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I. Introduction 
 

In the manufacturing industry, machining is 
one of the primary processes that play a 
vital role in giving the desired shape to the 
final product as well as maintaining the 
quality of surface for further assembling.
The early stage of machining processes
such as cutting, drilling, reaming, boring 
etc. involves the cutting tool must remain in 
contact with the work piece until the end of 
the machining process. Later improvements 
in machining process involve non
operation between too land workpiece
based on the electrolysis process
referred as Electro Chemical machining 
(ECM). Further development resulted in 

The major differences between conventional and non
by material removal rate (MRR), surface finish and tool life/tool wear rate. In consideration of all these 
parameters, non-conventional machining proved to be the better choice despite higher processing cost than 
compared to conventional machining. Electro Disc
material removal takes place via melting
electrically conductive in nature. EDM has found its application ranging from macro size 
micro level because of precision and better surface finish at the final product. In order to achieve such 
precision in quality, the contribution of various operating parameters is noticeable, where a minor change 
in value can significantly affect the finishing operation. The current paper illustrates
and non-electrical parameters on the 
discharge machining. A comprehensive study of previous researches has b
influence of process parameters on MRR,TWR, and Ra have been
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In the manufacturing industry, machining is 
of the primary processes that play a 

vital role in giving the desired shape to the 
final product as well as maintaining the 

assembling. 
processes 
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volves the cutting tool must remain in 

piece until the end of 
the machining process. Later improvements 
in machining process involve non contact 

workpiece 
process and 

ectro Chemical machining 
(ECM). Further development resulted in  

 
 
Electro Discharge Machining
which comprises of electric current
through the tool and workpiece in a 
dielectric medium and material removal 
happened by the generation spark betwee
them when brought close to each
rapid recurring spark generated
junction pointbetween tool and work
has a temperature in the range of 8000°C to 
12000°C resulting vaporization of material 
from the work piece. The vaporization of 
metalparticleshappenedirrespectiveoftheme
chanicalpropertiesandhardnessofthemetals
resulting in the formation of micro
craters on the electrode surface that gets 

The major differences between conventional and non-conventional machining processes are characterized 
by material removal rate (MRR), surface finish and tool life/tool wear rate. In consideration of all these 

conventional machining proved to be the better choice despite higher processing cost than 
ining. Electro Discharge Machining (EDM) is the process in which

material removal takes place via melting and evaporation of electrode material provided that
in nature. EDM has found its application ranging from macro size w

micro level because of precision and better surface finish at the final product. In order to achieve such 
precision in quality, the contribution of various operating parameters is noticeable, where a minor change 

ect the finishing operation. The current paper illustrates the effect
 MRR, Surface Roughness (Ra) and tool wear rate (TWR) in electro

discharge machining. A comprehensive study of previous researches has been carried out, a
of process parameters on MRR,TWR, and Ra have been concluded. 
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dispersed in the dielectric medium [1, 2]. 
The schematic representation of EDM 
process is shown in Fig. 1. The work piece 
(anode) and tool (cathode) were placed in a 
dielectric medium and connected to a 
voltage source that supplies current to both 
the electrodes. Upon commencing of the 
machining process the tool is brought 
closer to the work piece until the 
breakdown of dielectric medium allowing 
current pass through it resulting generation 
in plasma spark and consequently 
triggering the material removal from the 
anode. Electro-discharge machining has 
other forms such as Wire EDM, where the 
tool is in the form of a wire that is kept 
under tension and keeps moving during the 
cutting process. Another form, micro-EDM 
that does not have any fundamental 
difference in working principle as 
compared to EDM except as the name 
suggests it’s been used in micromachining. 
The interesting fact in EDM process is that 
complex shapes and contours can be 
machined where by the use of thermal 
energy for machining of materials is 
possible irrespective of their hardness and 
eliminates some major undesired 
circumstances like residual stress, chatter, 
and unnecessary vibration as no cutting 
force involved, resulting in the better 
surface finish. On the other hand, the 
limitation of the process is that both the 
electrodes i.e., the tool and workpiece 
must be electrically conductive in nature 
and the tool has to be replaced regularly as 
it material removal also happens at that 
end[3–5]. 

