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ABSTRACT: In this experimental work the EDM cutting variables i.e. diameter, peak current pulse on time and pulse
off time are considered. The experiment was performed using the Taguchi (L9) method. The results obtained after the
completion of the experiment show that the surface roughness of the Ti-6Al-4V alloy is highly affected by the diameter
of the tool and the time pulse. Optimization of the improved material removal rate and surface finish of titanium alloys
was performed with the multi-reaction optimization tool entropy-integrated-VIKOR method.In order to approve the
review, confirmation analysis has been done on the ideal arrangement of the limitation’s findings.
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I. INTRODUCTION

Large scale manufacturing reduces the cost of manufacturing. Where accuracy is of paramount importance,

EDM delivers impressive results in this area that meets the greatest efficiency with the least cost [1]. The surface
honing of machined parts significantly affects their utilitarian performance [2]. As well as with the quality of the object
[3] or with being developed again. While titanium alloys are difficult to fabricate using routine strategies, along these
lines, non-traditional machining is often chosen in many applications. Electrical Discharge Machining (EDM) is one of
those non-traditional machining often used to fabricate titanium compounds with their distinct advantages and
disadvantages. EDM is a high-level method for metal removal in the light of the thermal hypothesis. Material clearance
depends on the interpretation of electrical energy in thermal power through an arrangement of discrete electrical
discharges between terminals created in thermal power by means of a liquid dielectric [4,5]. A small pause on the
machined surface increases with the pulse of time. The system of short pauses diminishes with a drop-in pulse off time
[6]. The test was performed on Ti6Al4V alloy using electro discharge machining as a surface treatment process for bio
clinical use. EDM offers more prominent surface durability with a relatively higher peak current and better surface
working carbon [7]. The surface roughness in EDM machining increases with increasing pulse over time and decreases
to the top flow with an expansion in the stream tension of the dielectric liquid [8]. Multivariate advancement was led
using the Grey-relational Taguchi system [9].
In this assessment, GRCs are assessed by generalized characteristics to represent relationships between different
outcomes. [10]. Until then the overall gray relational grade is determined by the average of the GRCs prioritizing the
optimal response. In requesting basic considerations using minimum assets, GRA is particularly prominent for pursuing
various strategy factors. Various outcomes can be avoided by setting ideal limits for a particular outcome. With these
sentences a multi-target movement should be done to create an ideal boundary condition. In the Gray related
investigation, the research assessment of the thinking quality part is standardized within a degree of zero to one. It was
identified as "GRG". Then find "loose social coefficient". [11]. Overall performance should be governed by the
determination of the trademark "GRG". Thus, a multiple process improvement is adapted for a specific purpose object
as advised by S Tripathi et al. [10, 12].

Researchers coordinated the investigations using Taguchi Ly balanced show with different factor and level. The
process parameters were dia. meters, peak current, pulse on time and pulse off time to measure the effect of response
parameters material removal rate and surface roughness (MRR and SR).this research paper is divided in 4 section start
with introduction, in the rest of the paper, materials and method followed by results and discussing, and the conclusion.

II. MATERIAL AND METHOD

In this work Ti-6Al-4V Alloy was precured from the market in the form of circular plate as shown in the Fig.1(a, c).
Taguchi Loorthogonal array used to design the experiment, the experiment considers four factors with three respected
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levels as shown in the Table 1. Taguchi experimental runs (Total 9) are shown in the Table 2 in coded form. All the
others parameters i e. dielectric fluid, voltage, tool electrode materials (Copper) etc. are consider as constant. Before
going to conduct the experiment, the workpiece was cleaned with the acetoin to remove the oxide on the surface, and
the similar process for tool electrode material.

Table 1. Independent process parameters and their respected levels.

Level Process Parameter
D Ip Ton Toff
Units mm A us us
1 3 20 150 15
2 5 40 250 30
3 7 60 350 45

_grk.iiné Table Elé't?!_f‘r%ée_ﬁpo' ho ‘(

AT T B

&=, A‘\“ ¢ EDMed Hole
T5

Work piece a

workbench, (c) final machined workpiece.

2.1 Measurement of response
2.1.1 Material removal rate (MRR)
The difference in weight of the workpiece to processing time and density of the material is called material removal rate
(MRR) it is given by Equation 1.
; aw

Material Removal Rate = oxt (D)
Where AW is the weight difference in mm*/min. and ‘t’ is the machining time in minutes, and p is density of the work
piece.

2.1.2 Surface roughness (R,)

It is the measure of smoothness of the surface. Smoothness of the work piece is measure by surface roughness tester.
Minimum value of surface roughness shows that the surface has higher degree of smoothness. It was denoted by R,,
and measured in um. Surface roughness was estimated by Mitutoyo Surface Roughness Tester SJ —410.

