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ABSTRACT

The electrical and non-electrical parameters of EDM
influence the performance of EDM. EDM is one of
the widely used non-traditional machining process
used for machine the hard materials which are
difficult to machine by the conventional machining
processes. In the past few decades EDM gains
popularity because of its wide range of applications in
the die-making, aerospace industry and other
manufacturing sectors. It is also an alternative method
of batch production when the conventional machining
processes fail to machine a material. The development
in the new hybrid techniques and new tool materials
makes some new research scopes in the EDM. Lot of
research has been done in EDM optimization,
monitoring and its application area but still there are
many research gaps which need further study. The
aim of this paper to identify the effect of electrical and

non-electrical parameters on the performance
measures of EDM.
Keywords:  Electro-discharge machining, EDM

parameters, EDM characteristics
INTRODUCTION

In the present manufacturing scenario growth of any
manufacturing industry depends upon the quality of
its product and market reputation. However, the
market reputation comes with the providing the
quality of product to the consumer within a time. In
the present time, the major problem is to machine the
hard material like tungsten and achieve the high
surface finish rates. This is a difficult task when it

comes to conventional machining process but can be
done by un-conventional machining processes like
electro-discharge machining. EDM is the widely used
non-conventional machining process (Goyal et al,
2016, Abbas et al., 2007, Vates and Singh, 2013). The
electro-discharge machining has widely used in the
production of dies and molds (Singh et al., 2004,
Uhlmann et al., 2005). Basically, EDM is used to
machine those materials which are difficult to
machine by the conventional machining process.
Finishing parts of aerospace and automobile industries
are machined by the EDM process (Vates et al., 2016,
Keskin et al., 2006, Chen and Mahdivian 2000).
There is no direct contact between the tool material
and work-piece (Lee and Li, 2001, Sharma et al,
2016). The material is removed by the thermal erosion
in the EDM process (Lin and Lin, 2002, Vates ef al,,
2016). Previously studied on EDM reported that the
material removal rates are less in the EDM than the
other conventional machining processes (Lauwers et
al., 2007). The major advantage of using EDM rather
than conventional machining processes is very high
surface finish rates (Liao et al., 1997). The advantage
of using EDM there are no mechanical vibrations and
mechanical stresses occur during machining because
of no direct contact between the work-piece and tool
material (Ho ef al., 2004). Another advantage of using
EDM over other machining processes that it can
machine any profile or geometry (Kansal et al., 2005).
It can easily machine the complicated geometry which
can be difficult to machine by some other machining
processes (Tarng et al., 1995). But the limitation is
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only the tool material and work-piece must be
electrically conducted (Goyal et al. 2016, Vates et al.,
2016, Hocheng et al., 1997, Kruth et al.,1995) . This
is one of the major requirements of the EDM
(Amorim and Weingaertner, 2004). Generally used
tool materials in the EDM are tungsten and copper
(Mohri et al., 1995, Lee and Li, 2001) . The EDM
technique is developed in 1940 by two Russian
scientists B.R Lazarenko and N.I Lazarenko (Ho and
Newman, 2003). Later in 1967, the scientists of
Soviet Union developed first EDM in which they used
wire as the electrode ( Pandey and Singh, 2010).
EDM utilizes the electrical energy to generate the
electrical spark and the material removal is done by
the thermal energy that is generated by the electrical
spark (Skandesh et al., 2016). The tool material and
work-piece are maintained by a small gap known as
spark gap which is 0.005mm-0.05mm (Singh et al.,
2004). There is the continuously electrical charges
occurred between the tool and work-piece in the
presence of the dielectric fluid (Jahan et al., 2009).
The dielectric fluid may be the EDM oil and kerosene
oil. The main purpose of the dielectric fluid is to
provide the dielectric medium and flushing out the
machining debris from the work table. The major
disadvantage of the EDM is the overcutting and the
formation of the recast layer. This is the research gap
till now (Konig et al., 1998, Singh and Sharma, 2017).
Current trends in the

EDM is carried by researchers on the machining
techniques like Dry EDM, EDM with additives, EDM
in water and the different modeling techniques for the
better results (Imran et al., 2017, Indurkhya and
Rajurkar, 1992, Kiran and Joshi, 2007, Spedding and
Wang, 1997, Datta and Mahapatra, 2010). These days
micro-EDM gains more popularity because it can
achieve the surface finish up to the micro level (Pham
et al.,, 2004, Hourmand et al., 2017). The power
consumption is very less in the case of micro-EDM
(Liu et al., 2010). These days EDM is using in the
industries where the better surface finish is the major
requirements (Samuelson and Bjork, 2013).