The two important performance measures 
that define the efficiency of EDM process 
are material removal rate (MRR) and tool 
wear rate (TWR), depends on process 
parameters which can be broadly be 

classified into electrical and non-electrical 
parameters. The electrical parameters viz. 
voltage, frequency, duty cycle, discharge 
energy, and pulse on-time & pulse off-time 
in case of micro EDM (µ-EDM) process, 
contributes to control of spark energy 
resulting performance measures. On the 
other hand, the non-electrical parameters 
such as dielectric fluid, flushing pressure, 
the addition of particulate matters in 
dielectric fluid affects the MRR and 
surface roughness (Ra) of the workpiece. 
Other performance measures like surface 
roughness (Ra), dimensional accuracy, 
taper, and overcut contributes to the 
quality of the end product, featured mainly 
on hole sand channels. The material 
removal rate (MRR)is primarily influenced 
by the burning voltage and its second-
order effect, current intensity, two-level 
interaction between voltage and current as 
well as current and pulse time and,whereas 
the tool wear rate (TWR) mostly depends 
on the pulse time and its second-order 
effect [6–8]. The tool wear as observed is 
in two forms i.e., deformation of tool 
shape and volumetric wear as reported by 
Gurgietal.[3].It was also reported that the 
failure of carbon from the hydro carbon 
dielectric and precipitation at the electrode 
surface of the large curvature region, has a 
significant effect on TWR. Goyal [9] on 
his work observed that the pulse on-time 
and pulse off-time are directly proportional 
to MRR that was attributed to the 
generation insufficient heat energy 
between leading edge of tool and 
workpiece. The higher discharge energy, 
on the other hand, is also responsible for 
the formation of bigger and deeper crates 
at the workpiece surface leading to 
increase in surface roughness, as observed 
in the microstructure. It was reported that 
after each pulse on-time due to the 
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expansion of plasma channel the explosion 
of bubbles formed in the dielectric 
medium ejects a large lump of material 
from the workpiece on sequentially 
resulting in higher surface roughness. The 
machined surface, in general, has three 
distinct layers such as white layer/recast 
layer, heat affected zone and unaffected 
layer/parent metal [10–12]. The sub layers 
are difficult to identify because of the 
white layer formed with craters and 
resolidified metals over the surface due to 
the involvement of high current density. 

Though numerous research has been 
published and ongoing as well on the 
effect of process parameters on MRR and 
Ra,the in-depth understanding needs 
addressing. Thepresent work comprises of 
a comprehensive study from the available 
research, on different processing 
parameters influencing the performance 
measures of EDM. 

 

II. Electrical Parameters vs 
Performance Measures 

 

2.1 Discharge Energy 
 
Discharge energy can simply be expressed 
as the product of supplied voltage, current, 
and the time duration, which combinely 
transforms into thermal energy resulting 
melting and evaporation at the spark 
generation vicinity. Disruption in current 
supply results in uneven cooling leading to 
explosive flushing of melted material and 
solid particles of the workpiece as well. 
Deionization of dielectric fluid, as well as 
machining product evacuation from the 
work zone, occurs between the periodical 
discharge, consequentially providing 
stabilitytopulsedischargebypreventingcontin
uousflowofcurrentandgeneratingshortcircuit

[13–16].Inthe investigation by Jahan et al. 
[17], has observed that while machining 
micro holes on Ni Ti SMA andTi-6Al-4V 
the surface roughness at the center and 
edges are different and the reason is a 
higher concentration of spark at the center 
compared to the edges. During the 
operation, the tool electrode became 
hemispherical in shape and tapered across 
the centreline resulting higher spark at the 
centre. The observation of machined surface 
under EDAX reveals the deposition of 
carbon and oxygen from dielectric fluid and 
atmosphere respectively. The increase in 
voltage makes stronger electric field 
resulting easy spark discharge to be taken 
place even at higher gap consequentially 
poor surface finish or larger craters after the 
machining [4, 18, 19]. In order to achieve 
higher MRR and lower TWR choice of 
appropriate current intensities and duty 
cycle is necessary. A higher current 
intensity and duty cycle result in increased 
discharge energy that facilitates elevated 
material removal and increased MRR. On 
the other hand, the combination of lower 
current and high duty cycle at a constant 
pulse on-time results in lower discharge 
energy generation leading to protection of 
tool from wear [20, 21]. 

