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Abstract

MMCs are broadly used in several industrial applications because of their excellent mechanical properties. Hard materials and
composites cannot be machined by typical conventional methods. so nonconventional machining methods such as Electrical
discharge machining are mostly used. This work focuses to optimize the process variables of EDM of Al5456/SiC/Flyash
hybrid composites. The impact of three most significant variables including pulse-off time, current and pulse-on time are
examined. Central Composite Design (CCD) based RSM is applied for experimentation. The development model for material
removal rate (MRR) and surface roughness (SR) are investigated by using CCD technique. ANOVA is implemented to
identify the most significant variables and their output response of MRR and SR. From the validation result, the maximum
values of MRR and SR are identified as 0.783 mm?3/min and 13.26 wm, whereas minimum values are 0.249 mm?3/min and
8.24 pm. ANOVA results show that current and pulse OFF time are highly significant variables to increase MRR and SR.
The development of a regression model and 3D/Contour are made to predict and evaluate the Material Removal Surface and
Surface roughness.

Keywords MRR - ANOVA - EDM process - CCD technique - MMC

1 Introduction solution among the MMCs, Due to its inherent character-
istics including light weight, excellent strength, stiffness,
superior thermal conductivity and good corrosion resistance

[2, 3]. Different fabrication procedures are used to prepare

Ceramic particle-reinforced MMCs exhibit superior mechan-
ical and wear properties compared to base metals. MMCs

illustrate the synergistic advantages of the matrix and rein-
forcements. [1]. Aluminum-based MMCs represent the best
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the MMCs. Among them, the liquid-state technique is the
more practical and affordable approach. Stirring speed is the
main element that influences how composites behave during
liquid-state processing, although stirring duration also has an
impact on the amount of reinforcement added to the matrix
[4]. The most crucial stage of manufacturing is machin-
ing. The components are made by casting, but before they
are suitable for use in real-time applications. Due to their
extremely abrasive characteristics, MMCs are challenging
for conventional machining [5]. Because of their high power
requirements, surface profiles, severe cutting tool wear,
and increased laboriousness in creating complex shapes,
MMCs make traditional machining problematic [6]. Produc-
ing intricate designs that would be impossible to make using
traditional cutting equipment. Therefore, as it is employed
to manufacture complicated and sophisticated components
for the aerospace and automotive industries, Electrical Dis-
charge Machining (EDM) is best for processing AMCs. To
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process copper beryllium alloys, Guha et al. [7] performed
several studies using various electrodes utilized in EDM and
the copper electrode with positive polarity had the highest
MRR, whereas the graphite electrode with negative polar-
ity had the highest MRR. For application in biodegradable
implants, M Somasundaram et al. cut AZ31 magnesium alloy
into complicated structures. Process parameter optimization
is tried by fusing Taguchi and multi-attribute optimization
techniques. In this study, multi-response optimization is car-
ried out via MCDM techniques, such as GRA and TOPSIS.
The effects of the input variables are examined through
ANOVA and contour plots. According to the analysis’s find-
ings, the Pulse-ON time, with contribution rates of 40.63%
and 62.49%, respectively, is the process parameter that most
significantly affects GRA and TOPSIS [8]. During Al/B4C
machining, the impact of the EDM parameters [current,
pulse-on time, off time, and electrode material] on the MRR,
wear rate, and SR is examined [9]. To successfully imple-
ment Taguchi’s OA technique for parametric optimization,
Tribeni Roy et al. selected the four parameters of the com-
bined fuzzy AHP and TOPSIS approaches in the design of
the multi-response experiment [10]. To optimize the param-
eters for 6061A1-Al1203p-20P, Shankar Singh used DOE and
GRA method. He also introduced tool electrode lift time as
one of the factors to be taken into account in EDM [11].
S/N ratio was estimated for optimization and the ideal solu-
tion (TOPSIS) was employed to optimise the responses of
MRR and SR for Al-Cu/TiB2 composites during machin-
ing [12]. Nayak BB et al. used the AHP and TOPSIS to
combine many outputs into a single response. multi-response
optimization procedure was used to create the best process
parameters in the WEDM process [13].Fuzzy TOPSIS tech-
nique has been employed to optimize responses including
MRR, SR and tool wear rate. ANOVA revealed that the most
prominent parameter is relevant for many surface integrity-
based performance characteristics. [14]. An effort is made to
mill AZ31 alloy through EDM to improve input parameters
by merging multi-response and Taguchi optimization tech-
niques such as TOPSIS and GRA. ANOVA and contour plots
are used to assess the impact of process factors. According
to the observations, the Pulse-ON time is the most substan-
tially impacting process parameter in both GRA and TOPSIS,
with contributions of nearly 41% and 63% respectively [15].
Siva Bhaskar et al. investigated the abilities of several Hybrid
MCDM approaches built on TOPSIS, ELECTRE ,MOORA,
VIKOR & PROMETHEE in combination with AHP. All five
techniques used AHP weights as input to determine the rank-
ing of supplied options. the case study example was provided
to demonstrate how to prioritize polymer biomaterials uti-
lized in dentistry applications based on several parameters
[16]. The literature studies are the chief role to assist us
to realize the choosing suitable variables of EDM and opti-
mization techniques. The above literature reviews revealed

