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ABSTRACT
In the pursuit of getting significantly higher Material Removal Rate with the vast reduction in Tool Wear together
with high Surface Finish & the challenges being faced while machining the extremely hard material the place &
importance of Electrical Discharge Machining cannot be encompassed. A machining process that is basically
employed for the conductive, hard to machine materials. As regards the machining is concerned the factors affecting
the responses are vast in number & thus the role of optimization comes into picture which does not only optimize the
responses with the optimal process parameters but also makes the machining economical. There are various input
factors like pulse on time, pulse off time, voltage, current, duty cycle, electrode shape, electrode length, dielectric,
flushing pressure etc. together with the large number of multi objective optimization techniques. The paper focuses
towards aggregating various techniques at one place and examining the ef
effect
fect of various input parameters on the
responses together with the different parameters & techniques being applied by the researchers in the present
scenario. Various multi criteria optimization modules together with the different tools, workpiece have been
be
discussed in the present work and how the different techniques are being hybridized with the other have been dealt.

Keywords: Current; Multi Objective Optimization; Voltage.

INTRODUCTION
EDM is a prominent unconventional
machining
ning operation employed for the very
hand and difficult to machine material with
the conventional means. It is basically used
of the steels, Inconel, carbide, alloys etc.
Another name of this process is spark
machining process since it removes the
materialss by electrical spark. Both work
material and tool are dipped in dielectric
fluid and works as a conducting path of
electrical discharge as mentioned in Figure1.
As EDM provides the better finish with burr
free surface & other additional features, this

process
cess is widely employed in machining of
various engineering product such as
hardened dies of steel, stamped tool direct
and indirect dies, forging process dies,
mould cavities having intricate & complex
shapes.
STATE OF ART
Anshuman Kumar Sahu and Siba Sankar
Mahapatra performed the machining of
Ti6Al4V together with the optimization of
the process using the GRG based firefly
technique. The machining
ning was accomplished
using the copper, graphite & AlSi10Mg tool
electrodes. Current, voltage, pulse on time &
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duty cycle were taken as the process
parameters while the TWR, MRR & SR
were the output parameters. The results
disclose that better MRR can be achieved by
increasing the voltage, current, pulse on time
& duty cycle using graphite tool. The
material removal is maximum with graphite
followed by the copped and then the
AlSi10Mg. SR increases with the
subsequent increase in the voltage, current
& duty cycle.[1]
Yan-Cherng Lin et al. performed the Hybrid
machining using the EDM with AJM. The
objective of the work was to find out the
effect of the various affecting parameters in
case of this very hybrid module with the
performance parameter being the MRR,
TWR & SR. For the same, L18 experiments
were taken into account for the SKD 61 steel
& to that servo reference voltage, polarity of
machine, current, grain size, pulse duration
& pressure were chosen as the major process
parameters. The most affecting parameter in
case of MRR are polarity, current & pulse
duration, EWR is affected by peak current
whereas SR is affected mainly by the peak
current, pulse duration and air pressure.[2]
Sitaram and C M Krishna performed the
MOO of the MRR, TWR & SR while
machining the MMC of AlSiC using the
copper electrode. The input factors were
chosen as V, C, Ton& η. The machining was
accomplished using the Taguchi's L16
orthogonal array with the MOO using
Firefly Algorithm which reveals that the
current of value of 15A, voltage of order 40
Volts, Duty factor of 30 gives the maximum
MRR with the least SR & TWR.[3]

