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ABSTRACT: This paper proposes a new optimization methodology based on the 

combination of the response surfaces methodology and the genetic algorithm for the selection of 

process parameters in electric discharge machining. Machining tests are carried out on a 

stamping machine under different process parameters. The paper presents a mathematical 

modeling for the analysis of the effects of machining parameters on the characteristics 

performance of EDM process when machining AISI 1095 steel. The mathematical models are 

developed by the response surface methodology (RSM). These models are used to build an 

optimization model taking into account the effect of various machining parameters. It is 

observed that the developed models present agreeable error limits when they have been 

compared with the experimental models) 

KEYWORDS: Electrical discharge machining, Machining parameters, optimization, 

Surface roughness, RSM, Genetic algorithm. 

 

1 INTRODUCTION  

Obtaining mechanical parts has become by many 

methods and by many means, machining is one of 

the most used methods for obtaining these 

mechanical parts. Modern mechanical 

manufacturing technology requires more efficient 

means and techniques to meet the needs of the 

industrial and commercial sector. In the machining 

process several techniques and several means used, 

for example conventional machining (turning, 

milling ...) or modern machining processes such as 

electric discharge machining (EDM). 

The electric discharge machining process (EDM) 

is a manufacturing process in which a part is formed 

or a surface machined by the use of electric 

discharge through tools called electrodes. The spark 

between the electrode and the workpiece locally 

melts the material during the EDM process and the 

dielectric liquid then partially drives out the molten 

material. In this manufacturing process several 

parameters influence such as current, voltage pluse 

on time and pulse off time, as well as the medium 

used for the dielectric. The geometry of the 

workpiece and the electrode are also very important 

factors in this process. 

To discover and understand the influence of the 

different parameters of machining by electric 

discharge, we have made a summary of the few 

works carried out in this area. This research work 

carried out mainly on the effect of the electric 

discharge machining parameters on the 

performances of the machined parts: removal rate 

MRR, tool wear rate TWR, surface roughness Ra, 

radial ouvercut ROC and material electrode. 

The choice between the various parameters and 

performances is the objective of a large number of 

studies and research in order to increase 

productivity, improve the quality of machined parts 

and minimize costs and production times. 

The study of the effect of machining parameters 

on machining performance is the objective of the 

work of Fazlollahtabar H. et al. [1] where they 

developed a mathematical model based on the 

interpolation approach which links the parameters: 

duty cycle, time and current with the surface 

condition, electrode wear rate, and material removal 

rate. They also used an adaptive fuzzy neural 

network to optimize and predict machining 

performance. The result obtained shows that the 

increase in pulse has a direct impact on the material 

removal rate, also the roughness increases with the 
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energy of the pulse. At for higher pulse energy, the 

material removal rate increases and the surface will 

be rough.Or the work of Belloufi A. et al. [2] that 

made an experimental study to find the 

performances of the electric discharge machining 

and the geometric errors associated when the treated 

steel AISI 1095 is machined, with the use of fuzzy 

logic method. 

Neelabh et al. [3] investigated the influence of 

various process parameters of electric discharge 

machining as a function of the dielectric fluid by 

adding certain types of concentration semiconductor 

powders to the machining of a part in alloy steel. 

Vineet D. et al. [4] carried out an experimental 

study and developed a mathematical model to 

establish the parameters of the EDM process for the 

machining of 7075 aluminum alloy reinforced with 

boron carbide particles. The experimental results 

obtained are close to the results of the mathematical 

model. 

Chenmayee K. et al. [5] also conducted an 

experimental study to investigate the machinability 

of an Al7075-6% red mud metal matrix composite 

material, using the EDM process to determine the 

machining characteristics. The results obtained 

show that the prediction accuracy of the models is 

within the acceptable range. 

DebabrataDhupal et al. [6] conducted an 

experimental study on the machinability of a 10% 

aluminum / silicon carbide (Al / SiC MMC) with 

copper and brass electrodes in electrical discharge 

machining (EDM) ). They used a Multi-Objective 

Particle Swarm Optimization (MOPSO) algorithm 

to find the optimal parameters for this process. 

In the work of Chandramouli S. et al. [7], 

experiments were carried out on stainless steel 

machined with a tungsten copper electrode, to 

determine the process parameters on electrical 

machining (EDM), followed by an optimization of 

the discharge machining parameters using the 

Taguchi method for finding the best machining 

performance values. 

