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Abstract
In this present research work variation of cutting performance 
with pulse on time, pulse off time, wire feed, peak current and 
wire tension were experimentally investigated in Wire Electric 
Discharge Machining (WEDM) process. Soft Brass wire with 
0.25mm diameter and Die-steel D7 with 20mm× 20mm×10mm 
dimensions were used as tool and work materials in the experiments. 
Surface roughness and Material Removal Rate (MRR) were 
considered as performance output in this study. Taguchi method 
was used for designing the experiments and optimal combination 
of WEDM parameters for proper machining of Die steel (D7) to 
achieve better surface finish and material removal rate. In addition 
the most significant cutting parameter is determined by using 
analysis of variance (ANOVA). 
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I. Introduction
Wire Electrical Discharge Machining (WEDM) is an indispensable 
machining technique for producing complicated cutouts through 
difficult to machine metals without using high cost grinding or 
expensive formed tools [1].  Wire cut EDM machine puts impulse 
voltage between electrode wire and workpiece and controlled 
by servo mechanism, to get a certain gap, and realize impulse 
discharging in the working liquid between electrode wire and 
work piece. Generally, WEDM is perceived to be an extremely 
actuate process and there are various reasons for this perception. 
Firstly, there is no direct contact takes place between the work 
piece and cutting tool (electrode); as a result, the adverse effects—
mechanical stresses, chatter, and vibration- normally present in 
traditional machining are eliminated. Secondly, the wire used as 
a cutting tool, which is believed to produce very fine, precise, 
and clean cuts. Finally, in WEDM, the movements of the work 
piece during cutting are controlled by a highly accurate Computer 
Numerical Controlled (CNC) system (with positioning accuracy 
up to + 0.5 μm ; as a result, the effects of positioning errors present 
in conventional machining are significantly diminished.

Fig. 1: Working Principle of WEDM

Wire Electrical Discharge Machining (WEDM) technology has 
grown tremendously since it was first applied more than 30 years 
before. According to Ho, Newman et. al. [2], in 1974, D.H. 
Dulebohn applied the optical-line follower system to automatically 
control the tool for getting the desired shape of the components 
to be machined by the WEDM process. Popularity of WEDM 
increased rapidly, its capabilities were better understood by the 
industry. It was happened only towards the end of the 1970s, 
when Computer Numerical Control (CNC) system was initiated 
into WEDM, which brought about a major evolution of the 
machining process. Kuriakose and Shunmugam et. al. [3] used a 
multiple regression model to represent relationship between input 
and output variables and a multi-objective optimization method 
based on a Non-dominated Sorting Genetic Algorithm (NSGA) 
is used to optimize wire-EDM process. The sorting procedure 
employs a fitness assignment scheme which prefers non dominated 
solutions and uses a sharing strategy which reserves diversity 
among the solutions. Mahapatra and Patnaik et. al [4] developed 
relationships between various process parameters and responses 
like SR, MRR and kerf by means of non-linear regression analysis 
and then employed genetic algorithm to optimize the WEDM 
process with multiple objectives. Kapoor et al. [5] presented 
a study on different Wire electrodes which are being used in 
the industry and some high performance electrodes have been 
observed that  wire  electrode  contribute  directly  to  cutting  
speed  and  dimensional accuracy. It has been observed that for 
different materials, different metal wire electrodes are preferred 
as they offer better response parameters such as better surface 
finish, higher MRR etc. High performance wires offer better 
productivity but with certain limitations such as cost, flaking etc., 
also they cannot be used all WEDM machines. Jatinder Kapoor 
et.al [6] presents the results of the effect of Cryogenic treated 
brass wire electrode on the surface of an EN-31 steel machined 
by WEDM. Full factorial experimental design strategy is used 
in the experimentation. It has been observed that all the process 
parameters have significant effect on SR. Scanning electron 
microscopy highlighted the important features of WEDMed 
surfaces with cryogenic treated and untreated brass wire electrode. 
Result showed that improvement in Surface roughness is getting 
with cryogenic treated brass wire electrode. Harpreet Singh and 
Amandeep Singh [7] studied that wear behaviour AISI D3 Die 
steel in EDM and compare the tool wear rate of cryogenic treated 
cooper and brass electrode with simple copper and brass electrode 
on machining of AISI D3 die steel using current setting as 4A and 
8A. The electrolyte is used kerosene oil. Copper electrode is best 
electrode for high material removal rate. S.Sivanaga Malleswara 
Rao et.al [8] studied that the influence of parameters like discharge 
current, job thickness, on the machining criteria such as cutting 
speed, spark gap, material removal rate are determined. The 
mathematical relations developed are much more beneficial for 
machine settings, to estimate the cutting time, cost of machining 
and accuracy of cutting for any size of the job within machine 
range. These results will be useful to make the Wire EDM system 
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to be efficiently utilized in the modern industrial applications like 
die & tool manufacturing units for parametric setting, machining 
time, cost calculations and also for process planning.

