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Abstract 

The significant disadvantage of electrical discharge machining 

(EDM) application is relatively low material removal rate 

(MRR) and high tool wear rate (TWR). This study focuses on 

evolving a novel process using both oil and gas as dielectrics 

to study the effect on TWR and MRR. The flow of 

compressed gas (nitrogen) through tubular rotating tool 

improved the debris removal from inter-electrode gap. Hence, 

it improves the flushing competence of the machining process. 

Based on experiments conducted, results compared with 

conventional solid electrode with tubular nitrogen assisted 

electrode. The tubular nitrogen assisted electrode results in 

higher MRR and lower TWR because of improve flushing 

efficiency. In this experimental investigation, the En19 steel 

and copper is sorted out as a material for specimen and tool 

respectively. The experiments were conducted following the 

Taguchi method of design experiments. The experimental 

findings, revels that discharge current, gap voltage and pulse 

on time significantly affected MRR and TWR. 
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1. Introduction 
Electrical Discharge Machining (EDM) is a most widely used 

method to fabricate molds, dies, aerospace and automotive 

components [1]. Machining performance of EDM is affected 

by different process factors. From literature it has been 

observed that apart from machining parameters, electrical and 

thermo–mechanical properties of electrodes are the factors 

that significantly affect the machinability of EDM process [2-

6]. The most commonly used dielectric fluid in EDM is 

kerosene. 

One of the significant disadvantages of EDM is low MRR and 

high TWR; various researchers have used different techniques 

and approaches to overcome this limitation. Mohan et al. [7] 

investigated the EDM of metal matrix composite (MMC) and 

analysed the influence of tool speed on the machinability of 

process. Kuppan et al. [8] analysed the influence of tool 

rotation during EDM drilling of Inconel 718. Teimouri and 

Baseri [9] analyzed impelled action of electrode rotation and 

different scale of magnetic field on EDM machinability. 

Abdulkareem et al. [10] performed the experimentation to 

know the effect of cryogenic cooled electrode on process 

responses during EDM of titanium alloy workpiece. 

Srivastava and Pandey [11] applied ultrasonic assisted 

cryogenically cooled tool to evaluate the machinability of 

EDM process. Authors compared the effectiveness of 

ultrasonic assisted cryogenically cooled electrode over the 

conventional electrode and cryogenically cooled electrode in 

terms of process responses. Aliakbari and Baseri [12] applied 

the Taguchi based DOE to obtain the optimum process factors 

for rotary assisted multi hole electrode EDM process and 

studied the effect of machining factors on output parameters 

such as SR, MRR, EWR, and over-cut. Gu et al. [13] 

performed the feasibility analysis of EDM of Ti6Al4V by 

using bunched electrode. They performed a comparative 

analysis on the use of purposed electrode and traditionally 

used electrode on EDM process responses. 

In this experimental exploration, nitrogen gas was supplied 

along a tubular rotary electrode, to know the effect of MRR 

and TWR. The effect of various process factors such as 

discharge current, pulse duration, duty cycle, tool rotation and 

discharged gas pressure have been used to study behavior of 

MRR, TWR. In order to improve wear resistance of steel 

specimen after machining nitrogen is selected as assist gas 

since, apart from effectively flushing the debris from inter-

electrode gap it is also capable of forming of hard nitride layer 

on machined surface. 

 

2. Experimental Work 

 2.1 Details of workpiece and Tool Material 

The experiments were conducted on En19 die-steel having 

dimension of 15x15x10 mm. The work piece, considered for 

the study, had a hardness of 42HRC. Table 1 shows chemical 

composition of selected specimen. 

TABLE 1: Chemical composition of specimen 

C Si Cr Mn Mo P S Fe 

0.44 0.35 0.90 0.70 0.35 0.04 0.03 Rest. 

A tubular rotary tool of copper was used to supply discharge 

gas (nitrogen) in inter electrode gap during die-sinking EDM 

operation. The tool tip of external diameter 10 mm, internal 

diameter of 8mm and length of 70 mm were selected to 

transfer optimum heat from the surface of tool tip.  

Table 2: Mechanical Properties of EN-19 

PROPERTIES VALUE 

Tensile Strength 1150 N/mm2 

Yield Stress 850 N/mm2 

Elongation 14-17 % 

Modulus of Elasticity 2,10,000 N/mm2 

Density 7.5 Kg/mm3 

Hardness 42 HRC 

The mechanical properties of workpiece have been listed in 

Table 2. Figure1 shows the experimental setup fixed on EDM 

machine. 
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Figure: 1 The experimental setup fixed on EDM machine 

2.2 Tool Design and drawing 

A tubular tool having arrangement of gas stream passes is 

used for experimentation work. The tubular electrode and 

machined workpiece has been shown in Fig.2. 

