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ABSTRACT 

 Electrical discharge machining (EDM) is one of the earliest non-traditional machining processes. Electrical 

Discharge Machining (EDM) process is an important manufacturing technology in machining difficult-to-cut and 

shape complicated contours. It provides an economical and effective method for shaping and smoothing high 

strength, heat resistant materials into intricate shapes. The EDM process involves a controlled erosion of 

electrically conductive materials by the initiation of rapid and repetitive spark discharge between the electrode tool 

and work piece, separated by a small gap of about 0.04 -0.4mm known as the spark gap. This spark gap is 

immersed under a dielectric fluid. In EDM process, it is important to select machining parameters for achieving 

optimal machining performance in high heat resistance and hard material. The surface roughness and material 

removal rate are mainly depends on the current, voltage, pulse on time, pulse off time, spark gap. The level of 

importance of the EDM cutting parameters on the SR and MRR was determined by using the Response Surface 

Methodology. Surface roughness and Metal removal rate  was taken as a response variable measured after EDM 

current , voltage, pulse on time, pulse off time, spark gap were taken as input parameters. Relationships between 

output and EDM cutting parameters have been investigated. In this paper grey relational grade has been developed 

for the prediction of the MRR and SR achieved as a single response in grade.  

Keywords: Electric discharge machining (EDM), Response Surface Methodology (RSM), Grey Relational 

Analysis (GRA), Surface Roughness (SR), Material Removal Rate (MRR) 

INTRODUCTION  

 The non-Conventional machining process does not employ a traditional tool for metal removal. Instead they 

directly utilize some form of energy for metal machining. In this process there is no physical contact between the 

tool and work piece. The EDM process involves a controlled erosion of electrically conductive materials by the 

initiation of rapid and repetitive spark discharge between the electrode tool (usually cathode) and work piece 

(anode) separated by a small gap. This spark gap is either flooded or immersed under the dielectric fluid. The 

summary of such past studies have highlighting the decision variables, objective functions, constraints, variable 

bounds, remarks and their limitation. The results were summarize as follows: Kuldeep Ojha et al., reports research 

on EDM relating to improvement in MRR along with some insight into mechanism of material removal. Later Sen 

and Shan, Gao et al., and Rao et al., followed the similar methodology for the modelling and optimization of EDM 

process for different work–tool material pairs. A. Tolga Bozdana et al., reports an experimental investigation of 

EDM drilling of Ø2 mm holes on Inconel718 using brass electrode. The effect of process parameters (discharge 

current, pulse on and off times, and capacitance) on process outputs (material removal rate and electrode wear rate) 

was determined based on minimum number of experiments. The mathematical modelling of process has been done 

using response surface methodology. The result shows that the developed model can achieve reliable prediction of 

experimental results within acceptable accuracy. 

EXPERIMENTATION 

The experiment for this work was done in the following methods: 

 Experiments are conducted with the chosen work material Aluminium composite LM25-10% SiCp which 

has a growing range of applications in the field of automobile and aerospace industries due to high strength 

to weight ratio. 

 Cylindrical shaped pure copper with a diameter of 10 mm is used as a tool electrode. 

 Checking and preparing the EDM Machine ready for performing the machining operation. 

 Cutting Aluminium alloy bars by power saw and performing initial turning operation in Lathe to get desired 

dimension of the work pieces. 

 Performing drilling operation on specimens in various cutting environments involving various combinations 

of process control parameters.  

 Material removal rate is calculated for the work piece. 

 Measuring surface roughness with the help of a portable surface roughness tester SJ201. 

Plan of experiment based on response surface method: Response Surface Methodology (RSM) is a collection of 

mathematical and statistical techniques that are useful for modeling and analysis of problems in which output or 
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response influenced by several variables and the goal is to find the correlation between the response and the 

variables. It can be used for optimizing the response. It is an empirical modelization technique devoted to the 

evaluation of relations existing between a group of controlled experimental factors and the observed results of one 

or more selected criteria. 

