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Abstract— This study discusses the influence of wire material 

on material removal rate. Further, the process parameters like 

pulse on time, voltage and pulse off time are also investigated 

on the performance parameters such as material removal rate 

by in WEDM process. The experiment has been conducted 

on SS 304 work piece because SS 304 steel has various 

industrial applications in manufacturing of reinforcement of 

bars, drainage water goods, street furniture, roofing, mining, 

electrical industries and petrochemical industries etc. the 

machining is done by using brass wire and diffused wire of 

0.25 mm diameter as tool material The experimental layout is 

based on Taguchi L9 orthogonal array. Further, the analysis 

of variance (ANOVA) is used to investigate the results 

obtained from Taguchi method. The analysis of results 

obtained for material removal rate indicates that voltage and 

pulse on time has the highest impact on material removal rate. 

As the pulse on time increases, the material removal rate also 

increases, whereas the material removal rate varies indirectly 

with the voltage and pulse off time i.e. with the increase in 

voltage and pulse off time the material removal rate 

decreases. The optimum values of pulse on time, voltage and 

pulse off time for material removal rate are 120 µs, 15 V and 

40 µs respectively. 
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I. INTRODUCTION 

Wire Cut EDM is an advanced machining process, which 

uses a wire tool/electrode to initialize the sparking process. It 

utilizes a continuously travelling thin wire electrode generally 

made up of copper, brass, molybdenum or diffused wire, 

which is capable of gaining very small corner radii. The wire 

diameter generally varies lies between 0.05 to 0.30 mm [4]. 

A mechanical tensioning device is used to keep the wire 

electrode in tension, which helps in reducing the chances of 

producing inaccurate components. During the Wire Cut EDM 

process, there is no physical contact between the two 

electrodes (wire electrode and the work piece), eliminating 

the mechanical stresses produced during machining as in case 

of conventional machining processes. Wire Cut EDM process 

is used mainly for cut shapes through a selected assembly or 

parts. If a cutout needs to be generated , an initial hole must 

first be drilled in the component, and then the wire can be fed 

through the hole to complete the machining. In a Wire Cut 

EDM process, the wire electrode is mounted on two wire 

guides located separately above and below the table with the 

wire traveling continuously during machining. The work 

piece is mounted on an x-y table. The relative motion between 

wire electrode and work piece in the x-y coordinate space is 

controlled by a CNC servo system. The CNC servo system 

also controls the machining gap size in real time, similar to 

the sinker EDM process. The dielectric fluid is sprayed from 

above and below the work piece into the machining gap with 

nozzles. The wire electrode is kept in tension throughout the 

machining. The metal is eroded from the work piece through 

series of repeating sparks and particles of eroded metal are 

flushed away from machining area with the help of dielectric 

fluid. In addition, the cost of wire contributes only 10% of 

operating cost of Wire Cut EDM process. The problems 

encountered in sinker EDM are avoided by Wire Cut EDM, 

because complex design tool/electrode is replaced by moving 

conductive wire over wire guides. 

II. LITERATURE REVIEW  

[1] The effect of wire related parameters of Wire Cut EDM. 

For this study nimonic 263 was selected as a work piece 

material. The cutting was done by using brass and zinc coated 

brass wire electrode. De ionized water was use as dielectric 

fluid. Wire feed rate, wire tension and wire material were the 

process parameters selected for this study. The performance 

was measured in terms of material removal rate, wire wear 

rate and wear ratio. The experimental design was planned by 

using one factor at a time approach. It was concluded from 

the results that, wire material have significant effect on 

material removal rate. The zinc coated brass wire gave higher 

material removal rate. Further, it was also concluded that, the 

wire feed rate, wire tension and wire type have significantly 

affects the wire wear rate and wear ratio. 

