
Table 3.2: Analysis of Variance for Ra 

 
3.4 Regression Analysis for Surface Roughness 
The parameters analyzed by regression analysis were 
selected for mathematical formulations. The 
following mathematical models explained the 
dependencies of surface roughness on process 
features under consideration. The regression equation 
for Circular Shape tool  
 
Ra = 4.02 + 0.0104 Tool Area + 0.027 Work Piece - 
0.160 Current+ 0.019 Pulse on Time - 0.063 Pulse off 
Time - 0.014 Gap Control (3.1) 
 
The regression equation for Square Shape tool  
Ra = 12.2 - 0.00701 Tool Area - 0.164 Work Piece - 
0.0567 Current- 0.0591 Pulse on Time - 0.235 Pulse 
off Time - 0.214 Gap Control (3.2) 
 
3.4Validation Experiments 
A series of confirmation experiments were conducted 
to verify the surface finish outcomes at the optimized 
quantities of involved variables (Table 3.3). A 
percentage error of less than 8% was achieved, which 
highlights the agreement among the predicted and 
experimental results.  
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Optimum 
Conditions 

Predicted 
Ra (µm) 

Experimental 
Ra (µm) 

Error 
% 

Tool Shape - 
Circular 

X1 X2 X3 

C/S Area - 
195mm2 
Wt % SiC -  
3 
Gap Current 
– 12 amp 
Pulse On 
time -7µs 
Pulse off 
time – 5 µs  
Gap Control 
- 5µm 

Table 3.3Validation Experiments for surface roughness 
 

CONCLUSIONS 
 
In this study LM24/ SiC metal matrix composites 
were fabricated and characterized for micro-structural 
analysis, hardness test and chemical composition 
analysis. The effect of tool shape and size on material 
removal rate and surface roughness was investigated. 
To carry out experimental runs Taguchi L36 
orthogonal array was employed. Based on the 
experimental results following conclusions were 
drawn: 
a) LM24/SiC composites were successfully 

fabricated using liquid stir casting technique. 
b) Hardness of the prepared composite increased as 

the percentage of SiC increases in the matrix.  
c) Based on Taguchi analysis and ANOVA the 

most significant parameter which influences 
surface roughness was pulse on time, followed 
by gap control and discharge current.  

d) Optimal parameter setting for achieving low 
surface roughness are circular shape tool, 195 
mm2 cross sectional area, 3wt pct SiC, 12 Amp 
discharge current,7 µs pulse on time, 5 µs pulse 
off time and 5 µm gap control. 
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