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Abstract—Electro discharge machining (EDM) process 

is a well-established advanced machining process for producing 

complex geometry with close tolerances in these materials that 

are extremely difficult-to-machine by conventional machining 

processes. EDM process offers a better alternative or sometimes 

the only alternative for generating accurate three dimensional 

complex shapes of macro, micro and nano features in difficult–to-

machine materials among other advanced machining processes. 

The success of the EDM process depends upon the selection of 

appropriate process parameters. The selection of preferred 

process parameters plays a significant role to ensure quality of 

product and to reduce the machining cost in computer controlled 

machining process. Hence, Optimization methods applied for 

machining process are necessary for continuous improvement of 

the machining process. The objective of this paper is to offer 

comprehensive knowledge concerning the optimization of electro 

discharge machining of superalloys and composites materials. 
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I. INTRODUCTION 

In the present scenario, the modern manufacturing 

industries are required advanced engineering materials (i.e., 

Composites, superalloys and ceramics) for manufacturing the 

various components or parts, these types of materials are used 

in automotive, aerospace, electronics, optics, medical devices 

and communications industries due to their superior 

mechanical properties like high strength to weight ratio, high 

stiffness and resistance to high temperature [1]. These types of 

materials cannot be machined by using conventional 

machining process. Machining of such materials required 

some modified or unconventional machining process. Electro 

discharge machining (EDM) process is well-accepted 

advanced machining process among other processes. 

EDM process was invented by Lazarenko in 1943 in 

USSR. The spark generator was used many of the years to 

supply the power in EDM and the circuits which are known as 

Lazarenko circuits. Some types of problems occurred in the 

circuits so to reduce these problems, developed a pulse and 

solid state generator in 1960’s [2]. EDM process is used to 

machine electrically conductive advanced engineering 

materials to create complex geometrical shapes with proper 

accuracy and precision. 

In EDM process, a repeated electrical spark is generated 

in between the tool and workpiece with the help of electrical 

energy in the presence of dielectric fluid so the material is 

removed from workpiece with the help of thermal energy of 

sparks [3]. There are using two electrodes one acts as a tool 

and another acts as workpiece the tool is moved toward the 

work piece until the gap is small enough so that the impressed 

voltage is great enough to ionize the dielectric. Short duration 

discharges are generated in a liquid dielectric gap, which 

removed the materials from both the electrode (tool and work 

piece) by melting and vaporization. EDM can eliminate 

mechanical stresses, chatter and vibration problems during 

machining due to absence of physical contact between tool 

and workpiece [4].  

  This paper presents a brief review about the 

optimization of electro discharge machining of superalloys 

and composites materials on the basis of various optimization 

techniques such as Taguchi method, Gray Relational Analysis, 

Genetic Algorithm (GA) and Desirability function (DF) 

approach. A review on the optimization techniques in metal 

machining processes are focusing on (i) modelling techniques 

and (ii) conventional and non-conventional (evolutionary) 

optimization techniques as illustrated in Fig.1.  
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Fig. 1. Conventional and non-conventional optimization tools and techniques [10] 

 
 

 

Fig. 2.  Schematic diagram of experimental set-up of EDM with Insulating dielectric container, workpiece and electrode [8] 

 

 

 

II. PRINCIPLE OF EDM 

 

In EDM process, material removal mechanism is occurred 

by melting and evaporation. There are two electrodes are used 

one is act as a tool and another is act as a workpiece. There is 

no mechanical contact between the electrodes during whole 

process [2]. A gap is maintained between the tool and 

workpiece by use of servo mechanism. Since erosion is 

occurred by electrical discharge, both the electrodes must be 

electrically conductive to generate sparks and immersed in a 

dielectric medium.  

The most common dielectric mediums are used 

hydrocarbon oils such as Kerosene. The purpose of dielectric 

medium is to maintain the spark and flushed away the debris 

particle between the electrodes [5, 6].  

The machining process consists in successively removing 

small volumes of workpiece material, molten or vaporized 

during a discharge. The volume removed by a single spark is 

small, in the range of 106-104 mm3, but this basic process is 

repeated typically 10,000 times per second [2]. 
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First the voltage is applied between the electrodes as well 

as tool is moved toward the workpiece. At the optimum gap of 

electrodes, dielectric breakdown is occurred and spark is 

generated at the closest point of the electrodes (gap between 

the tool and workpiece). When the breakdown is occurred, 

voltage falls and current rises abruptly [2], after sparking high 

heat is generated at the electrodes and crater is formed due to 

removal of materials.  

