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Abstract— New developments in the machining of materials 

have become a hard task for Electrical Wire Discharge 

Machining process used for machining an alternative material 

in future. Wire electrical discharge machining (WEDM) is 

widely used in machining of conductive materials when 

precision is considered as a prime importance. This is an 

electro-thermal non-traditional machining process, where 

electrical energy is used to create the electrical spark and 

material removal takes place due to thermal erosion of work 

piece due to spark discharge. This work proposes a three 

dimensional finite element model using ANSYS software and 

new approach to predict the temperature distribution at 

different pulse time as well as stress distribution in wire. A 

transient thermal analysis assuming a Gaussian distribution 

heat source with temperature-dependent material properties 

are being used to investigate the temperature distribution and 

stress distribution. Thermal stress developed after the end of 

the spark and residual stress developed after subsequent 

cooling is measured. The effect on significant machining 

parameter pulse-on-time and optimum diameter of wire tool 

for performance are going to be investigated. 

Key words: WEDM, Wire Size, Wire Material, Work Piece 

Material, Cutting Parameters 

I. INTRODUCTION 

A. Wire Electrical Discharge Machining 

Wire EDM process is mostly used for the processes of 

removal of unconventional materials. This is used for the 

production of shape and profile of hard materials. 

Considering this variation is as distinctive processes of wire 

EDM process is mostly used for the processes of removal of 

unconventional materials. This is used for the production of 

shape and profile of hard materials. In the WEDM, demand 

is growing for high rate cutting speed and high accuracy 

machining for improving the productivity of product and also 

to achieve high excellence quality in machining job. In wire 

electrical discharge machining process always a travelling 

wire electrode made of thin copper, brass or tungsten of 

diameter 0.05–0.3 mm is used, which is precisely controlled 

by a CNC system. Here role of CNC is very important. The 

function of CNC is to unwind the wire from a first spool, and 

feed throughout the work-piece, and takes it on a second 

spool. Wire velocity varies from 0.1 to 10 m/min, and feed 

rate is 2 to 6 mm/min. A direct current is used to generate 

high frequency pulse to the wire and the workpiece. The wire 

electrode is hold up in tension device which decreases the 

chance of producing inaccurate parts. In wire electrical 

machining process, the workpiece and tool is eroded and 

there is no direct contact between the workpiece and the 

electrode, and this reduces the stress during machining. 

1) Wire-EDM Process 

The method of material removal in wire electrical machining 

is same as conventional electrical discharge machining 

process concerning the erosion effect on workpiece by the 

spark. In wire electrical discharge machining, material is 

eroded from the workpiece by a cycle of spark it occurs 

between workpiece and wire which is separated by dielectric 

liquid, which is continuously fed to the machining zone.  

 
Fig. 1: Wire Electrical Discharge machining process 

(Source: Dutta and Mahapatra) 

But now-a-days, wire electrical discharge 

machining process is commonly conducted in fully submerge 

container fill with dielectric liquid. This type of submerge 

method of wire electrical discharge machining promote 

temperatures stabilization and efficient flushing in case where 

the workpiece has variation in thickness. The wire electrical 

discharge machining process generally use electrical energy 

to generate the plasma channel between the cathode and 

anode and create thermal energy at a temperature in the range 

between 8,000°C to 12,000°C or as higher as 20,000°C and 

create considerable amount of heat and thus melting of the 

materials on the surfaces of each pole. When the pulsating 

direct current power between 20,000 and 30,000 Hz is turned 

off, the plasma channel breaks down. This cause sudden 

decrease in the temperature, allow circulate dielectric liquid 

to implore the plasma channel and flushing the molten 

particle from   each pole surface in the form of microscopic 

debris.  

II. LITERATURE REVIEWED 

Various related literature such as transactions, proceeding of 

various national and international conferences and other 

journals which available on Google scholar were reviewed.  

A. Journals/Articles 

N.B.V. Prasad (2015) here an attempt was made to evaluate 

the best wire both in size and material at rated wire speed and 

tension. Experimentation was carried out on various work 

materials using different wire materials, Copper alloy, 

Molybdenum and Tungsten and sizes ranging from 0.03mmto 

0.30mm.The effect of wire material composition were also 

determined on various cutting parameters and criterion. 

