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Abstract

Wire electric discharge machining (WEDM) is a nontraditional machining technique to cut hard and conductive material
with the assistance of a moving electrode. Nanostructured hardfacing material is a hard alloy with high hardness and wear
resisting property. The motivation behind this research is to explore the impact of parameters on material removal rate,
surface roughness and machining time for WEDM using welded nanostructured hardfacing material as work piece. The
hardfacing layer was prepared by manual metal arc welding (MMAW). Taguchi’s L25 orthogonal array was utilized to
design the investigational runs. Different hardfaced layer thicknesses were examined to bring out the influence of hardfacing
on WEDM performances. Moreover, Multi-objective optimization was carried out using TOPSIS and PCA to recognize
optimal process parameters. Optimum combination of input process parameters for the multiple performance characteristics
should be preferred as A1B5CsDsEs (brass wire) and A;B3C4DsE; (Zinc coated brass wire).

Keywords WEDM - Hardfacing - MMAW - TOPSIS - PCA

1 Introduction

A huge segment of the designing applications require excel-
lent dimensional accuracy, wear and corrosion free mate-
rials for their extended trustworthiness. Numerous enter-
prizes confront the issues from wearing out components
which were being used even under proper service condi-
tions. Because of continuous and gradual wear, the compo-
nents become useless and need frequent replacement which
results in increment of product cost. To conquer these trou-
bles, the exploration for the advancement on the execution
of the hardfacing materials has been altogether enhanced
in the most recent couple of decades [1, 2]. Hardfacing is
prominent amid the various strategies to reduce the costs
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on the upkeep front and also to improve unwavering quality
of the equipment. The productivity of the hardfacing proce-
dure relies on the preference of the materials and its element
proportion for distinct designing applications.

Nowadays, nano-composite hardfacing material has pick
up extending thought for its significant assurance contrary
to thermal impact, abrasion and corrosion. Nano-particle
coating is able to improve the mechanical properties of
the matrix by more sufficiently propelling the molecule
solidifying mechanisms than micron estimate particles [3].
The quality of the material in the nanostructured state
is a few times higher in correlation with the traditional
coarse-crystalline material [4]. Machining of these alloys
are very difficult through conventional machining because
conventional machining may affect their internal properties,
therefore non-traditional machining methods are more
suitable for machining of such kind of materials [5, 6].
WEDM process is thought to be the best option strategy
for machining hardfacing materials. In wire EDM, the
spark jumps from the wire electrode to the workpiece and
erodes metal both from the workpiece and wire electrode
and the flowing dielectric flushes away the debris. Electric
discharge causes the melting and vaporization of materials
by pulsed direct current between the wire electrode and
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the workpiece [7-9]. In literature, WEDM is generally
relevant for machining extensive ranges of materials under
various machining conditions [10-21]. However, limited or
no research has been reported on nano-structured hardfacing
material. The material is suitable on WEDM as it is
conductive and hard. In view of these attributes, it has
numerous applications in aviation and mining businesses.

Several researchers and practioners applied Taguchi’s
experimental design and ANOVA techniques as an efficient
tool for interpreting the effect of input process criterion on
responses in manufacturing processes [22—-24]. Bhangoria
et al. [22] used the statistical and regression analysis of
kerf width using Taguchi’s L32 orthogonal array method.
ANOVA technique was used to get the process parameters
affecting the kerf width. Tosun [23] used regression analysis
to scrutinize the impact of cutting parameters on wire
crater. In another review, Tosun et al. [24] advanced the
machining exhibitions of kerf and MRR using S/N ratio.
The mathematical models utilized for improvements were
produced by regression analysis. Ahmed and Kumar [25]
used TOPSIS method to obtain best optimal combinations
in cryogenic drilling on Ti-6Al-4V alloy. Kalayarasan
and Murali [26] applied Taguchi GRA and TOPSIS used
to optimize the process parameter in EDM of ceramic
composites. Simgek et al. [27] proposed a TOPSIS-
based Taguchi optimization to determine optimal mixture
proportions of the high strength self-compacting concrete.