III. SPARK GENERATION- 

 

In EDM process, DC pulsed voltage (80- 100 V) with 5 

kHz passed through the electrodes then the intense electrical 

fields are generated at the narrowest gap [7]. The electrodes 

are electrically conductive, (electrically conductive materials 

have more number of free electrons) electrons break loose 

from the cathode surface and moved toward the anode surface 

due to electric field force. Electrons are collides with neutral 

molecules of dielectric fluid, ionization starts and electrons are 

detached from the neutral molecules of dielectric fluid. As 

shown in Fig.3 during ionization, high intensity of electrons 

and ions occurred in the gap and electrons moved toward the 

anode and ions moved toward cathode.  

Continuous flow of electrons and ions are creates a very 

narrow conductive channel [7], it is also known as plasma 

channel. Kinetic energy of electrons and ions is converted in 

to heat energy so the anode surface is heated up by 

bombardment electrons and cathode surface is heated up by 

bombardment of ions and spark is generated, localized 

temperature of both the electrodes is increased due to high 

energy of sparks, it results either in melting or melting as well 

as vaporization of a small amount of material from the both 

the electrodes [7].  

 

IV. OPTIMIZATION OF EDM OF SUPERALLOY-  

 

Superalloys are widely used advanced engineering 

materials for high temperature applications. These are also 

known as heat-resistant or as high-temperature alloys. these 

types of materials extremely used in gas turbine, space 

vehicles, aircraft, nuclear reactors, submarine, petrochemical 

equipment. Supperalloy is divided into three categories such 

as nickel-based, cobalt-based, and iron-based. It is a material, 

which can retain their mechanical property at high 

temperature, due to these properties; it is difficult to machine 

[9].  

In optimization of the machining process, the selection of 

machining process parameters is a very crucial part [11]. 

Many researchers are used optimization techniques like 

Taguchi method, Gray Relational Analysis, Genetic Algorithm 

and Desirability function (DF) approach. 

 

    

A. GENETIC ALGORITHM- 

 

GA is one of the optimization techniques which are used 

by many of the researchers to find the optimal surface 

roughness in non-traditional machining process [12, 13, 14]. 

The basic structure of GA optimization methodology is 

depicted in Fig.4 

 

 
 

 

Fig. 3.  The phases of EDM [15] 
 

GA optimization techniques was used for end milling 

machining such as cutting speed, depth of cut and feed rate to 

find optimal machining parameters. The objective function is 

considered as machining time. By using GA, the results 

showed a fast convergence and the estimated surface 

roughness value of 0.71 um. From the experimental results 

also, the optimal process parameters have given a MRR of 

6.0x103 mm3/min with less amplitude of vibration at the 

work- piece support 1.66 um maximum displacements [16].  

GA techniques is used to optimized the process 

parameters of WEDM with multiple objective such as 

discharge current, pulse duration, pulse frequency, wire speed, 

wire tension, and dielectric flow and it is also used to 

minimize the tool wear in turning operation, optimized the 

process parameter of turning operation such as cutting speed, 

feed and depth of cut. The experimental results obtained the 

minimum tool wear of 0.244 mm with the optimal 

combination of process parameters cutting speed = 31.5 

m/min, feed = 0.3 mm/rev and depth of cut = 0.5 mm in the 

33th generation with the population size of 20. The results of 

the experiments are compared with traditional technique like 

dynamic programming [18].  

The genetic algorithm is a search algorithm that 

iteratively transforms a set (called a population) of 

mathematical objects (typically fixed-length binary character 

strings), each with an associated fitness value, into a new 

population of offspring objects, details are in [19].     

  

 

B. GREY RELATIONAL ANALYSIS- 

 

This method is used to analyze the multi-performances in 

experimental studies and has some advantages than statistical 
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methods [20-21]. When the experimental method cannot be 

carried out exactly, gray analysis helps to compensate for the 

shortcoming in statistical regression. 

 Gray relation analysis is an effective means of 

analyzing the relationship between sequences with less data 

and can analyze many factors that can overcome the 

disadvantages of statistical method [22]. 

