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KEYWORDS ABSTRACT

Sensitivity Analysis, Wire electric discharge machining is one of the newest, most popular and most accurate
Wire electric discharge non-traditional machining processes, which is being studied. The advantages of this
machining, process include precision machining of parts with different hardness or complex shapes.
Cutting Speed, Due to the increasing applications of this type of machining and since increasing the
Dimensional deviation. cutting speed and reducing the dimensional deviation in this process are very important,

the selection of optimal cutting parameters has an important role to achieve high cutting
speed and low dimensional deviation. Improper selection of parameters leads to
limitations in output parameters and ultimately reduces productivity; Therefore, in this
study, using Sobol statistical sensitivity analysis method, which has the advantage of high
accuracy over other methods and extracting a small amount of parameter effect, to
investigate the effect of various input parameters, including pulse-on time, pulse-off time,
servo gap voltage, peak current and wire tension on the two output parameters of cutting
speed and dimensional deviation are discussed. The results obtained from the sensitivity
analysis of the expression are that the parameters of the pulse off time and pulse on time
are the most effective parameters on the cutting speed with 39% and 37%, respectively,
and the servo gap voltage parameters and the pulse on time are the most effective
parameters on the dimensional deviation with 59% and 31%, respectively.

Extended Abstract

1. Introduction

conductive materials with the help of a moving electrode. This method uses a series of discrete sparks between the

workpiece and the tool (electrode) floating in a liquid dielectric medium to separate the material from the workpiece.
Also, this process is used for precise machining of parts with different hardness or complex shapes that are impossible or
difficult with traditional machining methods and have sharp edges. The electrodes used in this method are copper, brass or
tungsten wires. The diameter of these wires varies from 0.05 to 0.3 mm, and the distance between the tool and the workpiece
varies from 0.025 to 0.05 mm [1]. The WEDM process is widely used in the aerospace and automotive industries. This process
is not affected by the hardness of the material and does not experience any force. It also has the ability to achieve high accuracy
[2]. The purpose of using WEDM is to achieve higher machining productivity with precision and better surface finish. The
outputs of flat process are influenced by variables such as pulse on time, pulse off time, wire tension, servo gap voltage, peak
current and peak current. The many variables and the complex and stochastic nature of this process mean that achieving optimal
performance is rarely possible, even for a highly skilled operator. For this reason, the optimization of this process is of great
importance [3]. In the past, extensive research has been done in order to study the effect of different parameters on the outputs
of the WEDM process using different problem solving methods. Banerjee et al. have studied the effect of repeated breaking of
the electrode wire on the cutting speed and surface accuracy of the workpiece. According to their observations, frequent wire
breakage is one of the most important production limitations in the electrical discharge machining process. This phenomenon
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limits the cutting speed and increases the machining time. It also has a negative effect on the cutting accuracy of the workpiece
surface. Thermal load, wire vibration and damage caused by short circuit are the most important factors of wire breakage. In
their research, a simple computational model has been prepared that reports temperature values to measure the effect of
parameters such as input power, pulse on time, speed and wire diameter [4]. Ramakrishnan and Karunamoorthy have
investigated the effect of machining parameters of WEDM process including timely pulse, wire tension, delay time and
intensity of combustion current on material removal rate, surface roughness and wire wear ratio. The experiment was designed
using the Taguchi method [5]. Erden and Bilgin first studied the effect of copper-aluminum and iron-carbon abrasive powder
mixed in dielectric fluid in EDM process. They have also suggested that the machining speed increases with the increase in the
concentration of the abrasive powder mixture in the dielectric fluid due to the reduction of the time delay [6]. Jeswani suggested
that by using a mixture of white oil with 4 grams of graphite powder as a dielectric fluid in the EDM process, the material
removal rate is improved by about 60% and the electrode wear ratio can be reduced by about 15% [7]. Spedding and Wang
have optimized process parameter settings using artificial neural network modeling to describe workpiece surfaces in the
WEDM process. They have obtained the optimal combination of parameters such as pulse width, time between two pulses,
wire tension and wire feeding space for maximum cutting speed, maintaining surface roughness within desired limits [8]. Sarkar
et al have used incremental model in modeling their research. Based on the developed model, the effect of different input
parameters on machining criteria was investigated. Also, they have observed that the surface roughness and dimensional
deviation are independent of the pulse off time. This is very important because under specific machining conditions, the pulse
off time can be changed based on the need to achieve optimal stability and accuracy without significantly affecting the
dimensional accuracy and surface finish. The workpiece used in this research is made of aluminum-titanium alloy [9].

2. Modeling and formulation

In this section, electrical discharge machining with wire has been briefly discussed. also, the sensitivity analysis and its
various methods based on the model form includes the graphic, mathematical and statistical method, and then, due to the need
to investigate the interaction between different inputs, the statistical sensitivity analysis method has been chosen to analyze and
analyze the effect of different parameters.

