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Abstract— EDM is an advanced machining process for 

machining, hard material parts which are difficult to 

machined by conventional machining process. There are 

various types of products which can be produced by using 

Die-sinking EDM, such as dies, moulds. Parts of aerospace, 

automobile industry and surgical components can be fin-

ished machined by EDM. In present scenario numbers of 

researchers have explored a number of ways to improve EDM 

efficiency. The optimum selection of manufacturing 

condition is very important in manufacturing processes as 

they determine surface quality, dimensional accuracy of the 

obtained parts. This experimental investigation is mainly 

focused on comparison of MRR & TWR by using Copper and 

Brass electrode on different pulse-on time (ps), current and 

voltage, whose values are designed by Taguchi method. In 

this experiment, it is evaluated that copper has more MRR 

than brass and have less TWR comparatively. 
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I. INTRODUCTION 

A. Electric DISCHARGE MACHINING: 

EDM is a nonconventional machining process, in which the 

material erodes or removal from the work piece take place by 

a series of discrete sparks between a work piece and the tool. 

Both work piece and tool immersed in a liquid dielectric 

medium. The EDM system consists of a shaped tool which 

may be triangular, rectangular, cylindrical, etc. or wire 

electrode, and the part. There is a small gap maintained 

between tool and work piece are separated by a small gap 

called spark gap. The electric discharges melt and vaporize 

the work piece material in small amounts, which are further 

ejected and flushed away from the machining region by the 

dielectric fluid. The dielectric fluid acts as a de-ionizing 

medium between the electrode and work piece. It is one of 

the most accurate manufacturing processes available for 

creating complex or simple shapes and geometries within 

parts and assemblies. EDM is especially well-suited for 

cutting intricate contours or delicate cavities that would be 

difficult to produce with a grinder, an end mill or other cutting 

tools. The EDM process is most widely used by the mould-

making tool and die industries, but is becoming a common 

method of making prototype and production parts, especially 

in the aerospace, automobile and electronics industries in 

which production quantities are relatively low. EDM is often 

included in the ‘non-traditional’ or ‘non-conventional’ group 

of machining methods together with processes such as 

electrochemical machining (ECM), water jet cutting (WJ, 

AWJ), laser cutting and in contrast to the ‘conventional’ 

group ( milling, grinding, turning, drilling and any other 

processes whose material removal mechanism is essentially 

based on mechanical forces). Metals that can be machined 

with EDM include hardened tool-steel, titanium and carbide 

etc. Since the EDM process does not involve mechanical 

energy, the removal rate is not affected by hardness, strength 

or toughness of the work piece material. One critical 

limitation, however, is that EDM only works with materials 

that are electrically conductive. And also due to its low 

machining efficiency and poor surface finish it is restricted to 

further applications and requires lot of research to improve its 

performance.  

B. Principle of EDM: 

In electric discharge machining process the metal is removed 

from the work piece due to erosion caused by rapidly 

occurring spark discharge between the electrode and work 

piece. A small gap called spark gap of about 0.010 mm to 

0.50 mm is maintained between the tool and work piece. This 

spark gap is maintained by a 

 
Fig. 1: EDM set up 

Servo mechanism control system. Both the 

tool/electrode and work piece are submerged in a dielectric 

fluid which is flushed through the electrode or through the 

work piece as shown in Figure 1.1. Kerosene, EDM oil and 

de ionized water are very common types of liquid dielectric, 

although gaseous dielectrics are also used in many cases. The 

tool is made cathode and work piece is made anode or vice 

versa. When the voltage across the spark gap becomes 

sufficiently high, it discharges through the spark gap in the 

form of the spark in the interval of about 10 micro seconds. 

Due to this, the positive ions and electrons get accelerated, 

producing a discharge channel that becomes conductive. It is 

just at this point when the spark jumps causing collisions 

between ions and electrons and creating a channel of plasma. 

