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Abstract - Wire Electrical Discharge Machining (WEDM) is a non-conventional manufacturing process, where material 
removal takes place due to melting and evaporation of work piece because of the heat produced by discharges. There are 
number of process parameters which affect the quality of machined surface in WEDM. But, gap voltage, wire feed, pulse on 
time, pulse off time are important. However, the important performance measures in WEDM are Material Removal Rate 
(MRR), Surface Roughness (SR), Kerf width. This paper reviews the research work carried out from the inception to the 
development of WEDM within past ten years. It reports on the WEDM research relating to performance measures 
improvement, process parameters optimization. A wide range of WEDM industrial applications for the variety of materials is 
reported with variations. The paper also discusses the future trend of research work in the area of WEDM. 
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I. INTRODUCTION 
 
Recent developments in the mechanical industry have 
fuelled the demand for materials having high 
toughness, hardness and impact resistance. These 
materials are difficult to machine with traditional 
methods. The search for new, lightweight material 
with greater strength and toughness has led to the 
development of new generation of materials. 
Sometimes their properties may create major 
challenges during machining operations [1]. 
The manufacturing industry is becoming more time 
conscious and quality oriented with the advancement 
of the global economy. This becomes necessary to 
use non-conventional machining processes such as 
Laser Machining, Electric Discharge Machining, 
Chemical Machining, Abrasive Water Jet Machining, 
etc. WEDM is a method to cut conductive materials 
with a thin electrode that follows a defined path. It is 
necessary to drill a hole for machining the workpiece 
or start from the edge. Machining is always through 
the entire workpiece. On the machining area, each 
discharge creates a crater in the workpiece and an 
impact on the wire electrode. The dielectric fluid acts 
as an insulator, coolant and debris removal. Since no 
cutting forces are present, WEDM is ideal for 
complex parts [2]. 
WEDM is based on Electrical Discharge Machining 
Process, which is also called electro erosion 
machining process. When the gap voltage is 
sufficiently large (i.e. reaches the breakdown voltage 
of dielectric fluid), high power spark is produced, 
which increase the temperature about 10,000 degrees 
Celsius which used to melt the metal and due to flow 
of dielectric flow the metal is removed from the work 
piece. WEDM have certain advantageous 
characteristics such as, 

 Any material that is electrically conductive can 
be cut, regardless of its hardness. 

 WEDM manufacturing reduces the need for 
tooling which in turn reduces the amount of time 
that it takes to set up. 

 It doesn’t create stresses in work material, since 
the tool never comes into contact with 
workpiece. 

 Burr free process. 
 

 
Fig.1. Schematic Representation of WEDM Process [2]. 

 
WEDM is normally used for applications like mould 
and die making industry, aerospace industry, 
automotive industry, nuclear, Gas turbine blades, 
medical industry [3]. Materials which are cut by 
WEDM are Bronze, Copper, Tungsten, Carbon steels, 
High speed steels, Inconel, Stainless steels, Titanium, 
Kover etc. Non-traditional machining like WEDM 
has grown out of the need to machine these materials. 
The problems of high complexity in shape, size and 
demand for product accuracy can be solved through 
WEDM. 
 