[Singh B et. al. (2016)],  [2]For this experimental 

work EN 31 Steel was used as a work piece material and a 

wire of 0.25 mm diameter having 64% copper and 34% brass 

was used a tool. The pulse on time, pulse off time and current 

were the process parameters and surface roughness was the 

response characteristics for this experimental work. The 

design of experiment was based on Taguchi L9 orthogonal 

array. Further, analysis of variance (ANOVA) was used to 

determine the level of importance of process parameters on 

the response characteristics i.e. surface roughness. It was 

concluded from the results that, the pulse on time have the 

highest impact on surface roughness followed by pulse off 

time and current. As the pulse on time and current increases, 

the surface roughness also increases  

[Atif M et. al. (2016)] [3] The analysis of the Wire 

Cut EDM process to get better machining performance 

characteristics. High speed steel M2 was used as a work piece 

material for this study. The authors were investigated the 

effect of gap voltage, pulse interval, pulse width, liquid gas 

pressure and current on material removal rate and surface 

roughness. The layout of design of experiment was based on 

Taguchi L18 orthogonal array. The experiment was 

conducted by mixing of liquid with air and oxygen as a 

dielectric fluid. It was observed from the results that, the use 

of oxygen mist dielectric fluid provides better machining 

performance as compared to the air mist dielectric fluid. 

[James D.A et. al. (2016)] [4] Investigation of the 

process parameters of Wire Cut EDM process. For this 

experimental work, titanium alloy was used as a work piece 

material and brass wire is used as electrode material. The 
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pulse on time, pulse off time, current and servo voltage were 

the process parameters selected for this experiment. The 

performance characteristic was measured in terms of kerf 

width. The design of experiment was based on response 

surface methodology. Next, the analysis of variance was 

carried out of process parameters to find the most significant 

parameter which affects the response characteristics. Further, 

the examination of machined surface was done by using 

scanning electron microscope.  The results revealed that, as 

the pulse on time, current, servo voltage and wire tension 

increases, the kerf width also increase. From scanning 

electron micrographs, it was cleared that, at lower values of 

process parameters, the surface defects were also low. 

Further, it was also concluded that, at moderate values of 

process parameter, the better surface finish was obtained. 

[Arikatla S.P et. al. (2016)] [5]The analysis of the 

material removal rate and surface roughness in Wire Cut 

EDM process. The experiments were performed on 

aluminium alloy 7017 and armour steel. The brass wire 

having 0.25 mm in diameter was used as a tool material. Pulse 

on time, pulse off time, peak current and spark voltage were 

chosen as process parameters. The design of experiment was 

based on Taguchi’s L18 orthogonal array. Further, 

Buckingham Pi theorem was employed to create 

mathematical model between process parameters and 

performance characteristics. The material removal rate and 

surface roughness were the performance characteristics 

chosen for this experimental work. From results, it was 

concluded that, the material removal rate was higher for low 

melting point and specific heat of the materials. As the pulse 

on time and peak current increases, the material removal rate 

and surface roughness were also increases. Further, the wire 

wear rate also increases with the increase in pulse energy.  

[Bobilli R et. al. (2015)] [6] Investigation of the 

performance characteristics in Wire Cut EDM process. For 

this investigation, inconel718 was used as a work piece 

material. The process parameters selected for this 

investigation were peak current, pulse on time, pulse off time, 

wire feed, servo voltage and wire tension. The response 

characteristics were measured in terms of material removal 

rate, surface roughness, kerf width and dimensional 

deviation. The design of experiment was based on Taguchi 

L8 orthogonal array. Analysis of variance was used by the 

authors to find out the most significant parameter that affects 

the response characteristics. The experimental analysis was 

carried out using Minitab 16 software. From the results, it was 

concluded that, pulse on time was the most effective 

parameter for material removal rate, surface roughness, kerf 

width and dimensional deviation followed by peak current, 

servo voltage, wire tension and wire feed. It was also 

observed that as the pulse on time and current increases, the 

material removal and surface roughness also increases. 

Further, as the pulse off time and servo voltage increases, the 

material removal and surface roughness decreases [Dabede 

U.A et. Al. (2015)]. 

III. METHODOLOGY 

The experimental work was carried out on a Wire Cut EDM 

machine of ELCUT 234 installed at CITCO, industrial area 

phase-1 Chandigarh, India., SS-304 is used as workpiece 

material for this experiment work. The pictorial view of SS-

304 is shown in fig. 1. 

