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KEYWORDS ABSTRACT

Wire Electrical Discharge One of the most attractive modern machining methods is electrical discharge machining,
Machining which was introduced in the late 1960s. Electric discharge machining with wires has a
Material Removal Rate number of uses, including high accuracy machining of all conductive materials such as
Roughness Surface metals, metal alloys, graphite, and ceramics, as well as aerospace, automotive, and other
The width of the gap industries. In order to increase the rate and reduce surface roughness and gap width,
Sensitivity analysis optimal cutting parameters play a crucial role in selecting output parameters. In this study,

input parameters (discharge, pulse duration, pulse frequency, wire speed, wire tension, and
dielectric current velocity) were compared to output variables (cutting rate, surface filter,
and width). The sensitivity analysis shows that pulse duration parameters, wire speed, and
discharge flow are most effective parameters for cutting rate, and pulse duration
parameters, dielectric rate, and discharge flow are most effective parameters for surface
roughness, as well as pulse duration, wire speed, and discharge current for gap width. Pulse
duration with 72%, wire speed with 14%, and discharge current with 10% has the greatest
impact on the chip removal rate.

Extended Abstract
1. Introduction

eramics, composites, polymers, and super-alloys are important engineering materials in modern production,
especially in aircraft manufacturing, automobile manufacturing, cutting tools, and molding. Accurate design
requirements are one of the basic challenges in their manufacturing industries. For example, precise machining,
drilling at micron or nanometer levels, machining at non-circular holes, and so on. In this paper, our focus is on the
wire electrical discharge machining (WEDM) process [ 1]. The electric discharge machining (EDM) with wire was introduced
in the late 1960s, this is one of the most attractive modern machining methods in the last 60 years and has countless advantages
to offer [2]. A WEDM is a non-traditional form of EDM in which a conductive wire's electrode moves continuously. Discrete
sparks are fired between the work and a thin copper wire electrode (0.25-0.50 mm diameter), separated by a thin film of
dielectric liquid (deionized water). It is continuously fed to the machining area to remove the eroded particles, and the hardness
of the workpiece does not affect cutting. Workpiece shape and accuracy are controlled numerically by the movement of the

wire [3].
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In order to meet the needs of newer materials and more complex shapes, EDM with wire is increasingly being used [4].
EDM process with wire has applications in all types of conductive materials, including metals, alloys, graphite, and ceramics
of any hardness, used in aerospace, automotive, etc. [5]. As a result of electrical discharge between a wire and a workpiece, it
is absolutely crucial to maintain the wire in a fixed position against the object. The wire is typically held in place by pin guides
at the top and bottom of the workpiece. Wires are usually thrown away after use. To increase the accuracy of the work, some
problem-solving points should be considered. Due to its thermal device technique, this process has relatively low machining
speeds compared to other non-traditional machining processes such as laser. Process performance is affected by discharge
current, pulse duration, wire feeding speed, and dielectric current speed [6].

The process of EDM with wire is affected by a variety of factors, which have been the subject of extensive research by
various researchers and are discussed in this section. To determine the optimal control parameters in WEDM for machining
performance measures such as chipping rate and final surface smoothness, Rajurkar and Boena used a factorial design method.
EDM with wire machining was significantly influenced by discharge current, duration of pulses, and pulse frequency according
to this study [7]. Rajurkar and Wang analyzed the wire tearing phenomena with a thermal model and experimental research,
their results indicated that the chip removal rate in the WEDM process initially increases with the reduction of the pulse time.
However, in a very short pulse off time, the gap becomes unstable, which leads to a decrease in the machining rate [8]. Toussaint
et al investigated the effects of cutting parameters on the size of the erosion hole (diameter and depth) on the wire electrode.
Inspection of the wire electrode opening is very important to understand the wire breakage, gap width size and workpiece
surface roughness. The larger size of the openings on the wire increases the risk of wire breakage and also leads to poor surface
quality and low machining accuracy. The results show that the increase in the duration of the pulse, open-circuit voltage and
wire feeding speed increases the gap, while increasing the dielectric washing pressure decreases the gap size [9]. Singh and
Garg, in a study on WEDM, concluded that the chip removal rate increases directly with increasing pulse on time and peak
current, while it decreases with increasing pulse off time and open circuit voltage. Wire feeding and wire tension are neutral
parameters [4]. Shah et al investigated the effect of workpiece thickness on the chip removal rate, it was expected that this
factor is important, while according to this research, the thickness of the workpiece is not an important factor for the chip
removal rate [ 10]. Liao et al conducted an experimental study to determine the change of machining components in machining
rate, slot width and surface roughness. In their study, although an attempt was made to determine the importance of machining
factors in the chip removal rate, the level of importance of gap width and surface roughness was not introduced [11].

Generally, machine tool manufacturers use machining component tables to set up machining components. This process
relies on the experience of the operators. In practice, it is very difficult to use the optimal functions of a machine due to the
existence of adjustable machining parameters. With the aim of simplification, I have a simple method Reliable based on
statistical tests designed to investigate the effects of various process components on chipping rate, surface roughness and gap
width, it determines the optimal settings of the process. In this article, the data obtained from laboratory operations with
randomly selected factor combinations have been collected. A quadratic model for identifying the process is derived in order
to establish an approximate relationship between the various components of the process as well as the response variables. The
presented mathematical models have been used to generate data according to the Taguchi model. Finally, the gray-based
Taguchi technique is adopted to evaluate the optimal process environment [12].