@ Springer

that only a small number of studies addressed the impact
of the input parameters of pulse time in ON and OFF con-
ditions, dielectric medium, voltage, current, and electrode
material on the response of MRR and SR. The novelty of
this work is to prepare the Al5456/SiC/Flyash composites
through Stir casting method and RSM-Composite Central
Design [17] is implemented to evaluate the best optimal
parameter to improve the output responses (MRR & SR).
Generally, SR and MRR responses are depending on suit-
able input variables. We have selected three factors pulse
time ON, pulse time OFF and current. The CCD is used to
guide the execution of 20 experiments, and the results of
these experiments show increased wear rate and significant
relationships between certain variables. Al5456/SiC/Flyash
hybrid composites are prepared for a variety of uses, such as
the construction of pressure vessels, truck and vehicle bodies,
mine skips etc. Our objective is to find the wear rate perfor-
mance for the prepared composite material and also evaluate
the most influencing parameter that affects the wear rate with
the support of design expert software.

2 Materials and methods

The chemical weight% for A15456 is presented in Table 1.
Typically, samples are prepared using the stir-cast method
in a heated furnace. First, we must pre-hate both the silicon
carbide (5%) and fly-ash (3%) powders for 15 to 25 min
at a certain temperature of about 300 °C. Al 5456 material
was placed into the furnace to be heated for 40 to 45 min at a
temperature of 700 to 850 °C before being added to the heated
powder. Add reinforcing elements to the furnace after the
melting of the Al alloy. All elements are mixed using stainless
steel as a stirrer, and then molten metal (A15456/Flysh/Sic)
is poured into a permanent mold to obtain a sample for EDM
process.

Electrical Discharge Machining is comparable to laser
cutting as well as other related technologies [18]. Without
using any mechanical force, the surplus material is elimi-
nated. Because of this reason, many people consider it to
be a non-traditional manufacturing approach [19-23]. This
process is beneficial for molding and tooling in a range of
industries. Al matrix composite is machined using an EDM
machine, and Fig. 1 depicts the machine’s schematic dia-
gram. Al5456/Flysh/Sic, a work material with an average
particle size of 5 m, is used in dielectric machining. A cylin-
drical Cu tool with a 20 mm external diameter and a 50 mm
length is chosen as the electrode because it performs best
in terms of toughness, melting point, cost, and quality when
compared to other non-ferrous metals, kerosene oil served as
a dielectric. A milling machine is used to prepare a sample
of the material with a dimension of 250 x 400 x 15 mm?.
The chosen variables for this study included pulse-on time

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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Table 1 Al5456 alloy chemical compositions

Elements Cr Cu Fe Mg

Si Mn Ti Zn Al

% 0.22 0.12 0.42 53

0.25 1.1 0.5 0.45 Remain

electrode
holder

Machining.
tank

Work piece

Urea dielectric

Work tank———| ~

Machining table

\
\
kerosene dielectric

Fig. 1 EDM setup

Table 2 Process variables of EDM

Variables Name Levels
Minimum Center Maximum
A Pulse ON 30 40 50
time
B Pulse OFF 8 10 12
time
C Current 10 12 14

(A), pulse-off time (B), and current (C), as it is previously
mentioned [24]. Process variables of EDM such as current,
pulse on time and pulse off time could be noticeable in the
machining performance of Al 5456 composite. Each factor
is represented by three different values, which are marked as
—1, 0 and + 1, to indicate the minimum, middle, and max-
imum levels. The sort of variables (A,B &C) are chosen as
30to 50 us, 8 to 12 ws and 10 to 14 A. Ranges and levels of
each variable (A, B and C) are considered according to trial
runs in Table 2.