 
Fig. 1: The pictorial view of SS-304 

The chemical composition and general properties of 

SS-304 Steel are shown in tables 1 and 2 respectively. 

S. No. Elements Weight % 

1 C 0.0574 

2 Mn 1.084 

3 P 0.02468 

4 S 0.01028 

5 Si 0.3539 

6 Cu 0.0921 

7 Ni 8.25 

8 Cr 18.72 

9 V 0.0348 

10 Mo 0.0179 

Table 1: Chemical Composition of SS-304 

Properties Value 

Rockwell Hardness B 82 

Ultimate Tensile Strength (MPa) 621 

Yield Strength (MPa) 290 

Modulus of Elasticity in tension (GPa) 193 

Modulus of elasticity in torsion (GPa) 78 

Thermal Expansion 17.2×10-6 / K 

Thermal Conductivity 16.2 W/m K 

Melting point 1450 ˚C 

Table 2: Mechanical Properties of SS-304 

For experimental study, brass wire and diffused wire 

are used as a tool. The selection of these two materials is to 

be done because of their specific properties.  

A. Taguchi Design Approach 

Taguchi’s philosophy, developed by Genichi Taguchi, is an 

efficient tool for the design of high quality manufacturing 

system. This system of quality engineering is one of the great 

engineering achievements of the 20th century. This method 

focuses on the effective application of engineering strategies 

rather than advanced statistical techniques. Taguchi’s 

Orthogonal Array (OA) provides a set of well-balanced 

experiments (with less number of experimental runs) and 

Taguchi’s Signal-to-Noise ratios (S/N), since S/N ratio is 

expressed as mean (signal) to the noise (deviation from the 

target); maximizing S/N ratio ensures minimum deviation 

and hence it is (S/N ratio) to be maximized.The equations for 

calculating S/N ratios for larger is better (LB), smaller is 

better (SB) and nominal is best (NB) are as follows: 

 Larger is Better 

SNi = −10log
1

Ni
∑

1

y2

Ni
u=1      (1) 

 Smaller is Better 

SNi = −10log ∑
y2

Ni

Ni
u=1       (2) 

Nominal is Best 

SNi = 10 log
y2

s2
         (3) 

Where, i = Experiment number 

u= Trial number 

Ni= Number of trials for experiment i 

S= Variance 

y = Response 
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1) Steps of Taguchi Design  

The steps involving in the Taguchi design are as follows: 

 Select the target value for measurement the response and 

these values will be taken as maximum and minimum. 

 Select the cutting parameters that have adverse effect on 

performance characteristics and show the performance 

variation due to these factors. 

 Select the number of levels of variation for each process 

parameters. Decrease the number of level of variation of 

a parameter decrease the number of experiment is to be 

performed.  

 Design orthogonal array for the parameter design which 

be taken as the number of experiments and criteria’s for 

each experiment.  

 As per the set of orthogonal arrays perform the 

experiment as the matrix set by experiment design 

 By performing the no. of experiments complete the data 

analysis. 

B. Design Variables  

For this experimental the process parameters, response 

parameters and constant parameters are shown in table 3 as: 

Design Variables 

Process 

Parameters 

Constant 

Parameters 

Dielectric 

Medium 

Performance 

Parameter 

Pulse on 

Time 

Voltage 

Pulse off 

Time 

Current 

Polarity 

Flushing 

Pressure 

Wire Tension 

De-

ionized 

Water 

 

MRR 

Table 3: Design Variables for Experiment 

Process 

Parameters 
Symbol Unit 

Levels 
Level 

1 

Level 

2 

Level 

3 

Pulse on Time Ton µs 100 110 120 

Voltage V volt 15 20 25 

Pulse off 

Time 
Toff µs 40 50 60 

Table 4: Process Parameters and their Levels 

C. Conduct of Experiment 

 
Fig. 2: Machined Work Piece 

Experimentally, brass and diffused wires are used as 

electrode. SS 304 Steel is used as a work piece material. The 

experiment is conducted on ELCUT 234 Wire-Cut EDM 

machine. De-ionized water is used as a dielectric medium 

with external pressure flushing. Experiments are performed 

by providing positive polarity of wire. The process 

parameters used for experiment are Pulse on Time (Ton), 

Voltage (V) and Pulse off Time (Toff). The performance 

characteristic is evaluated in term of material removal rate. 