S. Gowthaman et al. examined the MRR &
Ra (Surface Profile) by machining the
Monel super alloy. For the same the L27
experiments
were
performed.
The
optimization engine considered was MultiFunction GRA followed by the ANOVA.
The results reveal that MRR and Ra are
majorly affected by the Discharge Current &
holds the contribution as 71% & 81%. The
Toff holds the least contribution for the
responses whereas Ton order of307 µs,
Pulse off time of order of 2867µs, Discharge
current of order 15 A and Gap voltage of
order 80 Volts are the prime setting for the
responses.[4]
Guang Zhu et al. performed the high speed
electrical discharge machining using the
different tool materials on W9Mo3Cr4V
work piece. The MRR obtained from the
method was 10 times higher than the
conventional with the relatively low
electrode wear ratio. The tool materials were
Brass, Cu, SS, Al alloy & graphite. Results
discover that the graphite produces best and
high MRR with the lowest REWR. The
higher MRR and lower REWR is obtained
using the positive polarity for the work
material whereas the lower Rz is achieved
using the negative polarity for the work
piece. However, the polarity seems
insignificant against the WLT.[5]
Anshuman Kumar et al. applied the NSGAII technique for the MOO of wire EDM
process parameters upon the Inconel 718
work material. The MRR & Ra were the
major performance measure while the wire
tension, wire speed, discharge C & Ton were
process parameters. ANOVA reveals that
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the MRR and the kerf are entirely dependent
upon the V & Ton whereas the current holds
the minimum contribution. The optimality
results from the Taguchi shows that the wire
tension of order of 16 N, Current of order 20
A, Wire speed of order 205 mm/sec. & Pulse
on time of order of 30 microseconds are the
prime setting for the MRR.[6]
Anshuman Kumar Sahu et. al. performed the
multi characteristic optimization using the
MOORA based firefly technique. The work
material for the trials were opted as AiSi
1040 SS whereas the tool material was taken
as Cu-W prepared using the PM process.
Pressure and temperature were varied while
preparing the tool material by PM process.
Process parameters were taken as current,
duty cycle & Ton while the output were
considered as the MDR, SR, thickness of the
CLT & the micro hardness of the coated
layer. The results reveal that the MDR
increases
while
increasing
the
tempaerature& compaction pressure &
increase in discharge current and pulse on
time. Surface finish improves of the coated
layer with the increasing sintering
temperature & compaction pressure. EDX
shows that the tool material is transferred to
the work material surface. The micro
hardness is obtained in the order of 350 to
450 HV.[7]
Rajkamal Shukla & Dinesh Singh performed
an experiment to find the finest process
parameters using the Firefly algorithm. The
work piece material was taken as Aluminum
MMC and EN-31 tool steel. Moreover, the
author also all pied the Taguchi's
methodology and the TOPSIS method to get

the optimized solution. It was seen from the
outcome that the MRR increases from
159.70 gm/min to 181.6723 gm/min,
whereas Ra decreases from 6.21 µm to
3.6767 µm & REWR decreases from 6.21%
to 0.00006324%.[8]
Rahul et al. performed the experimental
work on Inconel 825 as the work material
together with the Cryogenically treated
copper as tool electrode. The objective of
the trials was to check the surface integrity
and metallurgical characteristics. The
comparison was made between the CTT &
NTT for which the Pulse on time, Duty
factor & input current were considered. The
results reveal that cryogenically treated
gives small layer of carbon deposition on
surface as well as edge. Also the residual
stresses were relatively less in the machined
area as compared to the machining by
NTT.[9]
P. Prasannaa et al. did the process parameter
optimization while machining the AA705SiC MMC The experimental trial were
performed using the kerosene as dielectric
&copper as a tool material in which the
process parameter were adopted as Ton, Toff,
current & coating thickness in addition to
which the MRR, RWR & SR were the
performance measures. PCA was utilized for
the optimization & getting the weight
factors. The results disclose that as the
current increases MRR significantly
increases whereas the SF decreases together
with the vast increase in tool wear rate.
Machining at the higher values of current
increases the tool wear rate. Current value of
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order 12 ampere, Ton of 15 µs, Toff of 1µs &
V of 35 volts were the prime settings.[10]
Arindam Majumder et. al. performed the
MOO of the wire EDM process parameters
using the multi objective Firefly Algorithm
for which the RAFM steel was considered as
the work material Ton, Toff, current & wire
tension were the chosen process parameters
whereas the SR & CS were the output
factors. Linear regression analysis was used
to develop the model relationship between
the input and the output factors & standard
deviation was deployed for the conversion
of multiple responses into single function.
The results reveal that the FA performs
better as compared to the PSO and DE.
Moreover, the convergence rate of FA was
higher as compared to the other two in terms
of CPU time. [11]
Md. Ashikur Rahman Khan et al. machined
Ti-5al-2.5Sn using graphite tool. Both the
polarities were considered while machining
using the graphite tool. Ip, Ton & Toff were
the major process parameters upon the Ra.
Results reveal that the positive polarity
results in the better surface finish & the
negative results in nearly double the value of
the surface roughness in case of positive. Ra
is majorly affected by the pulse on time in
case of the positive polarity of the graphite
& Current in case of negative polarity.[12]
Rajkamal Shukla & Dinesh Singh performed
the multi response optimization using the
FA & compared the results with the
previous researches. The results show that
the MRR increases from 159.70 gm/min to
181.6723 gm/min. while ‘‘Ra” and

‘‘REWR” are decreased from6.21 µm to
3.6767 µm and 6.21% to 6.324 *10-5%.[13]
Anand Prakash Dwivedi &Sounak Kumar
Choudhury performed the experimental for
the investigation of the Surface Integrity.
The machining was accomplished using the
Rotary tool electric discharge machining.
The work material was taken as AISI D3
Steel. The objective of the experiment was
to examine the Surface Roughness, MicroCracks & Recast Layers. The results reveal
that the better surface finish is achievable
with the rotation of the tool and the
improvement of 9-10% can be achieved.
The micro cracks were reduced drastically
using rotary tool as compared to stationary.
The average value of the RLT is of the range
2 to 25 micro meters which is almost half
the amount achieved by the stationary
tool.[14]
Kuwar Mausam et. al. applied the GA for
the optimization of the process parameters
while machining the carbon composed two
phase epoxy composites. MRR & TWR
were the chosen output factors whereas the
Ip, Vg, Ton, & η were the chosen process
parameters.
The
results
after
the
optimization reveals that the TWR is
decreased to 0.0000125 i.e. by 70%.[15]
Rajesh Purohit et. al. performed the
optimization using the GRA while
machining of M2 steel. The objective of the
experiment was to optimize the MRR, EWR
& Overcut. The total of 9 experiments were
carried out using the Taguchi's L9 matrix.
The machining was accomplished by the
brass electrode of rotating nature. The
ANOVA and GRA were further applied on