The Experimental tests are planned by using RSM-CCD
approach. Using Design Expert — 13, Twenty parameter
combinations are designed which have the non-center points
14 and 6 center points per block. The process variables lev-
els and measured responses are specified in the design matrix
in Table 3. MRR and SR are the responses taken into con-
sideration in this research for the assessment of machining
performance. MRR can be determined using the formula
below.

(W1 —W2)
(1)

MRR =

Table 3 Experimental CCD result

Std Run A B C MRR SR
(mm?>/min) (jum)
13 1 40 10 10 0.453 8.59
18 2 40 10 12 0.472 9.26
2 3 50 8 10 0.256 11.28
10 4 50 10 12 0.523 10.86
19 5 40 10 12 0.489 8.24
7 6 30 12 14 0.628 9.15
1 7 30 8 10 0.249 12.48
5 8 30 8 14 0.782 11.28
20 9 40 10 12 0.623 7.89
17 10 40 10 12 0.552 8.57
11 30 12 10 0.359 10.25
12 50 8 14 0.387 13.26
13 30 10 12 0.659 8.57
8 14 50 12 14 0.479 10.89
16 15 40 10 12 0.279 11.25
15 16 40 10 12 0.387 12.78
14 17 40 10 14 0.654 8.56
12 18 40 12 12 0.783 9.47
4 19 50 12 10 0.548 8.43
11 20 40 8 12 0.713 11.88

where, W1 = Initial weight, W2 = Final weight, p = Density,
t = Machine time(15 min).

Surface meter is used for calculating SR value. The read-
ings of SR are measured three times at various places of the
composite material and average the values.

3 Results and discussion

Experimental tests were analyzed with help of ANOVA [17]
by accessing chosen variables (A,B, and C) for the MRR and
SR [25]. The overall results for MRR and SR are exposed in
Figs. 2 and 3 respectively. Variables have identified the max-
imum and least optimal combination parameters for MRR
are A2-B3-C2 (40 s, 12 pus & 12 Amp) and A1-B1-C1 (30
s, 8 us & 10 Amp) respectively and the values of MRR are
0.783 mm?>/min & 0.249 mm?3/min. Similarly maximum and
minimum for SR are attained by Variables A3-B1-C3 (50 s,
8 us & 14 Amp) and A2-B2-C2 (40 ps, 1 ps & 12 Amp)
and the SR values are 13.26 um and 8.24 pwm respectively

@ Springer
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0.8 1 B

X 0.4 -

MRR (mm?®min)
o
>

00 T T T T T T T T T T T

Experiment no

Fig.2 MRR experimental results

SR (um)

123 4567 8 91011121314151617 181920
Experimental No

Fig.3 SR experimental results

and it is identified that standard deviation of MRR and SR
are 0.16345 and 1.682.

The comprehensive results are provided including regres-
sion model, ANOVA result, 3D and contour plots for inter-
action variables and optimization of parameters for output
responses.

3.1 ANOVA

Design expert 13 Version is working as statistical software
that generates mathematical models of reactions [26-30].
ANOVA is accompanied to estimating the impact of pulse on
time, current and pulse off time. Tables 4 and 5 illustrate the
outcomes of ANOVA of MRR and SR. The analysis is done at
a significance level (5%) & confidence level (95%) [31-34].

@ Springer

Husain Mehdi et al. developed the empirical analysis to fore-
castresponses of friction stir processing with alumina particle
at 95% confidence level [35]. The quadratic model is the right
design for clarifying MRR and SR outcomes among the other
polynomials test which shows the least p value. The empiri-
cal models developed for MRR and SR are evaluated by the
F and P tests. Form Table 4, It is established that model F-
ratio of 4.96 and P value of 0.0440 are attained for material
removal rate. The model is reliable because P value is less
than 0.05. However, lack of fit is 1.49, the most significant
factor on MRR is current which value is less than 0.05. In the
case of SR, It was found from Table 5 that the model F-ratio of
7.68 and p value of 0.02141 are attained for surface rough-
ness. This model is also significant because P is less than
0.05 [36-38]. Pulse OFF time is the most important factor
which improves surface roughness values because P value is
0.0268. Variable C and B are the supreme important factors
for increasing the value of MRR and SR respectively. Vari-
ables A & B are insignificant parameters on MRR whereas
variables A & C are insignificant parameters on SR.

3.2 Regression model

A predictive modeling technique called regression analy-
sis examines the connection between the targeted variables
MRR & SR and the independent variables A,B &C in a
dataset [39-42].

Equations (1) & (2) are used to present a regression model
to predict MRR and SR for the specified parameters [43].