 A prior knowledge of the studied process is thus necessary to achieve a realistic model. We selected only 

five experimental factors capable of influencing the studied process yield. The factors are discharge current (I), 

discharge voltage (V), pulse on time (Ton), pulse off time (Toff) and Spark gap 

The first step of RSM is to define the limits of the experimental domain to be explored. These limits are made as 

wide as possible to obtain a clear response from the model. The discharge voltage (A), discharge current (B), pulse 

on time (C), pulse off time (D), Spark gap (E) are the machining variables, selected for our investigation. The 

different levels retained for this study are given in Table 1 and EDM machine set up as shown in Figure 1.  

Table1. 

Table.1. Different variables used in the experiment and their levels 

Variable Coding Level 

1 2 3 

Discharge Voltage  in V A 60 65 75 

Discharge Current in A B 5 10 15 

Pulse on time (Ton) in s C 15 30 45 

Pulse off Time (Toff) in s D 5 7 9 

Spark gap  in mm E 0.1 0.2 0.3 

Material removal rate (mg/s) F  

Surface roughness (µm) G  

In the next step, the planning to accomplish the experiments by means of Response Surface Methodology (RSM) 

using Box behnken approach with five variables. Total numbers of experiments conducted with the combination of 

machining parameter are presented in Table 2.  

  
Figure.1.EDM Machine setup Figure.2.Machined work piece 

Roughness measurement: Roughness measurement has been done on machined work piece as shown in figure 2 

using a portable roughness tester SJ201. This instrument (Surtronic 3+) is a portable, self-contained instrument for 

the measurement of surface texture. The parameter evaluations are microprocessor based. The measurement results 

are displayed on an LCD screen and can be output to an optional printer or another computer for further evaluation. 

The instrument is powered by non-rechargeable alkaline battery (9V). It is equipped with a diamond stylus having a 

tip radius 5 μm. The measuring stroke always starts from the extreme outward position. At the end of the 

measurement the pickup returns to the position ready for the next measurement. The selection of cut-off length 

determines the traverse length. Usually as a default, the traverse length is five times the cut-off length though the 

magnification factor can be changed. The profilometer has been set to a cut-off length of 0.8 mm, filter 2CR, and 

traverse speed 1 mm/sec and 4 mm traverse length. Roughness measurements, in the transverse direction, on the 

work pieces have been repeated four times and average of four measurements of surface roughness parameter 

values has been recorded.  

Observation and calculations: Material Removal rate is calculated my measuring the time of machining. It is 

calculated by using the formula. The input and output values are given in table2. 

MRR = W/t in mg/s 

Where, 

 W = weight of material removed 

  t   = time taken for machining 
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Table.2.Process variables and corresponding Responses 
AV BA Cs Ds E mm F mg/s G µm AV BA Cs Ds E mm F mg/s G µm 
65 5 15 7 0.3 1.435 3.01 75 10 30 5 0.3 4.951 6.17 