II. LITERATURE REVIEW 
A literature review of the recently published research 
work on WEDM is carried out to understand the 
research issues involved and is presented here, 
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2.1. On Performance Measures Improvement 
Goswami and Kumar [1] investigated on surface 
integrity, material removal rate and wire wear ratio of 
Nimonic 80A using WEDM process. Taguchi's 
design of experiments methodology has been used for 
planning and designing the experiments. They 
concluded that Pulse on time (T୭୬) and pulse off time 
(T୭) have been found to be the most significant 
factors for MRR at 95% significance level. The 
higher discharge energy results in melting expulsion, 
leading to the formation of a deeper and larger crater 
on the surface of the workpiece. The recast layer has 
been observed to increase with increase in pulse-on 
time and peak current. 
Goswami et al. [2] studied a multi response 
optimization method using utility concept for WEDM 
of Nimonic-80A alloy. The performance 
characteristics that are investigated are MRR and SR 
along with surface topography of the machined 
surface. The Investigation indicated that MRR and 
SR increase with increase in pulse on time and 
decreases with increase in pulse off time. The percent 
contribution of pulse on time (46.09%) and pulse off 
time (32.97%) have been found to dominate other 
factors such as spark gap set voltage (6.68%), peak 
current (1.45%), wire feed (0.84%) and wire tension 
(0.44%), for MRR response. The optimized value of 
surface roughness obtained through single response 
optimization has been found to be as low as 0.16 
micron with percent contribution of pulse on time 
(66.70%) and spark gap set voltage (11.73%) have 
been found to dominate other factors such as pulse 
off time (9.09%), peak current (3.75%), wire feed 
(0.22%) and wire tension (0.18%). The samples 
machined at high energy input condition exhibited 
rougher surface with a lot of built-edge layers, 
whereas the better surface quality was obtained under 
low energy input conditions. 
Dabade and Karidkar [3] used Taguchi technique to 
analysis of response variables in WEDM of Inconel 
718. Pulse on time was found to be the most 
significant factor for all the response variables such 
as MRR, SR, Kerf width and Dimensional deviation 
with percentage contributions as 54.32 %, 58.42 %, 
83.21 % and 36.11 % respectively. Surface roughness 
improves with increase in pulse off time, wire tension 
and spark gap voltage. Wire feed and servo voltage 
was observed to be insignificant factors for kerf 
width. Dimensional deviation was affected by 
increase in pulse on time, peak current, wire feed and 
spark gap set voltage. But increasing pulse off time 
and wire tension found to be improving dimensional 
deviation. 
Bobbili et al. [4] investigated a multi response 
optimization technique based on Taguchi method 
coupled with Grey relational analysis for WEDM 
operations on ballistic grade aluminium alloy for 
armour applications. Experiments were performed 
using four machining variables like pulse on time, 
pulse off time, peak current and spark voltage. The 