MRR = — 4.80804 + 0.069437A — 0.412955B

+0.949705C + 0.002675A % B
— 0.014500A * C — 0.000569B * C — 0.000569 A>
+0.025023B% — 0.023602C? 1)

SR = + 54.86227 — 0.823305A — 7.91109B + 2.06834C
— 0.005375A * B
+ 0.042125AC + 0.018125BC + 0.005018A>
+ 0.365455 B2 — 0.159545C> )

3.3 3D/contour plots
3.3.1 Material removal rate

This section interprets the impact of variables (A, B & C) on
output responses of MRR & SR.3D /contour graphs explain
the interaction between the two variables simultaneously.
The effect of process variables (A,B &C) on MRR are pre-
sented in the form of plots in Figs. 4, 5 and 6. The 3D/contour
plot of pulse-on time vs. pulse off time is revealed in Fig. 4.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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Table 4 ANOVA for MRR

Source SS DF MS F P
Model 0.3241 9 0.0360 4.96 0.0440
A:Pulse ON time 0.0234 1 0.0234 1.28 0.2849
B: Pulse OFF time 0.0168 1 0.0168 0.9162 0.3610
C: Current 0.1134 1 0.1134 6.18 0.0322
A*B 0.0229 1 0.0229 1.25 0.2900
A*C 0.0685 1 0.0685 3.73 0.0822
B*C 0.0269 1 0.0269 1.47 0.2537
A*A 0.0089 1 0.0089 0.4854 0.5018
B*B 0.0276 1 0.0276 1.50 0.2485
Cc*C 0.0245 1 0.0245 1.34 0.2746
Residual 0.1835 10 0.0183
Lack of Fit 0.1097 5 0.0219 1.49 0.3373
Error 0.0738 5 0.0148
Total 0.5076 19
Table 5 ANOVA for SR
Source SS DF MS F P
Model 32.39 9 3.60 7.68 0.02141
A:Pulse ON time 0.8940 1 0.8940 0.4184 0.5323
B: Pulse OFF time 14.38 1 14.38 6.73 0.0268
C: Current 0.4452 1 0.4452 0.2083 0.0657
A*B 0.0925 1 0.0925 0.0433 0.0839
A*C 5.68 1 5.68 2.66 0.1341
B*C 0.0421 1 0.0421 0.0197 0.0891
A*A 0.6925 1 0.6925 0.3241 0.0817
B*B 5.88 1 5.88 2.75 0.1282
C*C 1.12 1 1.12 0.5241 0.4857
Residual 21.37 10 2.14
Lack of Fit 2.61 5 0.5218 0.1391 0.9753
Error 18.76 5 3.75
Total 53.76 19

Itis noticed that MRR values is increased with an increase of
pulse OFF time and a decrease of pulse ON time which means
the MRR is proportional to variable B ,indirectly to Variable
A. due to variation of pulse time OFF, Space is decreased
between electrode and composite materials so more energy
is transferred between them which leads to increasing MRR.
Figure 5 shows the plot between Pulse ON time and Current.it
is witness when there is an increment of current value, MRR
is increased whereas MRR is reduced when the pulse OFF
duration increases due to a drop in dielectric flushing pressure
and a decrease in heat loading at both electrodes, resulting
in a lower MRR value [44]. Temperature is produced high
due to the increment of current value so the value of MRR

also increased Fig. 6 shows 3D and contour plots for Pulse
OFF time and current. It is also noticed that MRR increased
significantly due to the increasing of current and a decrease
in Pulse OFF time. From these above plots, we found that
current is most important variable to improve MRR of pre-
pared composites [45]. The discharge gap is stimulated every
time and more material removal occurs. Because the addition
of SiC and flyash, as well as the current factor, reduces the
gap distance between the workpiece and the electrode, a lot
of energy is delivered in the gap, resulting in fast material
removal. MRR increased when discharge current and rein-
forcing powders were increased.
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B: Pulse OFF time