Vijaykumar S. et al. [8] have developed a finite 

element model (FEM -3D) for the modeling of 

EDM machining using ANSYS 15.0 software. They 

used this software to calculate the thickness of the 

white layer, the surface roughness and the area 

affected by a mixed pattern of beryllium copper 

alloy powder. This numerical model was validated 

by an experimental study which shows a good 

agreement between the calculated values and the 

experimental values. 

Utam K et al. [9] they optimized the machining 

parameters with EDM and consolidated this 

improvement by an experimental study. 

S. Mohanty et al. [10] used multi-objective 

optimization to predict the importance of electrical 

discharge machining parameters. They carried out 

experiments to validate the results and they 

determined that the error percentage was low. The 

use of nanoparticles influences the roughness and 

the rate of material removal. This means that the 

surface roughness decreases and the MRR 

increases. 

In addition, in the work of C.P. Mohanty et al. 

[11], extensive experimental research has been 

conducted to analyze the effect of various electrode 

materials on the machinability of Inconel 718 super 

alloy in the EDM process. To validate the process 

parameters, an optimization approach with the 

QPSO and PSO algorithms was proposed and 

compared to obtain the best parameters for the 

EDM process. The optimal parametric fit obtained 

by the two approaches is validated by experimental 

tests which reveal that QPSO provides a better 

solution compared to PSO. 

S. Suresh Kumar et al [12] did an experimental 

study to determine EDM parameters, and an 

analysis to optimize process parameters such as 

peak current, pulse time, wire feed rate and the 

percentage by weight of boron carbide (B4C), to 

identify the influence of each of these parameters 

and its contribution to the output performance. The 

addition of the B4C particles to the Al-SiC 

composite improves the mechanical properties of 

the composite and increases the surface roughness 

of the machined area and the pulse width. 

S. Dhanabalan et al. [13] carried out an 

evaluation on the material removal rate, surface 

roughness and electrode wear rate in electrical 

discharge machining (EDM) of the alloy titanium 

using copper, brass and aluminum electrodes. 

Bhaskar Chandra Kandpal et al. [14] Develop a 

discussion on electric discharge machining (EDM), 

and its use for machining composite materials. He 

presented the different new optimization techniques 

used to improve or find the best combination of 

EDM process parameters for AMMC machining 

like artificial neural network, gray relational 

analysis, genetic algorithm, etc. 

Houriyeh Marashi et al. [15] presented an 

experimental investigation on the effect of adding 

Ti nanopowders to the dielectric in order to study 

the characteristics of an AISI D2 steel part, the 

material removal rate with the surface roughness. 

These parameters are considerably improved under 

all machining conditions. 

VikasRak et al. [16] presented an idea on the 

effect of various input parameters such as pulse 

time, discharge current and voltage, on surface 

roughness parameters such as Ra, Rq, Rsk, Rku and 
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Rsm. This study is completed by an optimization of 

these parameters using the Gray-Taguchi method. 

Although research by Sengottuvel P. et al. [17] 

having studied the EDM process parameters to test 

the influence of the MRR, TWR and SR parameters 

on the Inconel 718, the results of this study are used 

for multi-objective optimization by the logic 

method blurry. 

An experimental micro-EDM drilling work of 

the Inconel 718 superalloy by Mustafa A. et al [18] 

was carried out on the machining of new and 

advanced materials to evaluate the micro-EDM 

characteristics of Inconel 718. The multi-

performance characteristics are optimized with the 

use of the Relational Gray Analysis (GRA) method 

to select the optimal conditions for EDM drilling. 

F. Klocke et al. [19] conducted in their work an 

investigation on the influence of the electrode 

material on spark erosion, and therefore on the 

performance of the electrical discharge machining 

process with a satisfactory explanation of the 

physical characteristics of the different types of 

graphite, in terms of specific electrical resistance, 

thermal conductivity and particle size. This study is 

followed by an optimization of the machining 

parameters such as tool wear rate and material 

removal rate. 

M.R. Shabgard et al. [20] proposed a study with 

fuzzy logic based on a genetic algorithm for the 

prediction of tool wear rate, material removal rate 

and surface roughness (Rz, Rk) in EDM and 

Ultrasonically Assisted EDM (US / EDM) 

processes. This study is compared with one of the 

experimental results. 

In the work of P. S. Bharti et al. [21] 

experiments on erosion and spark sinking were 

carried out. They used Inconel 718 as a part and 

copper as a tool electrode, this study is followed by 

an optimization of the performance of the EDM 

process by the use of the genetic algorithm as an 

optimization technique. 