analysis of experiment is planned as per Taguchi 
technique. Three performance characteristics MRR, 
SR and gap current (GC) were selected for this study. 
Results showed that pulse on time, peak current and 
spark voltage were significant variables to Grey 
relational grade. The optimum response 
characteristics such as MRR, SR and GC are 
improved with 6% error by employing Grey 
relational analysis. 
Chalisgaonkar et al. [5] presented the development 
of a multi response optimization technique using 
traditional utility method in conjunction with the 
weight assignment concept (for customer's priorities) 
in the trim cut for pure titanium material. The effect 
of parameters such a wire type (zinc coated and 
uncoated brass wire), pulse on time, pulse off time, 
peak current, wire feed, servo voltage and wire offset 
were investigated on MRR, SR and wire weight 
consumption in finish cut WEDM operation. Three 
parameters Wire type, pulse on time and wire offset 
were established as the most significant from the 
analysis of their contributions in the variation of 
utility data. A mechanistic model was developed and 
validated for prediction of MRR over a wide range of 
input parameters such as pulse on time and pulse off 
time. The model could be highly useful for the 
machinists on the shop floor for trim cut WEDM 
operation of pure titanium. The accuracy index such 
as mean error (ME), root mean square error (RMSE) 
and an average error of prediction (AEP) reflected the 
exceptional level of accuracy of the developed model. 
Rao et al. [6] observedthat the quality of the product 
produced by WEDM is depended on material and 
machine parameters. They conducted experiment on 
Aluminium T6 alloy. The data obtained from 
experiment is analysis by Taguchi method on MRR 
and SR. The parameters pulse on time, peak current, 
spark gap voltage had significant effects on MRR and 
SR. During WEDM machining due to melting and re-
solidification of materials white layer occurs on 
surface. The white layer effect observed for 
Aluminium T6 is relatively high as compared to 
heavy metals. 
Sharma et al. [7] conducted experiments for multi 
quality characteristics of WEDM process parameters 
with RSM. They concluded that as pulse on time and 
peak current increases; MRR and SR also increases. 
The wire tension had insignificant effect on MRR and 
SR. Pulse off time, servo voltage, peak current and 
interaction of pulse off time and peak current, servo 
voltage and peak current, pulse on time and pulse off 
time, pulse on time and servo voltage were the 
significant factor for surface roughness. 
Arikatta et al. [8] carried out experimental 
Investigations on Kerf width and MRR in WEDM of 
Titanium Alloy. They investigated the effect of 
WEDM process parameters including pulse on time, 
input power, servo reference voltage, wire feed rate, 
wire tension, dielectric fluid pressure on process 
performance parameters such as kerf width, cutting 
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speed, MRR and overcut. They concluded that as the 
pulse on time, pulse duration, input power, servo 
voltage, wire feed and wire tension increases; the kerf 
width also increases. The lower feed rate of wire 
gives bigger kerf width and as the feed rate of a wire 
increases kerf width decreases. Also as the pulse on 
time, input power, water pressure, wire feed increases 
the cutting speed also increases. The overcut 
increases as the pulse on time, input power, voltage 
and water pressure increases. 
Devarasiddappa et al. [9] studied the application of 
artificial intelligence approach in modeling surface 
quality of aerospace alloys in WEDM process. In this 
work, they developed artificial neural network (ANN) 
model for prediction of SR in WEDM of Inconel 825 
aerospace alloy. By using Box Behnken experimental 
design four process parameters pulse on time, pulse 
off time, peak current and servo voltage were 
investigated. As pulse on time and servo voltage 
decrease, SR is improved. In this experiment 
Analysis of Variance (ANOVA) shows that pulse on 
timeis the most significant factor affecting SR with 
76.12% contribution; followed by SV and pulse off 
time respectively with 7.18% and 5.3% contributions. 
Shandilya et al. [10] presented the response surface 
methodology (RSM) and ANN based mathematical 
modeling for average cutting speed of SiCp/6061 Al 
metal matrix composite (MMC) during WEDM. 
Experiments were performed with four machining 
parameters servo voltage, pulse on time, pulse off 
time and wire feed rate. They concluded that ANN 
model shows better accuracy than RSM model. The 
prediction accuracy of ANN model was about three 
times better than RSM. The maximum absolute 
percentage error in the ANN prediction of MRR was 
found to be around of 5.25%, while for the RSM 
model, it was 15.07%. On the basis of correlation 
coefficient the prediction accuracy of ANN model is 
higher than RSM model. Servo voltage is more 
significant parameter on average cutting speed than 
pulse off time and wire feed rate for 10% SiCp/6061 
Al MMC. 
Ugrasen et al. [11] presented process optimization 
and estimation of machining performances using 
ANN in WEDM. Four input process parameters of 
WEDM like servo voltage, pulse on time, pulse off 
time and wire feed rate were selected as variables to 
study the process performance in terms of kerf width. 
ANOVA was carried out to study the effect of 
process parameters on process performance. ANOVA 
results show that voltage and wire feed rate are highly 
significant parameters and pulse off time is less 
significant. Pulse on time has insignificant effect on 
kerf. 
 
