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Abstract— In the present study, stir casting method (SCM) 

was used to produce metal matrix composites (MMC). 

Aluminum (Al) 6061 and silicon carbide particles (F500≈15µm) 

were selected as matrix and reinforcement materials 

respectively. Matrix, Al-5%SiC and Al-10%SiC were subjected 

to Electric discharge machining (EDM) to analyses the effect of 

input parameters namely peak current (Ip), pulse-on-time (Ton), 

duty cycle (DT) and gap voltage (Vg). Optical microscope was 

used to determine the SiC particles distribution in the Al matrix 

of the composites (as-cast). A digital balance was used to 

determine the material removal rate (MRR) and Tool wear 

(TWR) for the matrix and composites. Surface roughness 

measurement tester used to determine the surface roughness 

(Ra) for the matrix and composites.  

 

Index Terms— Electric discharge machining, composite 

materials, optimization, reinforced metal matrix composites. 

 

I. INTRODUCTION 

  Recently, aluminum based MMCs have been successfully 

applied in the military, automotive and aerospace industries 

due to their light weight, high strength, stiffness and resistance 

to high temperature. [1]. Al MMCs are difficult to machine as 

they contain hard and brittle reinforcements. High tool wear 

and high tool cost have been reported during conventional 

machining of these composites. [2].  

Hence EDM is an optimal choice for machining such 

materials. EDM is a thermo-electrical process in which 

material removal occurs by a series of successive discharges 

between the tool and the workpiece separated by a dielectric 

medium. In this experiment, electric discharge machining is 

done on the workpiece materials Al6061, Al-5%SiC and 

AL-10%SiC respectively by copper tool electrode. 

II. EXPERIMENTAL SETUP 

 
 The EDM machine used for the experiment is EMCO of 

model ENGEMAQ EDM 200 NC, EDM (Die sinking type 

EDM) as shown in Fig.1 with servo-head and positive polarity 

for electrode. Commercial grade EDM oil was used as 

dielectric fluid (specific gravity= 0.763, freezing point= 

94°C). Conventional copper (Bronze) was selected as the tool 

electrode to machine the workpieces Al 6061, AL-5%SiC and 

AL-10%SiC metal matrix composite. The workpiece 

materials were prepared by stir casting method.[3]. Portable  
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stylus type profile meter was used to measure the surface 

roughness of the specimen after machining. Machine 

specifications of EDM are presented in Table 1. 

 

 
Fig. 1. EDM machine used for the experiment 

 

Table 1: Machine specifications of EDM 
Parameters Input 

Current 

(Ip) 

(A) 

Pulse on 

Time 

(Ton) 

(µsec) 

Duty 

Cycle 

(DC) 

(%) 

Gap 

Voltage 

(Vg) 

(V) 

 

Flushing 

Pressure 

(p) 

(kg/cm2) 

Range 0-80 1-999 1-99% 0-300 0-1.5 

 

III. ELECTRODE AND WORKPIECE MATERIAL 

 

  Conventional copper tool of 20mm diameter and 60 mm 

length was taken as the tool electrode. The properties of tool 

electrode are shown in Table 2 [4].  

The workpiece material chosen for the experiment were 

Aluminum 6061 and aluminum silicon carbide metal matrix 

composite (AlSiC MMC) with aluminum as the base metal 

with 5% and 10% SiC as reinforcement. 

The AlSiC MMC was fabricated by stir-casting process in 

which initially the aluminum and silicon carbide powder were 

preheated for 3 to 4 hours at 450°C and 900°C respectively 

[5] and then the powders were mixed mechanically below 

their melting points. This AlSiC mixture was then poured into 

the graphite crucible and put in to the electric furnace at 

760°C temperature. [6]. After heating, the slurry was taken 

into the steel rectangular mould and allowed it to solidify 

within thirty seconds. Finally the samples were prepared as 

per the requirement shown in Fig. 2, Fig. 3 and Fig. 4 [7]. 
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Fig. 2 - Stir casting apparatus 

  
Fig. 3 -  AlSiC workpiece prepared by stir casting method 

 
Fig. 4 - Copper tool electrode 

 

Table 2: Properties of tool electrode 

PROPERTY Copper tool 

 

