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ABSTRACT 

In this study, a new approach of investigation has been traced, by subsequently mixing the 
Al6061 (base material) with SiC particulate. The percentage (by Volume) chosen was 5%, 10% and 15% 
SiC, respectively. The casted specimen with appropriate proportion was analyzed by cutting the specimen 
as per the prescribed standard. Through the electric discharge machining the holes (10 mm diameter and          
2 mm depth) were produced on the specimens by varying the different flushing rates 0.5, 0.6, 0.7, 0.8, 0.9 
and 1 kg/cm2, respectively. To validate the process of mixing ratio of SiC particulate on the based material 
Al6061, the surface roughness (SR) and Material removal rate (MRR) values were investigated through 
L27 orthogonal array. 
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INTRODUCTION 

Nowadays aluminum alloys are very familiar for the outstanding mechanical 
properties like high strength-to-weight ratio, good resistance to creep and fatigue, excellent 
corrosion resistance and biocompatibility. That is the reason, why most of the researchers 
have chosen, variety of aluminum alloys to tap the influential advantage of that.  The usage 
have been applied in many areas like aerospace applications, automotive applications, 
biomedical applications, marine applications, chemical processing applications, oil and gas 
extraction, power generation and other major industries1-4. Over the past few years, the 
electro-discharge machining (EDM) process occupies a major role in most of the 
manufacturing sectors. All the electrical conductive materials can easily be shaped with help 
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of this process with better precision and accuracy. As well, these processes have the 
capability to cut the multipart and difficult shapes. In this study, EDM was achieved by 
allowing the chain of discrete discharges between the tool and electrically conducted work 
piece, both of them was separated by the dielectric fluid medium. Material discharge was 
allowed by maintaining the suitable gap between the work piece and tool by causing the 
erosion through spark5-8. 

EXPERIMENTAL 

Materials and methods 

In this experiment, the metal matrix composite consists the base material of pure 
aluminum (Al6061) and SiC with different proportions. The SiC was received from the NR, 
Chemicals Mumbai. With the fine size of 30 μm particle, used as received condition. 
Samples of Al6061 composites were made with 5%, 10% and 15% SiC particles, 
respectively. An EDM machine (Electronica PSR 35) was used for the present experiment. 
The test specimens were finely machined by grinding process to make both ends similar. 
The copper electrode was used as electrode during the entire machining process. 
Commercially available kerosene was forcibly circulated as the dielectric fluid.  During the 
entire machining investigation, three different type of machining parameters were opted, 
namely pulse current (0.5, 1 and 1.5 A), time of pulse (400, 600 and 800 μs) and flushing 
pressure (0.5, 0.6 and 0.8 kgf/cm2) were chosen and fixed. For the above investigation, the 
45V gap voltage was maintained throughout the entire study and pulse off time kept as 
constant at 150 μs. The size of the hole is 10 mm diameter, 2 mm depth was chosen in the 
present work.  The surface roughness value (Ra) was found out on the machined surface by 
using surface test equipment. Surface roughness value was obtained by averaging the five 
measurements at different positions of the work piece. SEM images were taken for all 
samples, with 5%, 10% and 15% SiC particles, respectively. In addition to that the relative 
effect between C (Current), P (pulse on time), and F (Flushing Pressure) were studied for all 
the proportions against MRR. 

Machining parameters and the response variables 

Three different machining parameters were noted down and their corresponding 
values were set as shown in Table 1. The response variables were written as MRR (Material 
Removal Rate), TWR (Tool Wear Rate), T (angle), ROC (Hole diameter) and SR (Surface 
Roughness). 
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Table 1: Machining parameters and their corresponding levels 

Machining parameter Symbol Level 1 Level 2 Level 3 

Current (Amps) C 6 12 18 

Pulse – ON Time (µs) P 300 600 900 

Flushing pressure (MPa) F 0.0207 0.0414 0.0621 

Response variables evaluation 

MRR is defined as the ratio between the work piece, before machining and after 
machining within the machining time,  

 MRR = (Wjb – Wja)/t …(1) 

In this equation, Wjb and Wja are the weights of the work piece before and after 
machining, t be the time.  

TWR is defined as the ratio between the weight of the tool before machining and 
after machining to the consecutive machining time, i.e.: 

 TWR = (Wtb – Wta)/t …(2) 

In this equation, Wtb and Wta are the weights of the tool, before and after machining, 
t be the time. 

T can be calculated from the expression: 

 υ = tan-1((Djt – Djb)/2h) …(3) 

Where Djt and Djb indicate the diameters of the drilled hole at the top and bottom of 
the work piece, and h resembled the height of the work piece. 

ROC is defined as half the difference of diameter of the hole produced to the tool 
diameter, i.e.: 

 ROC = (Djt- Dt)/2 …(4) 

Where Dt is the diameter of the tool. 
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Design of experiments 

The 27 set of experiments have been conducted over the three factor-three level. In 
this work, an L27 orthogonal array was selected. Further study was conducted on the same 
material and more factors were added. To reduce the number of experiments at the later 
stage, L27 setups were utilized. The main factor columns were assigned to Current (C), 
Pulse (P) and Flushing pressure (F), respectively are shown in Table 2 experimental layout.  