 

 
 

 
 

Figure: 2  (a) Illustrated view of tool (b) Pictorial view of 

machined workpiece 

3.  Experimental procedure 

The die-sinking EDM with tubular nitrogen (gas) assisted tool 

had been performed on EDM machine. The commercially 

available kerosene oil was employed as a dielectric for entire 

experiments. For the experimental work, five process 

parameters viz., discharge current, pulse-on time; duty cycle, 

electrode rotation and gas pressure were selected. The range 

of the discharge current, pulse-on time and duty cycle have 

been selected as 3 to 7 A, 100 to 500 μs and 0.52 to 0.76. 

Table 3: Process parameters  

Machining 

Parameters 

 

Levels 

Discharge Current 

(A) 

3 4 5 6 7 

Pulse on Time (μs) 100 200 300 400 500 

Duty Cycle (τ) 0.52 0.58 0.64 0.70 0.76 

In addition to electrical parameters, non-electrical parameters 

like, discharge gas pressure and spindle rotation were also 

considered as the input variables. The spindle rotation and 

discharge gas pressure has been fixed to be 500 rpm and 12 

mm Hg for nitrogen assisted EDM process. The Z- motor 

sensitivity was set to '3' and anti -arc sensitivity was set to '5'. 

It was observed that better material removal from specimen 

obtained when a reverse polarity was employed i.e. tool as 

positive terminal and workpiece as negative terminal. Reverse 

polarity was used to perform all the experiments. The open 

circuit voltage was fixed at 60V for all experiments. 

3.1 Evaluation of MRR and TWR 

The machined specimens and electrodes were washed with 

acetone after every experiment.  

a) TWR (mg/min) 

Tool wear rate is the ratio of the material removed from the 

tool to the machining time [18]. It is expressed in gm/min. 

                  
    Material removed fro

TWR
Machi

m

n
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ing
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time
  

Here, weight loss is expressed in grams. 

b)  
Materialremoval fromspecimen

MRR
MachiningTime



 
3.2 Effect of process factors on MRR 

The effect of discharge current, pulse on time and duty cycle 

on MRR has been presented below. 

Figure3 depicts effect of discharge current on MRR for 

conventional EDM and nitrogen assisted EDM processes. It 

can be observed that for the both processes, MRR become 

better with an enhancement in discharge current. This can be 

reasoned because of a rise in discharge energy in machining 

region which resulted in greater extent of melting and 

evaporation of workpiece [15]. It can be deduced that MRR is 

more in nitrogen assisted EDM process in comparison to 

traditional EDM process. It may be due to nitrogen assisted 

tubular tool with rotation improves flushing efficiency of 

molten material from machining gap and hence molten metal 

is removed from the inter electrode gap more effectively.  



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 6 (2018) pp. 165-169 

© Research India Publications.  http://www.ripublication.com 

167 

3 4 5 6 7

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0.22

0.24

0.26

0.28

0.30

0.32
 Conventional EDM

 Gas Assisted EDM

Ton = 300s

DC =  0.64

M
R

R
(m

g
/m

in
)

Discharge Current (A)

 
Figure: 3 Effect of discharge current on MRR 

Figure 4 shows effect of pulse-on time on MRR for 

conventional EDM and nitrogen assisted EDM processes. It 

can be deduced from plot that MRR decreased with 

enhancement in the pulse on time for nitrogen assisted EDM 

process. Moreover, MRR increased with increase in the pulse 

duration for conventional EDM process. Because of tool 

rotation, the plasma channel is expanded at longer pulse on 

time value. Hence, magnitude of energy is decreased. So less 

melting and evaporation of specimen occurred, and reduced 

MRR is produced at longer pulse-on time [7, 16] for nitrogen 

assisted EDM process. Moreover, MRR increases with 

enhancement in pulse duration in conventional EDM, because 

magnitude of energy increases for larger pulse duration.   