Complex environmental models are controlled by a large number of parameters. It is almost impossible to accurately
estimate the values of all these parameters. The results of the sensitivity analysis allow the selection of parameters to be included
in a calibration method, but can also help identify model processes. In addition, sensitivity analysis can provide important
information about the use and meaning of model parameters. The use of the Sobol method makes it possible to calculate the
first-order effects and other effects, the linear model is not assumed, and the sensitivity values are presented numerically. In
the Sobol method, the coefficients are determined in such a way that the method can be used for all distributions with any range
[13]. By using Sobol's statistical sensitivity analysis method, which has the advantage of extracting a small amount of the effect
of parameters compared to other methods, the effect of input parameters on the force output parameter in the bone drilling
process has been studied and the effect of each input parameter has been carefully studied [ 14]. Also, using the Sobol sensitivity
analysis method, which is based on variance, eleven influencing factors on the optimization of the hydroforming process
loading path have been investigated [ 15].

2. Modeling
In this article, modeling consists of two parts, which are:

1) Designing experiments using the response surface method along with the Taguchi Methods
2) Checking Sobol's sensitivity analysis
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2.1. Designing experiments using the Taguchi Methods

In the analysis of the Taguchi Methods, the experimental data, that is, the measured characteristics of the quality features,
are first normalized from zero to one. This process is known as gray relational emergence. In the next step, based on the normal
experimental data, the coefficient of the gray relation is calculated to show the correlation between the intended and actual test
data. Then the gray degree is generally determined by the average coefficient of the gray relation related to the selected answers.
The overall performance distinctive of the multiple response process depends on the degree of the calculated gray relation. This
approach transforms a multiple response process optimization problem into a single response optimization situation. The
optimal parameter combination is then evaluated, which leads to the highest degree of gray relation. Setting the optimal factor
to maximize the degree of overall gray relation is done by Taguchi method.

The input and constant parameters used in the present study are listed in Table 1. The above parameters have been selected
through research and experience. Different settings of discharge current, pulse duration, pulse frequency, wire speed, wire
tension and dielectric flow rate used in the experiments are shown in Table 2.

Table 1. Setting Parameters

Control coefficients Symbol
Discharge current X
Pulse duration X>
Pulse frequency X5
Wire speed X4
Wire tension Xs
Dielectric flow rate Xs

Table 2. Control coefficients and their limits (experiment scope)

Level
unit 1 2 3
Control coefficients Amp 16.00 24.00 32.00
Discharge current secp 3.20 6.40 12.80
Pulse duration KHz 40.00 50.00 60.00
Pulse frequency m/min 7.60 8.60 9.20
Wire speed 1000.00 1000.00 1100.00 1200.00
Wire tension 1.20 1.20 1.30 1.40
The response function indicating each of the six responses can be expressed as described in equation (1):
Y =f(Xy.X2.X5. Xy X5.Xe6) 1

where Y is the reaction and X is the agent.
2.2. Checking Sobol's sensitivity analysis

In this section, the sensitivity analysis graphs and the effects of each of the input variables in Table 1 on the output factors
(chipping rate, slot width, and surface roughness) have been analyzed using the Sobol sensitivity analysis method and analysis
in Simlab software. has been A sensitivity analysis method that is popular in many fields is the variance-based Sobol method.
The output variance of the model (V) is the sum of the variances of each term analyzed in the form of equation (2).

V) =3 Vi+ X Vij + o+ Vizm (2)

3. Simulation

In this section, the statistical relationships and sensitivity analysis that are stated in the modeling section have been
investigated using Simlab's sensitivity analysis and simulation software.

Figure 1 shows the effect of the input parameters on the chip removal rate. The results of the Sobel sensitivity analysis
show that pulse duration with 72%, wire speed with 14% and discharge current with 10% had the greatest effect on the chip
removal rate.

Figure 2 quantitatively shows the effect of input parameters on surface roughness, which results are obtained from Sobol
sensitivity analysis. According to Figure 2, it can be concluded that pulse duration with 87%, dielectric rate with 7% and
discharge current with 4% had the greatest effect on surface roughness.

Figure 3 quantitatively shows the effect of input parameters on gap width, which results are obtained from Sobol sensitivity
analysis. According to Figure 3, it can be concluded that pulse duration with 47%, wire speed with 24% and discharge current
with 20% had the greatest effect on the gap width.
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Figure 3. Quantitative comparison of the effect of input parameters on gap width

4. Conclusion

In this paper, using the Sobol sensitivity analysis method, which has high accuracy compared to other sensitivity analysis
methods, for the first time, the effect of six input parameters including discharge current, pulse duration, pulse frequency, wire
speed, Wire tension and dielectric rate have been studied on chipping rate, surface roughness and gap width in the EDM process
with wire. The investigations carried out in this research show that: parameters of pulse duration, wire speed and discharge
current are the most effective parameters on the chip removal rate in the investigated period. The parameters of pulse frequency,
wire tension and dielectric rate have a negligible effect on the chip removal rate. Pulse duration parameters, dielectric rate and
discharge current are the most effective parameters on surface roughness, discharge current parameters, pulse frequency and
wire tension can be considered the least effective parameters on surface roughness. The parameters of pulse duration, wire
speed and discharge current are the most effective parameters on the gap width, the parameters of pulse frequency, wire tension
and dielectric rate can be considered the least effective parameters on the gap width. Pulse duration with 72%, wire speed with
14% and discharge current with 10% have the most effect on the chip removal rate.
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