Much EDM research studies the influence of 

electrode materials and designs on the EDM 

process. Among this work, the research below was 

analyzed: 

BholaJha, et al. [22] provided an overview on 

the design and manufacture of electrodes in 

electrical discharge machining. Because the 

electrode plays a very important role in EDM 

technology, the goal of optimizing design 

parameters and electrode-tool material is to 

determine the best material among many electrode 

materials and designs in the field of EDM electrode 

design and manufacture. 

Evaluating the effects of machining on 

performance characteristics including electrode 

wear rate, material removal rate and surface 

roughness is the work objective of J. Y. Kao et al. 

[23], this experimental investigation is based on: 

open voltage, discharge current, pulse time and duty 

cycle. This study is followed by another study with 

Taguchi method and relational gray analysis to 

improve the performance characteristics of EDM 

such as: material removal rate and surface 

roughness in the machining by electric discharge of 

the Ti - 6Al - 4V alloy. 

According to the experimental studies of G. 

Kibria et al. [24], the different dielectrics have a 

great influence on the micro-EDM performance 

measures such as the material removal rate, the tool 

wear rate, the radial overcut, the input diameter 

variance and at the output, machined surface 

integrity and micro-hole precision during micro-

machining of Ti-6Al-4V super alloy. 

The experimental results of Oguzhan Y. et al. 

[25], reveal that the single-channel electrode has a 

lower electrode wear rate and better MRR. 

However, the use of scanning electron microscope 

images show that for the aerospace alloys, the 

multi-channel electrodes produce better surfaces 

than single-channel electrodes.  

The rate of material removal is a very important 

factor in the EDM process, according to G.S. 

Prihandana et al. [26], where they presented a new 

method which consists of suspending a powdered 

indelectric micro-MoS2 fluid and using ultrasonic 

vibrations during m-EDM processes to increase the 

rate of material removal. They used the Taguchi 

method to check the optimum process parameter to 

increase the MRR. 

Several criteria influences the electrode wear; it 

influences the roughness of the machined surface, 

AA Khan [27] carried out an investigation to assess 

the rate wear during EDM of aluminum and mild 

steel by using copper and brass electrodes. The 

highest wear rate was found the use of a brass 

electrode. 

H.S. Payal [28] made an experimental study to 

evaluate the parameters of material removal and its 

effect on the surface roughness (Ra). In this study, 

graphite tool, brass tool and copper tool have been 

used; the results show that the highest MRR is 

obtained for a high discharge current. 

K.M. Patel et al. [29] studied the machining 

characteristics, surface integrity and material 

removal mechanism of Al2O3-SiCw-Tic with EDM. 

They concluded that the surface roughness and the 

remelting layer increased with current and pulse off 

time. Material is removed due to melting and 

dissociation evaporation, and to some extent 

oxidation, reduced current decomposition and 

higher current thermal spelling. 
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The biliorgaphic analysis presented above, led us 

to conclude that there is a great need of 

development of the optimization models for the 

choice of the optimum machining parameters during 

electrical discharge machining. Still from this 

bibliographical analysis, it is also clear that the 

construction of models for optimizing electrical 

discharge machining depends on the experimental 

procedure followed. Most of the scientific research 

on this subject is aimed at optimizing a single 

objective, which requires the integration of other 

objectives into the optimization models. In addition, 

few studies have already addressed the problem of 

constructing models for optimizing the EDM 

machining process. 

This is why, in this study, a multi-objective 

optimization model of the EDM machining process 

has been developed. The resolution of an 

optimization problem based on this model was 

carried out using the technique of genetic 

algorithms. The optimization results found in this 

study have been approved experimentally. 

2 MATERIALS AND METHODS 

In this study, a composite design was used to 

construct the experimental design. material removal 

rate (MRR), duty cycle (DC), surface roughness 

(Ra) and circularity (CIR) were chosen as the 

response variable, while discharge current, voltage, 

pulse on time and pulse off time were chosen as 

independent variables. Table 1 summarizes the 

experimental design used. 