Effective usage of WEDM is fundamental to choose
most appropriate machining conditions for to value cutting
proficiency and grow top notch machined parts at least
preparing cost. The systems utilized for optimizing process
parameters by methods for test techniques and numerical
models have expanded significantly with time to finish
a general goal of improving profitability and propelling
cutting procedure productivity. It is found though, from
the machining literature that a very few authors [28, 29],
examined the effects of various input process parameters
on performance characteristics in WEDM for machining
nanostructured hardfacing material. No study has been
available on statistical analysis of quality characteristics and
effect of hardfaced layer thickness on WEDM performance.

According to the surveyed literature, advantages and disad-
vantages of the above works were clarified; thus, in the present
study, main objective is to statistically analyze the experi-
mental results through Taguchi and ANOVA technique. Fur-
thermore, influence of different hardfaced layer thickness
was also investigated on WEDM performance characteris-
tics. This involvement is applicable for both manufacturing
and educational benefit. Finally, a hybrid approach i.e. TOP-
SIS methods in combination with PCA have been used to
recognize optimum parametric combinations.
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2 Experimental Procedure

2.1 Work Material

There is a rising demand for high hardness and high abrasive
wear resistance materials which give superior performance
under severe conditions. Tubular coated nano-technology
based electrode was used for the hardfacing purpose [28].
The manual metal arc welding assisted hardfacing was done
on the substrate material. Figure 1 shows the present work
sample.

2.2 Equipment and Specimens

A no. of experiments has been undergone on 5-axis WT 355
CNC WEDM machine. A 0.25 mm diameter of Brass wire
[60—-63% Cu and balance Zn] and zinc-coated brass wire
electrode [consists of 5 um zinc coating over a standard
brass wire] have been chosen. The size of the work piece
considered for experimentation is 90 mm width, 65 mm
length and 13 mm depth of cut. Furthermore, for each set of
cutting parameters, the work piece was cut with a length of
12.7 mm (Fig. 2).

2.3 Experimental Parameters and Design

As it is known, the WEDM process is an unconventional
machining process in which many factors affect on its
performance. The most prominent parameters in WEDM
process include discharge stop time (factor A), discharge
pulse time (factor B), wire tension (factor C), servo voltage
(factor D) and the wire feed rate (factor E). Likewise,
process quality measure includes MRR, surface roughness
and machining time. In this work five input process
parameters have been selected at five levels and shown in
Table 1. The experiments were conducted with fixed values
of arc on time (Ao, = 8 unit), arc off time (Ayer = 10 unit),

Fig. 1 Hardfacing coating after welding
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To determine surface roughness of WEDMed specimens
Mitutoyo Surftest SJ-301 surface profile meter was used.
For 3 mm hardfaced layer thickness, experimental outcome
are given in Table 2.

3 TOPSIS Method

In this research work, a MCDM model [30] specifically
TOPSIS [25-27] has been exploited for the optimization of

HARDFACING several responses. The course of action is given below:
& MATERIAL
UPPER GUIDE WAY s s ; Step 1: Formation of decision matrix
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normalization:
Nij

Fig.2 Photograph of machining operation [29]

open voltage (OV = 8 unit) and water flow rate (WA =
7unit). L25 Taguchi’s orthogonal array is employed for the

3)

rij = ——
&2 2

277,"

Vi=t ¥

Where, 1 denotes the normalized value i-th
alternative on j-th criterion.

experimentation [29]. Step 3: Appraisal of 'Welght using PCA N '
Computation of correlation coefficient derived

2.4 Performance Evaluation from Eg. 6:

Ro — cov(x; (), xi (D) @)
In the present work the cutting performance of WEDM = oxi(j) *xoxi(l)
is measured by using three important responses i.e. MRR,
machining time and surface roughness (R,). A total of 25 (R = xIm) Vik =0 Q)
(fractional factorial of level>~3) experiments were planned Wh e 1 d Ve is the Ei
and performed according to the experimental layout. MRR tere v cigenvatues, an ik 1s the Eigen
for WEDM operation was calculated using Eq. 7: vectors .

Thus, the principal components are:

MRR = CsL (1 .

