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ABSTRACT 
Electrical discharge machining (EDM) have Non-traditional machining processes work on the basis of  thermo 

electric energy between the work piece and the electrode. This type of  process, material removal by series of 

successive discrete electric discharges between electrode and the work piece .The performance of EDM process 

using different type of electrode material. The Material Removal Rate (MRR), Tool Wear Rate (TWR) and 

Surface Roughness (SR) are measures for detailed analysis by use of different electrode materials Brass, Copper 

and Copper Tungsten and work piece material as INCOLOY800HT have employed for the experiments. The 

dielectric fluid used as EDM Dielectric fluid. Objective of this project is show the best material in terms of 

higher MRR, lower TWR, and excellent surface finish 

 

INTRODUCTION 
EDM process is a developing technology lead to increase machining process and accuracy. Electro Discharge 
Machining (EDM) is the electro-thermal non-traditional machining process, in this type of process  electrical 

energy is used to generate electrical spark and spark use to remove material due to thermal energy of the spark. 

EDM is used where machine difficult to- machine materials and high strength temperature resistant alloys. EDM 

can be used to machine difficult geometries on job-shop basis. Work material to be machined by EDM has to be 

electrically conductive. EDM Machining process is a non traditional method to produce any types of cavity in 

the any type of material. Using the different tool material, the performance of EDM can be improved.  The 

experimental Set up of EDM(Fig.1) 

 
Fig. 1 Experimental setup of EDM 

 

1. Electrical Discharge Machine Process 

In EDM a potential difference is applied between the tool and work piece. As shown in Fig. 2 (EDM process) 

both the tool and the work material are conductors of electricity. The tool and the work material are immersed in 
a dielectric medium. Generally kerosene or deionized used dielectric medium. A gap maintained between the 

tool and the work piece. Depending upon the applied potential difference and the gap between the tool and work 

piece, an electric field  established. the tool is connected to the negative (Cathode) terminal of the generator and 

the work piece is connected to positive (Anode) terminal.the electric field is established between the tool and the 

job, the free electrons on the tool are produce electrostatic forces. the work function or the bonding energy of the 

electrons is less, electrons would be emitted from the tool (assuming it to be connected to the Negative 

terminal). that emission of electrons are called  cold emission. The “cold emitted” electrons are then accelerated 

towards the job through the dielectric medium. As they gain velocity and energy, and start moving towards the 

job, there would be collisions between the electrons and dielectric molecules. Such collision may result in 

ionization  the dielectric molecule depending upon the work function or ionization dielectric molecule and the 

energy of the electron. the electrons get accelerated, more positive ions and electrons would get generated due to 
collisions. This cyclic process would increase concentration of electrons and ions in the dielectric medium 
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between the tool and the job at the spark gap. The concentration would be so high that the matter existing in that 

channel could be as “plasma”. The electrical resistance of such plasma channel would be very less. All of a 

sudden, a large number of electrons will flow from the tool to the job and ions from the job to the tool. This is 

called avalanche motion of electrons. Such movement of electrons and ions can be visually as a spark. the 

electrical energy is dissipated as the thermal energy of the spark. The high speed electrons then impinge on the 

job and ions on the tool. The kinetic energy of the electrons and ions on impact with the surface of the job and 

tool respectively would be converted into thermal energy or heat flux. Material removal occurs due to instant 

vaporization of the material as well as due to melting. The molten metal is not removed completely but only 

partiall . the electrons strike the job leading to crater formation due to high temperature and melting and material 

removal. Similarly, the positive ions impinge on the tool leading to tool wear. In EDM, the generator is used to 

apply voltage pulses between the tool and the job. A constant voltage is not applied. Only sparking is desired in 

EDM rather than arcing. Arcing leads to localized material removal at a particular point whereas sparks get 
distributed all over the tool surface leading to uniformly distributed material removal under the tool. 

 

 
Fig. 2 EDM process 

 

Optimization technique plays important role to increase quality.The Taguchi Method use to analyze optimal 

process parameter.The Taguchi method primarily uses engineering judgement to decide optimal factor levels for 

multiresponses ,which increases uncertainty during the decision making process.  

 

2. Electrode Material 

 

Copper  Electrode 

Ccopper  used as an electrode material. It extruded or drawn and then machined to required size and shape, low 

wear under both Roughing and Finishing operations and has the capacity to remove large amounts of material  

 

Brass  Electrode 

This is alloy of copper and zinc, Brass does not resist wear ass well as copper or tungsten,but is much easier to 

machine and can be die-cast. 

 

Copper Tungsten 

This is used electrode material in EDM mostly. 