 

Table 1. Experimental design 

N° 
Ip  

(A) 

V  

(Volt) 

Ton 

 (μs) 

Toff 

 (μs) 

MRR  

(mm
3
/min) 

DC 

 % 

Ra 

 (µm) 

CIR 

 (mm) 

01 0.2 -200 0.5 6 0.0085950 0,08 0.8 0.034 

02 0.3 -200 2 6 0.00125409 0,25 0.97 0.035 

03 0.4 -200 2 6 0.01289640 0,25 0.96 0.037 

04 0.5 -200 3 6 0.06664283 0,33 1.74 0.041 

05 1 -200 3.2 6 0.21630746 0,35 1.72 0.049 

06 2 -200 4 6 0.37911963 0,40 2.07 0.049 

07 12 -80 4 40 0.23491203 0,09 1.6 0.05 

08 12 -80 12 40 0.50728100 0,23 2.25 0.05 

09 14 -80 6 40 3.15017071 0,13 1.72 0.053 

10 14 -80 12 40 4.16761557 0,23 3.34 0.054 

11 24 -80 10 40 7.47502037 0,20 2.08 0.054 

12 24 -80 12 40 8.49996289 0,23 3.31 0.055 

13 32 -80 10 40 10.0609279 0,20 2.4 0.056 

14 32 -80 20 50 10.9222567 0,29 3.83 0.056 

15 32 -80 12 40 11.448173 0,23 2.54 0.057 

16 48 -80 12 40 22.9347725 0,23 2.44 0.062 

17 48 -80 20 50 27.4737670 0,29 3.41 0.065 

18 48 -80 10 40 27.6812269 0,20 2.6 0.066 

19 64 -80 10 40 28.7713075 0,20 2.37 0.068 

20 64 -80 12 50 30.5755395 0,19 1.93 0.068 

21 64 -80 20 50 31.4554504 0,29 2.86 0.076 

22 96 -80 12 50 33.8768584 0,19 2.3 0.085 

23 96 -80 20 50 40.7924755 0,29 2.44 0.089 

24 128 -80 12 50 49.4688310 0,19 2.63 0.137 

25 128 -80 20 50 57.2003015 0,29 2.44 0.16 
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2.1 Machine tool 

According to the experimental design in Table 1, 

machining tests were performed under industrial 

conditions using an EDM ONA NX4 die-sinking 

EDM machine (connected load 13.7 KVA, 

worktable dimension 800 × 600 mm , maximum 

working height 400 mm), which is a die-sinking 

EDM machine as shown in figure 1. 

 

Fig.1. Sinking EDM machine ONA NX4 

 

The EDM machine operating conditions are 

mentioned in table 2. 

Table 2. EDM machine operating conditions 

Working conditions  Description  

Electrode material Copper -tungsten 

Specimen material AISI 1095 

Electrode polarity negative 

Work table 800 x 600 mm 

Work tank 1.200 x 800 x 450 mm 

Discharge current 0 – 256 A 

Pulse on time 1– 6500 μs 

Pulse off time 1– 6500 μs 

Dielectric fluids Kerosene 

 

2.2 Work Piece Material 

The tests were carried out by machining 

prismatic parts of AISI 1095 treated steel. 

AISI 1095 is specially designed for the 

manufacture of molds, tools, printing plates, 

punches and dies, which require high wear 

resistance.  

The chemical composition of AISI 1095 steel is 

described in Table 3 

Table 3. Chemical composition of AISI1095 steel 

Element Composition (%) 

C 0.95 - 1.05 

Si 0.15 - 0.30 

Mn 0.15 - 0.30 

Cr ≤ 0.25 

Ni ≤ 0.20 

Cu ≤ 0.20 

P ≤ 0.030 

S ≤ 0.020 

 

In the experiments carried out in this study, parts 

in the normalized state were used, their significant 

surface hardness after thermal tempering varies 

between (60 and 65 HRC), their sizes are 45 × 25 × 

3.5 mm ± 0.2 according to Figure 2. the upper 

surface of the parts used is very finished; the 

material density of the parts is 7.78 g / cm3. 

 

Fig. 2 Work-piece 

Cupro-tungsten electrodes (Fig. 3) were used in 

this study: with a composition of 40% copper (Cu) 

and 60% tungsten (W). This material has unique 

physical properties. Tungsten is very resistant to 

high temperatures, while high thermal and electrical 

conductivity is achieved by copper. 

2.3 Description of Electrode Material 

The electrodes used have a length of 50 mm and 

a diameter of 10 ± 0.05 mm. 

 

Fig.3 Electrodes used in the tests 

2.4 Materials and equipment 

A coordinate measuring machine (CMM), 

OPTIV Performance 443 Dual Z shown in figure 4 

was used to perform the geometric measurements. 
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Fig.4. Three-dimensional measuring machines 

 

A Voyager Pro type digital density meter Model: 

VP6102 C, an AP 250 D type balance with a 

precision of 0.0001g and a Mitutoyo-sufftest-211 

roughness meter were used to take the various 

measurements illustrated in table 1. 