Yk = Y xm (i) Vi (6)
where Cs and L are the cutting speed and thickness of the i=l
material. Where Yk is known as principal components
Table 1 Machining parameter with their levels [29]
Machining parameter Factor Unit Level 1 Level 2 Level 3 Level 4 Level 5
Discharge pulse time (7,) A us 0.3 0.35 0.4 0.45 0.5
Discharge stop time (T,,5¢) B s 8 9 10 11 12
Servo voltage (SV) C \% 35 38 41 44 47
Wire tension (WT) D g 500 600 700 800 900
Wire feed rate (WF) E m/min 5 6 7 8 9
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Table 2 125 orthogonal array depicting the parameter levels and responses [29]

Expt No. Parameter levels Responses
A B C D E Brass wire Zinc coated brass wire
MRR Machining time R, MRR Machining time R,

1 1 1 1 1 1 39.434 2.56 3.06 39.321 2.57 2.83
2 1 2 2 2 2 31.628 3.53 3.20 36.322 3.15 2.74
3 1 3 3 3 3 30.407 4.00 2.69 36.635 3.35 3.00
4 1 4 4 4 4 27.008 4.50 2.21 33.204 3.56 2.61
5 1 5 5 5 5 24.174 5.18 2.59 27.683 4.30 2.70
6 2 1 2 3 4 32911 3.34 2.70 36.549 3.10 3.17
7 2 2 3 4 5 35.724 3.28 2.65 42.238 242 3.49
8 2 3 4 5 1 30.808 4.20 2.19 35.541 4.05 2.73
9 2 4 5 1 2 28.241 4.31 2.39 37.908 3.50 2.45
10 2 5 1 2 3 29.933 3.51 2.62 33.075 3.20 2.68
11 3 1 3 5 2 41.943 3.01 2.79 45.044 3.00 2.59
12 3 2 4 1 3 39.045 3.07 2.09 41.118 2.40 2.73
13 3 3 5 2 4 35.708 4.57 2.67 41.533 2.20 2.60
14 3 4 1 3 5 36.217 3.45 2.72 36.016 3.12 2.55
15 3 5 2 4 1 37.821 3.2 2.80 36.352 3.10 2.90
16 4 1 4 2 5 32.676 3.37 2.47 42.803 2.49 3.34
17 4 2 5 3 1 41.171 3.00 2.93 46.563 3.34 3.10
18 4 3 1 4 2 48.768 2.29 2.78 52.125 3.00 3.25
19 4 4 2 5 3 43911 2.44 2.80 50.970 2.05 2.73
20 4 5 3 1 4 36.239 3.36 2.88 43.862 2.35 2.86
21 5 1 5 4 3 50.388 2.28 2.80 52.360 2.01 2.86
22 5 2 1 5 4 47.162 2.50 3.18 43.237 2.44 2.58
23 5 3 2 1 5 39.999 3.08 2.68 61.055 1.45 2.87
24 5 4 3 2 1 48.536 2.38 3.57 52.469 1.51 2.47
25 5 5 4 3 2 45.841 2.27 6.45 49.369 2.15 2.74
Step 4: Compute the weighted normalized decision  Step 6: Evaluate the separation measures using the m-

matrix. dimensional Euclidean distance.

Vij = Tij X Wj ) (10)

where wij is the weightage
Step 5: Establish the ideal (A*) and negative ideal (A7)

solutions. (11)

A = {(m’ax vijlj € Cb) : (miin vijlj € Cc)} Where j = 1,2, ...,m

. Step 7: Calculate the relative closeness to the ideal
={lj=12,..,m} ®) .
J solution.
S
= . . . Si+S;
A = ml_1nvij|J eCp), miaxvijU e C. i=1.2...m (12)
= {Vj_ lj=12,...m} (9)  Step8: Rank the preference order
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3.1 Optimization Results: TOPSIS - PCA Hybrid
Approach

