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Abstract This paper determines the optimum process parameters of the
non-conventional electrical discharge machining. The performance of the EDM
machine depends upon the process parameter used. In this analysis, weight per-
centage, pulse current (I,,), discharge voltage (V), and pulse duration (7,,) are used
as process parameters. The optimized output parameters are MRR, TWR, surface
roughness, and radial overcut. By using face-centered composite design, nine trials
were conducted on the workpiece which is made up of Al7075/SiC/WS2 hybrid
composite. The trial results obtained were used in decision-making method corre-
lation coefficient and standard deviation (CCSD) integrated approach. These results
give useful information on how to control the machining parameters and accuracy
of the components produced from EDM. Decision-making method used is simple,
and results obtained are confirmed by conducting confirmation experiments.

Keywords Electrical discharge machining (EDM) - Material removal rate
(MRR) - Tool wear rate (TWR) - Correlation coefficient and standard deviation
(CCSD)

28.1 Introduction

In this article, investigation has been done on the effect of EDM parameters on
machining characteristics of EDM machine for A17075/SiC/WS, hybrid composite
and the Multi-criteria decision-making (MCDM) method, Correlation coefficient
and standard deviation (CCSD) integrated approach used for determining the
weights of attributes. CCSD can be used in a multi-objective problem in various
fields. EDM is a non-conventional manufacturing process, which is widely used to
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make more precise, accurate, and attractive components in modern manufacturing
industries. In this study, the main focus was to increase material removal rate and
minimize surface roughness, tool wear rate, and radial overcut for composite. The
Al7075/SiC/WS, hybrid composite has been selected to analyze this optimization
method. The various EDM input parameters such as discharge voltage (V), dis-
charge current (1), pulse-on time (7,,), and wt% of reinforcement materials have
applied to machining of a composite. The machining of particulate metal matrix
composites presents a significant challenge since a number of reinforcement
materials are significantly harder than the commonly used high-speed steel
(HSS) and carbide tools. The reinforcement phase causes rapid abrasive tool wear,
and therefore, the widespread usage of particulate metal matrix composites is sig-
nificantly impeded by their poor machinability and high machining costs. Although
often categorized as difficult to machine, MMCs are actually readily machinable.
They form short cutting chips and require moderate cutting forces, and the range of
machining parameters at which they can be machined is quite wide. However,
MMCs are highly abrasive, and tools can wear rapidly.

To avoid these problems, EDM was used due to its non-contact machining
characteristic. More optimum machining parameters in EDM machine are opti-
mized to get a desirable magnitude of EDM responses on particulate metal matrix
composites.

Even many attempts have been made by the experimenters for the enhancement
of the MRR and improvement in accuracy, but association of CCSD method for
obtaining optimal setting on EDM of Al7075/SiC/WS, hybrid composite has never
been attempted; thus, in this research, the aforesaid unique combination has been
attempted.

28.2 Literature Review

A significant number of research papers are reviewed to know the approach of
yielding optimal EDM performance measures of high MRR, low TWR, and
acceptable ROC. This section provides a study of each of the performance measures
and the scheme for their enhancement. Roy et al. [1] used dielectric fluid mixed
with Al powder and conducted experiment in EDM machine, and to analyze the
experimental results, response surface methodology (RSM) is used. The input
process parameters used are pulse current, pulse-on time, and concentration of Al
powder on kerosene dielectric and found that due to increase in Al powder on
dielectric fluid reduced the MRR and increases surface finish. Pradhan and Biswas
[2] have implemented successfully by employing RSM and investigated the indi-
vidual effect of the input parameters on the responses like MRR and surface
roughness (R,). Further, Pradhan and Biswas [3] have explored the effects of I, Top,
duty cycle (T,,), and V on various response parameters using two neuro-fuzzy and
one neural network model. Mandal et al. [4] used an artificial neural network model
and multi-objective optimization approach for obtaining the best process parametric
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combinations for a better productivity and fine surface finish. Dvivedi et al. [S] used
Al6063 SiCp metal matrix composite to check machineability in EDM. They
investigated the optimum value of MRR and TWR by considering the input vari-
ables Top, Tofr, and I,. Kanagarajan et al. [6] had investigated the EDM performance
of tungsten carbide/cobalt cemented carbide by considering the input parameters
such as electrode rotation, I, T,p, and flushing pressure. Jaharah et al. [7] found that
on machining of tool steel on EDM, MRR increases and TWR decreases with
increase in the I, and T,,. Dhar et al. [8, 9] used Al-4Cu-6Si alloy—10 wt% SiCp
composites on EDM machine—to find the effect of I, T;,,, and V on MRR, TWR,
and gap on EDM. To develop the relationship between the machining parameters
used a second-order nonlinear mathematical model and found that MRR, TWR, and
gap on EDM increase with increase in I, and T,

In past, substantial efforts are carried out to increase output parameters such as
MRR, TWR, and accuracy of EDM process. The important issue is to pick the
process parameters such as I, Ty, Top, V, flushing pressure, dielectric fluid, and
polarity in such a way that increases MRR and accuracy, and simultaneously ROC,
TWR, and surface roughness should diminish.

28.3 Description of the Experiments

The experiments were conducted under various parameter settings of discharge
current, pulse-on time, and discharge voltage. The Minitab 18 software was used
for Taguchi’s method to modeling alternatives and attributes of EDM parameters.
Finally, the soft computing techniques were employed for modeling of MRR,
TWR, radial overcut, and R,.