12

40

B: Pulse OFF time 9 —a A: Pulse ON time

30 35 40 45 50
A: Pulse ON time

Fig.4 Pulse ON time vs. pulse OFF time on MRR

MRR
14

13

C: Current
B

1n
14

13
12
C: Current 11

40

35 A: Pulse ON time
10 30 10

30 35 40 45 50

A: Pulse ON time

Fig.5 Pulse ON time vs. Current on MRR

3.3.2 Surface roughness is decreased between an electrode and composite material

so more energy is transferred between them which leads
The 3D and contour plot of ON time vs. OFF time for SRis  to increasing SR. Figure 8 shows the plot between Pulse
presented in Fig. 7. It is noticed that SR values are increased ~ ON time and Current.it is a witness when current and pulse
with the rise of pulse OFF time and pulse ON time which ~ ON time are increased, SR is decreased. Figure 9 shows that
mean the SR is directly proportional to variable A &B. due 3D and contour plots for Pulse OFF time and current. It is
to variation of pulse time OFF and pulse ON time, Space  also noticed that SR increased significantly by the rise in
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Fig.6 Pulse OFF time vs. Current on MRR

B: Pulse OFF time
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/
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Fig.7 Effect of Pulse OFF time and Current on SR

Pulse OFF time and decrease of current due to more energy 3.4 Predicted vs. actual value plot

is applied to the gap, lowering its quality. SR reduces as

pulse time increases because it keeps the dielectric used for ~ An effect of the model is displayed and contrasted with the

machining at a constant temperature [24]. From these above  null model in a predicted against the actual plot. The points

plots, we found that Pulse OFF time is an important variable ~ should have narrow confidence bands and be relatively near

to improve SR of prepared composites. to the fitting line for a successful fit. A scatter plot compares
the actual values of MRR and SR to the values that the model
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Fig. 8 Effect of Pulse ON time and Current on SR
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Fig.9 Effect of Pulse OFF time and Current on SR

predicts. The scatter plot shows the predicted value along the 4 Conclusion
Y-axis and the actual values along the X-axis in Fig. 10. The

MRR and SR are very close to each other during observation The process variables of EDM with RSM-Central Com-
of Actual with predicted values. posite Design is studied. The Al5456/ SiC/ Flyash
hybrid composites are fabricated by the stir casting
technique. The influence of process variables related
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Fig. 10 predicted vs. Actual value a for MRR b for SR

to EDM including pulse-on time, pulse-off time and
current on output variables of MRR and SR for Al com-
posites are examined. The conclusions of the present
work are discussed below

Itis observed that the highest (0.783 mm?> /min) and lowest
(0.249 mm?>/min ) values for material removal rate are
acknowledged by Variables A2-B3-C2 (40 s, 12 pus & 12
Amp) and A1-B1-C1 (30 s, 8 s & 10 Amp) respectively.
Similarly maximum and minimum for SR are attained by
Variables A3-B1-C3 (50 ps, 8 us & 14 Amp) and A2-
B2-C2 (40 ps, 1 ps & 12 Amp) and the SR values are
13.26 pm & 8.24 pwm respectively.

The interaction between two parameters on the MRR and
SR is explained through 3D/contour diagrams. The maxi-
mum material removal rate is achieved at higher levels of
discharge current and low level of pulse OFF time .other
hand; the minimum surface is achieved at low levels of
discharge current and high level Pulse OFF time.

The relationship between output responses (MRR and SR)
and input machining Variables are analysed.

ANOVA- quadratic model is selected to develop model
for MRR and SR by evaluation of F and P tests. Model
F-ratio of 4.96 and P value of 0.0440 are attained for mate-
rial removal rate whereas F-ratio of 7.68, and P value of
0.02141 are attained for surface roughness.

ANOVA results show that current and pulse OFF time are
high significant variables on the MRR and SR. The devel-
opment of regression model and 3D/Contour are made to

Predicted

Predicted vs. Actual

predict and evaluate the Material Removal Surface and
Surface roughness.

Acknowledgements The authors appreciate the technical assistance
to complete this experimental work from Department of Mechani-
cal Engineering, BVC Engineering College (Autonomous), Andhra
Pradesh. The author thanks P V P Siddhartha Institute of Technology,
Vijayawada, Andhra Pradesh for the support of draft writing.

References

1. Veeresh Kumar, G.B., Prakash Rao CS, Selvaraj N: Mechanical
and Tribological Behavior of Particulate Reinforced Aluminum
Metal Matrix Composites — a review. J. Minerals Mater. Charact.
Eng. 10(01), 59-91 (2011). https://doi.org/10.4236/jmmce.2011.
101005

2. Nturanabo, F., Masu, L., Kirabira, J.B.: Novel applications of alu-
minium metal matrix composites. Alum. Alloys Compos. (2019).
https://doi.org/10.5772/intechopen.86225

3. Bandhu, D., Abhishek, K.: Assessment of weld bead geometry in
modified short-circuiting gas metal arc welding process for low
alloy steel. Mater. Manuf. Processes. 36(12), 1384—1402 (2021).
https://doi.org/10.1080/10426914.2021.1906897

