
Abstract
Objective: This paper emphasizes the effect of cutting parameter on the size of crater and wire wear ratio because wire 
breakage is most common problem in WEDM and wire crater is very much responsible for wire breakage. Methods/statistical 
Analysis: Many researchers had adopted various methods for the evaluation of the dominating parameters on wire EDM 
process. In this study Response Surface Methodology (RSM) was used as a statistical analytical tool for the evaluation of the 
parametric effect on wire creator of wire EDM process. OLYAMPUS BX51M optical microscope was used for the observation 
of wire creator. For experiment MAXICUT WEDM machine was used and experiment were conducted on INCONEL 625 
work piece and zinc coated brass wire of 0.25mm diameter was used. Finding: The experiments were conducted under 
different cutting parameters, which are open circuit voltage, pulse duration, wire speed and flushing pressure. As a result it 
was found that crater size increases with increase in pulse duration because increased pulse duration contributes to large 
energy content of spark discharge further it was also found that the creator size also increases with open circuit voltage 
and feed wire speed whereas decrease with increase in flushing pressure. Applications/Improvements: This analysis 
can become the basis for industries where the manufacturing is done by the wire EDM process and wire breakage is the 
common problem.
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1.Introduction
Wire Electric Discharge Machining (WEDM) is non 
–traditional machining process, it is mainly a spark ero-
sion process used to produce 2D and 3D structure by 
using wire as an electrode. Fine surface finish and high 
degree of accuracy makes it valuable for a manufacturing 
operation like die forming (stamping dies, extraction dies 
etc). The advantage of WEDM is work piece is not coming 
in contact with wire electrode. The insulating property of 
dielectric fluid is disappear for friction of time when pulse 
of electricity delivered from power supply, due to this 
small spark jump the distance between work piece and 
wire electrode , due that small amount of metal melted 
out and flush out by dielectric fluid. The appropriate set of 
machining parameters is very much required for optimum 
result from WEDM process. The main set of parameters 
is pulse duration, open circuit voltage, wire speed, and 
dielectric pressure. During WEDM process wire breakage 

is a dominant and time consuming problem .For wire 
breakage wire crater is very much responsible, and wire 
crater is affected by these parameters like pulse duration 
,wire speed, open circuit voltage and flushing pressure . 
Many publisher work shows that the importance of the 
surface roughness the material and kerf width on wire 
breakage .wire breakage also effect the machining rate 
and product tolerance and for wire breakage wire cra-
ter is very much responsible so The investigation of wire 
creator is very much important for wire rapture, surface 
roughness, kerf size and for machining accuracy. In1 has 
worked towards the prevention of wire rapture by devel-
oping the wire edm frequency monitoring system, which 
detects the thermal load on wire. In2 had established a 
finite difference thermal model to understand and predict 
the thermal distribution along the wire in the zone of dis-
charge channel to predict the wire rapture. In3 analyze the 
effect of machining parameters like pulse duration, open 
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circuit voltage, wire speed, dielectric voltage, dielectric 
flush on wire wear ratio. In4 had analyzed the effect of 
machining parameters on wire wear ratio and MMR and 
he also find out that Ton and Toff are the most influencing 
parameters in MRR. In5 investigated the nozzle influence 
on wire breakage and experimentally shown that at short 
kerf with wire breakage often occurs. In6 has worked 
on the fluid flow and debris motion in kerf of wedm by 
using CFD simulation and analyzed the nozzle shape, 
flushing position flow rate, and flushing direction for 
effective debris exclusion and for better performance for 
In7 Analyzed the effect of machining parameters like open 
circuit voltage, pulse duration, wire speed, and dielectric 
flushing pressure on size wire crater experimentally. In8 
described the effect of six machining parameters that is 
(Ton, Toff, pulse duration, open circuit voltage, flushing 
pressure and wire feed) on wire breakage and surface 
integrity of material. J,R. In9 experimentally investigated 
the effect machining parameters on wire wear rate and 
has Experimentally find out that peak current increases 
the wire wear slowly but pulse on time increase wire wear 
rapidly. In10 determined the effect of various parameters 
on the wire strength and evaluate some practical equa-
tion for wire strength. Fracture and material yielding are 
the cause of wire failure. In11 investigate that for the same 
material removal rate zinc coated brass wire performed 
better than bare brass wire and wire wear rate is also lower 
in zinc coated brass wire. S. In12 Attempt to predict the 
erosion of wire EDM electrode from the temperature cal-
culation during the single discharge. A Heat affected zone 
in the wire is described as the portion which temperature 
is greater than recrystallization value. In13 After number of 
tasting by using EDM pulse analyzer system, proven that 
thermal loading is the major factor for wire rapture. In14A 
energy driven model is proposed by author to determine 
the wire crater and also determine that erosion energy is 
required to form a crater by using physiothermal proper-
ties of the material. I. In15 develop a acquisition system, 
which can store extensive experimental data of stable and 
unstable tests on WEDM, to predict the wire breakage.