A sudden drop of the electric resistance of the previous 

channel allows that current density reaches very high values 

producing an increase of ionization and the creation of a 

powerful magnetic field. The spark develops sufficiently high 

pressure between work and tool as a result of which a very 

high temperature is reached. At this high pressure and 

temperature some metal is melted. Material removal occurs 
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due to instant vaporization of the material as well as due to 

melting. 

C. Types of EDM: 

EDM comes in two basic types:            

1) Die Sinker (Probe) EDM     

2) Wire EDM  

1) Die Sinker EDM: 

Sinker (die sinking) EDMs are generally used for complex 

geometries where the EDM machine uses a machined ectrode 

to erode the desired shape into the part or assembly. Sinker 

EDM shown in Figure 1.2 can cut a hole into the part without 

having a hole pre-drilled for the electrode. 

 
Fig. 2: Die Sinker EDM 

In the traditional die-sinking EDM process, the tool is 

fabricated into a required shape and mounted on a ram that 

moves vertically. The spark discharges can only occur under 

a particular gap size that determines the strength of electric 

field to break down the dielectric. A servo control mechanism 

is equipped to monitor the gap voltage and to drive the 

machine ram moving up or down to obtain a dischargeable 

gap size and maintain continuous sparking. Because the 

average gap voltage is approximately proportional to the gap 

size, the servo system controls the ram position to keep the 

average gap voltage as close as possible to a pre-set voltage, 

known as the servo reference voltage. The tool and work 

piece are separated by a small gap known as spark gap. The 

value of spark gap lies between 0.01mm to 0.5mm. The 

machining gap between tool and work piece during EDM 

must be submerged in an electrically nonconductive 

dielectric fluid. In die-sinking EDM, kerosene is often used 

as a dielectric fluid because it provides lower tool wear, 

higher accuracy, and better surface quality. Copper and 

graphite are commonly used as die-sinking EDM tool 

materials because of the high electrical conductivity and high 

melting temperature and the ease of being fabricated into 

complicated shapes.                   

2) Wire EDM:       

Wire EDM is used primarily for cut shapes through a selected 

part or assembly. With a wire EDM machine, if a cut out 

needs to be created, an initial hole must first be drilled in the 

material, and then the wire can be fed through the hole to 

complete the machining [Pay 08]. In a WEDM, the wire 

electrode is held vertically by two wire guides located 

separately above and beneath the work piece with the wire 

traveling longitudinally during machining. The work piece is 

usually mounted on an x-y table. The trajectory of the relative 

movement between wire and work piece in the x-y coordinate 

space is controlled by a CNC servo system according to a pre-

programmed cutting passage. The CNC servo system also 

adjusts the machining gap size in real time, similar to the die 

sinking EDM operation. 

 
Fig. 3: Wire EDM 

II. EXPERIMENTAL SET-UP 

For this experiment the complete work is done on an EDM, 

model ELEKTRA- EMS 5535 (die-sinking type) with servo-

head (constant gap) and positive polarity for electrode was 

used to conduct the experiments. Commercial 

Grade EDM oil (specific gravity= 0.763, freezing 

point= 94°C) was used as dielectric fluid. In this experiment 

using EN-9 low alloy steel is used. 

Elements (Weight %) 

C 0.4979 

Mn 0.8886 

P 0.0198 

S 0.0122 

Si 0.2598 

Table 1: Chemical Composition of EN-9 low alloy steel 

A. Calculation of MRR and TWR and Taguchi Design 

Matrix: 

MRR 

The MRR is expressed as the ratio of the difference of weight 

of the work piece before and after machining to the 

machining time. 

Machining time = 15 minutes. 

