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ABSTRACT:

In automobile industries, usage of unconventional machining is increased due to their precision and accuracy. This
research work is planned to upgrade the Wire Electric Discharge Machining (WEDM) process parameters by
considering the impact of discharge current, pulse on time, pulse off time and servo speed rate. Tests have been led with
these parameters for the measurement of metal removal rate and surface roughness for each of the trial run. This
information has been used to fit a quadratic numerical model. Predicted information has been used as a graphical
representation for demonstrating the impact of the parameters on chose reactions. Predicted information given by the
models has been utilized as a part of an ideal parametric mix to accomplish the unrealistic yield of the procedure.
Response surface method with grey relational analysis has been utilized for enhancement. The ideal value has been
checked to the predicted value from the confirmation tests.
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Restricted research has been done to create scientific

1. Introduction model for MRR and Ra in W EDM for AA7075-PAC
In automobile industries, un-conventional machining like metal matrix composites. The AA7075-PAC composite
wire electric discharge machining (WEDM), laser is manufactured by stir casting with three compositions

cutting, abrasive jet machining are used now a days due of Al7075-3%PAC, Al7075-6%PAC, and Al7075-9%
to their precision and accuracy. WEDM includes the PAC [8]. From that point, the best composite has been

complex disintegration impact by quick monotonous and chosen for WEDM testing. Researchers have set up the
discrete start releases among the wire apparatus work ~ connection between the parameters through numerical
piece and cathode drenched in a fluid dielectric medium ~ mModel and system of material evacuation rate [9]. In this
[1]. WEDM is utilized as a part of the region of wc.)r.k, AI7075—9%PAQ metal framework composites are
generation of aviation parts such as small scale gas utilized as work piece material. Researchers have
turbine sharp edges used in some electronic components ~ Optimized the after effect of reaction information
[2]. Reference standards for determination of the WEDM through test estimation of expulsion rate and surface
parameters are not much widely accessible for the levels ~ unpleasantness [10]. The information parameters of
to improve the execution attributes based on earlier ~ WEDM process like discharge current, pulse on time,
research work [3]. This work concentrates on the impact pulse off time and servo speed were assessed in this
of various process parameters for the precision and work. Thls work presents scientific model conditions
surface completion of WEDM machining and to get an ~ Zone unit created [11] for MRR and Ra and the resulted
apparatus execution using the response surface method condmons. area unit is used throughout the examination
(RSM) [4-5]. of fluctuation to enhance the WEDM process.
To highlight the importance of the procedure
parameters and diverse machining conditions on material 2. Experimental work

removal rate (MRR) and surface roughness (Ra) of the  The examinations were directed with three controllable
AATO75-PAC (powdered activated carbon) metal matrix — foyr |evel components and 3 levels as appeared in Table
composite, scientific models [6] are produced to relate 1. Twenty seven tests were carried out according to the
the process parameters and execution measures [7]. Box-Behnken style. It demonstrates four reasonable
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elements i.e., discharge current (A), pulse on time (us),
pulse off time (us), and servo speed (RPM) with 3 levels
for each element. The slicing parameters range unit set to
the pre-characterized levels for every one of the
investigations [12]. The material utilized for work piece
was AA7075 with 9%PAC. The WEDM typically
comprises of a machine apparatus, a power supply unit
and flushing unit. Wire goes through the work piece
from higher and lower wire guides. WEDM with a pulse
generator has been utilized for the testing. The
electrolytic copper wire having distance across 0.25mm
has been utilized as a terminal. In every one of the trials,
deionized water has been utilized as the dielectric fluid.
The WEDM setup is shown in Fig. 1. The machined
work pieces are shown in Fig. 2.

Table 1: Variables used in the experiment and their levels of
Aa7075-PAC composites

Parameters ~ Symbol Level 1 Level 2 Level 3 Units
Current 1A 1500 1750 2000 mA
Pulse on Ton 5 10 15 us
Pulse off Toff 25 50 75 Us

Servo speed SS 50 100 150 rpm

2L W06 R

Fig. 2:WEDM machined work pieces

The examination is carried out to focus on the
fundamental impacts and their connections to investigate
the impact of parameters on the exhibitions. In this
review, response surface technique, an intense device for
constrained plan of the performance qualities has been
utilized to decide ideal machining parameters for
improvement of MRR and minimization of Ra in
WEDM. Response surface is a combination of
mathematical and applied technique for displaying, the
relationship between the responses. In light of the
container Behnken outline 27 machining analyses with
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the relegated levels of the procedure parameters are run
to choose RSM plan and the response qualities are
presented in Table 2. In this work the MRR and Ra were
considered for improving the WEDM machining. The
response parameter MRR is ascertained as the weight
diminished by each machining procedure regarding the
machining time. The Ra (in pm) is acquired by
measuring the mean total deviation from the normal
surface level utilizing a PC controlled surface analyzer
of profilometer.