4. Balasivanandha Prabu, S., Karunamoorthy, L., Kathiresan, S.,
Mohan, B.: Influence of stirring speed and stirring time on dis-
tribution of particles in cast metal matrix composite. J. Mater.
Process. Technol. 171(2), 268-273 (2006). https://doi.org/10.1016/
jjmatpotec.2005.06.071

5. Ghoreishi, R., Roohi, A.H., Dehghan Ghadikolaei, A. (2018) Anal-
ysis of the influence of cutting parameters on surface roughness and
cutting forces in high speed face milling of Al/SiC MMC. Mater
Res Exp. https://doi.org/10.1088/2053-1591/aad164

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



International Journal on Interactive Design and Manufacturing (1JIDeM)

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

Bandhu, D., Thakur, A., Purohit, R., Verma, R., Abhishek, K.:
Characterization & evaluation of Al7075 MMCs reinforced with
ceramic particulates and influence of age hardening on their tensile
behavior. J. Mech. Sci. Technol. 32(7), 3123-3128 (2018). https://
doi.org/10.1007/s12206-018-0615-9

Guha, A., Smyers, S., Rajurkar, K.P., Garimella, P.S., Konda, R.:
Optimal parameters in electrical discharge machining of copper
beryllium alloys. Proc. Int. Symp. Electromach Switz. 1, 217-224
(1995)

Dinbandhu, Abhishek, K.: Parametric optimization and evalua-
tion of RMD™ welding performance for ASTM A387 Grade 11
steel plates using TOPSIS-Taguchi approach. In: A. Patnaik, E.
Kozeschnik, & V. Kukshal (Eds.), Advances in Materials Pro-
cessing and Manufacturing Applications. iCADMA 2020 Lecture
Notes in Mechanical Engineering. Springer, Berlin (2021). https://
doi.org/10.1007/978-981-16-0909-1_22

Kumar, P., Parkash, R.: Experimental investigation and optimiza-
tion of EDM process parameters for machining of aluminum boron
carbide (Al1-B4C) composite. Mach. Sci. Technol. 20(2), 330-348
(2016). https://doi.org/10.1080/10910344.2016.1168931

Bandhu, D.: Experimental investigation and parametric optimiza-
tion of regulated metal deposition welding for low alloy steel [Doc-
toral dissertation, Institute of Infrastructure Technology Research
and Management]. (2021). http://hdl.handle.net/10603/350620
Singh, S.: Optimization of machining characteristics in elec-
tric discharge machining of 6061AIl/AI203p/20P composites by
grey relational analysis. Int. J. Adv. Manuf. Technol. 63(9-12),
1191-1202 (2012). https://doi.org/10.1007/s00170-012-3984-8
Senthil, P.,, Vinodh, S., Singh, A.K.: Parametric optimisation of
EDM on Al-Cu/TiB2 in-situ metal matrix composites using TOP-
SIS method. Int. J. Mach. Mach. Mater. 16, 80-94 (2014)

Nayak, B.B., Mahapatra, S.S.: Multi-response optimization
of WEDM process parameters using the AHP and TOPSIS
method.Int. J. Theor. Appl. Res. Mech. Eng. 2, 2319-3182 (2013)
Pattnaik, S.K., .Mahapatra, K.D., et al.: M.Priyadarshini, Multi
objective optimization of EDM process parameters using FUZZY
TOPSIS Method. In: IEEE Spons 2"d International conference
on innovations in information embedded and communications
systems (ICIECS) 2015,pp 1-5. (2015). https://doi.org/10.1109/
ICIIECS.2015.7192926

Somasundaram, M., Kumar, J.P.: Multi response optimization of
EDM process parameters for biodegradable AZ31 magnesium
alloy using TOPSIS and grey relational analysis. Sadhana. 47, 136
(2022). https://doi.org/10.1007/s12046-022-01908-0

Siva Bhaskar, A., Khan, A.: Comparative analysis of hybrid
MCDM methods in material selection for dental applications.
Expert Syst. Appl. 209(118268), 118268 (2022). https://doi.org/
10.1016/j.eswa.2022.118268