The experiment design is based on Taguchi L9 orthogonal 

array. Further, analysis of variance (ANOVA) is used to 

determine the effect of each process parameter on the 

performance characteristics i.e. material removal rate. The 

experiments are conducted on Wire-Cut EDM machine using 

diffused wire and brass wire. Eighteen pieces of square cross-

section 8 mm × 8 mm are cut by using diffused wire and brass 

wire (nine pieces from each wire). The machined work piece 

is shown. 

1) Calculation of Material Removal Rate 

Material removal rate is the volume of material removed from 

the work piece surface per minute. The material removal rate 

(MRR) is determined by using the formula shown by equation 

1. The calculated values of material removal rate for both the 

wires are shown in table 5. 

MRR (mm3/min) =
Vm

T
      (1) 

Where, 

Vm = Volume of material removed 

T = Machining time 

S. 

No. 
Ton V Toff 

MRR with 

Diffused wire 

(mm3/min) 

MRR with 

Brass wire 

(mm3/min) 

1 100 15 40 6.88 6.65 

2 100 20 50 5.63 5.44 

3 100 25 60 4.18 4.03 

4 110 15 50 9.21 8.96 

5 110 20 60 7.04 6.87 

6 110 25 40 7.97 7.76 

7 120 15 60 10.26 9.98 

8 120 20 40 8.82 8.64 

9 120 25 50 7.95 7.78 

Table 5: MRR for Diffused wire and Brass Wire 

 
Fig. 3: Graph for Material Removal Rate 

IV. RESULTS AND DISCUSSION 

The signal to noise ratio for material removal rate is 

calculated by using higher the better criteria. The equation for 

signal to noise ratio for higher the better is shown below: 

S/Ni (MRR) = −10log
1

Ni

∑
1

y2

Ni
u=1       (2) 

Where, i= Experiment number, u= Trial number 

Ni= Number of trials for experiment i 

S= Variance, y= Response i.e. MRR 

S. 

No. 
Ton V T off 

S/N Ratio 

using 

Diffused Wire 

S/N Ratio 

using Brass 

Wire 

1 100 15 40 -16.7518 -16.4564 

2 100 20 50 -15.0102 -14.7120 

3 100 25 60 -12.4235 -12.1061 

4 110 15 50 -19.2852 -19.0462 

5 110 20 60 -16.9515 -16.7391 

6 110 25 40 -18.0292 -17.7972 

7 120 15 60 -20.2229 -19.9826 
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8 120 20 40 -18.9094 -18.7303 

9 120 25 50 -18.0073 -17.8196 

Table 6: S/N Ratio for MRR 

Level Ton V Toff 

1 -14.42 -18.50 -17.66 

2 -17.86 -16.73 -17.19 

3 -18.84 -15.91 -16.28 

Delta 4.42 2.59 1.36 

Rank 1 2 3 

Table 7: Response Table for S/N Ratio for Diffused Wire 

Level Ton V Toff 

1 -14.73 -18.75 -17.90 

2 -18.09 -16.96 -17.43 

3 -19.05 -16.15 -16.53 

Delta 4.32 2.60 1.36 

Rank 1 2 3 

Table 8: Response Table for S/N Ratio for Brass Wire 

The response tables for S/N ratio for diffused wire 

and brass wire are formed in Minitab 17 software. The rank 

and delta values with diffused wire for pulse on time, voltage 

and pulse of time are 1, 2 and 3 and 4.42, 2.59 and 1.36 

respectively in response table for S/N in table 7. The rank and 

delta values with brass wire for pulse on time, voltage and 

pulse of time are 1, 2 and 3 and 4.32, 2.60 and 1.36 

respectively, in response table 8. From these tables it is clears 

that the process parameter which has greatest value of delta 

gets highest rank.  

The rank indicates the relative significance of each 

process parameters to the response. Therefore pulse on time, 

voltage and pulse off time has rank as 1, 2 and 3 respectively. 