Individual weightage of each quality characteristics were
evaluated using PCA according to Eq. 5. The contributions
are 0.392, 0.399, and 0.209 (for brass wire), for zinc
coated brass wire, 0.496, 0.480 and 0.025, respectively.
Weighted normalized values are determined using Eq. 7.
Subsequently, positive ideal solution (A*) and negative
ideal solutions (A) were calculated using Egs. 8 and 9.
Finally, Eq. 12 is used to calculate the similarity of the
ideal solutions in each scenario (Table 5). It was obtain
that test no. 5 (for brass wire) and 8 (zinc coated wire)
have the maximum RC} value. Thus optimum combination
of process parameters should be chosen as A;B5;CsDsEs
(brass wire), namely discharge pulse time 0.3 us (level
1), discharge stop time 12 us (level 5), servo voltage
47 V (level 5), wire tension 900 g (level 5) and wire
feed rate 9 m/min (level 5). Correspondingly, for zinc
coated brass wire (A,B3C4Ds5E1), the optimal settings are
discharge pulse time 0.35 pus (level 2), discharge stop

Table 3 Closeness coefficient values and ranking of alternatives

time 10 us (level 3), servo voltage 44 V (level 4), wire
tension 900 g (level 5) and wire feed rate 5 m/min (level
1). Same best possible amalgamation of process parameters
has been found for 4 mm hardfacing layer thickness also
(Table 3).

At optimized process parameters microstructure analysis
has been carried out on machined surface. Micro holes,
cracks, small debris and blow holes were noticed on the
machined surface which is seen in Fig. 3. Only a few micro
holes and melted debris were observed because of the low
discharge energy which thus offers a smooth surface on the
machined components.

4 Results and Discussions
4.1 Statistical Analysis
Each experiment was conducted by varying input process

parameters and the investigational data was statistically
evaluated by ANOVA in conjunction with MINITAB

Experiment No. Brass wire Zinc coated brass wire
SF S RC} Rank 4 S RC} Rank

1 0.056 0.020 0.265 22 0.049 0.222 0.818 14
2 0.039 0.035 0.468 0.032 0.179 0.848 8
3 0.040 0.040 0.495 0.027 0.164 0.859

4 0.046 0.046 0.501 0.024 0.155 0.866

5 0.040 0.056 0.585 1 0.021 0.145 0.873 2
6 0.046 0.029 0.381 12 0.033 0.183 0.845 10
7 0.047 0.028 0.369 14 0.055 0.234 0.811 17
8 0.046 0.042 0.472 6 0.015 0.124 0.889

9 0.043 0.043 0.501 4 0.023 0.152 0.868

10 0.046 0.031 0.403 11 0.032 0.179 0.848

11 0.049 0.025 0.337 18 0.035 0.186 0.843 13
12 0.057 0.023 0.285 21 0.055 0.235 0.809 18
13 0.037 0.049 0.569 0.063 0.252 0.799 20
14 0.044 0.031 0.413 0.033 0.182 0.846 9
15 0.047 0.028 0.371 13 0.034 0.183 0.845 11
16 0.049 0.028 0.365 15 0.052 0.228 0.814 15
17 0.048 0.026 0.347 16 0.025 0.157 0.864 5
18 0.064 0.019 0.229 25 0.034 0.184 0.845 12
19 0.060 0.018 0.230 24 0.069 0.263 0.792 22
20 0.044 0.030 0.410 10 0.057 0.239 0.807 19
21 0.064 0.020 0.235 23 0.071 0.267 0.789 23
22 0.056 0.023 0.290 20 0.054 0.232 0.812 16
23 0.050 0.025 0.337 17 0.101 0.319 0.758 25
24 0.057 0.026 0.315 19 0.098 0.313 0.762 24
25 0.055 0.047 0.459 8 0.065 0.255 0.797 21
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Fig.3 Microstructure analysis of machined surface

software. Precisely to survey the excellence attribute of the
conduct test, the S/N ratios [n (dB)] are considered.
n (dB) value for HB performance (MRR):
-1 Zn 1
| n —i=lyp
n (dB) value for LB performance (machining time, Ry):

1 no,
LX)
Wherei=1,2....n,

It is perceived from Fig. 4a that optimal process parameters
for the maximum MRR (brass wire) was AIB1CI1D4El1
namely, discharge pulse time at 0.3 us, discharge stop time
at 8 us, servo voltage at 35V, wire tension at 800 g and
wire feed rate at 5 m/min. In the same way, for zinc coated

n = —10logy, 13)

n = —101log;, (14)

(a)

Main Effects Plot for SN ratios
MRR for brass wire

Discharge pulse time Discharge stop time| _ Servovoltse | Wiretension | Wire feed

Mean of SN ratios

brass wire, the consequent optimal settings are discharge
pulse time of 0.3 us (level 1), discharge stop time of 10 us
(level 3), servo voltage of 41 V (level 3), wire tension of
500 g (level 1) and wire feed rate of 6 m/min (level 2).
Figure 4b and c represents the interactions between the
process parameters which affect the material removal rate.