TWR 

TWR is expressed as the ratio of the difference of 

weight of the tool before and after machining to the 

machining time. Mathematically: 

              TWR (g/min) = (Wtb-Wta)/t 

Where 

Wwb = Weight of the work piece before machining 

Wwa = Weight of the work piece after machining 

Wtb = Weight of the tool before machining 

Wta = Weight of the tool after machining 

t = Machining time 
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Run Current(A) Pulse on Time (Ton) Voltage (V) 

1 4 100 40 

2 4 150 50 

3 4 200 60 

4 8 100 50 

5 8 150 60 

6 8 200 40 

7 12 100 60 

8 12 150 40 

9 12 200 50 

Table 2: Taguchi Design Matrix 

Graph 1. Comparison of MRR using electrode of Copper and 

Brass 

From DOE and ANOVA performed on MINITAB 

15 software, it is find out that the MRR is directly 

proportional to the current then followed by pulse on and 

voltage. From above graph it is clear that MRR is greater in 

case of Copper electrode than Brass electrode at the same 

performance parameter such as discharge current, voltage and 

pulse on. 

 
Fig. 4: Graph 2. Comparison of TWR using electrode of 

Copper and Brass 

III. CONCLUSION 

Parameters Levels Value 

Current (I) Level 3 12A 

Pulse on Time(Ton) Level 2 150µs 

Voltage (V) Level 1 40V 

Table 3: Optimal Condition for MRR 

Parameters Levels Value 

Current (I) Level 2 8A 

Pulse on Time(Ton) Level 3 200µs 

Voltage (V) Level 2 40V 

Table 4: Optimal condition for TWR 

The tests were performed with Copper and brass by 

taking the entire parameter constant except of current, voltage 

and pulse on in die sinking EDM. The individual effect of 

parameter analysed that MRR of Copper is better than Brass 

whereas TWR of Copper is less than Brass. 

REFERENCES 

[1] Choudhary, Rajesh. Kumar, H and Garg, R. K.         

(2010), “Analysis and Evaluation Of Heat Affected 

Zones In Electric Discharge Machining Of En-31 Die 

Steel” Indian Journal Of Engineering & Material 

Science, Vol. 17, Pp91-98. 

[2] Joshi A. and P. Kothiyal , “Investigating the Effects of 

Process Variables on MRR in EDM by using Taguchi 

Parameter Design Approach”. International Journal on 

Theoretical and Applied Research in Mechanical 

Engineering, ISSN: 2319 – 3182, Vol. 1, 2012. 

[3] Singh H (2012), “Investigating the effect ofCopper, 

Chromium and Aluminum electrodes on EN31 die steel 

on ElectricDischarge Machine using positive 

polarity”,Proceedings of the World Congress on 

Engineering, Vol. 3, ISBN: 978-988-19252-2-0. 

[4] Bergaley, Ajeet., Sharma, Narendra. (2013), “Optimiza-

tion Of Electrical And Non Electrical Factor In Edm For 

Machining Die Steel Using Copper Electrode By 

Adopting Taghuchi Technique” International Journal of 

Innovative Technology And Exploraing Engineering , 

Vol. 3, Issue 3, Pp44-48, Issn:2278-3075.  

[5] S. Gopalakannan ,T. Senthilvelan  and S. Ranganathan, 

“Statistical optimization of EDM parameters on 

machining of Aluminium Hybrid metal Matrix 

composite by applying Taguchi based grey analysis”, 

Journal of Scientific and Industrial research, Vol. 72, pp 

358-365, 2013. 

[6] Ujjval Prajapati, Jaimin Prajapati, Paras Modi, Kapil S 

Banker, “A Review of Parameter Optimization of 

Electro Discharge Machine By Using Taguchi Method”, 

International Journal for Scientific Research & 

Development, ISSN 2321-0613, Vol. 2, 2014  

[7] Bharat Raj Bundel “Experimental Investigation of 

Electrode Wear in Die-Sinking EDM on Different Pulse-

on &off Time (μs) in Cylindrical Copper Electrode”, 

International Journal Of Modern Engineering 

Research,ISSN: 2249–6645, Vol. 5,Iss.3, Mar. 2015, 49 

[8] Kamalkishor G. Maniyar, Roshan V. Marode, S. B. 

Chikalthankar, “Optimization of EDM Process 

Parameters on MRR & TWR of Tungsten Carbide by 

Taguchi Method”, International Journal of Engineering 

and Advanced Technology (IJEAT),ISSN: 2249 – 8958, 

Volume-5, Issue-3, February 2016. 

 

 

 