Avinash Shilpi et al (2015) this work proposes a 

three dimensional finite element model using ANSYS 

software to predict the temperature distribution at different 

pulse time as well as stress distribution in wire. A transient 
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thermal analysis assuming a Gaussian distribution heat source 

has been used with temperature-dependent material 

properties to investigate the temperature distribution and 

stress distribution. Thermal stress developed after the end of 

the spark and residual stress developed after subsequent 

cooling. The effect on significant machining parameter pulse-

on-time has been investigated and found that the peak 

temperature sharply increases with the parameter. 

Mohan Kumar Pradhan (2014) in this case, an 

attempt has been made to model the EDM process with the 

help of Finite Element Method (FEM) using ANSYS 12.0 

software. Here the effects of most significant machining 

parameters on the workpiece such as current, voltage and 

pulse duration have been analyzed. The effect of these 

parameters causes development of residual stresses beneath 

the crater. The analysis shows the temperature distribution at 

the end of pulse duration, development of residual stresses 

after the completion of cooling and the changing nature of 

compressive stresses to the tensile stresses in various stages 

of machining process. 

Sharanya Nair et al (2014) most widely used 

composite materials is metal matrix composite. The ever 

increasing demand for lightweight, strong, and inexpensive 

materials has led to the increased use of this material. 

Conventional machining of these materials causes tool wear 

due to the presence of abrasive reinforcing particles and thus 

reduced tool life. Hence the increased use of nonconventional 

machining methods continues to grow at an accelerated rate 

in industries. Wire electrical discharge machining (WEDM) 

are quite successful for machining of MMCs. WEDM seems 

to be a better choice as it is to easy control and can machine 

intricate and complex shapes. 

P. Sivaprakasam et al (2014) investigates the 

influence of three different input parameters such as voltage, 

capacitance and feed rate of micro-wire electrical discharge 

machining (micro-WEDM) performances of material 

removal rate (MRR), kerf width (KW) and surface roughness 

(SR) using response surface methodology with central 

composite design (CCD). The experiments are carried out on 

titanium alloy (Tie6Ale4V). The machining characteristics 

are influenced by the electrical and non-electrical parameters 

in micro-WEDM process. Analysis of variance (ANOVA) 

was performed to find out the important influence of each 

factor. The model developed here can use a genetic algorithm 

(GA) to determine the optimal machining conditions using 

multi-objective optimization technique. The optimal 

machining performance of material removal rate, Kerf width 

and surface roughness are 0.01802 mm3/min, 101.5 mm and 

0.789 mm, respectively, using this optimal machining 

conditions viz. voltage 100 V, capacitance 10 nF and feed 

rate15 mm/s.  

Mehul G. Mehta et al (2014) due to high temperature 

developed by the electric spark during electrical discharge 

machining high residual stress are developed on the surface 

of the electrical discharge machining parts. These thermal 

stresses leads to micro-cracks, decrease in fatigue life, 

strength and possibly catastrophic failure. The results of the 

analysis show high temperature gradient zones and regions of 

large stresses where, sometimes, they exceed the material 

yield strength. A transient thermal analysis assuming a 

Gaussian distribution heat source with temperature dependent 

material properties can be used to investigate the temperature 

distribution. In this paper basic review can be seen based on 

different parameters and various methods applied by others 

to estimate the temperature distribution and thermal stress 

analysis. 

Keshav Prasad Patel et al (2014) investigate the 

performance of micro WEDM machining the AL material. 

WEDM is mainly used in machining of conducting materials 

when accuracy and precision is the main criterion. Simple 2D 

axisymmetric model for wire electrical discharge machining 

has been developed using the finite element method (FEM). 

The authenticity of FEM model has been checked by 

comparing the present model with previous thermal model of 

INCONEL718 material. The observation has been effected 

by various characteristics namely material removal rate 

(MRR) and residual stress. Results have been compared with 

theoretical results and experiment one. Design was based on 

L9 orthogonal array based on Taguchi approach. 