Figure 5a and b show Box—Cox plot for MRR which are
used to determine the power transform for the performance
characteristics. From Fig. 5a, it is practical that the
estimated assessment of lambda is 0.10 and the rounded
value (0.00), which is the value used in the transformation.
It also includes the upper CL (2.24) and lower CL (—1.56),
which are marked on the graph by vertical lines. In this
graph (Fig. 5a) corresponds to an interval of —1.56 to 2.24.
Similarly, Fig. 5b shows Box—Cox plot for MRR in case of
zinc coated brass wire. Same statistical analysis can be done
for other performance characteristics viz. machining time
and surface roughness.

From ANOVA results (Table 4), it is pragmatic that
discharge pulse time is the major influencing parameter for
both the wires. Similar ANOVA analysis may be done for
machining time and surface roughness, respectively.

Regression coefficients of the second-order equation are
obtained by via trial data. The regression equations for
performance characteristics are as follows:

MRRByass wire = 173 — 230 A+ 13.7B — 5.59C — 0.1021 D
—39E+ 85AxA— 0944B«B
4 0.0155 C « C + 0.000061 D «D — 0.074 E
*E+4+ 820A*xB+ 583 AxC+ 0.100 A
*D — 20.02 A%E — 0.00157B *D
+0290B*E+ 0230CxE

Main Effects Plot for SN ratios
MRR for zinc coated brass wire

Discharge pulse time Discharge stop time| _ Servovoltae | Wiretension | Wire feede rate |

Mean of SN ratios

030350404505 & 9 10 11 12 35 38 41 44 47 S0G070080%0 5 6 7 8 9

Signal-to-noise: Larger is better

030350404505 8 9 10 11 12 35 33 41 44 47 506007008050 5 6 7 8 9

Signal-to-noise: Larger is better

Fig.4 aEffects of process parameters on MRR. b Effects of process parameters interactions on MRR [Brass wire]. ¢ Effects of process parameters

interactions on MRR [Zinc coated brass wire]
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Fig.4 (continued) (b)
Interaction plot for MRR [Brass wire]
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Interaction plot for MRR [Zinc coated brass wire]
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Fig.5 Box Cox plots for material removal rate
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Table 4 Analysis of variance for MRR

Source Brass Wire

Zinc coated brass wire

SeqSS DF AdjMS F-value Percentage contribution SeqSS DF AdjMS F-value Percentage contribution

Discharge pulse time 864.79 4 21620 11.02 67.64
Discharge stop time 69.37 4 1734 0.88 543
Servo voltage 86.79 4  21.70 1.11 6.79
Wire tension 5031 4 12.58 0.64 3.93
Wire feed rate 12880 4  32.22 1.64  10.08
Error 78.6 4 19.61

Total 1278.61 24

1021.41 4 25535 11.02  70.94
14140 4 3535 1.53 9.82
6942 4 17.36 0.75 4.82
61.57 4  15.39 0.66 4.28
5320 4 13.30 0.57 3.70
9272 4 23.18
1439.72 24

MRRZinc coated = 113 — 341 A+ 30.7B— 7.8C— 0.019D
+05E+ 2I11A%xA— 1.696 B xB
4+ 0.034 C x C + 0.000096 D * D — 0.509 E
*E4+ 11.5A*B+810A%xC—0.222A*D
—39A%E— 0.00248B+D —0.099 B *xE
+0.220C*E