According to the results obtained from reference [13], the model of cutting speed and dimensional deviation will be coded
according to machining input variables in the form of equation 1 and 2:

CuttingSpeed = —71.66013 + 1.02336 X Ty, + 0.50630 X Ty — 0.056081 X SV — 0.063556 X IP + 1.45932
X WT — 3.26923E — 003 x T2, — 1.26374E — 003 x TZ;; — 3.31731E — 004 x SV
— 4.01786E — 003 X Tp X Toff + 5.34722E — 004 X Ty X IP — 0.013229 X Ty X WT ©)
+9.73214E — 004 X Top X SV — 1.91964E — 003 X Torp X WT + 6.87500E — 005 x SV
X [P + 2.03125E — 003 X SV X WT + 3.02083E — 004 X [P X WT

DimensionalDeviation
= 28.19385 — 0.51293 X T,,;, — 2.45833E — 003 X Ty + 0.053585 X SV + 0.029653 x IP @)
+ 0.015521 X WT + 2.44544E — 003 x T2, + 3.20089E — 004 X SV 2 — 8.06250E — 004
X Top X SV — 2.68750E — 004 X T,,, X IP

1.1. Sensitivity analysis methods

The Sobel method is a precise method of statistical sensitivity analysis and compared to other statistical methods, including
the E-fast method, it has been considered in this article due to its higher accuracy.
In this method for the model defined by the function Y = F(X) that Y is the output of the model and X; (X, X», ..., X,,) is the
vector of input parameters and the output variance of the model (V) is the sum of the variances of each term analyzed in the
form of equation 3:

n n
V) =D Vit ) VgtV ®
i=1

isjsn
where in V; First order effect for each input factor x;(V; = VIE(Y | x)] and (V;; = V[E(Y | x;,%;)] — Vi — V;)V;; until
theVy 2, They show the interaction between n factors.
The sensitivity indices are obtained as the ratio of the variance of each order to the total variance (S; =% first-order
sensitivity index, S;; = % second-order sensitivity index and . . .)

The overall sensitivity index or the overall effect of each parameter is obtained as the sum of all orders of the sensitivity
index for that parameter in the form of equation 4:

STL'=SL'+Z SU+ (4)

i#j

1.2.  General flowchart of the sensitivity analysis process

Figure 1 shows the general flowchart of the sensitivity analysis process. After selecting the input parameters, the range of
changes of these parameters should be selected.

Y oyl /Y 0,90 [VF+ JLN/WQ.bgwM ->|5.n Sl
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Figure 1 General flowchart of sensitivity analysis

3. Sensitivity analysis of parameters

In Figure 2, a quantitative comparison has been made between the percentage of the effect of different input factors on the
cutting speed of the WEDM process. According to Figure 2, parameters of pulse off time with 39% and pulse on time with
37% influence have the greatest effect on cutting speed. Also, according to the results of Figure 2, it can be seen that after the
parameters of the pulse on and off time, the servo gap voltage will be the third parameter affecting the cutting speed with a
14% effect. The results of Figure 2 also show the insignificant effect of wire tension and peak current parameters (each 5%
effect) on cutting speed.

According to Figure 3, the parameters of servo gap voltage with 59% and pulse on time with 31% influence have the
greatest effect on dimensional deviation. Servo gap voltage parameters with 59% and pulse on time with 31% effect have the
most effect on dimensional deviation. Also, according to the results of Figure 3, it can be seen that after the parameters of servo
gap voltage and pulse on time, the peak current with 6% influence as the third parameter, will have a relatively acceptable
effect on the cutting speed. The results of Figure 3 also show the insignificant effect of wire tension parameters and pulse off
time with 3% and 1% effect respectively on the cutting speed and these two can be called as insensitive parameters.

Mechanics of Advanced and Smart Materials Journal 2(3) (2022) ... —...
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Figure 2. Effect of different input parameters on cutting speed

4. Summary and Conclusion

The investigations carried out in this research show that:
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Figure 3. Effect of different input parameters on dimensional

The pulse off time and pulse on time parameters are the most effective parameters on the cutting speed in the investigated

range. The contribution of these two parameters are 39% and 37%, respectively. Servo gap voltage parameter with 14% impact
has been seen as the second influencing parameter on cutting speed. The parameters of wire tension and peak current each have
a negligible effect on the cutting speed with 5%. Servo gap voltage parameters and pulse on time are the most effective
parameters on dimensional deviation in the investigated range. The contribution of these two parameters are 59% and 31%,
respectively. The parameters of wire tension, peak current and pulse off time can be considered as the least effective parameters

on dimensional deviation.
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X SV X WT + 3.02083E — 004 x IP X WT

DimensionalDeviation
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xSV = WT +3.02083E - 004x [PxWT

Yes

DimensiondDeviations 28 19385051293 T~ 2.45833E -~ 003x 7
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