Neeraj Sharma et al (2013) here investigation has 

been done to study the effect of parameters on cutting speed 

and dimensional deviation for WEDM using HSLA as 

workpiece. The main factor for cutting speed and dimensional 

deviation is pulse on time, while two factor interactions plays 

an important role in this analysis.  Response surface 

technology has been used process parameter for cutting speed 

and dimensional deviation. Central composite rotatable 

design was used here to conduct the experiments. The 

analysis of variance was further used for the investigation of 

significant factors.  

Manpreet Singh et al (2013) in this paper study has 

been done on the recent work development in the field of wire 

electrical discharge machining. The properties of the work 

material and parameters that affects the performance of the 

machine has been analysed here. 

Y-S. Liao et al (2013) here the value of TIC of a 

known workpiece height is taken to estimate the workpiece 

height during the WEDM process. The actual workpiece 

height is obtained by multiplying the estimated value by the 

correction factor of the related workpiece height. 

Experimental results obtain shows that the system works 

satisfactorily. The estimation error of workpiece height is 

within 1 mm while the response time is within 1 second in 

general. In the practical application of machining a workpiece 

with dynamic variations in thickness, a model relating 

optimum servo voltage and workpiece height that leads to 

maximum machining speed is established in advance. The 

servo voltage is adjusted according to the requirement of the 

height. It is found that the process can be maintained very 

stable at maximum machining speed without wire breaking. 

Kimura et al (2013) here study has been done for the 

slicing of the silicon carbide ingot using high efficient and 

precise slicing method. The new development in multi-wire 

electrical discharge slicing method would decrease the Kerf 

width and the cracks generated on machined surface. In this 

case a higher wire tension is required in order to reduce wire 

vibration and to perform a smaller Kerf width. Thin wire 

electrode with round section does not have sufficient cross 

sectional area under the high wire tension condition. 

Therefore, a wire electrode with track shaped section was 

proposed and applied to the wire EDM slicing method for the 

silicon carbide ingot. The running control of wire electrode 

with track-shaped section was done experimentally and 

investigated. The side support method with fixture plates 
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could decrease the Kerf width by brass coated steel wire 

electrode with track-shaped section. The parallel drawing 

type of the traverse and the short distance setting points of 

side support fixture plates could perform the smaller vibration 

of wire electrode with track-shaped section and the decrease 

of Kerf width. 

J.R. Mevada (2013) a comparative experimental 

investigation on process parameters has been carried out in 

reusable type wire electrical discharge machining on high 

nickel chromium based Inconel 600 material, using three 

different wires namely, molybdenum, plain brass and zinc 

coated brass wires. Investigation here is carried out to find out 

the best optimal level for higher material removal rate at 

lower surface roughness for Inconel 600 material and to 

check best suitable wire among the three wires. The 

experiments were conducted under varying pulse on time, 

pulse off time and peak current. A full factorial design of 

experiment with L27
 
array was used to determine the setting 

of machining parameters. Based on array total 81 experiment 

has been conducted for three wires. The level of importance 

and percentage contribution of each parameter for MMR and 

surface roughness are determined by using analysis of 

variance (ANOVA). Grey relational analysis method is used 

to obtain optimum machining parameter. The variation of the 

material removal rate and surface roughness is 

mathematically modelled by using regression analysis 

method. The optimal search for machining parameters for 

objective of maximum material removal rate with lower 

surface roughness is performed by comparing the optimal 

level obtained by grey relational analysis with the established 

mathematical model. 

Hada and Kunieda et al (2013) investigation has 

been done to obtain the optimum machining conditions in 

wire electrical discharge machining (wire-EDM). Discharge 

current was influenced by the impedances of the wire and 

workpiece electrodes which get affected by the diameter of 

the wire, height of the workpiece and materials of wire and 

workpiece even if the pulse conditions are the same. Hence, 

they developed a simulator to analyze the distribution of the 

current density, and magnetic flux density in and around the 

wire to obtain the impedances of the wire and workpiece 

electrodes using the electromagnetic field analysis by finite 

element method (FEM). The impedances were by measured 

by using an LCR meter coincided with the analysis results. 