2.5 Experimental details 

In the present study, AISI 1095 steel is selected 

as the working material for the experiment. In 

experimental tests, , as shown in Figure 5, the 

machining of 10 mm diameter holes with depths 

ranging from 0.1 mm to 1 mm is carried out using 

the EMD process. 

 

Fig.5 Work piece used in the test after machining 

 

2.6 Response surface methodology 

Equation (1) was used to fit the experimental 

data of material removal rate (MRR), duty cycle 

(DC), surface roughness (Ra) and circularity (CIR) 

to build the RSM model 

0 1 1 2 2 3 3 4 4 12 1 2

13 1 3 14 1 4 23 2 3 24 2 4

2 2 2 2

34 3 4 11 1 22 2 33 1 44 1

 

    

Y A A X A X A X A X A X X

A X X A X X A X X A X X

A X X A X A X A X A X

     

   

    

(1) 

where X1, X2, X3 and X4 are the values of the 

independent variables, Y represents the 

corresponding response variable, A0 is a constant, 

A1, A2, A3 and A4 are the linear coefficients, A12, 

A13, A23, A24 and A34 are the interactive coefficients. 

A11, A22, A33 and A44 are the quadratic coefficients. 

Subsequently, equation (1) is used to estimate 

the optimal response variable and the corresponding 

variables. 

3 RESULTS AND DISCUSSION 

A conclusion section is not required, but it is 

strongly recommended. Although a conclusion may 

review the main points of the paper, do not replicate 

the abstract as the conclusion. A conclusion might 

elaborate on the importance of the work or suggest 

applications and extensions. 

In this study, the coefficients of determination (R2) 

of the response variables are given as follows: R2 

for material removal rate (MRR) is 0.9812, R2 for 

duty cycle (DC) is 0.9974, R2 for roughness of the 

area (Ra) is 0.9029, and R2 for circularity (CIR) is 

0.9819, which indicated that the modified logistic 

model could successfully describe the progression 

of machining performance in the set of tests in this 

study. The material removal rate (MRR), duty cycle 

(DC), surface roughness (Ra) and circularity (CIR) 

data in Table 1 were used to build the RSM models.  

The RSM models below were obtained using 

equation (1) to fit the experimental data of 

machining performance. 

The RSM model of the material removal rate is 

given by equation (1) 

3 3 4 2 2 4

2 3 1 1 4 1 3

2 2

1 2 1 2

2 2

3 4

 0.44743 0.026608 0 0.015606 

0.0023218 2.1176 0.025838 0.01541 

0.0080962 0.00034111 0.00044142 

0.058681 0.024694 

Y x x x x x x

x x x x x x x

x x x x

x x

     

  

  

 

(2) 

Where X1, X2, X3and  X4 are the actual values 

of the discharge current, voltage, pulse on time and 

pulse off time respectively. Y is the corresponding 

material removal rate (MRR). 

The RSM model of the duty cycle is given by 

equation (3) 

3 3 4 2 2 4

2 3 1 1 4 1 3

2 2

1 2 1 2

2 2

3 4

 0.44743 0.026608 0 0.015606 

0.0023218 2.1176 0.025838 0.01541 

0.0080962 0.00034111 0.00044142 

0.058681 0.024694 

Y x x x x x x

x x x x x x x

x x x x

x x

    

   

   



(3) 

The RSM model of the surface roughness is 

given by equation (4) 

3 3 4 2 4

2 3 1 1 4

2

1 3 1 2 1

05 2 2 2

2 3 4

 0.73298 0.01682 0.00071646 

0.0017647 0.03315 0.00029874 *

0.0026791 0.00077207 0.00015594 

3.1624  0.017111 0.0022825 

Y x x x x x

x x x x x

x x x x x

e x x x

   

   

  

  

(4) 

The RSM model of circularity is given by equation 

(5) 
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06

3 3 4 2 4

05 05

2 3 1 1 4

05 05 05 2

1 3 1 2 1

07 2 2 05 2  

3 4

 0.0061535 0.00016879 7.1027  

4.4109  0.00043341 7.1027  

3.8378  2.8859 1.1901  

5.245  2 0.00025238 1.2138          

Y x x x e x x

e x x x e x x

e x x e x x e x

e x x e x



 

  

 

   

    

   

  

(5) 

Analysis of variance of the RSM models showed 

that the RSM models were significant (p <0.05), 

indicating that they could very well describe the 

effect of discharge current, voltage, pulse on time 

and pulse off time on machining performance. 