2.2 Entropy integrated VIKOR method

In the multi-criteria-decision-method (MCDM), the weight of criteria is selected by higher management.It is
one of the most difficult tasks for the managers. It changes with the personal opinion of the managers. Biased decisions
may be the cause of the organization's economic losses, so the subjective weights determined from the criterion
measure has been suggested [13, 14]. The basic steps to calculate entropy weight is as
Step.1 In the First step desired Decision matrix D is formed by m experimental runs and n response parameters.
Decision matrix i.e. D [Ri(k)]Jm x n where ‘D’ is the Decision matrix and Ri(k) is the k™ response of the i™
experimental run. D [Ri*(k)]m X n is the normalized decision matrix.
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Step 2.After normalization find T;(k) using Equation 2.

R; (k)

Ti(k) = s @
Step 3.Entropy index E (k) is explored for k™ response by the following Equation 3.
1
E k) =- (ZM Ty X InTy) (3)

(InM)

Step 4.Entropy weight (wy) for each k™ response is calculated by Equation 4.

1-E(K)

W) = S 3Nem

“)

In a complex decision-making situation, decision-makers use a tool MCDM to achieve optimal response. In
1982, Zeleny introduced a technique named VIKOR (VlseKriterijumskaOptimizacijaKompromisnoResenje)[15].
VIKOR and TOPSIS method are worked on the relative closeness distance from an ideal point and, non-ideal point. In
the case of conflicting criteria. VIKOR gives compromises solution to find the optimal solution in the form of VIKOR
index. Weight of the criteria was calculated by the entropy method. The basic steps to find VIKOR index from
Entropy-integrated-Grey-VIKOR is as presented in steps 1-5.
Step 1. Formation of Decision matrix
The normalization of decision matrix Xwas done as suggested by the Kumar et al. [14]. The normalized matrix X is
given by Equation 5.

X = [Xi"(k)]mxn ®)

Where Xi*(k)is the normalized value for i"experiment and k"response
Step 2. Determination of positive ideal solution and negative-ideal solutions for decision matrix X is as positive ideal
solutions (best) X+ (Equation 6),and the negative ideal (Worst) solution given by X~ (Equation 7).

X*=[(Max X;(K)/ k € K) or (Min X;(k)/k € K")] (6)
X~=[Min X;(k)/ k€ K) or (Max X;(k)/ ke K")] 7
where
K = (k = 1,2.....n), if response is maximum.K' = (k = 1,2.....n),if response is minimum.

Step 3 Calculation of Utility measure and Regret measure.
The weight of the criteria is calculated by the entropy method. These criteria weight used to calculate Utility
measure and Regret measure.
_ yn X (0 -Xi(k)
Si = Xk=1Wk X [m (®)
If the criteria measure required maximum, Equation 8 is applicable but in the case of minimization criteria measure, it
is changed by Equation 9.

— yn Xi(®)-X; (k)

Si = Zi=a Wi X [Xi* (0)-X; (k) ©)

Regret measure Re; is calculated using Equation 10.
_ X{ (0)-X (k)

Re; = max {Wk X [xi’f(k)—xi— © (10)

Step 4.Measure of VIKOR index (Q;) using Equation 11.
(Si=Si—min) (Rej—Rej_min)
i= Vvl )+ Q- | 11
Ql ((Si—max_si—min)) ( ) ((Rei—max_Rei—min)> ( )

Where
Si _max= minimum value of §;, andS;_,,;, = maximum value of S;.
Re;_max= minimum value of Re;, Re;_,i,= maximum value of Re;.
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The Value of v is lies between 0 to 1. It depends upon maximum group utility and minimum regret measure. Value of v
depended on decision-makers ' decisions based on specific requirements. Its value is unity for maximum group utility
and zero for minimum regret. Mostly v is taken as 0.5.

III. RESULTS AND DISCUSSION

3.1 Analysis of response parameters
In this work,researchers coordinated the investigations using Taguchi Ly balanced show with four factors with
threelevel. In this paper, discussion is carried about the effects or influence of machining parameter, i.e. diameters (D)
pulse-on-time (T,,), Current (A), Voltage (V,) on material removal rate (MRR) and surface roughness (SR). MRR was
calculated by the Equation 1 and given in Table 2, along with SR [16, 17].

Table 2. Taguchi Ly orthogonal array with the response parameters.

Experiment Factor Assign MRR SR
Number D (mm) I, (A) Ton (US) Toir (US) (mm’/min.) pm
1 1 1 1 1 0.026 1.53

2 1 2 2 2 0.061 2.35

3 1 3 3 3 0.119 2.59

4 2 1 2 3 0.034 2.65

5 2 2 3 1 0.025 2.71

6 2 3 1 2 0.010 2.45

7 3 1 3 2 0.180 3.70

8 3 2 1 3 0.040 2.99

9 3 3 2 1 0.065 3.43

Main Effects Plot for Means

Data Means
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Figure 2.Mean effect plot for material removal rate.