Table 2: Experimental design using Box-Behnken RSM

Eng.' IA Ton Toff SS (m:\n";gin) SR (um)
1 1750 5 50 150 9.54 3.37
2 1750 10 75 50 6.84 4.03
3 1500 10 75 100 8.2 3.79
4 2000 10 50 150 7.99 3.43
5 1750 10 50 100 8.82 3.69
6 1750 10 50 100 8.82 3.69
7 1750 10 25 150 10.8 3.54
8 1500 10 50 150  10.26 371
9 1500 15 50 100 8.45 3.83
10 1750 5 75 100 7.56 3.32
11 2000 15 75 100 9.66 3.72
12 2000 5 75 150 9.6 33
13 1750 15 75 50 8.14 4.01
14 1750 10 25 100 9.36 371
15 1750 15 75 50 7.62 3.11
16 1750 15 50 150 1.1 371
17 1750 10 75 100 8.34 3.63
18 2000 10 25 50 8.04 3.68
19 1750 5 50 100 8.04 3.47
20 1750 5 25 100 8.58 3.43
21 1750 15 25 100  11.62 3.66
22 2000 10 50 100 7.98 353
23 1500 15 50 100 9.57 4.01
24 1500 10 25 100 9.31 3.47
25 1500 10 50 50 6.98 4.05
26 1750 10 50 100 8.82 3.89
27 2000 10 75 100 8.64 3.57

3. Grey relational optimization method

In the grey relational analysis (GRA), MRR and Ra were
initially normalized and so the grey relative constant was
calculated from the normalized experimental knowledge
to specify the connection between the required and
actual experimental knowledge. Then, the grey relative
grade was computed by averaging the grey relative
constant reminiscent of every 2 responses. The general
analysis of the multiple responses relies on the grey
relative grade. Optimization of an element is achieved by
the element that has the level with the very best grey
relative grade. A linear data pre-processing method for
the MRR is the higher the better [13] as given by,

% (K) 00 —=miny, (0
T maxy, () —min y, (k)

@)
Similarly, the normalized data processing for Ra is lower
the better as given by,

Y (K) = MY (0 Y, (K)
S maxy, (k) - min y, (k)

@
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Where i =1, 2, ... m; k=1, 2, ... n; m = no. of
experimental data; n = no. of factors; yi(k) = original
sequence; min y;(k) and max y;(k) are the minimum and
maximum value of y;(k) respectively. The grey relation
coefficient was calculated using,

e (K)= Amin+ oA max
' Ay (K) + oA max

®)

Where ei(k) is the grey relation coefficient. Ay iS
deviation among Yo(k) and vyi(k); Yo(k) is the ideal
sequence; Amax is highest value of Ayi(k); Amin is least
value of Ay(K). The grey relation grades square measure
was determined by taking an average of the grey relation
constant associated with each observation using,

ﬁzﬁuk) (4)

Where Q is total quantity of responses and n denotes the
quantity of output responses. The grey relative grades
represent the comparative sequence. If higher grey
relative grade is obtained for the equivalent set of
process parameters compared to other sets, it is
considered as the most favourable setting. The
normalized values are given in Table 3.

I

Table 3: Grey relational co-efficient and grade of MMR & Ra

Iilxg' Co-egllgsnt of Co-efficient of SR Grade
1 0.469548134 0.36 0.414774067
2 1 0.692307692 0.846153846
3 0.637333333 0.627906977 0.632620155
4 0.799331104 0.551020408 0.675175756
5 0.546910755 0.509433962 0.528172359
6 0.546910755 0.509433962 0.528172359
7 0.376377953 0.397058824 0.386718388
8 0.411359725 0.473684211 0.442521968
9 0.669467787 0.457627119 0.563547453
10 0.768488746 0.45 0.609244373
11 0.458733205 0.574468085 0.516600645
12 0.46407767 0.333333333 0.398705502
13 0.647696477 0.658536585 0.653116531
14 0.486761711 0.473684211 0.480222961
15 0.753943218 1 0.876971609
16 0.359398496 0.529411765 0.44440513
17 0.614395887 0.551020408 0.582708148
18 0.665738162 0.5 0.582869081
19 0.665738162 0.415384615 0.540561388
20 0.578692494 0.391304348 0.484998421
21 0.333333333 0.482142857 0.407738095
22 0.532293987 0.457627119 0.494960553
23 0.466796875 0.75 0.608398437
24 0.491769547 0.519230769 0.505500158
25 0.829861111 0.72972973 0.77979542
26 0.546910755 0.509433962 0.528172359
27 0.570405728 0.490909091 0.530657409