II. Methodology

A. Taguchi Method
Taguchi’s comprehensive system of quality engineering is one 
of the greatest engineering achievements of the 20th century. 
His methods focus on the effective application of engineering 
strategies rather than advanced statistical techniques. the Taguchi 
approach is a form of DOE with special application[9]. It includes 
both upstream and shop-floor quality engineering. Taguchi’s 
philosophy is founded on the following three very simple and 
fundamental concepts (Ross, 1988; Roy, 1990) [10-11]: 

Quality should be designed into the product and not inspected 1. 
into it.
Quality is best achieved by minimizing the deviations from 2. 
the target. The product or process should be so designed that 
it is immune to uncontrollable environmental variables.
The cost of quality should be measured as a function of 3. 
deviation from the standard and the losses should be measured 
system-wide.

The Taguchi-based experimental design used in this study is an 
L16 orthogonal array. 

B. Signal-to-Noise Ratios (S/N Ratio)
The parameters that influence the output can be categorized into two 
classes, namely controllable (signal) factors and uncontrollable (or 
noise) factors. S/N ratio is used to measure the quality characteristic 
deviating from the desired value [12]. The S/N ratios for surface 
roughness are calculated as given in equation. 
S/N ratio can be calculated as a logarithmic transformation = -10 
log10 (LSB)

III. Experimental Setup
The experiments were carried out on a wire-cut EDM machine 
(ELEKTRA SPRINTCUT 734 WEDM machine) of Electronica 
Machine Tools Ltd. installed at Digital spark, Mangolpuri industrial 
area, New Delhi and India. The photographic view of CNC Wire 
cut EDM and experimental set-up are shown in Figure 2. A 0.25 
mm diameter brass wire used in this experiment as a cutting tool 
and die steel D7 plate of 200mm x 40mm x 10mm size is mounted 
on the WEDM machine tool and specimens is the Square Shape 
of 20mmx20mmx10mm is cut. Chemical composition of material 
is given in Table 1.

Table 1: Chemical Composition of Die Steel D7

Fig. 2: Pictorial View of WEDM Machine Tool

A. Material Removal Rate (MRR)
MRR is calculated as,
        MRR= W/T (gm/Sec)
Where,
W is Weight of Material Removed after Machining.
T is the Time in which material is removed
W=I-(R+w)
I = Initial weight of metal Specimen.
R= Remaining Wt. of metal Specimen after Machining
w = Weight of piece which is cut from specimen
B. Surface Roughness measurement 
The unit of Ra is in µm and it is measured using a surface roughness 
tester. Ra is directly can be obtained after machining the work piece 
using WEDM machine. The average value of Ra is recorded for 
each number of trials in order to obtain the accurate result. The 
length of measurement for each specimen will be 20mm.

C. Selection of Cutting Parameters 
Five machining parameters were selected as control factors, 
all parameters have four levels, denoted by 1, 2, 3 and 4. The 
experimental design was based on L16 orthogonal array based 
on Taguchi method. Minitab 15 software was used for graphical 
analysis of the obtained data [13].

Table 2: WEDM Parameters and Their Levels

IV Analysis and Discussion of Results for Soft Wire 
Electrode
In this research work, Taguchi’s parametric approach was used for 
conduct the WEDM experiments. The effects of individual WEDM 
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process parameters, on the selected quality characteristics – MRR 
and surface roughness. The average value and S/N ratio of the 
response characteristics for each variable at different levels were 
calculated from experimental data. The main effects of process 
variables both for raw data and S/N data were plotted. The response 
curves (main effects) are used for examining the parametric effects 
on the response characteristics. S/N data is carried out to identify 
the significant variables and to quantify their effects on the response 
characteristics. The most favorable values (optimal settings) of 
process variables in terms of mean response characteristics are 
established by analyzing the response curves.