Vijayakumar, S., Manickam, S., Seetharaman, S., Rao, T.V.J.,
Pounraj, D.: Hari Prasadarao Pydi. “Examination of Friction
Stir-Welded AA 6262/5456 Joints through the Optimization Tech-
nique”,Advances in Materials Science and Engineering, (2022)
Sai Shravan Kumar, P., Viswanath Allamraju, K.: A review of natu-
ral fiber composites [Jute, Sisal, Kenaf]. Mater. Today Proc. 18(7),
2556-2562 (2019). https://doi.org/10.1016/j.matpr.2019.07.113
Agarwal, K., Mohan, R.K., Tyagi, V., Choubey, Kuldeep, K.S.:
Mechanical behaviour of Aluminium Alloy AA6063 processed
through ECAP with Optimum die design parameters. Adv. Mater.
Process. Technol. 8(2), 1901-1915 (2022)

Beniwal G, Kuldeep Kumar S 2021 A Review on Pore and Porosity
in Tissue Engineering. Mater Today: Proceed, 44: 2623-28. (2021)
Kumar, K., Basanth, K.K., Saxena, S.R., Dey, V., Pancholi-Amit B
2017 “Peak stress studies of hot compressed TiHy 600 alloy. Mater
Today: Proceed, 4 (8): 7365-7374

@ Springer

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Gugulothu, B., Sankar, S.L., Vijayakumar, S., Prasad, A.S.V.,
Thangaraj, M., Venkatachalapathy, M., Rao, T.V.J. (2022) “Anal-
ysis of wear behaviour of AA5052 alloy composites by addition
alumina with zirconium dioxide using the Taguchi-grey rela-
tional method. Adv Mater Sci Eng. https://doi.org/10.1155/2022/
4545531

Gugulothu, B., Nagarajan, N., Pradeep, A., Saravanan, G.,
Vijayakumar, S., Rao, J. (2022) Analysis of mechanical properties
for AI-MMC fabricated through an optimized stir casting process.
J Nanomater, https://doi.org/10.1155/2022/2081189

Muhammad Hanif, A., Wasim, A.H., Shah, S., Noor, M., Sajid,
N.M. (2019) Optimization of Process Parameters Using graphene-
based Dielectric in Electric Discharge Machining of AISI D2 Steel.
Int J Adv Manuf Technol, 103(9-12):3735-3749

Mathan Kumar, P., Sivakumar, K. N. Jayakumar 2017 Multiob-
jective Optimization and Analysis of copper—titanium Diboride
Electrode in EDM of Monel 400™ Alloy. Mater Manuf Pro-
cess, 33(13):1429-1437

Gugulothu, B., Kumar, S., Srinivas, P.S., Ramakrishna, B.,
Vijayakumar, A.S. 2021 “Investigating the material removal rate
parameters in ECM for Al 5086 alloy-reinforced silicon car-
bide/flyash hybrid composites by using Minitab-18. Adv Mater
Sci Eng, https://doi.org/10.1155/2021/2079811

Pal, D., Vijayakumar, S., Rao, T.V.J., Babu, R.S.R. 2022 An exam-
ination of the tensile strength, hardness and SEM analysis of Al
5456 alloy by addition of different percentage of SiC/flyash. Mater
Today Proceed, https://doi.org/10.1016/j.matpr.2022.02.288
Kumari, S., Sonia, P, Singh, B., Abhishek, K., Kuldeep, K.S. 2020
Optimization of Surface Roughness in EDM of Pure Magnesium
(Mg) Using TLBO. Mater. Today: Proceed, 26: 2458-2561

Naik, H.R., Manjunath, Manjunath, L.H., Vinayak Malik, M., Patel,
G.C., Kuldeep, K., Saxena, and Avinash Lakshmikanthan: Effect
of microstructure, mechanical and wear on Al-CNTs/Graphene
hybrid MMC’S. Adv. Mater. Process. Technol. 8(sup2), 366-379
(2022)

Rajput, S.K., Jitendra Kumar, Y., Mehta, T., Soota, Saxena, K.K.:
Microstructural Evolution and Mechanical Properties of 316L
Stainless Steel using Multiaxial forging. Adv. Mater. Process. Tech-
nol. 6(3), 509-518 (2020)

Balasubramanian, P., Senthilvelan, T.: Optimization of Machining
Parameters in EDM process using cast and sintered copper elec-
trodes. MSPRO. 6, 1292-1302 (2014)

Krishnaja, D., Cheepu, M., Venkateswarlu, D.: A review of research
progress on dissimilar laser weld-brazing of automotive applica-
tions. IOP Conf. Ser.: Mater. Sci. Eng. 330, 012073 (2018). https://
doi.org/10.1088/1757-899X/330/1/012073