Analysis of variances (ANOVA) is a method of
computation used to compare the means of the variables
but it might become unreliable in case of more than two
samples [14]. Here two responses compared, and then
the independent samples will give the same results as the
ANOVA. ANOVA has been performed and the P-value
for every model in, mentioned tables is a smaller amount
than 0.05, indicating that for a confidence level of
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92.5%. The simulation models are statistically vital and
terms within the model have considerable impact on the
responses. The final response equation for the Grade is
obtained as follows,

Grade(WEDM ) = 0.5623+0.276 A1—0.0009 A2
—0.0266 A3-0.0100B1+0.0193B2
—0.0093B3-0.0749C1+0.0220C2
+0.0528C3+0.1568D1-0.1130D3

Where A represents discharge current, B represents pulse
on time, C represents pulse off time and D represents
servo speed. ANOVA is performed to predict the MRR
and Ra responses. The average grey relational grade
value for every level of the input is given in Table 4.

®)

Table 4: Analysis of variance for grade

Source DF® SeqSS® AdjSS? AdjMS® F P %
IA- 2 0014 0.007 0003 06 052 35
Ton 2 0054 0005 0002 04 065 13.
Toff 2 0041 0057 0028 50 001 10
SS 2 0284 0172 008 15 0 68
Error 18 0.021 0.010  0.005
Total 26 0.416

The significant process parameters are determined
by ANOVA analysis. Minitab17.0 statistical software is
used to analyze the significance of machining
parameters. ANOVA is calculated using grey relational
grade for analysing the importance of process
parameters. The normalized data values are shown in
Fig. 3. These have been calculated by taking the average
for each level group in all the levels of process
parameters. Since it denotes the level of correlation
between the reference sequence and obtained sequence,
higher the value of average grey grade indicates stronger
correlation between them. It represents the best level of
method parameters is A1B3C3D1, which implies that the
experiment gives most influencing parameters based on
their responses. Fig. 4 shows the main effect plot of grey
relation grade. From ANOVA, it is clear that the servo
speed (68%), followed by pulse on time (13%) then
pulse off time (10%) and discharge current (4%),
influences the most in determining the quality of the
MRR and Ra. ANOVA table shows that the results are
closely related with grey relational analysis. The
outcomes of ANOVA for grade are given in Table 5.

Residual Plots for Grade

Normal Probability Plot Versus Fits
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Fig. 3: Residual plot for grade
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Main Effects Plot for Grade
Data Means

1A Ton Toff 55

Mean
e

1500 1750 2000 5 10 15 25 50 75 50 100 150

Fig. 4: Main effect plot of grey relation grade

Table 5: Response table for grey relation grade

Symbol Parameter level 1 level 2 level 3 Main effect Rank

A 1A 0.588 0.554 0.353 0.2354 2
B Ton 0.489 0.568 0.581 0.0918 4
Cc Toff 0.474 0.545 0.627 0.1527 3
D SS 0.747 0.533 0.460 0.2873 1

4. Conformation check

When distinguishing the input parameters, the ultimate
section is to verify the MRR and Ra by conducting the
confirmation  experiments. The best combination
throughout WEDM method via the GRA being
A1B3C3D1 was treated as confirmation check. From the
confirmation test, the worth characteristics MRR and Ra
for WEDM of AA7075-PAC composites were found to
be the good as confirmed by experimental trials.

5. Conclusion

A relevance of mutual response surface and grey
relational analysis towards developing the multi response
characteristics of MRR and Ra in the WEDM of
AAT7075-PAC composites has been demonstrated in this
work. The optimal process parameters based on GRA for
the WEDM were found to be discharge current 1750A,
pulse on time 5us, pulse off time 50us and servo speed
100rpm. While applying the grey response method,
MRR shows an increased value and Ra becomes low.
Thus, it can be concluded that the GRA combined with
RSM s suitable for the parametric optimization of the
WEDM of aluminium metal matrix composites.
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