317

ELK ASIA PACIFIC JOURNAL OF MECHANICAL ENGINEERING AND RESEARCH- SPECIAL ISSUE
ISSN 2349-9368(Online);EAPJMER/ISSN.2454-2962/2016;
National Conference on Futuristics in Mechanical Engineering
Madan Mohan Malaviya University of Technology

the statistical data. The optimum values
observed were voltage of 50 V, Ton of 500
micro-seconds and electrode rotating speed
of 460 RPM. The responses were majorly
affected by the electrode rotation speed
which was later followed by the V & Ton.
The optimum values of the performance
measures were MRR of 0.122 grams/minute,
EWR of 40.98% and overcut of 0.68
mm.[16]
Manisha Priyadarshini & Kamal Pal applied
the Grey-Taguchi technique for determining
the optimal setting against the machining of
titanium alloy with the copper tool. The
process parameter was taken as Pulse width,
DF, Current & Voltage while the MRR,
TWR & Ra were taken as the performance
measures. The results reveal that MRR
increases with peak current & it happens due
to the increase in the electron bombardment
and holds the maximum contribution while
the pulse on time shows the least impact
upon MRR. The optimal parameter setting
for MRR, TWR & SR were found to be
input current of 10 amperes, Pulse on time
of 10 micro-seconds, duty cycle of 9 and
voltage of 8 volts.[17]
C. Murali Krishna et al. performed the MOO
using the Firefly Algorithm & considered
the MRR, SR & TWR as output parameters.
together with the C, V & Ton as the major
process parametrs. The work material was
taken as the MMC Al6061 reinforced with
the SiC. Results from the algorithm clears
that the value of the I of order 3 Ampere,
Voltage of 40 volts & Ton of 200
microseconds gives maximum MRR and
Lowest SR.[18]

Sreenivasa Rao M & Venkaiah N performed
the multi characteristic optimization while
machining the Nimonic-263 alloy using the
wire EDM process and employing the RSM
& PSO technique. MRR and SR were taken
into account together with the Ton, Toff, Ip
& V as the process parameters. ANOVA
discovers that Pulse on time together with
the peak current holds the maximum
contribution for the MRR & SR, Results of
PSO outperforms the RSM technique.[19]
Rajesh Kumar Bhuyan et al. executed the
experimental trials on MMC Al-24%SiC
and applied the TOPSIS approach for the
MOO. MRR, SR & TWR were taken as the
performance measures while the Ip, Ton &
Flushing pressure were taken as the process
parameters. designs were prepared using the
Box-Behnken CCD and the 2nd order
mathematical models were prepared using
the RSM. Result reveals that the
experimental values are close enough to the
predicted values with the values of error +5%. Results from TOPSIS reveals that Ton
of value 250 microseconds, Ip of value 30
ampere & Flushing pressure of value
0.5Kg/cm2 are the finest settings for the
MRR, TWR & SR.[20]
Brajesh Kumar Lodhi & Sanjay Agarwal
performed the machining over the AISI D3
steel using the L9 orthogonal array of the
Taguchi's techniques. Ton, Toff, C & wire
feed was engaged as the process factors
whereas the SR was adopted for the output.
The results reveal that the Ton and Current
holds the maximum contribution for the SR
as compared to the other process parameters.
Confirmatory tests are close enough to the
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optimum values with the error of
3.042%.[21]
G. Ugrasen et al. applied the Multi
regression analysis together with the GMDH
& the ANN while machining the ED-31
work material & using the Taguchi's L16
orthogonal array for the effective
experimental trials. Molybdenum wire with
dia. of 0.18 mm was considered as the tool
material. MRR, SR & Accuracy were taken
as the performance measures. GMHD
outperforms the other two techniques. The
minimum error & best fit was found for the
62.5% of the data training in case of SR and
75% in case of Volumetric MRR &
accuracy. ANN can fit the model effectively
as
compared
to
the
other
two
techniques.[22]
V. Muthukumar et al. performed the
machining of the Incoly 800 alloy using the
RSM technique for the radial overcut using
the copper electrode. CCD was taken into
consideration for the effective machining &
a total of 30 trial were performed. ANOVA
was deployed for getting the significance.
Results reveal that the current & voltage
holds the maximum contribution for the
radial overcut. The predicted results
developed by the models holds hand with
the experimental values.[23]
Md. Ashikur Rahman Khan et al. applied the
neural network modeling in the analysis of
the surface roughness (Ra). The SEM had
been deployed for examining the surface
topography of the machined part. Ip, Ton,
Toff & voltage were taken as the process
parameters & the experiments were planned
using the CCD approach. The results from