7.0+ 389A+ 0.09B— 0.147C
+0.0262D - 141E— 162 A %A
4+ 0.0150 B*x B + 0.00705 C % C

— 0.000011 D« D+ 0.0109E % E
—0.15A%xB— 0942 A% C
—0.0170Ax*D+ 2.62A%E

— 0.000428 B * D 4 0.0096 B *« E
4 0.0044 CxE

Machining timey ¢ wire =

—924+ 778 A— 408B+ 0410C
+0.0290D — 0.06E— 240A %A
+0.1850 B x B 4+ 0.00581 CxC

— 0.000019D D — 0.0211 ExE
—096A%B— 1541 AxC
—0.0103A«D+ 2.05A%E
+0.000326 B+ D + 0.0743 B *xE
—0.0349C+E

Machining timey;,. wire =

RaBrass = 545 — 1145A — 594 B — 0.66 C+ 0.0191 D
+1.13E+ 750 A%« A+ 0.1738 B+ B
+0.0121 C+ C — 0.000015D D — 0.0446 E
*E+4 6.67AxB — 0422 A« C+ 0.0057 AxD
+ 0.72A * E 4+ 0.000068 B * D — 0.0164 B xE
—0.0150C+E

Ra Zine wire = 3.2+ 54A 4 0.02B — 0.144 C 4 0.0083 D
—032E—- 106 AxA — 0.0032B B
+0.0003 Cx C — 0.000004 D D 4 0.0138 E
*E+ 027AxB+ 0.110 A% C — 0.0070A
*D+ 0.12 A*E+ 0.000067 B +D — 0.0268 B
*E+ 0.0093CxE
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Residual analysis is the major analytic device to ensure
the model sufficiency. From Fig. 6, it can be comprehended
that every one of the information take after a typical
dispersion as every one of the focuses were set close to
the straight line. Here, the standardized residual distribution
seeks after that the free examples are typically put on each
side of the reference line. Comparable kind of nature is
likewise watched for machining time and surface roughness
(Figs. 7 and 8).

4.2 Influence of Hardfaced Layer Thickness
on WEDM Performance

Experiments were conducted to discover the impact of
different hardfaced layer thickness on WEDM performance.
Considering the results of existing literature [31], it
is practical that the hardness of the hardfaced surface
increments when the hardfacing layer thickness expanded.
This might be perceived to the way that the dilution rate of
the top surface diminished when the hardfacing thickness
expanded. Dilution from the substrate material is more in
the main layer of the store and consequently, its hardness
is lower. Amid the affidavit of the second layer, the liquid
metal blended with the re-dissolved diluted first layer of the
store and consequently, the impact of dilution is decreased
and on the resulting testimony, the dilution level lessened
further [32].

For 4 mm hard-faced layer thickness, experimental
results for both the wires are shown in Table 5. The vari-
ation of MRR with respect to the different hardfaced layer
thickness (3 mm and 4 mm) has been shown in Fig. 9a.
It is interesting to note that hardfaced layer thickness has
very little effect on the MRR in WEDM. In light of Luo’s
[33] finding that the electrical vitality accessible for mate-
rial expulsion is consistently appropriated along the length
of the wire and the material evacuation rate ought not to
be influenced by the material thickness. Since, there is
no mechanical contact between the work piece and the
electrode, material of any hardness can be machined the
length of it is adequately electrically conductive. The tests,
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Fig.6 Plot of residuals of
material removal rate

Normal Probability Plot

99

Residual Plots for MRR

Versus Fits

Percent

Residual

Residual

Histogram

. 10 °
90 5 o o
o e ®
° o

50 S 0tg------ ® o e ————— - %

[ ) [ ] [ ]

[ ) [ )

[ ]

10 -5 0 °
[ )
1 -10
-10 -5 0 5 1

0 30 35 40 45 50
Fitted Value

Versus Order

Frequency
S (=] ©

~N

o

Residual

be that as it may, demonstrate a decline in MRR for bigger
hardfaced layer thickness, which is in all probability brought
on by insufficient flushing because of the more extended
kerf region. This is an agreement with other researchers
[34]. Practically comparable graphical practices have been
observed for zinc-coated wire (Fig. 10a).The range of
MRR with zinc coated wire is higher than brass wire. The

Fig.7 Plot of residuals of
machining time

Normal Probability Plot
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low melting temperature of wire enhances the spark develop-
ment and decline dielectric ionization time. In this way, the
MRR increases [35]. Hence, machining time is less with
zinc coated brass wire (Fig. 10b).