2.  Experiments 
The experimental work and studies were performed 
on a 5-axes ELECTRONICA MAXICUT MACHINE 
TOOLfigure(1). Different setting of parameters are used 
for experiments like pulse duration (Ton), open circuit 
voltage (Sv), wire speed (V), dielectric flushing (Q). 

Throughout the experiment pulse interval time, table 
feed, wire tension kept constant. In this experiment There 
are 31 different combination of machining parameters 
are used,. Zink courted brass wire with 0.25mm diam-
eter and deionized water as the dielectric fluid have been 
used during experimentation is used in this experiment. 
INCONEL ALLOY 625 used as a work piece material in 
this experiment (table 1).Small thickness material is used 
in this experiment due to prevent overlapping of crater to 
make size measurement easy. A photograph of wire crater 
is shown in figure(2a, b) .The wire crater size is measured 
by diameter(d) and area (A). The size measured in this 
study are average of 10 crater on each sample of the wire 
for crater measurement OLYAMPUS BX51M Optical 
microscope with 0.002 mm accuracy is used (figure 3). 
The levels of the input parameters have been determined 
by conducting pilot experiments on the material. Five lev-
els for each of the four factors (Table 2) have been used for 
a full factorial design with single replication.

The Experiment is designed by MINITAB 17 software 
and data of wire crater dimensions are collected by using 
optical microscope ,which is shown in (Table 3), col-
lected data has been analyzed by using RSM software and 
Mathematical relationships between the process param-
eters and performance measures have been developed.

Figure 1.  Experimental setup.

Figure 2.  (a). Wire Crater. Image (b). used wire image.

(a) (b)
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common forms of RSM are low-order polynomials (first 
or second-order) .First order model of RSM shows very 
low predictability, so second order model is preferred 
.Also if there is curvature in the system, then a sec-
ond order polynomial must be used. The second order 
model is expressed as

Figure 3.  Optical microscope (OLYAMPUS BX51M).

Table 1.  composition of INCONEL 625
Materials

%

Ni 58 min

Cr 20-30
Mo 8-10

Nb+Ta 3.15-4.15
Fe 5

Table 2.  Levels of Process Parameters 

Control 
factor→
level↓

Pulse 
duration(µs)

Open 
circuit 

voltage(v)

Dielectric 
flushing 
pressure 
(kg cm-2)

Wire speed 
(m min-1)

+2 1.35 75 8 9
+1 1.25 65 7 7
0 1.17 55 6 5
-1 1.05 45 5 3
-2 0.95 35 4 1

3.  Result and Discussion

3.1  Response Surface Methodology 
In16 observed that RSM is the most powerful tool and 
widely used technique to analyze accurate values with 
limited number of process parameters. In17 analyzed 
that It is a collection of mathematical and statistical 
techniques that are useful for modeling and analysis of 
responses which are influenced by several variables. In18 
analyze that the response can be represented graphi-
cally, either in a three-dimensional space or as contour 
plots that helps to visualize the shape of the response 
surface. In this work, RSM is chosen to develop the 
mathematical models. In19 conclude that The most 

Table 3.  Experimental design and finding

SN TON SPEED  SV Q Dia  Area
1 -1 -1 -1 -1 77.87 4762.54
2 1 -1 -1 -1 181.99 15707
3 -1 1 -1 -1 88.32 6127
4 1 1 -1 -1 130.9 11300.86
5 -1 -1 1 -1 46.394 3846.193
6 1 -1 1 -1 12.89 130.5
7 -1 1 1 -1 108.61 12654
8 1 1 1 -1 113.47 10114.8
9 -1 -1 -1 1 120 11309.8

10 1 -1 -1 1 153.16 13100
11 -1 1 -1 1 120.65 11433
12 1 1 -1 1 134.52 14213.6
13 -1 -1 1 1 11.35 101.27
14 1 -1 1 1 22.11 384.19
15 -1 1 1 1 168.58 15820.25
16 1 1 1 1 129.43 13158.8
17 -2 0 0 0 14.03 154.8
18 2 0 0 0 121.51 11597.2
19 0 -2 0 0 136.56 14647.2
20 0 2 0 0 183.39 26417.38
21 0 0 -2 0 134.78 14269.8
22 0 0 2 0 16.2 206.144
23 0 0 0 -2 135.49 6249.504
24 0 0 0 2 94.82 7045.25
25 0 0 0 0 91.78 162.96
26 0 0 0 0 121.52 11599.4
27 0 0 0 0 100.012 202.24
28 0 0 0 0 91.82 6622.1
29 0 0 0 0 161.87 8828.227
30 0 0 0 0 156.62 7578.123
31 0 0 0 0 100.012 679.89
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These mathematical relations shows the most affect-
ing parameters which affects most the crater dimensions 
like diameter and area. 