 

Fig. 4. GA optimization methodology [17] 

  

 

 

GRA is optimization techniques, which is used by 

many of the researchers. Machining parameter are considered 

as Current, Voltage, Flow Rate, Pulse ON, Pulse OFF and Gap 

and obtained responses are Metal removal rate and surface 

roughness in EDM of Al Alloy (Grade HE9) with electrode 

materials Electrolytic Copper (a cylindrical Shape with 10mm 

Diameter), dielectric fluid (clean kerosene), Metal removal 

rate and surface roughness are combined to have a single 

objective as grey relational grade by the application of grey 

relational analysis [23]. 

To optimize the EDM process with multiple 

performance characteristic by use of grey relational grade 

based on orthogonal array. Grey relational coefficient analyze 

the relational degree of the multiple response (EWR, MRR, 

form tolerances and orientation tolerances) as a results these 

approaches can greatly improve the process response such as 

EWR, MRR, form tolerances and orientation tolerances in the 

electrical discharge machining process during machining of 

Inconel 718 by using hexagonal and square profile copper 

electrode [24].  

 

 

 

 

C. TAGUCHI METHODES- 

 

This method is also used for optimization of process 

parameters during EDM process. The experiments are 

conducted by using the parametric approach of the Taguchi’s 

method. According to the Taguchi quality design concept a set 

of three levels assigned to each process parameter has two 

degrees of freedom (DOF). This gives a total of 16 DOF for 

four process parameters [24].  

The WEDM experiments are conducted on Incoloy 

800 considering pulse on time, pulse off time, spark voltage 

and peak current as input process parameters. The 18 

experiments were conducted using Taguchi experimental 

design. Further, S/N ratio [25] for kerf width and gap current 

has been obtained which is then analyzed for finding the 

optimum level of input process parameters. From the study, 

Pulse off time is found as the most significant factor and pulse 

on time is least effective factor for kerf width. In case of gap 

current, peak current is found as most significant parameter 

26].  

   Rajesh and Anand optimized the electro discharge 

machining process using response surface methodology and 

GA. The experiments have been performed based on 

Taguchi’s L32 Orthogonal Array (OA) design. In this 

experimental study, Working Voltage, Working Current, Oil 

Pressure, Pulse on Time, Pulse off Time and Spark Gap have 
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been considered as process variables. MRR is calculated by 

measuring the time of machining [27]. 

 

 

D. SIMULATED ANNEALING- 

 

Simulated annealing (SA) optimization technique is 

based on random numbers for the evaluation of the objective 

function that gives global optimum solution [28]. The 

researchers employed SA techniques to optimize process 

parameters of mechanical type advanced machining and the 

result shows that SA outperformed the GA techniques [29]. 

The SA optimization flowchart is shown in Fig.5 and the SA 

algorithms are as follows [29] 

Yang et. al. [30] proposed an optimization methodology 

for the selection of best process parameters in electro-

discharge machining. There are four process parameters 

selected for EDM machining which are discharge current, 

source voltage, pulse-on time and pulse-off time. Process 

parameters were optimized by SA technique to maximize the 

MRR on top of minimize the surface roughness. The optimal 

surface roughness achieved is 2.07 lm and the maximum value 

of MRR is 54.93 g/h. 

Chen et. al. [31] analyzed WEDM process parameters 

during manufacture of pure tungsten profiles. The pulse on 

time, the pulse off time, arc off time, the servo voltage, the 

wire feed rate, the wire tension and the water pressure were 

selected as the WEDM input process parameters. cutting 

velocity, surface roughness and roughness maximum are 

considered as performance index of the process. Integrate 

BPNN/SAA approaches was proposed and SAA techniques 

was used to find the most optimal process parameter [31]. 

 

V. OPTIMIZATION OF EDM OF COMPOSITES- 

 

Composites material is a mixture of two or more 

constituents but the properties different from that of each 

constituent. Plastic is not a composite material because it is 

compound [33].  

 

A. GREY RELATIONAL ANALYSIS- 

 

It is an optimization technique many of the 

researchers are used this technique to optimized the process 

parameter which are selected in process. 