Figures 9c and 10c represent the consequence of hardfaced
layer thickness on surface roughness in WEDM. The inverse
impact is the aftereffect of decreased surface roughness with

Residual Plots for machining time
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Fig.8 Plot of residuals of
surface roughness

Table 5 Experimental results for WEDM performance [hardfaced layer thickness is 4 mm)]

Frequency

Residual Plots for surfaace roughness

Normal Probability Plot
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Experiment No. Brass wire Zinc coated brass wire
MRR Machining time R, MRR Machining time R,

1 38.668 2.63 3.02 38.656 2.66 271
2 30.490 3.57 291 34.900 3.28 2.54
3 29.421 4.03 2.68 35.888 3.44 292
4 26.461 4.61 2.02 32.621 3.75 2.46
5 24.611 5.22 2.44 26.099 4.51 2.66
6 31.428 3.38 2.28 34.643 3.39 3.08
7 34.627 3.57 245 40.245 2.75 3.17
8 29.922 441 2.07 34.245 4.19 2.26
9 27.575 4.49 2.17 35.030 3.93 2.19
10 29.976 3.71 227 32.002 3.37 2.47
11 41.409 3.17 233 42.873 3.24 2.16
12 37.151 3.15 1.79 40.975 2.71 2.48
13 34.357 4.89 271 40.334 2.50 2.44
14 34.755 3.62 2.69 35.622 3.44 2.26
15 35.331 3.31 2.99 35.599 3.36 2.73
16 32.167 3.56 2.28 41.556 2.83 3.28
17 40.634 3.03 2.96 44.957 3.72 2.79
18 48.120 2.67 2.74 49.324 3.06 291
19 42.804 2.86 2.50 48.113 2.14 2.68
20 36.173 3.40 3.34 43.033 2.81 2.59
21 48.345 2.38 2.45 51.433 2.14 2.67
22 46.828 2.82 3.10 42.115 291 2.34
23 38.885 3.17 2.60 58.351 1.71 2.54
24 47.633 2.59 3.37 51.096 1.68 2.19
25 45.324 243 5.87 49.075 2.56 2.63
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Fig.9 Influence of different ( a)
hardfaced layer thickness on
WEDM performance for brass 60 -
wire
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expanded layer thickness. The expanded engagement length
causes a decrease in spark vitality circulation, which produces
littler and all the more exceptionally distributed discharge.
In Fig. 9c, abrupt change in the surface roughness value

Experiment number

(trail no. 25) has been occurred due to welding defects viz.
porosity, blow holes, cracking etc. which may results in non-
uniform distribution of hardfacing over the parent metal and
may lead to wire breakage during WEDM of hardfacing alloy.

@ Springer



1324

Silicon (2019) 11:1313-1326

Fig. 10 Influence of different
hardfaced layer thickness on (a)
WEDM performance for zinc 70 -
coated brass wire
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5 Conclusions

The impact of different input process parameters on WEDM
performance characteristics has been investigated. It addi-
tionally highlights the application of hybrid multi-criteria
decision making approach such as TOPSIS in combination

@ Springer

Experiment number

with PCA to recognize optimal process parameters. Investi-
gational outcome and conclusions are as follows:

e Regression equation has been effectively used to build
up the mathematical models for various performance
measures.
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e The important factors that influence the material
removal rate for brass wire are discharge pulse time,
wire feed rate and servo voltage. For zinc coated brass
wire, the significant factors are discharge pulse time and
discharge stop time.

e  Optimum combination of input process parameters for
the multiple performance distinctiveness should be pre-
ferred as A{BsCsDsEs (brass wire) and A;B3;C4DsE;
(Zinc coated brass wire).

e Based on Taguchi’s plan of examination, it can be
reasoned that the hardfaced layer thickness has little
impact on the material removal rate in WEDM. The
inverse impact is the aftereffect of decreased surface
roughness with expanded layer thickness.

e The exploratory outcomes affirm that machining with
zinc coated brass wire contrasted with brass wire
prompts bring down surface roughness and machining
time, and higher MRR in WEDM.

Supplementary investigate might endeavor to think
about the other hardfacing techniques. SEM analysis of
WED-machined surface and surface topography is another
significant area in which research work can be carried out.
The above research issues will be dealt in the next paper.
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