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ABSTRACT: In this research work D2 steel was machined 

on EDM by flame burned then quenched tool. The 

quenching medium was water and Mobil oil. As D2 steel is 

a very hard material and its machining by conventional 

processes is difficult, a very hard tool like CBN is used to 

machine it. But by using EDM technique it can be easily 

machined, the only problem associated with it is high tool 

wear which we have tried to reduce.  TWR and MRR was 

measured for the prepared tools and the process variables 

were input current and lift and all the variables were kept 

constant. It is found that TWR has reduced for the water 

quenched copper electrode and oil quenched copper 

electrode as compared to pure copper electrode. 
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Abbreviations: 

MRR- material removal rate 

TWR- tool wear rate 
EDM- electrode discharge machining 

 

I. INTRODUCTION 

EDM is the process mostly used for making dies and 

normally dies are made of hard materials which are difficult 

to machine. EDM is the most versatile process amongst the 

non-traditional machining processes and also it is 

economically justified. But then the problem associated with 

EDM is its tool wear rate (TWR) which is higher in the case 

of copper, which is most commonly used tool for the EDM 

process. There are several methods by which TWR can be 
reduced like coating with some insulated material, 

electroplating electrically resistive material. These methods 

are costlier in nature. So we have tried a very economical 

way of reducing TWR, which is by making copper oxide 

layer on the outer periphery of electrode by burning it with 

oxidizing flame and subsequently quenching in different 

media like water and oil. For this the set up used was of oxy-

acetylene welding which is also very easily available. An 

oxidising flame was made by allowing more oxygen to the 

flame which results in adequacy of oxygen to react with 

copper and form oxides of copper which are electrically and 

thermally insulators. As only the outer periphery of the tool is 
burnt which means only outer periphery will give insulation.  

 

As copper gives flame test which confirms the formation of 

oxide layer, while burning copper gives bluish green colour. 

This on copper after cooling converts to yellowish colour. 

 

II. METHODOLOGY 

Hao-Long Chen [6] et al. studied the effect of the oxide film 
formed on the electrical properties of Cu-Zn alloy electric 

contact material. They found that the oxide film formed from 

heating oxidation of 70 wt% Cu-30wt% Zn alloy contact 

material in atmosphere at high-temperature and different 

heating times. The above research paper motivates our 

methodology and research work.  

Preparation of tools: 

Copper was selected for the tool material because of its high 

electrical conductivity. Firstly the surface of copper was 

made scale free with the help of emery paper and then for 

making copper oxide layer on the outer periphery of copper 

tool, set up of oxy acetylene welding was used. Oxidizing 
flame was used so that there will be adequate amount of 

oxygen to react with copper and form the oxide of copper. 

The quenching oil used was Mobil oil, because flash point of 

Mobil oil is very high. For water quenched tool, normal tap 

water was used. And air cooled tool was cooled in still air 

condition. Initially the surface of copper was made scale free 

and smooth with the help of emery paper then flame burning 

of copper was done. 

 
Fig.1 flame burning of copper 
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Prepared tools: 

 
Fig.2 prepared tools 

From extreme left, oil quenched, air cooled, oil quenched, 

cold rolled and oil quenched . Quenching was done to make 

fine grain structure of copper tool, because of which inter 

molecular distances between the copper atoms will be less. 

This results in proper holding of atom thus less erosion of 

tool. For comparison purpose only air cooled tool was 

prepared. 
 

Experimentation: 

All the experiments were performed on EZNC (EMS5535-

R50 ZNC), SERIES 2000, keeping all factors constant except 

input current and lift. For higher depth of cut lift is a 

important parameter as it allows the debris to escape from the 

machining area which improves the MRR. But too high lift 

can reduce the MRR as it takes unnecessary time. Utmost 

precaution was taken while performing machining. Sponge 

was used to soak the dielectric after machining so that the 

reading taken is genuine.  
 

III. RESULTS AND DISCUSSION 

Observation tables: 

1. For pure copper tools 

 
Table.1. observation table for pure copper tool 

For this tool TWR is more and MRR is less. 

2. For oil quenched copper electrode 

 
Table.2. observation table for oil quenched tool 

 

3. For air cooled copper tool 

 
Table.3. observation table for air cooled copper tool 
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4. For water quenched copper tool 

 
Table.4. observation table for water quenched copper tool 

 

5. For cold rolled and oil quenched copper tool 

Table.5. observation table for cold rolled and oil quenched 

copper tool 

 

From the observation tables we can conclude that TWR has 
reduced for the prepared tools as compared to the pure 

copper tool. Also MRR is improved for certain combinations. 

 

IV. CONCLUSIONS 

1. Flame burned copper gives less TWR and more 

MRR as compared to pure copper tool. 

2. Flame burned and oil quenched tool gives the best 

result. 

 

Research gap: 

1. Non-Uniformity of oxide layer which affects the 

result. 

2. Inert condition can be applied for better result. 
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