Chemical composition Cu 

Density (gm/cm
3
) 8.96 

Thermal conductivity (W/mK) 364.86 

Melting point (
0
C) 1085 

Specific heat (J/kgK) 0.386 

IV. DESIGN OF EXPERIMENTS 

  The Taguchi technique was used to determine the design of 

experiments. This method uses Orthogonal Arrays (OAs) 

which provide less number of experimental runs. In this work, 

three level and four factors are chosen and the total number of 

experiments to be conducted is 27. So L27 OA was chosen to 

conduct the experiments. Input factors and their levels are 

given in table 3 

 

Table 3: Input factors and their levels 
Factors ,Symbol 

(units) 

Levels 

 Level 1 Level 2 Level 3 

Input Current “Ip” (A) 2 4 8 

Pulse on time “Ton” (µs) 15 30 45 

Duty Cycle “DT” 50 65 85 

Spark Gap “Sg” (mm) 0.25 0.35 0.45 

Pressure of oil (Poil) = 1 Kg/cm
2 

 

The average number of tests carried out in association with 

the machining process parameter and the output are given in 

Table 4 for AL 6061, Al-5%SiC and Al-10%SiC. 

 

Table 4: Process variables and their corresponding responses 
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V. PREPARATION OF SPECIMENS 

  The close up view of plate blank used for cutting the 

specimens is mounted on the EDM machine is shown in Fig. 5 

and the machined work piece is in Fig. 6. 

VI. SURFACE ROUGHNESS (SR) 

  The portable surface roughness tester TR200 with tip radius 

of 5μm has been utilized to measure surface texture which is 

shown in Fig. 7. 

VII. MATERIAL REMOVAL RATE (MRR) 

  For EDM, cutting rate is a desirable characteristic and it 

should be as high as possible to give least machine cycle time 

leading to increased productivity. In the present study MRR in 

g/min is calculated by the formula given below 

MRR(g/min)=   ……………..(1) 

VIII. TOOL WEAR (TWR) 

TWR(g/min)=  …………(2) 

Vv% = ......................................................... (3)  

 

 

 
Fig. 5 Plate material blank mounted on EDM machine. 

 

 
Fig. 6 The machined work piece specimens. 

 
Fig.7 Set up for surface roughness measurement tester. 

IX. RESULTS & DISCUSSION  

  The MRR found in the experiment by varying the input 

parameters such as input current, pulse on time, duty cycle and 

gap voltage. The variation of MRR with Input Current and it 

was observed that with increase in Input Current, MRR 

increases. Because of the increase in current the spark energy 

increases which melts and evaporates the material from the 

workpiece. the variation of MRR with Pulse on Time and it 

was observed that with increase in Pulse on Time, MRR 

decreases. the variation of MRR with Gap Voltage and it was 

observed that at first MRR increases with increase in Gap 

Voltage and after reaching certain value it starts decreasing. 

Increase in voltage increases current which removes material 

from the workpiece. So, the optimal input parameters to 

achieve larger MRR shown in Fig.8, Fig.11 and Fig.14 for Al 

6061, Al+5%SiC and Al+10%SiC respectively.  

For Al 6061 the optimal parameters are Ip = 8A, Ton = 15µs, 

DT = 50% and Gap = 0.25mm. 

For Al+5%SiC the optimal parameters are Ip = 8A, Ton = 

45µs, DT = 65% and Gap = 0.45mm. 

For Al+10%SiC the optimal parameters are Ip = 8A, Ton = 

45µs, DT = 65% and Gap = 0.35mm. 

  The Surface Roughness found in the experiment by varying 

the input parameters such as input current, pulse on time, duty 

cycle and gap voltage. the variation of Input Current with 

Surface Roughness and it was observed that higher MRR of 

the electrode at high values of currents is accompanied by 

larger and deeper craters, resulting in a greater surface 

roughness. Thus, with the increase in Input Current, Surface 

Roughness increases. the variation of Pulse on Time with 

Surface Roughness and it was observed that Surface 

Roughness decreases with increase in Pulse on Time. At low 

discharge currents, spark energy is low; leading to formation 

of small craters on the ED machined surface and thereby 

improving surface finish. Hence smaller craters are formed 

resulting in good surface finish. the variation of Gap Voltage 

with Surface Roughness and it was observed that with increase 

in Gap Voltage, Surface Roughness remains constant up to 

certain level then it rises suddenly. The optimal input 
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parameters to achieve smaller Ra shown in Fig.9, Fig.12 and 

Fig.15 for Al 6061, Al+5%SiC and Al+10%SiC respectively.  