EDM PRINCIPLE AND CLASSIFICATION

The material is removed in the EDM process through
the repeated occurrence of sparks which are generated
between the tool and work-piece at the small gap
within the range of 10-125 pum (Singh et al., 2004,
Goyal et al. 2014), The potential difference is applied
between the tool material and the work-piece in the
EDM process(Wu et al., 2005). The only limitation in

the EDM machining process is that both the work-
piece and tool material should be conductive in nature
(Kruth et al., 1995). These days development of new
conductive ceramic matrix materials made new scopes
in the research area of EDM process optimization
(Zhixin et al.,1995, Rona et al., 2017). When the
electric supply given then the electric field is
generated at the smallest gap between the work-piece
and tool material (Su et al. 2004). Microscopic
contaminants in the dielectric fluids are attracted by
the electric field and concentrated at the strongest
point (Kunieda et al., 2015). These contaminate build
up high conductivity bridge between the tool material
and work-piece material (Puertas and Luis, 2003). As
the voltage increases the material and high
conductivity bridge heats up some contaminates
ionized to form the spark channel between the tool
material and work-piece (Prabhu and Vinayagam,
2011). With the increase in both the temperature and
pressure at the strongest point of the field generated
the spark (Kung et al., 2009). As a result, small
amount of work-piece is melted and vaporizes from
both the electrode and work-piece (Keksin et al.,
2006). The generated spark removes the material from
the work-piece and the machining debris is flushed
out by the flushing actions of dielectric fluid (Jeswani,
1981). Both the tool material and work-piece is kept
immersed in the dielectric fluid (Kumar et al., 2009).
Generally, the EDM oil and kerosene oil used as the
dielectric fluid. It is found in studies that tap water
cannot be used as the dielectric fluid because of it
breakdowns and ionize early due to the presence of
salts (Ho et al., 2004). Dielectric fluid in EDM
provides an oxygen-free machining environment
hence gives better machining results (Kim and Chu,
2007). Kerosene is highly used dielectric fluid. It
prevents the De-Odoring and gas bubbles when mixed
up with the other additives (Ming and He, 1995). It
was found in the study that silicon fluids and a
mixture of Silicon fluids with the petroleum oils give
the excellent machining results than the others (Pecas
and Henriques, 2003).

Classification of EDM

Basically, the EDM can be classified into Die-sinking
EDM and Wire-EDM (Vates et al.,2016). However,
both they have the same working principles but
having different research areas and application areas
(Singh et al., 2004).
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EDM Classificabon

| Die-Sinking EDM Wire-EDM

Die sinking EDM is also known as volume EDM or
the cavity type EDM (Mohan et al., 2004). In which
both the tool material and the work-piece are
separated by a small gap and kept immersed in the
dielectric fluid which helps the spark to concentrate at
a particular point. Both the work-piece and tool
material are connected to the power supply in the Die-
sinking EDM (Goyal ef al., 2016). A large number of
spark generated at the particular locations generally
thousands spark per second with the actual duty
cycles which are controlled by the input parameters.
The “pulse-on-time” and “Pulse-off-time” are known
as the controlling cycles (Muthuramalingam and
Mohan, 2013). The pulse-on-time determines the
length or the duration of spark during the machining.
It is found in the studies that the higher values of
pulse-on-time decrease the surface quality of the
material (Krishna et al, 2008, Rao et al, 2010).
Pulse-off-time is generally the period time when a
spark is replaced by another spark. High values of
pulse-off —time allows the dielectric fluid to flushing
out and cleans the machining debris and avoiding the
short circuits during the machining process.
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Figure: Die-Sinking EDM

A lot of research has been done on WEDM process
development and its application areas (Vates et al.
2014, Chiang and Chang, 2006). The working
principle of WEDM is same as the working principle
of Die-sinking EDM (Aspinwall et al., 2008). WEDM
is also known as Wire-cutting EDM or Wire-cut
EDM. It is the special form of Electro discharge
machining which uses a continuously moving wire
electrode (Yuan et al. 2008). In the WEDM process,
a thin wire is fed up through the work-piece which is
submerged in the dielectric tank (Kozak et al. 2004).
Ionized water is generally used as the dielectric fluid
in the WEDM (Chaw et al., 2004). WEDM has a wide
range of application in the manufacturing of dies and
3D shapes which are difficult to manufacture by other
machining operations (Liao and Yu, 2004). The main
operation of the dielectric fluid is to flush out the
machining debris from the cutting zone. Flushing of
the dielectric fluid is the main factor which affects the
feed rate or WEDM process.