The RMSE and SEP for the RSM model were 

calculated by equations (6) and (7), 

 
2

, ,1

n

i e i pi
Y Y

RMSE
n






 (6) 

0
0100

e

RMSE
SEP

Y
  (7) 

Where Yi,e are the experimental data, Yi,p are 

the corresponding predicted data, Ye is the mean 

value of the experimental data and n is the number 

of experimental data. 

3.1 Material removal rate 

The material removal rate data predicted by the 

RSM Model was plotted against the corresponding 

experimental material removal rate data (Figure 6). 

 

Fig.6 The material removal rate predicted by the 

RSM model 

The RSM model predictions close to the perfect 

prediction line than the RSM predictions, indicating 

that this model had a much high modelling capacity. 

The RMSE (2.3262%) and the SEP (14.2756%) 

for the RSM model indicating that the RMS model 

had a high modelling ability. 

3.2 Duty cycle 

The duty cycle data predicted by the RSM model 

was plotted against the corresponding experimental 

duty cycle data, as shown in Figure 7. 

 

Fig.7 The duty cycle predicted by the RSM model 

 

The RSM model predictions close to the perfect 

prediction line than the RSM predictions, indicating 

that this model had a much high modelling capacity. 

The RMSE (0.0037%) and SEP (1.5848%) for 

the RSM model indicating that the RMS model had 

high modelling ability. 

3.3 Surface roughness 

The surface roughness data predicted by the 

RSM models was plotted against the corresponding 

experimental surface roughness data, as shown in 

Figure 8. 

 

Fig.8 Surface roughness predicted by the RSM model 

 

The RSM model predictions close to the perfect 

prediction line than the RSM predictions, indicating 

that this model had a much high modelling capacity. 

The RMSE (0.2318%) and SEP (10.2098%) for 

the RSM model indicating that the RMS model had 

high modelling ability 

3.4 Circularity 

The circularity data predicted by the RSM 

models were plotted against the corresponding 

experimental circularity data, as shown in Figure 9. 

The RSM model predictions close to the perfect  

prediction line than the RSM predictions, indicating 

that this model had a much high modelling capacity. 

The RMSE (0.0038%) and SEP (5.9590%) for 

the RSM model indicating that the RMS model had 

high modelling ability. 
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Fig. 9 The circularity predicted by the RSM model 
 

The machining performance data predicted by 

the RSM model was plotted against the 

corresponding experimental data, as shown in 

Figures 5 to 8. It is evident that the predictions of 

the RMSE model were close to the perfect 

prediction line, indicating that the RSM model had 

a high modelling capacity. 

3.5 Interaction effect of combinations of 

independent variables 

 

The interaction effect of combinations of 

independent variables on material removal rate 

(MRR), duty cycle (DC), surface roughness (Ra) 

and circularity (CIR) was further evaluated as 

shown in figure 6 to figure 9. The use of 

independent variable treatment based on the design 

include all interactions effect between discharge 

current, voltage, pulse on time and pulse off time. 

3.5.1 Material removal rate (MRR) 

 

(a) 

 

(b) 

 

(c) 

 

 

(d) 

 

(e) 

 

(f) 

Fig.10.Variation of the material removal rate 

according to the machining parameters 

Figure 10 shows three-dimensional interaction 

response surfaces for MRR in relation to the input 

parameters of peak current, voltage and pulse on 

time. It can be seen in Figures 10a, 10b, 10c and as 

expected, the MRR is increased with the discharge 

current, which is directly related to the overall 

energy transferred in the spark. As the influence of 

pulse on time is considered significant. Pulse-off 

time has a slight effect on MRR, while that of the 
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others is significant. The maximum MRR is 

obtained at a high peak current of 128 A and a pulse 

on time of 20 𝜇s This can be explained by the 

increase in the rate of discharge energy, because a 

high concentration of discharge energy in the spark 

gap causes the metal to melt and vaporize rapidly. 

On the other hand, in Figs. 10d, 10e, 10f MRR 

increases and with decreasing stopping time and 

voltage, the MRR increases. 