For Al 6061 the optimal parameters are Ip = 8A, Ton = 45µs, 

DT = 50% and Gap = 0.25mm. 

For Al+5%SiC the optimal parameters are Ip = 8A, Ton = 

30µs, DT = 50% and Gap = 0.35mm. 

For Al+10%SiC the optimal parameters are Ip = 4A, Ton = 

45µs, DT = 65% and Gap = 0.45mm. 

  Electrode wear is mainly due to high-density electron 

impingement, thermal effect, mechanical vibrations generated 

by metal particles from the work material and imperfections in 

the microstructure of electrode material. The TWR found in 

the experiment by varying the input parameters such as input 

current, pulse on time, duty cycle and gap voltage. the 

variation of Input Current with TWR and it was observed that 

with increase in Input Current, TWR decreases up to certain 

value and then it increases. the variation of Pulse on Time with 

TWR and it was observed that initially TWR decreases with 

increase in Pulse on Time up to certain value then it increases. 

the variation of Gap Voltage with TWR and it was observed 

that initially with increase in Gap voltage there is a very 

minute decrease in TWR up to a certain extent and then there 

is a sudden rise in TWR. The optimal input parameters to 

achieve smaller TWR shown in figure Fig.10, Fig.13 and 

Fig.16 for Al 6061, Al+5%SiC and Al+10%SiC respectively.  

For Al 6061 the optimal parameters are Ip = 8A,                   Ton 

= 15µs, DT = 50% and Gap = 0.45mm. 

For Al+5%SiC the optimal parameters are Ip = 2A, Ton = 

15µs, DT = 50% and Gap = 0.25mm. 

For Al+10%SiC the optimal parameters are Ip = 2A, Ton = 

15µs, DT = 85% and Gap = 0.45mm.    

                                                 

A. Optimal input and output parameters for Al 6061 

Fig. 8 – Optimal input parameters to achieve larger MRR for 

Al 6061 

                                                  

 
Fig. 9 - Optimal input parameters to achieve smaller Ra for 

Al 6061 

 
Fig. 10 - Optimal input parameters to achieve smaller Vv% 

for Al 6061 

B. Optimal input and output parameters for Al+5%SiC 

  Fig. 11 - Optimal input parameters to achieve larger MRR 

for Al-5%SiC 

 
Fig. 12 Optimal input parameters to achieve smaller Ra for 

Al-5%SiC 

 
Fig. 13 Optimal input parameters to achieve smaller Vv% for 

Al-5%SiC 
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C. Optimal input and output parameters for Al+10%SiC 

 
Fig. 14 - Optimal input parameters to achieve larger MRR for 

Al-10%SiC 

 
Fig. 15 Optimal input parameters to achieve smaller Ra for 

Al-10%SiC                                                                         

 
Fig. 16 Optimal input parameters to achieve smaller Vv% for 

Al-10%SiC                       

X. CONCLUSION 

After conducting the experiments on Al 6061 and 

AlSiC-Metal Matrix Composite, the important conclusions 

are as follows: 

 The maximum values of MRR obtained, were 

0.3557g/min, 0.324g/min and 0.3443g/min in case of matrix, 

Al-5%SiC and Al-10%SiC respectively.  

 The minimum values of TWR obtained, were 0.4140%, 

0% and 0.3861% in case of matrix, Al-5%SiC and 

Al-10%SiC respectively.  

 The minimum values of Ra obtained, were 1.552µm, 

1.963µm and 3.354µm in case of matrix, Al-5%SiC and 

Al-10%SiC respectively. 

 The feasibility of machining AlSiC-MMC (5% and 10% 

SiC Reinforcement) was evaluated.  

 Maximum MRR was obtained for high Input Current, low 

Pulse On Time, high Duty Cycle and intermediate Gap 

Voltage. 

 For minimum TWR, MRR was found closer to its 

minimum value. 

 For the optimum set of input parameters, MRR was found 

closer to the maximum value and TWR found closer to the 

minimum value. 
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