2.2. On Process Parameters Optimization 
Nain et al. [12] presented the behavior of Udimet-
L605 after WEDM and evaluating the WEDM 
process using machine learning approaches. The 
experimental work is carried out on the basis of 

Taguchi orthogonal Lଶ array, considering six input 
variables like pulse on time, spark gap voltage, pulse 
off time, wire feed, wire tension and peak current. 
Based on statistical analysis, they concluded that 
pulse on time, interaction between pulse on time x 
pulse off time, spark gap voltage and wire tension is 
the momentous variable for SR while the pulse on 
time, spark-gap voltage and pulse off time were the 
momentous variables for MRR. Based on grey 
relational analysis, the best combination of input 
variable for the minimum SR and maximum MRR is 
given as: pulse on time=122 machine unit, pulse off 
time=38 machine unit, peak current=130 ampere, 
wire tension=11 Gm, spark gap voltage=36 volt and 
wire feed=6 m/min respectively. 
Goyal [13] investigated the effect on MRR and SR 
during WEDM of Inconel 625 super alloy by 
cryogenically treated tool electrode. The experiments 
were performed by considering different process 
parameters tool electrode, current intensity, pulse on 
time, pulse off time, wire feed and wire tension. The 
thickness of work material and dia. of wire were kept 
constant. Taguchi Lଵ଼ orthogonal array of 
experimental design was used to perform the 
experiments. ANOVA used to optimize the MRR and 
SR. Based on analysis it was found that pulse on 
time, tool electrode and current intensity were the 
significant parameters that affect the MRR and SR. A 
cryogenic cooled electrode with parameters of 12 A 
current, 125 µs pulse on time, 60 µs pulse off time, 8 
m/min wire feed and 9 N wire tensions are most 
desired combination for maximum MRR. Based on 
the result obtained they found that cryogenic tool 
electrode provides better machining performance 
(maximum MRR and better SR) as compared with 
normal tool electrode. 
Sudhakara and Prasanthi [14] studied the effects of 
machining parameters on SR with the WEDM 
process with the aim of minimization of SR utilizing 
Taguchi’s design. In this paper, they optimize the 
WEDM process parameters for the normal SR 
acquired in machining of vanadis 4E (Powder 
metallurgical cold worked Tool steel). Based on grey 
relational analysis, the best combination of input 
parameters for the minimum SR is given as: pulse on 
time= 108 μs, pulse off time= 47 μs, peak current= 15 
amperes, spark gap set voltage= 68 volt, wire 
tension= 8 grams and water pressure= 10 Kg/cmଶ. 
Kumar et al. [15] presented optimization of WEDM 
process parameters of Incoloy800 super alloy used 
parameters as gap voltage, pulse-on time, pulse-off 
time and wire feed etc. Taguchi’s Lଽ Orthogonal 
Array was used to conduct various experiments. 
Optimal levels of process parameters were identified 
using Grey Relational Analysis. The relatively 
significant parameters were determined by ANOVA. 
The variation of output responses with process 
parameters were mathematically modeled by using 
non-linear regression analysis method. Based on grey 
relational analysis, the best combinations of input 
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parameters are given as: 50 volt Gap Voltage, 10 μs 
pulse on-time, 6 μs pulse off-time and 8 mm/minute 
Wire Feed rate. 
Durairaj et al. [16] performed experimental 
investigation for cutting of SS304 on WEDM for 
optimizes the input parameters gap voltage, wire 
feed, pulse on time, and pulse off time. Dielectric 
fluid pressure, wire speed, wire tension, resistance 
and cutting length were considered as constant. The 
surface roughness and kerf width measured by 
contact type surf coder and video measuring system 
respectively. The optimal values of input parameters 
were optimized by Taguchi technique and Grey 
Relational Analysis. Based on Grey Relational 
Analysis; input parameters gap voltage was set 50 V, 
wire feed was set 2 mm/min, pulse on and pulse off 
time were set 4 µs for minimum surface roughness 
and nominal kerf width. ANOVA suggested that 
pulse on time has major influence on surface 
roughness and kerf width. 
Bhatia et al. [17] conducted the WEDM machining 
of High Carbon High Chromium on WEDM using 
brass wire. Taguchi single response optimization 
technique is used. The Surface Roughness is 
determined for each input parameter such as peak 
current, pulse on time, pulse off time, wire tension. 
The error observed between predicted and 
experimental values of SR is 3.93%. SR is mostly 
affected by pulse off time. Based on Taguchi 
technique; input parameters pulse on time and pulse 
off time is set 131µs, peak current is set 220 A to 
obtain minimum SR. 
Mathew et al. [18] studied multiple process 
parameter optimization of WEDM on AISI 304 using 
Taguchi grey relational analysis. The Experiments 
were performed using Taguchi orthogonal arrayܮଶ. 
Based on grey relational analysis, the best 
combination of input parameters for the maximum 
MRR is given as: pulse on time= 123 μs, pulse off 
time= 50 μs, servo voltage= 25 V, wire feed= 10 
m/min, wire tension= 11 N and water pressure= 15 
kg/cmଶ. Based on grey relational analysis, the best 
combination of input parameters for the minimum SR 
is given as: pulse on time= 103 μs, pulse off time= 60 
μs, servo voltage= 35 V, wire feed= 4 m/min, wire 
tension= 5 N and water pressure= 15 kg/cmଶ. 
Saedon et al. [19] studied the effects of the process 
parameters on different responses such as SR, cutting 
rate and MRR, attempts have been made to carry out 
experiments considering the WEDM process 
parameters. They used the orthogonal array with grey 
relational analysis to optimize the WEDM process 
with the multiple performance characteristics. The 
grey relational analysis of the experimental results of 
cutting rate, MRR and SR can convert optimization 
of the multiple performance characteristics into 
optimization of a single performance characteristic 
called the grey relational grade. The optimal 
machining parameters of titanium alloy in order to 
achieve minimum SR, higher cutting rate and higher 

