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Abstract - Electro discharge machining is one of the non-traditional machining procedures used to produce a 
better-machined surface with high surface finish on difficult to machine materials. The objective of present research work is 
to study the influence of different electrode profile on surface quality during electric discharge machining. Best parametric 
setting obtained using multiple response technique with AISI D2 die steel as work material and copper as an electrode was 
further used for further study using different bottom profiles of electrode i.e. concave, convex, and flat with radius of 
curvature 5, 7 and 9 mm. Machined surface quality was evaluated in term of material removal rate (MRR), tool wear rate 
(TWR), surface roughness (Ra) and recast layer. It was found that 7mm (radius) concave bottom surface of the electrode 
resulted in the generation of minimum surface roughness and recast layer and Maximum MRR is obtained with convex 
bottom profile at 9mm radius of curvature. 
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INTRODUCTION   
 
The origin of electrical discharge machining (EDM) 
dates back to 1770 when English scientist Joseph 
Priestly discovered the erosive effect of electrical 
discharges. During the 1930s, attempts were made for 
the first time to machine metals with electrical 
discharges. Erosion was caused by intermittent arc 
discharges occurring in air between the tool electrode 
and work piece connected to a DC power supply. 
These processes were not very precise due to 
overheating of the machining area and may be 
defined as “arc machining” rather than “spark 
machining”. Due to continuous process improvement, 
the EDM machines have become so stable that these 
can be operated and monitoring by an adaptive 
control system [1,2,3]. To optimize the 
multi-response problems, Taguchi method alone is 
unable to solve the problem. Thus, the multi-response 
characteristics must be converted to a single 
performance index. In this study weighted principal 
components analysis (WPCA) method is used for this 
conversion. The result of the confirmation test shows 
a good agreement with the predicted value. This 
indicates the utility of the WPCA technique as 
multi-objective optimizer in the field of EDM. In 
addition, the surface morphology is studied with the 
help of scanning electron microscopy (SEM) analysis 
[4]. This process use for machining of any material, 
which is electrically conductive, complex shape, 
hardness and high strength. The growing advantages 
of EDM have since then been extremely used by the 
manufacturing sector yielding enormous economic 
benefits and generating keen research interests. The 
problems of high complexity in shape, size and 
higher demand for product accuracy and surface 

finish can be solved through non-traditional methods 
[5,6,7]. Currently, non-traditional processes possess 
effectively unlimited capabilities except for 
volumetric material removal rates, for which great 
advances have been made in the past few years to 
increase the material removal rates. As removal rate 
increases, the cost effectiveness of operations also 
increase, stimulating ever greater uses of 
nontraditional process. 
 
The proposed method involved the material removal 
rate, volumetric relative wear and work piece surface 
texture Ra, which are representative of EDM 
performance aspects, were analysed against the 
variation of some of the most important EDM 
electrical variables using copper tool electrodes 
[8,9,10]. It was observed that surface roughness of 
work piece and electrode were influenced by pulsed 
current and pulse time, higher values of these 
parameters increased surface roughness. Lower 
current, lower pulse time and relatively higher pulse 
pause time produced a better surface finish [11,12]. In 
this proposed method CuW electrode by PM gives 
high surface finish as compare to other. The 
experimental results have given optimal combination 
of input parameters which give the optimum surface 
finish of the EDM surface by using evaluated 
statistically by analysis of variance [13]. Tamura [14] 
Developed a new on-the-machine surface 
modification technology in EDM. Vikas et al. [15] 
performed comparison of the MRR for EN19 and 
EN41 material in a die sinking EDM machine.  It 
was found that the Discharge current in case of the 
EN41 material and EN19 material had a larger impact 
as compare to other processing parameters on the 
MRR. A relative study of the carbon composition for 
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both the material was also done. The surface 
roughness parameter values (3D) obtained by Vision 
system are then compared with those obtained by 
Optical method Strong correlation is obtained 

between the vision roughness and optical roughness 
parameters. 
 

 
Fig. 1 Electric Discharge Machine 

 
Electrical Discharge machining (EDM) is a 
non-conventional machining process, in general 
adopted to produce component with complex profiles 
that are difficult to be achieved through conventional 
manufacturing processes. Since long, EDM is used in 
industries to machine hard materials which is difficult 
to machine like HC steel (tool and die material).  Die 
steel is one of the alloys that have relatively poor mach 
inability in the conventional machining processes, due 
to its work-hardening nature For Die steel, EDM is a 
preferred material removal process due to its 
advantages like reduced machining stresses, lesser 
work-hardening effect and lesser metallurgical 
damage. While analyzing the possible improvements 
in the EDM process, it is investigated that the bottom 
surface profile of the electrode was contributing 
towards many aspect like material removal rate 
(MRR), tool wear rate (TWR), surface roughness (SR) 
and recast layer. To understand the effect of the 
electrode bottom profile (convex, concave and flat 
profile) and also its extent of influence on machining 
Die steel alloy, experimental study are carried out 
through EDM. Electrodes of different bottom profiles 
were used and the machined surface were analyzed in 
term of MRR, TWR, SR and Recast layer.         
 
II. EXPERIMENTAL DETAILS 
 
2.1 Optimal parameters  
Best parameter setting obtained through multi 
response method as tabulated in table. 1 were used for 
the further experimentation with different bottom 
profile of electrodes. Different bottom profile includes  
concave, convex and flat bottom surface profile with 
radius of curvature 5, 7 and 9 mm respectively. 