3.5.2 Duty Cycle (DC) 

Figure 11 shows the variation of the duty cycle 

as a function of discharge current, pulse- on time, 

pulse -off time and discharge voltage. In Figures, 

11a.11b.11c there is not much effect of the 

discharge current on the duty cycle. but there is a 

rapid increase in duty cycle, Figures 11d. 11e shows 

that the duty cycle increases with increasing pulse 

time and discharge voltage due to the fact that the 

discharge energy d The spark goes beyond 

dielectric strength to facilitate the melting and 

vaporizing action, and advances the large impulse 

force in the spark gap, thereby increasing the duty 

cycle. Therefore, the greater discharge energy 

results in deeper craters which increase the duty 

cycle Figure 11f. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

 

(f) 

Fig.11 Variation of the duty cycle according to the 

machining parameters 

3.5.3 Surface roughness (Ra) 

Figure 12 illustrates the variation of roughness 

as a function of the machining parameters. Figures 

12a.12b.12c show that SR increases with increasing 

current. This is due to the fact that with the increase 

in the current there is a strong spark, creating a 

higher temperature and a crater. Also from fig. 12a, 

12d and 12 e, it can be seen that as the tension 

increases, there is a corresponding increase in 

surface roughness. As the voltage increases, there is 
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an intense shock from the discharges on the surface 

of the workpiece, which results in larger cavities, 

thereby deteriorating the surface roughness. Even a 

long pulse on time increases the surface quality 

which can be located from the figure. 12f, but the 

surface roughness decreases as the pulse off time 

increases and this improves the surface quality, as 

shown in Figs. 12c, 12e, 12f.  

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

 

(f) 

Fig.12 Variation of surface roughness depending on 

the machining parameters 

 

3.5.4 Circularity 

 

(a) 

 

(b) 
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(c) 

 

(d) 

 

(e) 

 

(f) 

Fig.13 Variation of circularity depending on the 

machining parameters 

Figure 13 shows the effect of input process 

parameters: pulse on time, pulse off time, pulse 

current, and voltage on the circularity variable. 

According to Figures 13a, 13b, 13c, 13d, 13e it is 

observed that the circularity increases with the 

increase of the discharge current. It increases with 

pulse time and with downtime. The variation in 

circularity is the same as MRR, because the higher 

the MRR, the greater the variation in circularity due 

to material evaporation. The activated pulse has a 

substantial effect on machining performance. Thus, 

this increased variation in the evaporation rate 

causes roundness in the holes. Likewise, the 

variation in the discharge current decides the degree 

of energy at which the debris exiting the hole in the 

surface of the workpiece under the dielectric under 

pressure. However, the increased debris energy does 

not necessarily increase the roundness of the hole 

for all pulse durations. The pulse off time is the 

least effective control parameter for the variation in 

circularity Figure 13f. 

3.6 Optimization of machining parameters 

In this section a multi-objective optimization 

model of the machining parameters has been built. 

The optimization variables are the machining 

conditions: discharge current, voltage, pulse time, 

and pulse stop time. While the objective functions 

increase productivity by maximizing MRR and 

increase the quality of machined surfaces by 

minimizing surface roughness (Ra). 

The constructed optimization problem is given 

as follows 

3 3 4 2

2 4 2 3 1

1 4 1 3 1 2

2 2 2

1 2 3

2

4

 0.44743 0.026608 0 

0.015606 0.0023218 2.1176 

0.025838 0.01541 0.0080962 

0.00034111 0.00044142 0.058681 

0.024694 

Max Y x x x x

x x x x x

x x x x x x

x x x

x

   

  

  

  



(8) 

3 3 4 2 4

2 3 1 1 4

2

1 3 1 2 1

05 2 2 2

2 3 4

  0.73298 0.01682 0.00071646 

0.0017647 0.03315 0.00029874 *

0.0026791 0.00077207 0.00015594 

3.1624  0.017111 0.0022825 

Min Y x x x x x

x x x x x

x x x x x

e x x x

   

  

  

  

(9) 

Under the constraints 

-07 06

0.*x4-0.047862.*x3+0.00030818.*x3.*x4+0.*x2-

7.7202e-05.*x2.*x4-0.00076739.*x2.*x3+0.020029.

*x1+1.1011e .*x1.*x4+1.0618e- .*x1.*x3+

0.00025086.*x1.*x2+0.*1+9.1264e-08.*x1.^2+-

1.1977e-06.*x2.^2-0.00051686.*x3.^2-

0.00015312.*x4.^2  0.2                                   

(10) 

0.*x4+-0.0061535.*x3+0.00016879.*x3.*x4+0.*x2+-

7.1027e-06.*x2.*x4+-4.4109e-05.*x2.*x3+-

0.00043341.*x1+-7.1027e-05.*x1.*x4+

3.8378e-05.*x1.*x3+-2.8859e-05.*x1.*x2+0.*1+

1.1901e-05.*x1.^2+5.245e-07.*x2.^2+-0.00025238.