75 10 45 7 0.2 5.800 6.09 75 10 15 7 0.2 3.500 5.18 

75 10 30 9 0.1 4.952 5.82 65 10 15 9 0.2 3.248 5.14 

65 15 45 7 0.3 8.823 6.86 65 5 30 7 0.1 1.411 5.09 

75 15 30 5 0.2 7.880 5.88 65 10 45 5 0.2 5.544 7.44 

75 5 30 5 0.2 2.083 4.43 65 5 30 7 0.3 1.906 4.30 

65 10 15 9 0.2 3.355 4.32 65 15 30 7 0.1 7.381 6.39 

75 15 30 9 0.2 7.960 5.22 65 15 30 7 0.3 7.518 6.33 

75 10 45 7 0.2 6.444 6.27 65 10 30 7 0.2 5.272 5.10 

65 5 45 7 0.3 2.653 6.16 65 10 45 9 0.2 6.643 5.60 

60 10 30 9 0.1 5.205 6.20 60 10 15 7 0.2 3.383 3.74 

60 5 30 5 0.2 1.990 4.41 65 10 45 9 0.2 6.343 5.60 

60 10 30 5 0.3 4.613 5.77 65 10 45 5 0.2 6.766 8.19 

60 10 30 9 0.3 4.511 6.41 65 5 15 7 0.1 1.684 4.20 

65 5 30 7 0.1 2.182 5.69 75 10 15 7 0.2 2.859 5.31 

65 10 30 7 0.2 4.951 5.39 65 15 30 7 0.1 6.655 8.12 

60 10 45 7 0.2 6.059 6.36 65 15 15 7 0.3 3.866 4.01 

65 5 30 7 0.3 2.136 4.35 65 10 30 7 0.2 4.613 6.82 

65 10 15 5 0.2 3.383 4.86 75 10 30 9 0.3 4.142 7.08 

60 5 30 9 0.2 2.206 4.91 65 10 30 7 0.2 4.511 6.49 

75 10 30 5 0.1 5.272 5.79 65 10 30 7 0.2 4.720 6.51 

65 15 15 7 0.1 5.342 4.12 65 15 45 7 0.1 9.441 7.77 

75 5 30 9 0.2 2.280 4.87 60 15 30 5 0.2 6.766 7.70 

Grey relational analysis: To examine the suitable selection of machining parameters for Electrical Discharge 

Machining (EDM) process, Grey Relational Analysis (GRA) are applied. Solution of a system provided by Grey 

theory is that the model is uncertain or the information is unfinished. Besides, it exhibits an efficient solution to the 

uncertainty, multi-input and discrete data problem. With both GRA and statistical method, it is observed that the 

table-feed rate has a prominent impact on the machining speed, whilst the gap width and pulse-on time influences 

the SR. Moreover, by setting the maximum machining speed and minimum SR, optimal machining parameters (or 

a desired SR) can be acquired. In the previous section the relationship between different factors mentioned is 

unclear. Those are called “grey”, implying poor, incomplete and uncertain information. Without large data sets 

their analysis by standard statistical procedure may not be acceptable or reliable. In this work, to renovate the 

multi-response optimization model into a single response grey relational grade, GRA has been utilized. Grades are 

used to study about multi-response characteristics, as an alternative of using experimental values directly in 

multiple  regression model and GA. 

Steps in GRA: The below mentioned steps to be followed while applying grey relational analysis to find the Grey 

relational coefficients and the grey relational grade: 

Normalizing the experimental results of MRR and surface roughness to avoid the effect of adopting different units 

to reduce the variability. 

 
 

 
 

Performing the grey relational generating and calculating the grey coefficient for the normalized values yield. 

  

Calculating the grey relational grade by averaging the grey relational coefficient yields:  

 
Where γj is the grey relational grade for the jth experiment and k is the number of Performance characteristics. To 

normalize the experimental value, Equation (1) is used, when the target of the original value is with the 

characteristic of ‘higher the better’. Here MRR is standardized using the above equation. When the ‘lower the 
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better’ is a characteristic of the original sequence, then the original sequence is normalized using Eqn. (2), i.e., 

surface roughness is normalized using this equation. Using Eqn. (3), we calculate the grey relational coefficient 

(GRC) for MRR and SR. Also the grey relational grade is computed as per Eqn. (4) and the grades are shown in 

table 3. 