 
Table : 1 Best parametric setting obtained using multi response 

method 

 
 
2.2 Work piece material and Electrode  
In the experimental investigation the Die steel is used 
as work piece and three different electrode having 
convex bottom profile and three electrodes having 
concave bottom profile and one flat bottom profile 
electrode has been used for the experimental study. 
Electrode is made of copper rod of 10mm diameter 
with convex and concave profile at their bottom in 
three different radii of curvature namely 5, 7and 9 mm. 
Experimental plan along with the observations and 
results are tabulated in table 2. 
 

Table : 2  Electrodes with different radius of curvature  
S. 
No 

Bottom profile of the electrode 

1 R5 (convex) 
2 R7(convex) 
3 R9 (convex) 
4 R5 (concave) 
5 R7(concave) 
6 R9 (concave) 
7 Flat 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 6, Issue-4, Apr.-2018, http://iraj.in 

Experimental Evaluation of Electrode Profiles on Electric Discharge Machining Performance on Aisi D2 Steel 
 

20 

Table 3 Experimental Plan, observations and results 
S. No 1 2 3 4 5 6 7 
Current(A) 3 3 3 3 3 3 3 
Duty cycle (B) 9 9 9 9 9 9 9 
Pulse on time (C) 100 100 100 100 100 100 100 
Polarity (D) +ve +ve +ve +ve +ve +ve +ve 
Radius 5 7 9 5 7 9 …. 
Bottom profile Concave Concave Concave Convex Convex Convex Flat 
MRR 0.0132 0.0135 0.0213 0.0252 0.0263 0.0370 0.02844 
TWR 0.00015 0.00041 0.00051 0.000075 0.000070 0.0001 0.00010 
Ra (µm) 2.58 1.82 3.12 2.98 2.78 3.28 3.89 
Recast layer 6.18 6.48 5.18 5.67 5.84 5.74 5.74 

 
III. RESULTS AND DISCUSSIONS 
 
3.1 Material removal rate  
Material removal rate is calculated using the formula 
eq. 1. 

       ______ eq. 1 
The graph between MRR and radius of curvature is as 
shown in fig. 2. It is observed that for both 5mm and 
7mm radius of curvature the MRR is maximum with 
the flat bottom profile of electrode and minimum with 
the concave profile.  This may be because in case of 
flat bottom profile electrode, the contact area is more 
but in the case of both concave and convex bottom 
profile electrode, the contact area is less in comparison 
with the flat bottom profile. However, at 9mm radius 
of bottom profile electrode the MRR is maximum with 
convex profile than flat and concave because with the 
increase in radius of curvature the current density 
decreases. For the flat bottom profile surface there is 
negligible effect of the increase in radius.  

 
Fig. 2 Graph between MRR and radius of curvature 

 
3.2 Tool wear rate  
Tool wear rate is calculated using the formula eq. 2. 

 ______________ eq.2. 
 
The graph between TWR and radius of curvature is as 
shown in fig. 3. It is observed that the TWR is  
 

minimum with convex bottom profile of electrode and 
maximum with concave bottom profile of electrode 
whereas with concave bottom profile of the electrode 
the increase of TWR with the increase in radius of 
curvature is observed. This may be attributed to the 
tendency of concave electrode to become flat during 
machining relatively faster at higher radius of 
curvature.  

 
Fig. 3 Graph between TWR and radius of curvature 

3.3 Surface roughness  
Surface roughness is obtained using Mitutoyo make 
surface roughness tester Model SJ 401. The graph 
between surface roughness (Ra value) and radius of 
curvature is as shown in fig. 4. It observed that surface 
roughness is minimum with concave bottom profile 
because the contact area is less and better flushing is 
possible. However, in the case of flat and convex 
bottom profile electrode the contact area is more than 
the concave and flushing is not proper resulting in 
improper removal of debris and higher surface 
roughness. Minimum surface roughness is obtained 
with concave bottom profile surface having 7mm 
radius of curvature.  

 
Fig 4 Graph between surface roughness (Ra) and radius of 

curvature 
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3.4 Recast layer 
Recast layer thickness is obtained using optical 
microscope.  The graph between Recast layer 
thickness and radius of curvature is as shown in fig. 5. 
It is observed that the thickness of recast layer is 
minimum in the convex bottom profile electrode and 
maximum in the flat bottom profile of electrode 
because the contact area is maximum in the flat bottom 
profile electrode and minimum in convex bottom 
profile electrode. 

 
Fig. 5 Graph between recast layer (µm) and radius of curvature 
 
CONCLUSIONS  
 
Electric discharge machining has been widely used as 
a material removal process to manufacture part in 
aerospace and automobile industries, dies & moulds 
for long time now. EDM has been used for decades to 
manufacture aerospace parts including engine, fuel 
system, and landing- gear components, as well as 
other high-stress, high temperature part. Throughout 
its history, however, the surface integrity, and thereby 
safety of EDM-machined aerospace components has 
been questioned. In an extremely complicated 
manufacturing EDM process, the situation is always 
tough to find the optimum parameters and their 
influence on response conditions. Selection of 
appropriate data from the present research work will 
help the industry for further machining operations on 
Die steel. Based on present experimental study, 
following conclusions are drawn:  
1) Maximum MRR is obtained with convex bottom 

profile at 9mm radius of curvature. Therefore, for 
better MRR convex bottom profile of electrode 
should be preferred. 

2) TWR is minimum with convex bottom profile of 
electrode and maximum with concave bottom 
profile of electrode 

3) Minimum surface roughness is obtained with 
concave bottom profile surface having 7mm 
radius of curvature. Therefore, for surface quality 
concave bottom profile electrode should be 
preferred. 

4) The thickness of recast layer is minimum in the 
convex bottom profile electrode and maximum in 
the flat bottom profile of electrode. 
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