(a) MaterialRemovalRate 
 

2.2 Pulse on time and pulseoff-time 
 

Ciazzo et al. [19] in their investigation 
employed graphite and copper-infiltrated- 
graphite as tool electrode has studied the 
effect of electrical parameters on Material 
Removal Rate and Tool Wear. It was 
reported in that, the tool being anode the 
MRR decreases with increasing duty cycle 
and reveres phenomena was observed if the 
tool is made cathode i.e.,MRR increases 
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with increase in duty cycle.It was proposed 
that longer pulse off-time is suitable when 
the tool is made anode as it requires more 
time to restore the flushing conditions for 
efficient machining, whereas longer pulse 
on-time is desired when the tool is cathode 
resulting increased MRR. A similar 
observation was made by Zhang et al. [22] 
who reported that the alteration in polarity 
leads to change in MRR.When the 
workpiece is made anode the impulse is 
large and the crater diameter as well, and 
reverses for negative polarity i.e. when the 
workpiece is a cathode. Fig. 2 depicts the 
effect of pulse on-time and duty cycle at 
constant current application, which shows 
that lower value of TWR can be achieved at 
longer pulse on-time and duty cycles 
provided enough time is allowed for the 
positive ions to attack the workpiece rather 
than a tool. On the other hand, it can be 
observed fromFig.3 that, to achieve 
smoother surface a combination of low 
pulse on-time and a higher level of 
discharge current at a fixed duty cycle, that 
will establish high energy plasma channel 
density leading to effective material 
removal and shallower craters on the 
surface [20, 23, 24]. 

 
Dastagiri and Kumar [25] have explored 
the effect of EDM process parameters on 
MRR and Ra for Steel and En41b and 
proposed a mathematical expression for 
corresponding parameters and 
performance measures. In their study, it 
was strongly recommended that the 
temperature distribution along the work 
piece thickness, which depends on the 
pulse duration in due course of machining, 
plays a vital role. The melting and 
vaporization occur at the early stage of 
discharge near the surface as the 

temperature is as high as 4083 K, and the 
corresponding isotherms at the point of 
melting are part of plasma sphere resulting 
formation of uneven craters because of the 
heat transfer rate proceeds in radial 
direction rather than axial. The 
computational results revealed that the 
temperature gradient is more along axial 
direction consequentially, the crater for the 
high speed steel (HSS) after the pulse 
duration is hemispherical in shape. 
Furthermore, with an increase in pulse 
duration the crater depth and diameter 
increases and again decreases for longer 
discharges because of an inverse relation 
between pulse on time and heat flux, 
ultimately affecting the MRR in a similar 
fashion. 
 

III. Non-Electrical Parameters vs 
PerformanceMeasures 
 

3.1 Dielectricfluid 
 

The dielectric fluid is such a necessary 
element in the process that provides an 
oxygen- free environment and 
consequently prevents the formation of 
oxide layer deposition after machining as 
high heat is involved in the process. The 
dielectric should have strong resistance to 
current so that it doesn’t break down easily 
at low current and at the same time ionize 
to keep the spark in tact during the 
process. The dielectric is generally flushed 
around the electrode or some times for 
better material removal it was passed 
through electrode as well as kerosene and 
deionized water are the common dielectric 
fluids used in EDM,however, researchers 
acrossthe globe have also used gas and 
ceramic particles with dielectric oil and 
mixture of oil, water and powder particles, 
and subsequently studied the effects on 
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performance measures. Ramesh etal.[26] 
in their study used Sodium Silicate with 
water while carrying out the band saw 
cutting process on HSS and Titanium 31, 
following the principal of EDM. They 
have observed that erosion rate in 
Titanium 31 is high in WEDM and 
EDS(Electro-discharge sawing) as 
compared to HSS and attributed to higher 
electrical and thermal conductivity of HSS 
resulting lower energy concentration. Also 
the lesser erosion of HSS was claimed to 
be poor compatibility of electrode i.e., 
mild steel which was guided through 
ceramic assemblies resulting generation of 
lower pulse rate, whereas the only reason 
devoted to the higher erosion 
ofTitanium31is increased pulse current 
resulting higher energy consequentially 
high removal of material. The surface 
finish in case of EDS was reported to be of 
poor quality than that obtained with 
WEDM. The reason being reported is the 
high energy density in both the cases 
resulting exhibition of re solidified metal 
with imperfect expulsion due to the spark 
in case of WEDM, whereas, EDS exposed 
surfaces observed to have greater 
turbulence from the expulsion of liquid 
metal due to the formation of forces across 
arc lines. For a gaseous dielectric medium, 
the impulse force is little which is 
negligible as compared to liquid medium, 
where the pulse energy is responsible for 
formation bubbles. 
 