3.2  Analysis of Plots
Analysis of experimental data were done by the response 
surface mythology (RSM) and contour graphs are plotted 
with different response parameters (Area and Diameter) 
with machining parameters (Ton, speed, Sv, Q) Shown in 
Figure 4 and 5.

Where, y is the response variable, xi are the independent 
variables, bi &bij are the coefficients, ∈ is the experimental 
error.

Empirical relations between the process parameters 
and performance measures have been developed using 
MINITAB 17 statistical software as given below:

DIA-

AREA- 

(a) (c)(b)

(d) (e) (f)

Figure 4.  (a). Dia vs speed and Q. (b). Dia vs speed and sv. (c). Dia vs Ton and speed. (d). Dia vs Ton and Q. (e). Dia vs Ton 
and sv. (f). Dia vs sv and Q.
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Figure 5.  (a). Area vs Ton and Q. (b). Area vs Ton and Q . (c). Area vs Ton and speed. (d). Area vs speed and sv. (e). Area vs 
sv and Q. (f). Area vs Ton and sv.
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3.3 � Contour Plots between Diameter and 
Various Machining Parameters

Figure 4(a,b,c,d,e,f) shows that the effect of machining 
parameters like Ton, wire speed, flushing pressure, open 
circuit voltage on crater diameter . These graphs show the 
interaction between crater diameter and all the variable 
parameters. Graphs show that increase with pulse dura-
tion, open circuit voltage, and wire speed crater diameter 
increases and increase with flush pressure wire crater 
diameter is decreases.

3.4 � Contour plots between Area and 
Various Machining Parameters

Figure 5(a,b,c,d,e,f) shows that the effect of machining 
parameters like Ton, wire speed, flushing pressure, open 
circuit voltage on crater area . These graphs show the inter-
action between crater area and all the variable parameters. 
Graphs show that increase with pulse duration, open 
circuit voltage, and wire speed crater area increases and 
increase with flush pressure wire crater area is decreases.

3.5  Analysis of Variance for Diameter
Source DF Seq SS Adj SS Adj MS F P
Regression 9 61903 61903 6878.1 10.55 0.000
  Linear 3 30689 30689 10229.8 15.68 0.000
  Square 3 11990 11990 3996.5 6.13 0.004
  Interaction 3 19224 19224 6408.1 9.82 0.000
Residual Error 21 13697 13697 652.3
  Lack-of-Fit 5 2999 2999 599.7 0.90 0.507
  Pure Error 16 10699 10699 668.7
Total 30 75601

3.6  Analysis of Variance for Area
Source DF Seq SS Adj SS Adj MS F P

Regression 9 996797146 996797146 110755238 9.82 0.000

  Linear 3 398721282 398721282 132907094 11.79 0.000

  Square 3 391040054 391040054 130346685 11.56 0.000

  Interaction 3 207035810 207035810 69011937 6.12 0.004

Residual Error 21 236769736 236769736 11274749

  Lack-of-Fit 5 40370162 40370162 8074032 0.66 0.660

  Pure Error 16 196399574 196399574 12274973

Total 30 1233566883
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These are ANOVA tables, which obtained by the RSM 
method . ANOVA table also called variance table. Usually 
it is used to check the accuracy of the table. Degree of 
freedom or DF shows that these no are free to vary. 
Sequential sum of square shows the variation due to spe-
cific factor. Basically sequential sum of square or SEQSS 
varies due to the specific factor, it totally depends upon 
the order of factor entered into the model. seqss is equal 
to the Adjss also called adjusted sum of square due to the 
orthogonal design of the present work. Adjss does not 
depend upon the factor entered in to the model, ADJMS 
is called adjusted mean square and mathematically and 
it is also equal to the ratio of the seqss to DF, F – value is 
used as the for the F-test and is taking all factor at a time 
or to find out the regression co-efficient .F-values are used 
to calculate the P-value and α value used to check the sig-
nificant of model. Anova table for WWR, AREA, and for 
DIA shows that model is quite significant. 

4.  Conclusion
In this analysis, the effect of machining parameters like 
open circuit voltage, pulse duration, wire speed and 
dielectric pressure and the dimension of wire crater 
is experimentally analyzed in WEDM. Mathematical 
relationships between the process parameters and perfor-
mance measures have been developed. The most effective 
machining parameter are open circuit voltage and pulse 
duration which are verified by ANOVA method and F-test 
analysis. Dielectric flushing pressure and wire speed are 
the less influencing machining parameters.
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