SEM discover that crater size increases with
increase in discharge energy. Moreover, the
no. of globules decreases as the energy level
increases. Cracks starts to increase as
discharge energy increases. The WLT
increases as the ton increases.[24]
Vikas et al. applied the Grey- Taguchi
approach for finding the optimized process
parameter while machining the EN41 work
material and taking the SR as the
performance measure. process parameter
was taken as the Ton, Toff, current &
voltage. The SR considered were of five
kinds namely Ra, Rq, Rsk, Rku&Rsm.
Results reveal that the discharge current has
the largest impact over the SR whereas the
effect of the other process parameters was
negligible. Moreover, the experimental
values were close enough to the predicted
values.[25]
Sasmit Yadav & Rajesh Kumar Verma
performed the review of the EDM
machining processes and concluded that the
there are vast meta heuristics techniques like
Firefly Algorithm, Cuckoo Search, Harmony
etc. that still needs to be implemented by the
hybridization of it with the other techniques
such as TOPSIS, MPI, WPCA, Utility
Theory etc. [26] [27]
CONCLUSION
[1] As regards the tool is concerned the
majority of work has been performed on the
Copper, Brass & Graphite. Moreover, a new
trend shows that the other fabricated tool
such as AlSi10-Mg has also been used by
the researcher. Aluminum & Stainless Steel
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have also been used as a tool but due to the
high tool wear rate they are not preferred.
[2] From the viewpoint of work material, the
Monel Alloy, Nickle Alloy, Stainless Steel
are the most preferred materials. Recent
trends show that Metal Matrix Composites
with different properties and powder
proportion to enhance the properties are
being used.
[3] Ton, Toff, V, C, & η are the major process
parameters while the MRR, TWR & SR are
the major performance measures. Recent
trends show that mixing of powder in
dielectric, flushing pressure, electrode
length, electrode shape, cryogenically
treated tool, polarity etc. have been
considered as the process parameters while
the radial overcut, surface topography under
SEM, Vickers’s hardness, white layer
thickness, relative wear ratio have been
taken as performance measures.
[4] As the optimization is concerned the
most research holds hands with the Taguchi
technique but due to the its single objective
in nature the GRA, TOPSIS, GA, PSO etc.
had been used but a new trend diverts the
minds towards the new metaheuristics
technique namely Firefly Algorithm,
Cuckoo Search, Harmony Search, NSGA,
MOGA III etc., some of which have been
successfully implemented while the few
more needs to be implemented for meeting
the global optimization goals.
[5] Today’s optimization is focused upon the
hybridization of the different technique such
as merging of Taguchi with Firefly
Algorithm, Taguchi based GRA, PCA based
TOPSIS approach etc.

[5] From the viewpoint of Dielectric, the
kerosene is the major used fluid while other
are being used as deionized water, powder in
dielectric etc.
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Figure 1: EDM Setup

Nomenclature
MRR

Material Removal Rate

MOO

Multi Objective Optimization

TWR

Tool Wear Rate

WLT

White Layer Thickness

RWR

Relative Wear Ratio

CTT

Cryogenically Treated Tool

SR

Surface Roughness

NTT

Non-Cryogenically Treated Tool

SF

Surface Finish

PCA

Principal Component Analysis

Ip

Input Current

ANN Artificial Neural Network

V

Voltage

GMHD Group Method Data Handling

Ton

Pulse On Time

CCD

Toff

Pulse Off Time

η

CLT

Coating Layer Thickness

MDR

Central Composite Design
Duty Cycle
Material Deposition Ratio
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Figure 2: S/N ratio graph of MRR[2]
[2]

Figure 3: MRR & REWR variation with electrode materials
materials[5]
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Figure 4: Effect of Work Piece Polarity on MRR
MRR[5]

Figure 5:: Percentage contribution of MRR
MRR[6]
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Figure 6: Pareto Graph for MRR v/s Ra[6]

Figure 7: Sensitivity Analysis for Ra[12]

Figure 8: Contributing factors for SR
SR[21]
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Figure 9: Contributing factors for MRR
MRR[22]

Figure 10: Contributing factors for Accuracy
Accuracy[22]

Figure 11: Predicted v/s Actual ROC
ROC[23]

Figure 12: Predicted v/s Experimental ANN values
values[24]
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Figure 13: Predicted v/s Experimental Ra values[24]
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