MRR are; the pulse-off time at 3 μs, peak current at 
12 A, wire tension at 16 N and wire feed at 4 
mm/min. 
Goswami et al. [20] studied the effects of the 
machining parameters of trim cut wire EDM 
machining of Nimonic 80A on different responses 
such as MRR, SR, wire wear ratio (WWR) and 
microstructure of workpiece. They used Taguchi’s 
design of experiments methodology for planning and 
designing the experiments and the relative 
significance of various factors has been evaluated and 
analyzed using ANOVA. Based on grey relational 
analysis, the best combination of input parameters for 
the maximum MRR is given as: pulse on time: 0.6 μs, 
Pulse off time= 14 μs, peak current= 90 ampere, wire 
off set= 0.10 mm. Based on grey relational analysis, 
the best combination of input parameters for the 
minimum SR is given as: pulse on time= 0.45 μs, 
pulse off time= 14 μs, peak current= 120 ampere, 
wire off set= 0.12 mm. 
 

 
Table 1: Effect of Processing Parameters on Performance 

measures in WEDM 
 
III. SUMMARY 
 
So many investigations so far had been done on 
WEDM process. Study of process parameters such as 
gap voltage, wire feed, pulse on time, pulse off time, 
peak current and performance measures as Surface 
roughness (SR), Material removal rate (MRR), kerf 
width  were carried out by researchers. 
From the literature review it is observed that mostly 
combinations of process parameters like wire feed, 
gap voltage, pulse on time, pulse off time and 
performance measures as kerf width, SR, and MRR 
are investigated. MRR or production is improved by 
increasing the wire feed pulse on time, gap voltage, 
peak current but major problem with increasing peak 
current, gap voltage is that surface roughness and kerf 
quality were decreases. By increasing pulse off time 
SR increases but, decrease MRR. So it is important to 
find the optimum conditions for process parameters 
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to give better quality of cutting surface. It was found 
that many researchers have employed different 
optimization techniques like Taguchi method, 
ANOVA, Multi-objective optimization, Regression 
analysis to find out the optimum cutting condition for 
WEDM operation. But less work has been reported 
on Technique for Order of Preference by Similarity to 
Ideal solution (TOPSIS) of WEDM process. So, more 
work is required to be done in this area.   
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