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ABSTRACT 
Electrical discharge machining (EDM) is one of the non-traditional machining processes, based on thermo electric energy 
between the work piece and an electrode. In this process, the material removal is occurred electro thermally by a series of 
successive discrete discharges between electrode and the work piece. The performance capabilities of the EDM process by using 
different electrode materials has been carried out. In recent years, EDM researchers have explored a number of ways to improve 
the sparking efficiency including some unique experimental concepts that depart from the EDM traditional sparking 
phenomenon. Despite a range of different approaches, this new research shares the same objectives of achieving more efficient 
metal removal coupled with a reduction in tool wear and improved surface quality. The Material Removal Rate (MRR), Tool 
Wear Rate (TWR) and Surface Roughness (SR) is measured and recorded for detailed analysis. Different electrode materials viz. 
Aluminum, Brass, Copper and work piece material as AISI 304L have been employed for the set of experiments. The dielectric 
used is Kerosene diluted with water. The objective of the experiment is to identify the best material in terms of higher MRR, lower 
TWR, and excellent surface finish. 
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1. INTRODUCTION 
Electro Discharge Machining (EDM) is an electro-thermal non-traditional machining process, where electrical energy is 
used to generate electrical spark and material removal mainly occurs due to thermal energy of the spark. EDM is mainly 
used to machine difficult to- machine materials and high strength temperature resistant alloys. EDM can be used to 
machine difficult geometries in small batches or even 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. Fig.1 is the sparkonix EDM and 
Fig. 2 is the experimental Set up of EDM. 
 

                                                
Fig. 1 Sparkonix EDM                                                     Fig. 2 Experimental setup of EDM 

 
1.1 Electrical Discharge Machine Process. 
In EDM, a potential difference is applied between the tool and work piece. As shown in Fig. 3(EDM process) both the 
tool and the work material are to be conductors of electricity. The tool and the work material are immersed in a dielectric 
medium. Generally kerosene or deionized used as the dielectric medium. A gap is 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 would be established. Generally the tool is connected to the negative (Cathode) terminal of the generator and the 
work piece is connected to positive (Anode) terminal. As the electric field is established between the tool and the job, the 
free electrons on the tool are subjected to electrostatic forces. If 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). Such emission of 
electrons are called or termed as 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    
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Of the dielectric molecule depending upon the work function or ionization dielectric molecule and the energy of the 
electron. Thus, as 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 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. Thus 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. Thus 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. 
Such intense localized heat flux leads to extreme instantaneous confined rise in temperature which would be in excess of 
10,000oC. Such localized extreme rise in temperature leads to material removal. 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 partially. As 
the potential difference is withdrawn as shown in Fig. 1, the plasma channel is no longer sustained. As the plasma 
channel collapse, it generates pressure or shock waves, which evacuates the molten material forming a crater of removed 
material around the site of the spark. Thus to summarize, the material removal in EDM mainly occurs due to formation of 
shock waves as the plasma channel collapse owing to discontinuation of applied potential difference. Generally the work 
piece is made positive and the tool negative. Hence, 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. 3 EDM process. 

 
 
1.2 Electrode Material. 
1.2.1 Electrolytic Copper 
Electrolytic copper is generally used as an electrode material. It can be extruded or drawn and then machined to required 
size and shape It has low wear under both Roughing and Finishing operations and has the capacity to remove large 
amounts of material This material is advisable for spark eroding cavities in Tungsten carbide particularly of small sizes 
and intricate shapes. For eroding all types of die cavities, this material is recommended Its alloys like Copper Chromium, 
Copper Cadmium are also used for Electrode making. 
 
1.2.2 Tungsten Copper (Aconite) 
This is a sintered material It is the best choice for Electrode making because (I) high resistance to WEAR and (II) can be 
easily machined It is recommended for use in roughing as well as Fine Finishing operations It is available in different 
percentages of Tungsten and Copper 
 
1.2.3 Graphite 
A special grade for EDM is made available in this material. It is the second best choice for Electrode making. It can be 
easily machined The material being brittle is not recommended for making electrode of small sizes, shapes, but can be 
easily used where cavity sizes are large. It is not recommended for Tungsten Carbide job. 
  
2. METHODOLOGY 
2.1 Selection of Tool and Work piece Material. 
Owing to the increased development in the field of EDM processes, it has now become essential to figure the best tool 
material for higher Material Removal Rate, Lower Tool Wear Rate and improved Surface Finish. Keeping in mind the 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 8, August 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 8, August 2013 Page 188 
 

following and analyzing the various tool materials taken for experimentation, we have selected the following three tool 
materials: 
1. Aluminum (Al Alloy) 
2. Brass (FC Brass) 
3. Copper (Cu Alloy) 

 
Fig. 4 Tool Work piece Pair before machining 

 
All the above materials are softer when compared to the work piece that we had selected. We have used a AISI 304L 
cross-section for the Experiment. Hence, the best property of softer tool material cutting the tougher work piece material 
through EDM process has been well utilized here. We got a cube and sliced it into 3 equal sections for each set of 
experiments. Each work piece was arranged and named along with a tool.  
As shown in Fig.4 the 3 pairs of tool work piece before machining and in Fig 5. Tool work piece pair after machining is 
as follows:                
a. AISI 304L – Al Alloy  (W1: A)    
b. AISI 304L – FC Brass  (W2: B) 
c. AISI 304L – Cu Alloy  (W3: C) 
 
 
2.2 Selection of Tool and Work piece Material. 
The tools and work pieces were of irregular dimensions and surface finish. So we had carried the following series of 
machining operations in order to bring uniformity to the set of experimenting materials.  
 