*x3.^2+1.2138e-05.*x4.^2 0.6                                      

(11) 

3.7 Multiobjective genetic algorithm 

A multiobjective genetic algorithm is used to 

solve the optimization problem constructed above. 

The multiobjective genetic algorithm works on a 

population with the use of a set of operators that are 

applied to the population. The generation of the 

population is calculated with non-dominated rank 
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and a measure of distance from individuals of the 

current generation. 

For each individual a non-dominated rank is 

assigned to using relative physical form. To 

compare individuals of equal rank; an individual's 

distance measure is used. It is a distance between an 

individual and other individuals of the same rank. 

The results of the optimization are grouped 

together in Table 4 containing both the values of the 

objective function and the value of the variables. 

Table 4. The non-dominated solutions 

N° 
ip 

(A) 

V 

(Volt) 

Ton 

(μs) 

Toff 

(μs) 

MRR 

mm
3
/min 

Ra 

(µm) 

01 127.97 -80.17 13.39 6.11 172.80 10.96 

02 69.14 -81.57 1.17 9.35 76.78 2.79 

03 0.83 -82.60 0.50 10.38 -6.73 0.08 

04 127.04 -80.27 6.82 6.48 165.48 7.62 

05 2.68 -82.29 1.10 8.52 -2.93 0.45 

06 60.84 -81.69 0.67 9.89 65.15 2.25 

07 79.06 -80.31 1.28 7.06 96.06 3.36 

08 125.86 -80.63 4.02 7.36 156.57 6.56 

09 116.71 -80.41 3.51 7.09 145.67 5.93 

10 45.30 -81.03 0.99 7.73 51.64 1.80 

11 127.98 -80.14 14.15 6.02 173.40 11.45 

12 93.47 -81.74 4.00 6.61 117.22 5.08 

13 17.75 -82.52 0.83 9.57 14.37 0.73 

14 28.37 -80.32 1.25 8.48 29.54 1.24 

15 85.66 -82.18 1.22 7.27 102.21 3.77 

16 127.98 -80.50 11.41 6.10 171.70 9.86 

17 124.97 -81.45 5.90 6.95 158.64 7.21 

18 127.98 -80.60 10.46 6.71 168.60 9.23 

 

The Pareto graph in Figure 14 displays the two 

competing goals (material removal rate (MRR) and 

surface roughness (Ra). 

 

Fig.14 Obtained non-dominated solutions 

On the Pareto curve, a smaller mean distance 

measure is observed, this indicate that the solutions 

on the Pareto front are evenly distributed. 

Figure 14 presented the non-dominated 

solutions. The 18 solutions obtained are distributed 

on curve of Pareto between two extreme solutions, 

which demonstrates the capacity of the approach 

used in the approximation of the optimal Pareto 

front. 

4 CONCLUSION 

In this study, an attempt was made to apply 

response surface methodology RSM for prediction 

of MRR, DC, SR and Roundness in electrical 

discharge machining of AISI 1095 with Cupro-

tungstène electrode. Twenty-five experiments were 

conducted successfully for four input parameters. 

The mathematical model for MRR, DC, SR and 

Roundness They are developed on the basis of RSM 

by utilizing the experimental results. The predicted 

values match the experimental results reasonably 

well. This study demonstrates that response surface 

methodology can be successfully used to model 

input machining parameters of EDM process for 

AISI 1095. The study carried out leads to the 

following conclusions: 

A new idea has been proposed in this work in 

order to develop a new model for optimizing the 

EDM process. The four machining parameters: 

current, pulse on time and pulse off time are 

considered as decision variables in this model. 

The method of multi-objective genetic 

algorithms was used for optimized the electrical 

discharge machining performances. Optimum 

values of process parameters for performance 

measurements have been identified. The results of 

multi-objective optimization were obtained using a 

new optimization model. 

 For a higher material removal rate, the 

recommended machining parameters are: ip 
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= 85.66 A; V = 82.18 V,   Ton = 1.22 µs 

and Toff = 7.27 µs. 

 For a better surface condition, the 

recommended machining parameters are: ip 

= 17.75 A; V = 82.52 V, Ton = 0.83 µs and 

Toff = 9.59 µs. 

 It fond from the present work that the 

combination of the response surface 

methodology and the genetic algorithm is 

an efficient method to optimize the 

parameters of machining by electric 

discharge. 

In future, the study can be extended for 

developing optimization models for other responses 

like TWR, EWR and cylindricity. 
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