The Fig. 2 shows the effect of machining parameters on the MRR. On increase in the diameter first MRR decrease and
then increase, and maximum MRR was found on factor level 3 corresponding (dia.7mm). similar patter was found for
the peak current, and maximum MRR was on the level 1(20 A). On increase in T,,, value of MRR increases, and
maximum at level 3 (350us). On increase in T, duration of large energy discharge increases which melts large amount
of metals from the work peace surface. The effect of T gives that from factor level 1 to 2, initial the MRR increase
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and then decrease, it is because on increase in off time, flushing of debris particle improve so MRR increase but beyond
a limit it again decreases due to decrease in duty cycle.

Main Effects Plot for Means

Data Means
D (mm) Ip (A) Ton (ps) Toff (us)
34
3.2
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2.4

Mean of Means
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1 2 3 1 2 3 1 2 3 1 2 3

Figure 3.Mean effect plot for surface roughness.

The Fig.3 shows the effect of machining parameters on the SR. minimum value of SR is desire in the experimentation.
On increase in the diameter SR value increases, and minimum SR was found on factor level 1 corresponding (dia.3mm).
On increase in peak current discharge energy increase the value of SR, and minimum SR was on the level 1(20 A). On
increase in T,,, value of SR increases, and minimum at level 1 (150us). On increase in T,, duration of large energy
discharge increases so this discharge energy create large crater on the surface, increases the value of SR. The effect of
Toir gives that from factor level 1 to 2, initial the SR value increase and then decrease a little bit, it is because on
increase in off time, flushing of debris particle improved so SR value decreases. Minimum value of SR was found on
level 1 (45 us).

3.2 Multi- response optimization using Entropy integrated VIKOR method

Basic steps of Entropy integrated VIKOR method was discussed in previous section, initially the subjected weight was
calculated by the Entropy method (Eq. 2-4) after that these were utilised in the VIKOR method. This integration
reduces the vagueness of the decision makers in the decision. In this work two conflicting criteria (MRR and SR) was
optimize using this technique. Weight calculated by the Entropy method was 0.95 and 0.05 for MRR and SR
respectively. Entropy weight then utilized in VIKOR method, Table 3 shows regret measure and utility measure with
VIKOR index (Q;). Minimum value of VIKOR index gives the best possible compromised solution.

Table 3. Result obtained by Entropy integrated VIKOR method with ranks.

Response parameters Normalized Utility Regret VIKOR Entropy
) matrix(D) measure measure index integrated

2 Si Rei Qi VIKOR
A, MRR SR MRR SR Ranks
s (mm*/min) (um)

1 0.026 1.53 0.094 1.000 0.861 0.861 0.893 7

2 0.061 2.35 0.300 0.622 0.684 0.665 0.694 3

3 0.119 2.59 0.641 0.512 0.365 0.341 0.351 2

4 0.034 2.65 0.141 0.484 0.842 0.816 0.859 6

5 0.025 2.71 0.088 0.456 0.893 0.866 0.914 8

6 0.010 2.45 0.000 0.576 0.971 0.950 1.000 9
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7 0.180 3.70 1.000 0.000 0.050 0.000 0.000 1
8 0.040 2.99 0.176 0.327 0.816 0.782 0.828 5
9 0.065 3.43 0.324 0.124 0.791 0.643 0.741 4

The experiment which have minimum value of VIKOR index have highest ranks. A plot for VIKOR index with
experiment no. was shown in the Fig.4. From the plot, experimentation no. 7 was found most suitable, so it was given
to highest rank 1. It means that process parameters corresponding to experiment no 7 was best process perimeters for
maximum MRR and minimum SR.

Entropy integrated VIKOR index

1.200
1.000
0.800

0.600

VIKOR index

0.400
0.200

0.000
1 2 3 4 5 6 7 8 9

Exp.No.

Figure 4. Plot for VIKOR index with Exp. Number.
A confirmation test was performed on best process parameters suggested by the Entropy integrated VIKOR index (D-
7mm, L;- 20A, Toy- 350us, T 30us). The error between experimental result and confirmation test result is 5.56 and 8 %

for MRR and SR respectively (Table 4).

Table 4. Confirmation tests performed on optimal process parameters.

Sr. No. Optimal Machining Parameters
D I, Ton Tote MRR SR
mm A us us mm’/min pm
1 7 20 350 30 0.170 3.404

Error (%) 5.56% 8%

IV. CONCLUSION

The response parameters, i.e. MRR and SR was explored considering along with changing machining parameters on work
material Ti-6Al-4V Alloy. The copper tool with 3, 5, 7mm diameter has been used as an electrode in EDM along with I, 20,
40 and 60A, T,,- 150, 250 and 350 ps, Tog 15, 30 and 45 ps. on the base of experimentation, the following conclusion was
drowned.

Taguchi L9 orthogonal array has been used for experimental design.

The machining parameters T, have highest impact on the MRR follower by dia. (D), T and I,

The machining parameters dia. (D) have highest impact on SR follower by T, T and I,

Experiment no 7 have found most suitable by the multi-response optimization analysis (Entropy integrated VIKOR
method)

e  Average error in the experimentation (6.78%) was less than 15%, so it is in considerable limit.
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