Calculate the responses of EDM machine

MRR <m1.113> _ WeightLr(r)lss (gm) x 60
min /" Density of Sample (1) x Machining Time (s)
Weight L 60
TWR(mmS/min) = : eight Loss(gm) x ) |
Density of Tool(gm/mm?) x Machining Time (s)
D, —-D
Radial Over Cut (ROC) = %

where D, = right side reading on digital micrometer and D = left side reading on
digital micrometer. The Toolmaker microscope was used to calculate ROC. The
digital surface roughness meter is used to calculate surface roughness of surface of
cavity on composite surface generated by EDM machine (Table 28.1), where 0.75,
1, and 1.5 represent the wt% of WS, in composite with constant 10 wt% of SiC
(Fig. 28.1).
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Table 28.1 Experimental results

Run | Wt I, Ton V (V) |MRR TWR ROC R,
%) (A |@s) (mm*min) | (mm*/min) | (um) (wm)
1 0.75 8 75 50 38.144 0.146 5.646 7.100
2 0.75 10 100 60 17.764 0.091 5.706 11.328
3 0.75 12 150 70 56.070 0.119 5.678 12.510
4 1 8 100 70 18.332 0.292 5.693 8.041
5 1 10 150 50 19.132 0.378 5.626 10.381
6 1 12 75 60 39.220 0.363 5.637 8.844
7 1.5 8 150 60 18.033 0.231 5.625 10.323
8 1.5 10 75 70 18.287 0.047 5.678 7.120
9 1.5 12 100 50 39.716 0.102 5.581 9.723

Fig. 28.1 Samples machined on EDM machine

28.4 Analysis Method

Wang et al. [10] used CCSD multi-criteria decision making method. Suppose there
are n decision alternatives A;, ..., A, to be evaluated in terms of m attributes
01,03, ...,0y, it forms a decision matrix which can be represented as X = (x;)
n X m where x;; is the performance value of A; with respect to O;. The m attributes
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can be categorized into two groups: beneficial and non-beneficial. The beneficial
attributes are those whose values are always larger the better. The non-beneficial
attributes are those whose values are smaller the better. Due to the attributes in
different units, the decision matrix X = (x;)n X m needs to be normalized to
eliminate its dimensional units. The commonly used normalization method is:

for beneficial attributes

x;; — amin
[
Zj = rTa— (28.1)
j J
for non-beneficial attributes
X — xi
ij
z = S 4 (28.2)
ymax _ ymin
j J

z; Normalized value of output parameter.

Now remove attribute O; one by one from the set of attributes one at a time, and
see its impact on decision making. When O; is removed, the overall assessment
value of each alternative can be calculated as

m
d,'j: E ZikWk i:l,Z,...,n
k=1.k#j

The correlation coefficient between the attributes and the score values can be
expressed as

i1 (@ —p) (dy — q)

J
Ry = " 2 2
i (zg —py) (dy — a5)

where
1< 1<
pj:Z;Zih CIj:;;dij

The attribute given more weightage which have bigger standard deviation value
and smaller weightage which have lower standard deviation value in comparison.
From the above calculations, the weights of attributes can be determined as

O'j I—Rj

_ONVITN iy n 28.3
>0/ =R ’ (283)

Wj =
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R; Correlation coefficient between the values of O;.

o; Standard deviation of the values of O;

The score of each decision alternative can be determined by

dy = zyw; i=12,...n (28.4)
j=1

28.5 Results and Discussion

To get the optimum result of the machining parameters and to reduce the manu-
facturing cost of composite product, the CCSD method was used to optimization of
EDM parameters for machining of hybrid composite (A17075 + SiC + WS2) and
find the rank of alternatives. According to the CCSD integrated approach, the
weight of the attributes is 0.2528, 0.2518, 0.2118, and 0.2737 for the attribute
MRR, TWR, ROC, and R,, respectively, which was calculated by using Eq. (28.3).

The overall assessment value of each decision alternative can be computed by

m
di: E ZijWj, i:l,Z,...,n
j=1

From Table 28.2, values shown are normalized value which was calculated by
using Eq. (28.1) for beneficial and Eq. (28.2) for non-beneficial attribute, and score
was calculated by using above Eq. (28.4) (Fig. 28.2).

From the above graph, alternative 9 has highest score, so it is best suitable
alternative according to MCDM. EDM of hybrid composite A17075/SiC/WS2 with
input value of alternative 9 gives optimum value of output parameters.

Table 28.2 Overall score assessment and ranking

Alternatives | MRR (mm®/ TWR (mm?/ ROC R, Score Rank
min) min) (mm) (pum)
1 0.5320 0.7013 0.4784 1 0.6913 |2
2 0 0.8680 0 0.2184 | 0.287 8
3 1 0.7819 0.2192 0 0.5009 |4
4 0.0148 0.2593 0.1 0.8260 [0.3171 |7
5 0.0357 0 0.6384 0.3935 02553 |9
6 0.5601 0.0469 0.5528 0.6776 | 04555 |5
7 0.0070 0.4454 0.6464 04042 03698 |6
8 0.0136 1 0.2192 0.9963 |0.5835 |3
9 0.5730 0.8346 1 0.515 07197 |1
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.6 Conclusion

This study proposes optimization of the EDM input process parameters. CCSD
method shows that the alternative 9 is the best alternative. The optimal condition
out of the given alternatives determined by the CCSD methods is as follows: pulse
current 12 A, pulse-on time 100 ps, weight percentage 1.5, and discharge voltage
100 V. These results will help in reducing the machining cost, error, and time
consumption in the machining process and also enhance the surface quality and
efficiency. This study gives the optimum input process parameter of EDM to
achieve desired MRR, TWR, surface roughness, and radial overcut, in the die
sinking of A17075/SiC/WS2 hybrid composite.
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