3.2 Tool material &conditioning 
Alias et al. [4] studied the effect of feed rate 
on the MRR of WEDM and observed that 
with increased tension in wire results in 
reduction in the wire vibration 
consequentially reduction in the feed rate as 
well and obtaining smaller kerf width 

leading to decreased MRR and vice versa. 
The tension in wire reduces the vibration 
consequently maintaining a constant spark 
gap resulting in better surface roughness 
i.e., reduced Ra. Zhang et al. [22] in their 
workreportedthatspheretoolsaremorefavora
blethanneedleshapedtoolsbecausethespheret
ools generate large crater diameter by 
expanding the plasma tunnel resulting 
formation of more bubbles and larger pulse 
force. Graphite as a tool material doesn’t 
show any significant effect of the 
performance measures, but interestingly the 
deposition of workpiece material may be 
observed [27]. The tool feed rate plays an 
important role in determining the MRR and 
Ra of the process. In the study by 
Weingartner et al. [28] it was proposed that 
increased feed rate helps in continuous 
material removal as the plasma spark 
cannot generate repeatedly at once place 
due to the increase in gap width because of 
formation of creators after the first spark, 
leading to formation of carbonaceous 
deposition on the tool for a slower 
feedrate.The surface topography after 
machining in the EDM process can reveal 
necessary insight during the cutting 
process. The peculiar surface topology is 
illustrated in Fig. 4, which exhibits the 
presence of globules, craters, cracks, and 
debris at the edges of the machined surface. 
The craters are formed due to the melting 
and evaporation of material that occurs at 
high temperature resulting plasma pool. 
The size of the crater is directly 
proportional to the discharge energy and 
current. The lower peak current in 
combination with higher frequency results 
in lower material removal and smaller 
craters. It is evident from the scanning 
electron microscope images that the melted 
material deposits on the surface due to 
rapid cooling effect by the dielectric fluid 
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resulting development of residual tensile 
stress. The tensile stress results in the 
formation of cracks if the residual stress 
exceeds the maximum tensile strength of 
the material and doesn’t form readily as the 
thin recast layer dissipates heat rapidly. At 
lower discharge energy small amount of 
molten metal remains in the dielectric and 
re solidifies forming globules at the surface. 
The number of globules and degree of 
crack are directly proportional to the 
discharge energy that causes an elevated 
spark and the impulsive force resulting in 
increased melting and evaporation 
consequently larger craterdiameter. 
 
IV. Conclusion and Outlook 
 
To understand the physics behind the 
effect of process parameters on 
performance measures (EWR,MRR & Sq) 
of EDM, an in-depth study was carried out 
on available researches focus on the 
experimental investigation as well as 
optimization technique employed. From 
the study, the following facts can be 
concluded. 

1. Electro-discharge machining is a 
temperature driven process that is 
achieved by suitable selection of current 
and dielectric fluid. 

2. The electrical parameters viz. discharge 
energy, discharge current and voltage, 
pulse on- time, pulse off-time, duty cycle, 
spark gap have a significant effect on the 
material removal rate and tool wear rate 
than that compared to the non-electrical 
parameters viz. tool material, dielectric 
fluid, and feed rate. 
3. The discharge energy which is 
obviously a combination of discharge 
current and voltage and pulse on-time has 
a direct relationship with MRR and TWR. 

However to achieve machining quality in 
terms of higher MRR, lower TWR and 
better surface finish 
appropriatecombinationofdischargeenergy,
dutycycle,pulseon-timeandpulseoff-time 
has to be chosen. 
4. The liquidous dielectric fluid exhibit 
better material removal as compared to the 
gaseous dielectrics, due to the formation of 
bubbles at the spark zone leading to the 
formation of larger craters at the surface, 
consequently high material removal. 
5. The surface topology in EDM observed 
to have globules, craters, cracks and white 
layer formation, which are highly 
depended on the discharge energy and rate 
of cooling, peak current, and frequency. 
6. There solidification of molten metal 
during the machining process develops 
thermal stress at the recast layer due to 
rapid cooling and breaking of the same 
when the thermal stress exceeds the 
ultimate tensile stress, revealing cracks on 
the machined surface. 
7. The process parameters and their effect 
on performance measures have rigorously 
been explored and observed that electrical 
parameters show significant results. 
However, studies on metal matrix 
composite with ceramic reinforcement and 
machining of ceramic compounds through 
EDM need to be explored as they have 
limited electrical conductivity as well as 
compatibility with tool electrode is one 
more concern in this respect. Numerous 
experimental investigation can be carried 
out and possible facts can be explored. 
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