Table.3.Grey Relational Grade 
Normalized 

Values for MRR 

Normalized 

Values for SR 

GRC Values for 

MRR 

GRC 

Values for SR 

Grade 

0 1 0.333 0.4169 0.6665 

0.5452 0.405 0.523 0.4393 0.4699 

0.4394 0.457 0.4714 0.3641 0.4553 

0.923 0.257 0.8665 0.4344 0.6153 

0.805 0.446 0.7194 0.6100 0.5769 

0.08 0.728 0.3521 0.6234 0.4810 

0.239 0.747 0.3965 0.4991 0.5099 

0.815 0.573 0.7299 0.4035 0.6145 

0.625 0.371 0.5714 0.4117 0.4874 

0.152 0.392 0.3709 0.4085 0.3973 

0.470 0.384 0.4854 0.6109 0.4469 

0.069 0.729 0.3494 0.4439 0.4801 

0.396 0.461 0.4528 0.3891 0.4483 

0.384 0.332 0.4480 0.4514 0.4185 

0.093 0.483 0.3553 0.4805 0.4033 

0.439 0.540 0.4712 0.4838 0.4758 

0.652 0.546 0.5896 0.6216 0.4367 

0.087 0.741 0.3538 0.5438 0.4477 

0.243 0.643 0.3977 0.4939 0.4707 

0.096 0.564 0.3561 0.4221 0.4250 

0.479 0.463 0.4897 0.6654 0.4659 

0.488 0.786 0.4940 0.5424 0.5797 

0.105 0.641 0.3584 0.4105 0.5404 

0.439 0.389 0.4712 0.5038 0.4408 

0.257 0.581 0.4022 0.5087 0.4530 

0.226 0.589 0.3924 0.5142 0.4505 

0.089 0.598 0.3543 0.3323 0.4343 

0.4173 0.145 0.4618 0.6308 0.3970 

0.058 0.751 0.3467 0.3945 0.4887 

0.7426 0.347 0.6601 0.3989 0.5273 

0.759 0.359 0.6747 0.5129 0.5365 

0.479 0.596 0.4897 0.4597 0.5013 

0.665 0 0.5988 0.6491 0.4486 

0.311 0.77 0.3403 0.4894 0.4947 

0.177 0.556 0.3779 0.3012 0.4346 

0.652 0.013 0.5896 0.6879 0.4454 

0.303 0.807 0.4177 0.3663 0.5528 

0.396 0.264 0.4528 0.3512 0.4095 

0.3381 0.214 0.4303 0.6332 0.3857 

0.3842 0.328 0.4481 0.3863 0.5406 

0.4103 0.324 0.4588 0.3165 0.4225 

1 0.081 1 0.3196 0.6582 

0.665 0.094 0.5988 0.3071 0.4592 

 

RESULTS & DISCUSSION 

The effect of the machining parameters (V, I, Ton, Toff and Gap) on the response variables SR & MRR have 

been evaluated by conducting experiments. It can be seen from the figure 3, the SR tends to increase significantly 

with the increase in discharge current for any value of discharge voltage. From figure 4, it can be noted that the SR 

increases when the current increases and the pulse on time increases. From figure 5, it is observed that the SR 

values are high when pulse off time and discharge voltage is low. It can be seen from the figure 6, the MRR tends 

to increase significantly with the increase in discharge current and increase in pulse on time.  From the figure 7, it 

is observed that MRR tends to increase significantly with the increase in pulse on time and decrease in gap width. 

Figure 8 represents, MRR tends to increase significantly with the increase in pulse on time and discharge voltage.  
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Figure.3.Effect of SR Vs V & I Figure.4.Effect of SR vs I & Ton 

 
 

Figure.5.Effect of SR  vs V & Toff Figure.6.Effect of MRR vs I & Ton 

  
Figure.7.Effect of MRR vs Ton & gap Figure.8.Effect of MRR  vs V & Ton 

CONCLUSION 

 Selection of machining parameters is one of the most important aspects to take into consideration in the 

majority of manufacturing processes .Hence optimization of operating parameters is an important step in 

machining, particularly unconventional machining procedure like EDM .It is a capable of machining geometrically 

complex or hard material components, that are precise and difficult-to-machine such as heat treated tool steels, 

composites, super alloys, ceramics, carbides, heat resistant steels etc. being widely used in die and mold making 

industries, aerospace and  automobile industries. I consider input machining parameters like current, voltage, pulse 

on time, pulse off time, spark gap and output parameters like material removal rate and surface roughness. Finally 

the relations between the parameters are generated and optimal value is found through the experimentation. For 

better MRR (9.441 mg/min) the required inputs are voltage (65), current (15), pulse on time (45), pulse off time(7), 

spark gap (0.1) & for better surface roughness (3.01µm) the required inputs are voltage (65), current (5), pulse on 

time (15), pulse off time(7), spark gap (0.3).Grey relational grade are developed for predicting the multi response 

value of MRR and SR as a single response in grade. 
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