Thus it was confirmed that this analysis is useful to obtain the 

discharge current waveform which may change depending on 

the dimensions and properties of the material of the 

electrodes, serving a tool to optimize the machining 

conditions.  

Rajeev Kumar et al (2012) here the work proposes 

on newer aspects of wire EDM in the field of analysis and 

optimisation. The mathematical models have been developed 

while machining AISID2 tool steel to predict material 

removal rate (MRR) and surface finish at different machining 

conditions.  A neural network model and simulated annealing 

algorithm have been formulated in order to predict and 

optimize the cutting velocity and surface roughness of the 

WEDM process in machining of SUS 304 stainless steel 

materials. The cutting speed surface roughness of EDM 

process has been modelled through the RSM methodology 

and ANN. 

J.R. Mevada (2012) this research proposes 

experimental investigation to find out the wire wear rate at 

different machining parameter such as peak current, pulse on 

time, pulse off time, based on full factorial design of 

experiment. Molybdenum wire of diameter 0.18 mm and EN-

8 material were used as tool and work piece material for the 

experiment respectively, ANOVA analysis were done to find 

out the effect of peak current, pulse on time, pulse off time on 

wire wear and found that the increasing in peak current 

slowly increase the wire wear but increasing in pulse on time 

increase the wire wear rapidly and pulse off time not much 

affects the wire wear. 

Jatinder Kapoor et al (2010) this research paper 

focuses on evolution of EDM wire from copper to brass and 

from brass to various other coated wire, which has helped to 

conduct wire EDM machining, the method of choice for high-

speed production applications, as well as applications 

requiring improved contour accuracy and improved surface 

finishes. Some of the characteristics of high performance wire 

electrodes have been presented, which helps in significantly 

increasing the wire electrical discharge machining 

productivity. 

Fuzhu Han et al (2008) in this paper a measuring 

system has been developed to experimentally track and 

record the average temperature increment of the wire 

electrode for the WEDM process. With this system, the 

average temperature increment of the wire (tool) under 

discharges can be as high as 130°C. The average temperature 

increment of the wire under normal discharges has also been 

measured for analyzing of low discharging energy. A typical 

application of this system is discussed in this paper. By 

measuring the average temperature increment of the wire 

electrode heated by Joule heating energy, the convective heat 

transfer coefficient in WEDM is experimentally determined. 

Cabanes et al (2008)  in this paper one of the main 

challenges in wire electrical discharge machining is avoiding 

wire breakage and unstable situations as both phenomena 

reduce process performance and can cause low quality 

components has been discussed. This work proposes a 

methodology that can be used for an early detection of 

instability to avoid the detrimental effects associated to both 

unstable machining and wire breakage. Here the proposed 

methodology establishes the procedures to following order to 

understand the causes of wire breakage and instability. In 

order to quantify the trend to instability of a given machining 

situation, a set of indicators related to discharge energy, 

ignition delay time, and peak current has been defined in this 

paper. Wire breakage risk associated to each situation is 

evaluated comparing the evolution of those indicators with 

some previously obtain threshold values. The results of this 

work can be used to develop a real-time control strategy for 

increasing the performance of the WEDM process. 

Mu-Tian Yan et al (2007) this paper gives the 

development and application of a new fine-finish power 

supply in wire-EDM. Here the transistor-controlled power 

supply composed of a full-bridge circuit, two snubber circuits 

and a pulse control circuit was designed to provide the 

functions of antielectrolysis, high frequency and very-low-

energy pulse control. Test results shows that the pulse 

duration of discharge current can be shortened through the 

adjustment of capacitance in parallel with the sparking gap. 

The high value of capacitance contributes to longer discharge 
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duration. A high current-limiting resistance results in the 

decrease of discharge current. Peak current increases with the 

increase of pulse on-time and thus contributes to an increase 

in thickness of the recast layer. Experimental results verify 

the usefulness of the developed fine-finish power supply in 

eliminating titanium’s bluing and rusting effect and reducing 

micro-cracking in tungsten carbide caused by electrolysis and 

oxidation and also demonstrate that the developed system can 

achieve a fine surface finish as low as 0.22 mm Ra. 