Further, it can be deduced from figure that MRR is high with 

nitrogen assisted EDM process than the conventional EDM. 
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Figure: 4 Influence of pulse on time on MRR 

 

Figure 5 presents effect of duty cycle on MRR for 

conventional EDM and nitrogen assisted EDM processes. It 

may be deduced that MRR enhanced with an increase in duty 

cycle. This can be reasoned that magnitude of spark energy 

enhanced with an increase in duty cycle which results in more 

melting and vaporization of workpiece [17]. From the 

graphical presentation one can observed that MRR is high 

with nitrogen assisted EDM process than traditional EDM 

process. It is reason because the injection of compressed 

nitrogen gas through rotary tubular tool which results a faster 

removal of the eroded particles. This result in effective 

flushing of debris from inter electrodes gap.  
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Figure: 5 Influence of duty cycle on MRR 

3.3 Effect of process factors on TWR 

Figure 6 depicts the effect of discharge current on TWR for 

conventional EDM and nitrogen assisted EDM processes. In 

both processes TWR increases with a rise in discharge 

current. This is probably due to reason that magnitude of 

discharge energy increases with a rise in current resulting in 

more melting and evaporation of electrode [15, 18]. Further, it 

can be observed from the figure that TWR is less in nitrogen 

assisted EDM process than the conventional EDM process. 

This was probably due to reason that when compressed 

nitrogen gas passes through rotary tubular electrode it reduces 

the tool tip temperature significantly. This results in formation 

of smaller crater on tool surface, hence TWR is reduced. 
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 Figure: 6 Influence of discharge current on TWR 

Figure 7 presents influence of pulse on time on TWR for 

conventional EDM and nitrogen assisted EDM processes. It is 

evident from plot that the tool wears decreases with an 

increase in pulse duration for both processes. This is reason 

because at longer pulse on time, carbon as a result of 

breakdown of hydrocarbon (dielectric) is deposited on tool 

surface. This deposited layer increased tool wear resistance 

[13, 14]. Further, it can be seen from the plot that TWR is less 
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in nitrogen assisted EDM than conventional EDM process. It 

is probably because when compressed nitrogen gas passes 

through the tool, it cools surface of the tool which results in 

lesser melting of the tool and hence TWR is reduced. 
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Figure: 7 Influence of pulse on time on TWR 

From Figure 8 it can be deduced that TWR rises with a rise in 

duty cycle for both processes. The magnitude of energy 

increases with an increase in duty cycle and this result in an 

increased TWR [19]. Further, it can be seen that TWR is less 

in case of nitrogen assisted EDM process than conventional 

EDM process. It may be due to the application of tubular 

rotary tool in case of nitrogen assisted EDM process with 

liquid cum gaseous dielectric enhances flushing efficiency 

which effectively carries away the eroded particles and heat. 
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Figure: 8 Influence of duty cycle on TWR 

 

3.4 Comparison of machining with Conventional EDM and 

Nitrogen assisted EDM 

The comparative analysis of MRR for machining with 

traditional EDM and nitrogen assisted EDM is depicted in 

Figure 9. For the identical machining condition MRR is found 

higher in nitrogen assisted EDM in comparison of 

conventional EDM machining with solid tool. A compressed 

gas causes an enhancement in material evaporation due to a 

decrease in the evaporation temperature [18]. This provide an 

improve removal of the molten materials, and this causes a 

less reattachment of molten materials on the surface of the 

machined specimen, resulting in an improve MRR. 
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Figure: 9 Comparison of MRR with conventional 

EDM and nitrogen assisted EDM 
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Figure: 10 Comparison of TWR with conventional 

EDM and nitrogen assisted EDM 

 

Figure 10 depicts the comparison of TWR for machining with 

traditional EDM and nitrogen assisted EDM. For the identical 

machining condition TWR is found lower in nitrogen assisted 

EDM machining in comparison of conventional EDM 

machining with solid tool. The cooling effect provided by 

compressed nitrogen gas revamps the conductivity of the tool 

thereby heat stored in tool tip reduced [17, 18]. Because of 

this, melting and vaporization of tool reduced causes a 

decrement in TWR.  

Conclusions 

In the present study, the influence of a nitrogen assisted EDM 

using both liquid and compressed nitrogen gas as dielectrics 

as well as effect of machining parameters on MRR and TWR 

during EDM of En19 die steel was investigated. 
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 The use of nitrogen assisted EDM leads to the 

reduction in TWR. Based on the result obtained for 

percentage electrode wear, the use of compressed 

nitrogen gas leads to more than 35% reduction in tool 

wear. 

 The use of nitrogen assisted EDM leads to increase 

in MRR. Based on the result obtained for MRR, the 

use of compressed nitrogen gas leads to more than 

62% increase in MRR. 

 Use of compressed nitrogen gas reduces the TWR by 

lowering the temperature of the tool. Also, the MRR 

is increased because of the enhancement of flushing 

efficiency in machining zone while EDM machining.  
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