The Grey theory is provided a solution of a system in 

which the model is unsure or the information is incomplete 

[34]. Grey relational analysis was successfully used to predict 

the optimum input parameters (pulse on time, pulse current, 

pulse duty factor and voltage) during die sinking EDM process 

for achieving lower electrode wear ratio, surface roughness, 

and power consumption. In this research, aluminum metal 

matrix composite was used as workpiece material and Copper 

rod of a 16mm diameter was used as tool electrode. The 

optimal machining parameter (pulse current = 5A, pulse on 

time = 50 𝜇s, pulse duty factor = 6, and voltage = 45V) was 

found through grey relational grade [35].  

Lin and Lin used GRA for optimizing the input 

process parameters during EDM of SKD11 alloy steel 

considering 6 input parameters and 3 output parameters, 

whereas three inputs and five outputs are considered during 

EDM of Al–10%SiCP composites [36]. In Grey relational 

analysis, the complex multiple response optimizations can be 

simplified into the optimization of a single response Grey 

relational grade [34]. 

 Orthogonal array with Grey relational analysis was 

employed by Singh et. Al. [37] to optimize the multi response 

characteristics of Electric Discharge Machining of Al–

10%SiCP composites with brass electrode and Commercial 

grade kerosene as a dielectric fluid, the experimental result for 

the optimal setting shows that there is considerable 

improvement in the process. They found that the application 

of GRA technique converts the multi response variable to a 

single response Grey relational grade and simplifies the 

optimization procedure [37].   

        

 
 

Fig. 5.  SA optimization flowcharts [32] 
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B. TAGUCHI METHODES- 

 

This method can be reduced the number of experiments 

that are required to model the response functions. Traditional 

experimentation includes one parameter at-a-time 

experiments, wherein one variable is changed while the rest 

are held constant. The major disadvantage of this strategy is 

that it fails to consider any possible interactions between the 

parameters. An interaction is the failure of one factor to 

produce the same effect on the response at different levels of 

another factor. It is not possible to study all the factors and 

determine their main effects (i.e., the individual effects) in a 

single experiment. Taguchi technique reduced all these 

drawbacks. [38-41]. 

George et al. [39] used the Taguchi methods to optimize 

the input process parameter (on time, peak current, gap 

voltage) during machining of C-C composite (plate of size 

50mm×20mm×2 mm). The process variables affecting 

electrode wear rate and MRR, according to their relative 

significance, are Vg, Ip and Ton, respectively. They found 

huge reduction (i.e., 89.28%) in electrode wear rate and the 

large improvement in MRR. From the study, it has been 

concluded that machining parameters set at their optimum 

levels can ensure significant improvement in the response 

functions, which is confirmed by the additional experiments 

[42]. 

 

 

C. GENETIC ALGORITHM- 

 

  In manufacturing there are certain processes that are 

not possible to describe using analytical models for GA 

optimization. It has been hard to establish models that 

accurately correlate the process variables and performance of 

EDM process. It is solve optimization problems typically 

where formulas or algorithms can combine a number of 

control variables to fully model the process [40]. 

 

 

D. DESIRABILITY FUNCTION (DF) APPROACH- 

 

DF is used for optimizing the process parameter in EDM 

of composites materials. Here, a kind of search-based 

optimization method popularized by Derringer and Suich [42] 

has been used to find optimum EDM parameters resulting in 

maximum MRR along with minimum TWR and Ra in a 

compromise style [42]. The goal of optimization is to find a 

set of conditions that will meet all the goals. It is not important 

that the desirability value is 1.0 as the value is completely 

dependent on how closely the lower and upper limits are set 

relative to the actual optimum [43]. 

 

VI. SUMMARY- 

 

EDM has brought many improvements in machining 

process in recent year. The capability of machining intricate 

parts and hard material has made EDM as one of the most 

popular machining processes. It is also used to machine 

difficult to machine materials like superalloy, composites, 

ceramics etc. Many optimization techniques such as Taguchi 

methods, grey relational analysis, genetic algorithm, simulated 

annealing and desirability function approach are used for 

optimizing EDM processes by proper selection of input 

process parameters (peak current, gap voltage, pulse on time, 

pulse off time, duty cycle, and flushing pressure). Optimal 

ranges of input process parameters have been found by the 

researchers on which better responses have been obtained after 

performing the confirmation experiments.        
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