Abbas et al (2007) this paper gives the research 

trends in EDM on ultrasonic vibration, dry EDM machining, 

EDM with powder additives, EDM in water and modelling 

technique in predicting EDM performances. 

K.H. HO et al (2004) in this paper vast array of 

research work has been carried out from the spin-off from the 

EDM process to the development of the WEDM. It gives 

reports on the WEDM research involving optimisation of the 

process parameters by the influence of the various factors 

affecting the machining performance and productivity. The 

paper highlights the adaptive monitoring and control of the 

process investigating the feasibility of the different control 

strategies of obtaining the optimal machining conditions. A 

wide range of WEDM industrial applications are reported 

together with the development of the hybrid machining 

processes. The final part of the paper has discusses these 

developments and outlines the possible trends for future 

WEDM research work. 

Yan et al (2003) purposes in this paper to develop 

three key techniques for a prototype CNC micro-wire EDM 

machine. These techniques involve the development of an 

open architecture CNC system with sub micro-meter 

resolution of a two-axis linear motor stage, development of a 

wire transport system and also development of a power 

supply system. Here the proposed CNC system is featured 

with open architecture human machine interface, modularity 

and DSP-based control. The wire transport system is 

presented to guarantee a smooth wire transport and a constant 

tension value. The power supply system here consists of a low 

energy discharge circuit and an iso-frequency pulse 

generator. The pulse states are classified as open circuit, 

normal spark and abnormal discharge by means of the level 

of gap voltage and discharge current. Experimental results 

obtain here demonstrate that the developed prototype Micro-

Wire-EDM machine has the potential of manufacturing 

micro-mechanism parts. 

Uno et al (2002) this paper discuss about the slicing 

of silicon ingot by wire EDM. The machining properties are 

experimentally investigated here. The accuracy of sliced 

wafer and the contamination on the machined surface are also 

evaluated. Experimental results obtained, made it clear that 

the accuracy of wafer by this slicing method is almost the 

same as that by the conventional methods, and even higher 

slicing speeds are possible when multi type wire EDM slicing 

is used. Contamination due to the adhesion and diffusion of 

wire electrode material into the sliced surface can be reduced 

by wire EDM under the condition of low current and long 

discharge duration. Therefore, wire EDM has a good 

potential as a new slicing method for monocrystalline silicon 

ingot. 

Kunieda et al (2002) this paper proposes in 

improvement of the machining characteristics of dry 

electrical discharge machining (dry EDM) by controlling the 

discharge gap distance using a piezoelectric actuator. Dry 

EDM is a new process characterized by small tool electrode 

wear, negligible damage generated on the machined surface, 

and significantly high material removal rate (MRR) 

especially when oxygen gas is used. However, the narrow 

discharge gap length compared with conventional EDM using 

oil as the dielectric working fluid results in frequent 

occurrence of short circuiting which lowers material removal 

rate (MRR). A piezoelectric actuator with high frequency 

response was introduced to help control gap length of the 

EDM machine. To elucidate the effects of the piezoelectric 

actuator, an EDM performance simulator was developed to 

evaluate the machining stability and material removal rate of 

dry EDM. 

III. CONCLUSION 

Many researchers have developed new techniques for 

prediction of surface finishing for workpiece surface. From 

the above literature survey it seems the FEM system to 

analyze thermal effect and residual effect by changing 

process parameters such as current, voltage, pulse on time are 

the best method to study about change in structure of the 

workpiece and wire tool material are the most appropriate 

solution for the quick and precise predictive model. Most of 

the researchers have worked on FEM using ANSYS for 

prediction of better result to model the WEDM process for 

better understanding the process, to present a finite element-

based model of the  WEDM process by using ANSYS 

software, to predict the transient temperature distribution, 

liquid and solid state material transformation and residual 

stresses that are induced in the workplace as a result of a 

single-pulse discharge by applying EDM parameters such as 

power input, pulse duration, current, voltage etc. 
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