Nait Salah, A., Mehdi, H., Mehmood, A., Wahab Hashmi, A.,
Malla, C., Kumar, R. 2022 Optimization of process parame-
ters of friction stir welded joints of dissimilar aluminum alloys
AA3003 and AA6061 by RSM. Materials Today Proceedings,
56:1675-1683, https://doi.org/10.1016/j.matpr.2021.10.288
Mehdi, H., Mishra, R.S.: An experimental analysis and opti-
mization of process parameters of AA6061 and AA7075 welded
joint by TIG + FSP welding using RSM. Adv. Mater. Process.
Technol. 8(1), 598-620 (2022). https://doi.org/10.1080/2374068x.
2020.1829952

Mehdi, H., Mehmood, A., Chinchkar, A., Hashmi, A.W., Malla, C.,
Mohapatra, P.: Optimization of process parameters on the mechan-
ical properties of AA6061/A1203 nanocomposites fabricated by
multi-pass friction stir processing. Materials Today: Proceed-
ings, 56, 1995-2003. (2022). https://doi.org/10.1016/j.matpr.2021.
11.333

Optimization Methods in Engineering”:,Springer Science and
Business Media LLC, (2021)

Paramasivam, P., Vijayakumar, S.: “Mechanical characterization
of aluminium alloy 6063 using destructive and non-destructive

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



International Journal on Interactive Design and Manufacturing (1JIDeM)

38.

39.

40.

41.

42.

testing”, Mater Today: Proceed (2021). https://doi.org/10.1016/j.
matpr.2021.04.312

Vijayakumar, S., Anitha, S., Arivazhagan, R., Hailu, A.D., Rao,
T.V.J., Pydi, H.P.: Wear investigation of aluminum alloy surface
layers fabricated through friction stir welding method. Adv. Mater.
Sci. Eng. 2022, 4120145 (2022). https://doi.org/10.1155/2022/
4120145

Vijayakumar, S., Manickam, S., Seetharaman, S., Rao, T.V.J.,
Pounraj, D., Pydi, H.P. 2022 Examination of friction stir-welded
AA 6262/5456 joints through the optimization technique. Adv
Mater Sci Eng, https://doi.org/10.1155/2022/4527595
Vijayakumar, S., Kumar, S., Sampath kumar, P.S., Manickam, P.,
Ramaiah, S., G. B., Pydi, H.P.: The Effect of Stir-Squeeze Cast-
ing Process Parameters on Mechanical Property and Density of
Aluminum Matrix Composite. In M. A. Khan (Ed.), Advances in
Materials Science and Engineering (Vol. 2022, pp. 1-10). Hindawi
Limited. (2022). https://doi.org/10.1155/2022/3741718

Samyal, R., Bagha, A.K., Bedi, R., Bahl, S., Saxena, K.K., and
Shankar Sehgal: Predicting the Effect of Fiber Orientations and
Boundary Conditions on the Optimal Placement of PZT Sensor on
the Composite Structures. Mater. Res. Express. 8(7), 75302 (2021)
Upadhyay, S., Kuldeep, K.S. 2020 Effect of Cu and Mo Addition
on Mechanical Properties and Microstructure of Grey Cast Iron:
An Overview. Mater Today Proceed, 26: 2462-2470.

43.

44,

45.

De Dwaipayan, N., Titas, B.A (2019) Parametric Study for Wire
Cut Electrical Discharge Machining of Sintered Titaniu. Strojnicky
casopis J Mech Eng, 69(1):17-38

Shukla, V.K., Kumar, R., Singh, B.K.: Evaluation of machining per-
formance and multi criteria optimization of novel metal-nimonic
80A using EDM. SN Appl. Sci. (2021). https://doi.org/10.1007/
$42452-020-04083-1

Dinesh, S., Parameshwaran Pillai, T., Parthiban, A., Rajaguru, K.
2020 Modelling of WEDM process for machining ASTM 52100
steel”, Mater Today: Proceed, 37:1103-1106

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of such
publishing agreement and applicable law.

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Terms and Conditions

Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature™).

Springer Nature supports a reasonable amount of sharing of research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial.

These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply.

We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy.

While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not:

1. use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access
control;

2. use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is
otherwise unlawful;

3. falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in
writing;

4. use bots or other automated methods to access the content or redirect messages

5. override any security feature or exclusionary protocol; or

6. share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal
content.

In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository.

These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved.

To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose.

Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties.

If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at

onlineservice(@springernature.com



mailto:onlineservice@springernature.com
https://www.researchgate.net/publication/370468583