 

3. Work piece Material 

 

Incoloy 800HT Alloy 
This type of workpiece used for its strength at high temperatures and its ability to resist carburization ,oxidation, 

and other types of high-temperature corrosion. Applications include furnace components and equipment, 

petrochemical furnace cracker tubes,pigtails and headers, and sheathing for electrical heating elements 

 

Composition of INCOLOY800HT ALLOYS(in %) 

 

NICKEL  

 

CHROMIUM  

 

IRON CARBON ALUMINIUM TITANIUM 

30 19 39 0.6 0.25 0.25 
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EXPERIMENTAL DETAILS 
The Experimental work, three factors, each with three levels were selected as controllable variables, a three 

factor three level central composite rotatable design was selected for conducting the experiments. 

  

Experimental set up 

The Experimental work, carried out on a die-sinking EDM machine (SS 50 Spark Generator) of ELECRONICA 

ZNC India Ltd. Pune, installed at Mechanical Department of Govt. College of Engineering, Amravati, and 

Maharashtra, India. The EDM machine can be run either on positive polarity or negative polarity. Polarity 

defines which side of the spark gap is either positive or negative. The straight or normal polarity i.e. tool 
positive and work piece negative are used for the purpose of obtaining better surface roughness.   

 

Design of experiments 

Taguchi orthogonal arrays provide a set of well balance experiment which gives much reduce variance for the 

experiment with optimum set of control parameter .Minitab 17 software was used to make the design of 

experiment .based on the degree of freedom of control parameter an L9 Taguchi OA was selected for the present 

experimental work 

 
 

Total 9 experiment were conducted using Copper, Brass and Copper Tungsten electrodes individually.the value 

of performance parameter has been calculated using formula followings: 

MRR=(Initial weight-final weight)of work piece material/Maching time 

EWR=( Initial weight-final weight)of electrode material/Maching time 
 

RESULT AND DISCUSSION 
3.1 The response table for MMR, EWR and SR based on experimental and regression analysis are shown in 

following table. 

 

 

 

 

 
 

 

 

 

 

 

 

 



[Kumar*, 4(7): July, 2017]  ISSN 2349-6193 

  Impact Factor: 2.805 

IJESMR 
International Journal OF Engineering Sciences & Management Research 

http: // © International Journal of Engineering Sciences & Management Research 

 [12] 

For Brass Electrode 

 

 
 

For Copper Electrode 
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For Copper Tungsten Electrode 

 

 
Regressin Analysis : Based  on the experimental data gathered, statistical regression analysis enabled to study 

the correlation of process parameters with the MRR, EWR and SR. 

 

Optimal Result. 

Taguchi’s signal to noise ratio is applied in this work to improve the performance characteristics such as MRR, 

TWR and SR on the Inconel800HT alloy during EDM process. Since the Taguchi method is suitable for single 

objective function the multi-objective task was fulfilled by taking in consideration the optimum values obtained 

from the SN ratio.The conclusion of this work are summarized as follows 
 

For Brass Electrode 

 

Sr.no Ip T-on t Value from 

SN ratio 

Value from regression equation  % error 

1.MRR 7 50 9 0.0229 0.0222 2.97 

2.TWR 3  200 7 0.0076 0.0073 2.94 

3.SR 3  50 7 6.68 6.89 3.02 

 

For Copper Electrode 

 

Sr.no Ip T-on t Value from 

SN ratio 

Value from regression equation  % error 

1.MRR 7 50 7 0.0519 0.0524 1.01 

2.TWR 3 150 8 0.0000021 0.0000022 4.76 

3.SR 5 150 8 4.5 4.6 2.2 

 

For Copper Tungsten Electrode 

 

Sr.no Ip T-on t Value from 
SN ratio 

Value from regression 
equation  

% error 

1.MRR 7 150 7 0.061 0.063 4 

2.TWR 3 200 8 0.00021 0.00020 2.8 

3.SR 7 50 7 5.13 5.107 0.5 

 

Result obtained from validation experiment 

The results obtained from the regression analysis giving the optimum value of the process input parameter for 
machining were used for performing the validation experiment in order to know whether the values obtained 
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from the regression analysis give optimum result practically or not. The experiment was carried out using only 

copper as the electrode since from the regression analysis the result obtained for the best electrode was copper 

electrode. The reading from this experiment and the regression analysis is compared and the errors in the 

obtained values are shown below. 

 

 Validation experiment 

Values 

Regression values %error 

MRR 0.0531 0.0519 2.26 

TWR 0.00000221 0.0000021 4.82 

 

CONCLUSION  
The optimum values obtained from the regression analysis was checked by performing the experiment again 

only for the copper electrode which was concluded as the best electrode from the regression analysis and the 
values were recorded as shown in the above Table Thus from the Regression analysis and the validation 

experiment it can be concluded that the best electrode for the purpose of machining the Inconel800HT alloy is 

copper electrode. 
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