Table 3: Response Table Corresponded to Each Run of Soft Wire 
Electrode

A. Effect of Process Parameters on MRR
The S/N ratios for Material Removal Rate (MRR) are 
calculated as given in equation. Taguchi method is used to 
analysis the result of response of machining parameter for 
higher is better criteria. The loss function (L) for objective of 
HB is defined as follows, where YMRR(i) represent response 
for cutting speed and ‘n’ denotes the number of experiments.    
S/N ratio for MRR= -10 log10 (LHB)
In order to see the effect of process parameters on the MRR, 
experiments were conducted using L16 OA and experimental 
data is given in Table 3. Fig. 3 shows that the MRR increases 
with the increase of Ton, it shows that the factor is significant 
and decreases with increase in pulse off time, wire tension firstly 
increase then decrease. In this case, pulse off, pulse on and Wire 
Feed were significant to the MRR. For the other factors namely 
Wire Tension and peak current they are less significant. 

Fig. 3: Main Effect Plot for MRR (MEANS) for Soft Wire 
Electrode

B. Taguchi Analysis: MRR versus T on, T off, IP, WF, WT
The response table of signal to noise ratio (Table 4) for the factors 
is which is clearly indicates that indicates that the wire tension and 
peak current is not important for influencing MRR and, pulse off 
time, pulse on time and wire feed are the most influencing factors 
for MRR. The case of MRR, it is “higher is better”, so from this 
table it is clearly showed that pulse on time is the most important 
factor then wires feed, and then pulse off time.

Table 4: Response Table for MRR (SN)

Predicted values 
Mean
1.12355
Factor levels for predictions
Ton     T off    IP       WF     WT
 131     20       230     8         7

Validation
Experimental observation of Surface roughness using above factor 
setting

The predicted value of optimal setting is 1.12355 & experimental 
average value at optimal setting is 1.03366. So above mathematically 
prediction using MINITAB15 is validated by experimentation as 
shown above with error 0.08984.
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C. Effect of Process Parameter on Surface Roughness
The S/N ratios for surface roughness are calculated as given 
in equation. Taguchi method is used to analysis the result of 
response of machining parameter for smaller is better criteria. 
S/N ratio for SF= -10 log10 (LLB)
Fig. 4 shows that the surface roughness increases with the increase 
of pulse on time, and peak current and decreases with increase 
in pulse off time. It shows that the factor is significant. Surface 
roughness firstly increases and then decrease with increase in 
factor Wire Feed (WF). Surface roughness firstly decrease and 
then increase with increase in factor Wire Tension (WT). Wire 
Tension (WT) is also depends upon work piece thickness. In this 
case, the pulse off time (T off), Wire Tension (WT) were significant 
to the Ra. For the other factors namely pulse on time (T on), peak 
current (IP), and Wire Feed (WF), they are less significant.

Fig. 4: Main Effect Plot for Surface Roughness (MEANS) for 
Soft Wire Electrode

D. Taguchi Analysis: Ra versus T on, T off, IP, WF, WT
The response table of signal to noise ratio (Table 5)for the factors 
is which is clearly showed that  the peak current, wire feed,  is 
not important for influencing surface roughness and T off, WT 
and Ton are the most influencing factors for surface roughness. 
The case of surface roughness, it is “smaller is better”, so from 
this table it is clearly definite that Pulse off time(T off) and wire 
tension is the most important factor then T on, Peak Current and 
Wire Feed.

Table 5: Response Table for Ra (S/N)

Mean
0.36845
Factor levels for predictions
Ton     T off     IP       WF     WT
 108     50       200     8         7

Validation
Experimental observation of Surface roughness using above factor 
setting

The predicted value of optimal setting is 0.36845   & experimental 
average value at optimal setting is 0.37995.So above mathematically 
prediction using MINITAB15 is validated by experimentation as 
shown above with error 0.0115.

V. Conclusion
In this thesis, die steel D7 has been machined using WEDM 
using soft wires. Analysis of performance parameters (Surface 
Roughness, Material removal Rate) has been investigated using 
different process parameters viz., pulse on time, and pulse off 
time peak current, wire feed and wire tension. From the surface 
roughness rank table 5 we can see that most significant factor in 
case soft wire electrode is T off and T on and wire tension. T off 
have rank 1 so most significant factor is T off. The reason behind 
this is that when the pulse off time decrease the effect of spark 
is more and due to which material removal rate is increase. WF, 
WT and IP are less significant parameter. From the MRR Rank 
table 4 we can see that most significant factor in case soft wire 
electrode is T off and wire tension. T off have rank 1 so most 
significant factor is T off. The reason behind this is that when 
the pulse off time increases the effect of spark is less and due 
to which surface roughness is less. T on, IP and WF are less 
significant parameter.
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