So from delta values and rank it is evident that pulse on time 

has significant effect on material removal rate (MRR) 

followed by the voltage and pulse off time. Further the main 

effect plots for S/N ratio for diffused wire and brass wire are 

shown in fig. 4 and 5 respectively. These graphs show the 

effect of each process parameter over the material removal 

rate. 

 
Fig. 4:  Graphs for S/N Ratio for Diffused Wire 

Above graphs 4 and 5 shows that the material 

removal rate is increases when the pulse on time (Ton) is 

increases and has a large effect on the material removal rate 

(MRR). Second the voltage (V) also has a significant effect 

on material removal rate, as per the voltage (V) and pulse off 

time increases (Toff), the material removal rate (MRR) is 

decreases. From these graphs, it is clears that the third 

parameter i.e. pulse off time has least effect on the material 

removal rate. 

 
Fig. 5: Graphs for S/N ratio for Brass Wire 

A. Analysis of Variance 

Analysis of Variance is an effective method for test the 

difference between various groups of data. The meaning of 

ANOVA is that the amount of variation in a set of data. It is 

of two types, that the amount which can be attributed to 

chance and that amount which can be attributed to specified 

their causes. It would be the variation between sample pieces 

and also within items of samples. Therefore, it is a method 

that analyzing the variance to which a response is subject into 

its different components corresponding to their different 

sources of variation. This method that can examine number 

of factors which are influences the response characteristics. . 

It is also investigate the differences amongst different 

categories within each parameter which may have a large 

number of possible values. ANOVA for S/N ratio are shown 

in table 9 and table 10 for the diffused wire and brass wire 

respectively. In these tables, the value of P shows the most 

effective parameter. The parameter having P-value less than 

0.05 will be most effective parameter and has highest value 

of F. The analysis of variance tables S/N ratio shows that the 

Pulse on Time and Voltage are the most effective parameters. 

Pulse off time is not important for material removal rate for 

both the wires. Pulse on Time and Voltage has a significantly 

affect the material removal rate. 

Sourc

e 

D

F 

Seq 

SS 

Adj 

MS 

F-

Valu

e 

P-

Valu

e 

% 

Contributi

on 

Ton 2 
30.85

4 

15.42

69 

26.2

1 

0.03

7 
67.73 

V 2 
10.63

2 

5.316

2 
9.03 

0.10

0 
23.34 

Toff 2 2.888 
1.443

8 
2.45 

0.29

0 
6.34 

Error 2 1.177 
0.588

5 
   

Total 8 
45.55

1 
    

Table 9: Analysis of Variance for S/N Ratio with Diffused 

Wire 

Sourc

e 

D

F 

Seq 

SS 

Adj 

MS 

F-

Valu

e 

P-

Valu

e 

% 

Contributi

on 

Ton 2 
32.30

3 

16.15

17 

28.3

0 

0.03

4 
68.85 

V 2 
10.49

2 

5.246

0 
9.19 

0.09

8 
22.36 
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Toff 2 2.979 
1.489

6 
2.61 

0.27

7 
6.35 

Error 2 1.141 
0.570

7 
   

Total 8 
46.91

6 
    

Table 10: Analysis of Variance for S/N Ratio with Brass 

Wire 

Where, DF= Degree of Freedom, Seq SS= 

Sequential Sum of Squares, Adj MS= Adjusted Mean Square, 

F= Ratio of Variance of Source to Variance of Error and P= 

Probability 

V. CONCLUSION 

The aim of this study is to find the effect of wire material on 

material removal rate by using pulse on time, voltage and 

pulse off time as the process parameters. From this study, the 

following conclusions are drawn: 

1) The diffused wire provides more material removal rate 

as compare to brass wire. 

2) The material removal rate increases with the increase in 

pulse on time. As we increase the pulse on time, the 

discharge energy also increase and the number of 

discharges within a period of time becomes more which 

results to more material removal rate. 

3) As the voltage increases, the material removal rate 

decreases. 

4) The pulse off time has no significant effect on material 

removal rate. 

The material removal rate is maximum at third level 

of pulse on time (120 µs) and first level of voltage and pulse 

off time i.e. 15 V and 40 µs respectively. 
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