power
source

Figure: Wire-EDM

DIELECTRIC FLUID AND ITS FLUSHING
METHODS:

Dielectric fluid acts as an insulating medium. The
main aim of the dielectric fluid is to maintain the
constant resistance across the gap between the tool

The dielectric fluid acts as a coolant or flushing
medium in an EDM process. In the EDM process
(Yan et al. 2005).
material and work-piece (Singh and Bhardwaj, 2011).
It was found in the studies that kerosene oil provides
the excellent machining conditions when it mixed up
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with some other additives (Prihandana et al., 2009).
The dielectric fluid is flushed out through the spark
gap to remove the machining debris from the surface
of work-piece. Flushing of machining debris from the
gap is very important to avoid the short circuits (Luo,
1997). The cutting is irregular and machining

conditions would be poor if the flushing process is
applied incorrectly and also leads to decrease in the
tool life and increased in production time (Jain, 2009)
Flushing operation plays an important role in stable
machining and achieving higher surface finish rates.
There are four main dielectric flushing methods:

EDM Flushing

Normal Flow Jet Flushing

Reverse Flow Immersion Flushing

Figure: EDM Flushing Methods

Normal flushing method is generally used flushing
method in the EDM processes. The dielectric fluid is
introduced under a certain amount of pressure and
forced to flow between the gap of tool material and
work-piece (Masuzawa and Heuvelman, 1983).
Sometimes it produces a tapered opening in the work-
piece so sometimes it is undesirable. In the reverse
flow flushing method, there is not taper opening in the
work-piece a vacuum is used instead of pressure.
Desired EDM machining conditions can be achieved
by the jet flushing method. Sometimes it takes longer
machining times than the Normal flow and Reverse
flow flushing methods. Pumping and sucking action is
used to remove the debris from the machining surface.
Immersion flushing is valuable for the deep cavities
and blind holes (Schumacher, 1990).

LITREATURE REVIEW:

EDM is one of the most popular and widely used
among all non-traditional machining processes. A lot
of research has been done on the EDM modeling,
optimization of its process parameters and its
applications. There are still many research gaps in the
EDM applications and optimization of process
parameters on ceramic materials.

(Asal et al., 2013) conducted an experiment to
optimize the process parameters of EDM by the use of
ANOVA. The pulse on time, current and spark gap
were the main input parameters. The brass and copper
took as electrode material with the DEF-92 as the
dielectric fluid. The DOE is constructed through the

Minitab software he concluded that surface roughness
increases with increase in the discharge current.

(Goyal et al., 2016) investigated the effect of input
parameters such as Discharge current, voltage and
pulse-on-time to optimize the responses such Tool
wear rate, Material removal rate and surface quality
with the copper as the tool material. It was concluded
in the research that MRR and TWR increase with the
increase in the values of discharge current and voltage
and surface quality start decreasing with the increase
in the values of pulse-on-time and discharge current.
The optimal values of surface quality are found at a
lower value of pulse-on-time and discharge current.

(Chandramouli et al.,2014) Conducted an experiment
to investigating EDM process parameters by the use
of Taguchi method. The effect of various input
parameters on the output parameters is investigated by
the Taguchi method. Discharge current, pulse-on-time
and pulse-of-time were taken as input parameters to
optimize the surface roughness, tool wear rate and
material removal rate. It was concluded that in the
research that material removal rate increases with the
increase in the pulse on time and discharge current but
it affects the surface quality of the material.

(Raghuraman et al., 2013) performed an experiment
on the Mild Steel IS-2026 to optimize the output
parameters MRR, TWR and surface roughness with
the input parameters pulse-on-time, pulse-off-time
and discharge current with the copper as tool material.
It was found in the result that lower tool wear rate
found at lower values of current and pulse on time and
surface quality starts decreasing with increase in the
discharge current and pulse-on-time. It was also found
that the GRA 1is the best optimizing technique to
optimize the process parameters.
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(Skandesh et al., 2016) investigated the effect of EDM
on the magnesium nano-composite and concluded that
these composite are lightly weighted and have the
wide range of applications in the aerospace industry.
Peak current, pulse-on-time, pulse-off-time and
current density are taken as input parameters. It was
found that the MRR increases with the increase in the
pulse on time and surface finish majorly affect by the
current.

(Modi et al., 2015) investigated the effect of both the
electrical and non-electrical parameters on the EDM
machining process and concluded that electrical
parameters majorly influenced the output of EDM
process than the non-electrical parameters. However,
the powder additives increase the material removal
rates. It was also concluded that Response surface
methodology and Taguchi design are best techniques
to optimize the process parameters.