2.3 Setting Operations 

The tool was fixed on the bolt welded to the machine spindle. It was changed after the experiment was carried out.   

  
Fig. 5 Tool Work piece Pair after machining 

 
 The work piece was clamped with the help of two V-blocks. The work pieces were also replaced after the experiment was 
carried out. The tool and work piece were oriented towards each other for the correct machining of the surface intended. 
The Water diluted Kerosene was used as the dielectric fluid owing to its easy availability, cheaper rates and better 
performance characteristics. 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 8, August 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 8, August 2013 Page 189 
 

2.3 Calculating the Material Removal Rate (MRR) 
Material Removal Rate is always intended to be higher for efficient machining of the work pieces. 

 

Where, weight in gm, time in mins, and density in gm/cc  

 

2.4 Calculating Tool Wear Rate (TWR) 

Tool Wear Rate is always intended to be lower for reduction in tool replacement costs. 

 

3. RESULTS AND DISCUSSION 
I. Al Alloy – AISI 304L pair 
1. Time taken to machine 2mm depth:     85 mins 
2. Weight of workpiece before machining:   332.07 gms 
3. Weight of work piece after machining:   324.60 gms 
4. Weight of tool before machining:     40.31 gms 
5. Weight of tool after machining:      40.06 gms 
 
• Results: 
A. MRR = 0.0109 cm3/min 
B. TWR = 0.00294 gm/min 
C. SR of Aluminum Tool = 5.85 µm 
D. SR of AISI 304L W/P =  8.53 µm 
 
II. FC Brass – AISI 304L pair 
1. Time taken to machine 2mm depth:    90 mins 
2. Weight of work piece before machining:  377.81 gms 
3. Weight of work piece after machining:   372.00 gms 
4. Weight of tool before machining:     107.08 gms   
5. Weight of tool after machining:      102.43 gms 
 
• Results: 
A. MRR = 0.00807 cm3/min 
B. TWR = 0.0517 gm/min 
C. SR of Aluminium Tool = 4.15 µm 
D. SR of AISI 304L W/P =  6.27 µm 
 
III. Cu Alloy – AISI 304L pair 
1. Time taken to machine 2mm depth:    75 mins 
2. Weight of workpiece before machining:   502.24 gms  
3. Weight of work piece after machining:   492.50 gms 
4. Weight of tool before machining:     166.75 gms    
5. Weight of tool after machining:      165.85 gms 
 
•  Results: 
A. MRR = 0.0162 cm3/min 
B. TWR = 0.012 gm/min 
C. SR of Aluminium Tool = 2.52 µm 
D. SR of AISI 304L W/P =  7.49 µm 
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85 332.07 324.60 40.31 40.06 0.0109 0.00294 5.85 8.53 

Brass  

– AISI 

304L 

90 377.81 372.00 107.08 102.43 0.00807 0.0517 4.15 6.27 

Copper  

– AISI 

304L 

75 502.24 492.50 166.75 166.85 0.0162 0.012 2.52 7.49 

Table.1: Relative analysis of the set of experiments 

 
4. CONCLUSION 
From all the above Table.1 (Relative analysis of the set of experiments) detailed analysis of various performance 
parameters of EDM process, we have come to the following conclusions. 
 
• Copper is found to be having the highest MRR, (As shown in graph.1) followed by Aluminium and finally Brass. The 
TWR of Brass is very high (pick point in the graph.1), followed by Copper and Aluminium has the least.  
• The tool-workpiece surface roughness measure indicates that Aluminium has the highest SR followed by Brass and 
then Copper. Hence we find that Brass has got good surface finish properties but owing to its cavity formations, high 
TWR and other defects, is not favorable for EDM process.  
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Graph. 1 Work Material V/s. MRR, TWR 
 
• Aluminium and Copper is found to be equivalent to each other in terms of MRR, TWR and SR. They are also similar 
in terms of availability and cost. 
 
• While carrying out experiments, we have found the carbon deposition on the tool-workpiece interface is a menace and 
hence needs to be cleaned with the help of a sand paper at regular intervals. 
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Various theoretical models describing material removal mechanism have been proposed by the researchers from time to 
time. Still a lot of in-depth study is required to better understand and develop the EDM process.  
Finally from the above graph (sigma plot software are used to illustrate graph), MRR and TWR could be easily compared 
with the tool material. 
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