Table 2: Experimental layout 

Experiment 
No 

Machine settings 

Current 
(Amps) 

Pulse – ON 
Time (µs) 

Flushing pressure 
(MPa) 

Material removal 
rate (mm3/min) 

1 6 300 0.0207 0.045 

2 6 300 0.0414 0.055 

3 6 300 0.0621 0.060 

4 6 600 0.0207 0.092 

5 6 600 0.0414 0.010 

6 6 600 0.0621 0.095 

7 6 900 0.0207 0.110 

8 6 900 0.0414 0.100 

9 6 900 0.0621 0.122 

10 12 300 0.0207 0.155 

11 12 300 0.0414 0.175 

12 12 300 0.0621 0.185 

13 12 600 0.0207 0.221 

14 12 600 0.0414 0.225 

15 12 600 0.0621 0.227 

16 12 900 0.0207 0.234 

17 12 900 0.0414 0.242 

Cont… 
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Experiment 
No 

Machine settings 

Current 
(Amps) 

Pulse – ON 
Time (µs) 

Flushing pressure 
(MPa) 

Material removal 
rate (mm3/min) 

18 12 900 0.0621 0.244 

19 18 300 0.0207 0.312 

20 18 300 0.0414 0.311 

21 18 300 0.0621 0.300 

22 18 600 0.0207 0.288 

23 18 600 0.0414 0.300 

24 18 600 0.0621 0.302 

25 18 900 0.0207 0.354 

26 18 900 0.0414 0.345 

27 18 900 0.0621 0.355 

RESULTS AND DISCUSSION 

SEM Analysis 

The sample was thoroughly polished and examined by scanning electron microscopy. 
All the samples were scanned with 500 X and are given as the Fig. 1a, b and c. Based on the 
virtual verification of the section, the photographs clearly envisage the silicon carbide 
particulates from the range of 4 to 25 µm in length. The average particulate length shows of 
20 µm and aligned randomly. 

(a)  

   

(b) 

 

Cont… 
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(c)

 
Fig. 1: Micro structure of (a) 5% SiC/Al6061 (20 µm), (b) 10% SiC/Al6061 (20 µm),        

(c) 15% SiC/Al6061 (20 µm) 

Material removal rates 

In each case, 10 experiments were conducted on coarse and fine surfaces with 
different cutting conditions, with the help of the EDM material removal process. The Table 
3 shows the maximum, minimum and average calculated material removal rates for both the 
conditions such as coarse and fine conditions.  It was proved that the MRR increases with a 
raise of power to the electrode. Whereas the cutting speed not increases from the fine to 
coarse cutting conditions, the MRR decreases9-11. Apart from that, the electrode wear rate 
was also found out and listed in the Table 3. 

Table 3: Material removal rates of EDM on SiC/Al6061 samples 

Machining 
condition 

Average MRR 
(mm3/min) 

Minimum MRR 
(mm3/min) 

Maximum MRR 
(mm3/min) 

Standard 
deviation of MRR

Coarse 10.30 5.23 13.82 3.25 

Fine 2.20 0.52 2.32 0.31 

Surface roughness 

The surface quality was validated through the profilometry to evaluate the surface 
profile. Surface profiles were obtained through EDM for 15%, 10%, 5% SiC mixed drilled 
specimens are shown in Fig. 2a-c. From the Fig. 2(a), the specimen exhibited irregular shape, 
variable (non uniform) peaks and valleys. It was also found that the surface profile was more 
random in manner than periodic, and indicated higher degree of roughness value. Fig. 2(b) 
was found with smaller peak-to-valley curves than the Fig. 2(a). Variance is very small as 
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compared to the Fig. 2(a). Fig. 2(c) shows a very good and moderate surface finish. From 
the above results, it was evident that the proportions of the SiC in to the base material 
increase the surface roughness value considerably12. 

 
Fig. 2a: Surface profiles of machined through EDM for 15% SiC 

 
Fig. 2b: Surface profiles of machined through EDM for 10% SiC 

 
Fig. 2c: Surface profiles of machined through EDM for 5% SiC 
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Nomenclature 

A : Ampere 

υ : Angle  

C : Current 

Djb :  Diameters of the machined hole at the bottom of the work piece 

Djt : Diameters of the machined hole at the top of the work piece 

Dt : Diameter of the tool 

F : Flushing pressure 

h : Height of the work piece 

MRR : Material removal rate 

μs : Micro seconds 

P : Pulse on time 

ROC : Hole diameter 

SR : Surface roughness 

t : Time 

TWR : Tool wear rate 

 T : Angle 

V : Voltage  

Wjb, : Weights of the work piece (before  machining)  

Wja  : Weights of the work piece (after machining)  

Wtb : Weights of the tool (before machining) 

Wta : Weights of the tool (after machining) 

CONCLUSION 

The experimental investigation carried out on 5%. 10%, 15% SiC/Al6061 Aluminium 
MMC material. Based on the results, the following important points were drafted: 

(i) The machining process through the EDM is purely depending upon the 
electrical conductivity of the work piece. 
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(ii) Based on the experiment done on the work piece, it is observed that the 
particulate induction of the SiC in to the base matrix material increases the 
thermal resistance in such a way that it decreases the electrical resistance 
capacity of all the three proportions of work piece. 

(iii) Material Removal Rate for various compositions was found. It is seen that for 
higher current and pulse ON-time the MRR was quite high. 

(iv) It is evident from this study that for larger current settings, the TWR was quite 
high. 

Flushing pressure played an important role to control the MRR and TWR. For larger 
value of flushing pressure adversely increases the value of MRR and TWR. 
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