(Krishna et al., 2008) investigated the effect of input
parameters on the EDM using the ANN and genetic
algorithm for the optimization of surface roughness. It
was found in that surface finish decreases with the
increase in current.

(Pradhan et al., 2014) stated that EDM is one of
widely used non-traditional machining process having
the wide range of applications in the aerospace
industry. It was found in the experiment that the
output parameters are majorly affected by the pulse on
time, gap voltage, pulse off time and discharge
current. High material removal rates can be achieved
at the higher values of voltage and discharge current.

(Sharma et al., 2010) investigated the effects of EDM
on the output parameters such as MRR, TWR and
Surface quality using EDM with reverse polarity. The
powder additives used during the machining process
and it was found that powder additives increase the
MRR but surface quality decreases.

(Singh et al., 2012) concluded that EDM can be used
in the batch production of the hard materials which
are difficult to machine by the conventional
machining processes. However, the material removal
rates are slower in the EDM but high surface rates can
be achieved with the EDM. It was found in the study
the MRR with the brass electrodes is increasing with
increase in the Pulse on time and it was also found
that on same parameters it starts decreasing when the
copper electrode is used.

(Rao et al., 2010) investigated the effect of input
parameters by the mathematical model on AISI 304
stainless steel material on output parameters such as
TWR, MRR, Ra and HRB using fuzzy logic
modeling. Regression analysis of experimental and
predicted output was performed to investigate the
model. It was concluded in the study that pulse on
time affects the surface finish and MRR.

(Hindus et al., 2013) investigated the effect of EDM
on the Stainless steel 316 L work-piece and concluded
that Material removal rate linearly increased with
increase in the discharge current. Tool wear rate is
highly influenced by the current and then by pulse-on-
time.

(Singh et al.,, 2011) studies the effect of EDM
performance on the basis of output parameters like
MRR, TWR, Relative Wear Ratio and Surface
quality. The important EDM machining input
parameters of the process are discharge current, pulse
off time, arc gap pulse on time, duty cycle and arc
gap. It was found that in the study that the
mathematical modeling in the EDM still needs further
studies and the development of new materials like
composites have made new research scopes in the
EDM optimization and its application. It was
concluded in the study that discharge current is highly
influenced parameter among all the parameters which
affects the surface quality and Material removal rate.

(Banker et al., 2014) investigated the effect of EDM
machining on the AISI 304 Steel by using Taguchi
Method. L9 orthogonal array is used as the DOE for
the experimentation. Copper is taken as the tool
material for the experiment. Optimization process is
done through the Minitab and Taguchi method. Pulse-
on-time, pulse-off-time and depth of cut were taken as
input parameters to control the Material removal rate
as the output parameter. It was found in the study that
the copper has the higher material rates on steel
materials with respect to aluminium, gunmetal and
brass.

(Ghewade et al., 2011) studied the effect of EDM on
the various parameters like gap voltage, pulse on time,
Peak current and duty cycle on the Inconel-718 work-
piece. Taguchi method is used to analyze the effect of
input parameters on the output parameters. It was
concluded that peak current and gap voltage are the
main parameters which affects the MRR and
Electrode wear rate is mainly influenced by the pulse-
on-time and duty cycle.
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EFFECT OF ELECTRICAL AND NON-
ELECTRICAL PARAMETERS

Both Electrical and non-electrical parameters of EDM
influence the performance of EDM. Electrical
parameters majorly affect the performance of EDM
than the non-electrical parameters.

Effect of electrical parameters

It is difficult to explain the effect of all electrical
parameters on the performance due to the stochastic
thermal nature of the electro-discharge machining.
This section of the paper describes the research in the
area of monitoring, control, and optimization of
various electrical parameters which affect the
performance of the EDM.

Effect of peak current

To investigate the effect of peak current in EDM on
MRR and surface roughness pulse on time varied and
other parameters like pulse off time, voltage and wire
feed rate kept constant. The material removal rate is
slow at low values of current and it is nearly constant
as the values of current are low (Chen et al.,
2013,Patel et al.,2011, Kumar et al., 2008). The
material removal rate of material starts increasing the
value of current increasing (Mandal and Saha, 2007,
Rahman et al., 2011).

Effect of pulse-on-time

To observe the effect of pulse-on-time on the EDM
performance peak current is varied while the other
parameters like pulse-off-time, voltage and wire feed
rate kept constant. It is observed that the MRR is
increasing with the pulse-on-time at all the values of
current and surface quality of material starts
decreasing when there is an increase in the value of
pulse-on-time (Khan et al.,2011, Habib, 2009,
Pradhan and Biswas, 2008). Optimum values of
surface roughness can be found at the lower value of
pulse-on-time and current (Jiang et al.,2012).

Effect of pulse-off-time

It is found that MRR starts decreasing when there is
an increase in the values of pulse-off-time. Long
pulse-off-time makes a cooling effect on both the
electrode and the work-piece material hence results in
decreasing the cutting speed and EDM performance
degradation (Lin et al., 2012, Goyal et al., 2016,
Weng and Her, 2002). Surface roughness improves
with the higher values of pulse-off-time. It was also

found in some studies that first the surface roughness
decreasing with the pulse-off-time then starts
increasing when there is an increase in the values of
pulse-off-time (Bhattacharyya et al., 2007, Marafona
and Wykes, 2000, Lee et al., 1990).

Effect of servo voltage

The effect of servo voltage on the performance of
EDM is observed by varying the pulse duration and
kept constant all other parameters. MRR starts
increasing with increase in the servo voltage initially.
But then starts decreasing with increase in the servo-
voltage (Sanchez et al., 2001, Jain et al., 2007, Reddy
and Rao, 2005). On other hand surface quality of
material also starts decreasing with increase in the
voltage (Sarkar et al., 2006).

Effect of non-electrical parameters

Beside the electrical parameters, non-electrical
parameters also influence the performance of EDM.
The flushing of dielectric fluid, rotational movement
of work-piece and electrode plays an important role in
achieving the desired performance measure in the
EDM.

Effect of dielectric flushing

Dielectric flushing affects the performance measures
of EDM. During the roughing operations, flushing of
dielectric fluid affects the tool wear rate and electrode
wear rate while during the finishing operations it
affects the surface roughness (Wong et al., 1995,
Kagaya et al., 1986). In addition, different properties
of dielectric fluids also play a vital role in the
performance of EDM. It was found in the studies the
kerosene oil with additives provides the excellent
EDM performance and high MRR and low electrode
wear rate can be achieved without formation of any
metal carbide on the surface of work-piece (Benedict,
1987). The flushing methods can classify into:
Normal flow flushing (Wong et al., 1995), Jet flow
flushing (Masuzawa et al., 1992), Immersion flow
flushing (Makenzi and Ikua, 2014, Backman, 1990)
and reverse flow flushing (Wong et al., 1995). Some
researchers applied the magnetic field to move the
debris from the gap and some applied the forced
vibrations to move the machining debris from the gap
between tool material and work-piece (Bruijn et al.,
1978).
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Effect of rotational movement of tool material

Besides the dielectric flushing effect on the
performance of EDM, the rotational movement of tool
material also affects the performance measures of
EDM. Better surface quality and material removal rate
be achieved by the applying the rotational movement
of tool material over the work-piece by improving the
circulation of dielectric fluid in the spark gap (Enache
et al., 1990, Murti and Philip, 1986).

Effect of rotational movement of work-piece
material

Rotational movement of work-piece material in EDM
improves the performance measures of EDM in terms
of surface quality and material removal rate (Kunieda
and Masuzawa, 1998, Mohri et al., 1989). The
rotation of work-piece improves the dielectric
flushing over the work-piece which results in the
better surface quality and low electrode wear rate and
High material removal rates (Soni and Chakraverti,
1994, Enache, 1993). Still, these non-electrical
parameters need further study.

CONCLUSION

It was found that both the electrical and non-electrical
parameters affect the performance measures of EDM.
Material removal rate in EDM is increased with the
increase in the discharge current. Higher the intensity
of the spark results in the higher material removal rate
but it affects the surface quality. The surface
roughness increases with the higher values of the
discharge current. It is also found in the study that
higher the pulse-on-time also affects the material
removal rate. MRR starts decreasing when the values
of pulse-on-time start increasing. Long pulse-off-time
increase the surface quality and on other hand, non-
electrical parameters such as dielectric flushing play
major role in achieving the good surface quality.
Rotational movement of work-piece and tool material
improves the flushing of dielectric fluid which helps
in flushing out of machining debris and improves the
material removal rate and surface quality. The
introduction of EDM in the manufacturing sector has
changed the manufacturing scenario for the
production of highly precise parts, 3D shapes, and
aerospace industry. The new advancement in the
conductive materials has made some new research
scopes and application areas in EDM. However, there
are many research gaps in EDM which stills needs
further studies.
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