
International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 4, Issue-1, Jan.-2016 

Performance Study of Electrical Discharge Machining (EDM) Process in Burr Removal of Drilled Holes in OHNS Steel 
 

84 

PERFORMANCE STUDY OF ELECTRICAL DISCHARGE 
MACHINING (EDM) PROCESS IN BURR REMOVAL OF DRILLED 

HOLES IN OHNS STEEL 
 

1PRETESH JOHN, 2RAHUL DAVIS 
 

1,2Dperatment of Mechanical Engineering, Shepherd School of Engineering & Technology,  
SHIATS, Allahabad, India 

E-mail: 1preteshjohn@yahoo.com, 2rahuldavis2012@gmail.com 
 
 
Abstract— This research paper is all about burrs removal through Electric Discharge Machining process (EDM), which is 
useful for finishing the materials with very high precision. This is one of the latest process, which are called as Advanced 
Finishing Processes. In this research, the drilling operation was done on the specimen to obtain burrs and comparative study 
was done with different parameters and different electrodes for deburring effectively through EDM. The variable parameters 
were discharge current, pulse time on and pulse time off and other parameters were remained constant. Material removal 
rate, tool wear rate and burr height were studied as output parameters to analyze the performance of the combination of the 
input parameters for burr removal. Optimal levels of the parameters for deburring on OHNS with copper electrodes and 
brass electrodes were obtained respectively. Grey relational analysis was used to find out the optimal levels of the 
parameters with copper and brass electrodes respectively. 
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I. INTRODUCTION 
 
The technology is real spice of life. With the demand 
of stringent technological and functional 
requirements of the parts from micro to Nano meter 
range, evolution of ultra-precision finishing processes 
became obvious need of the manufacturing scientists 
and engineers. Metal is frequently machined using 
many processes in order to create pieces of specific 
shape and size. Like Drilling is a cutting process.It is 
the creation or enlarging of a hole in a solid material 
with a drill [1]. These procedures often create ragged 
edges or protrusions (burrs). Removal of burrs 
(Deburring) is important for quality, aesthetics, 
functionality, and the smooth operation of working 
parts. The ISO 13715:2000 [2] defines the edge of a 
work piece as burred if it has an overhang greater 
than zero. Machining burrs typically form because of 
material being plastically deformed rather than cut 
towards the entrance or exit of a machined 
feature.Kim and others [3] describe drilling burrs as 
uniform burr with or without a drill cap, crown burr, 
or petal burr according to their shapes and formation 
mechanism. When drilling stainless steel, Stein [4] 
revealed small or large uniform burrs as well as 
crown burrs, and when low alloyed steel drilling 
small or large uniform burrs, transient burrs and 
crown burrs were found. Deburring is an essential 
secondary operation, which is mainly used for burr 
removal. Deburring is usually the last process during 
part production, therefore the loss of potential due to 
any failure in deburring process is very large [5]. 
Deburring includes both the removal of burrs and 
maintenance of the proper edge condition. Deburring 
of inaccessible, an area via conventional methods 
does not ensure burr removal and edge conditioning; 
deburring via non–conventional techniques provides 

a better solution [6]. The limitations of traditional 
finishing led to the development of advanced 
finishing techniques like Abrasive Flow Machining, 
Magnetic Abrasive Finishing, and Ion Beam 
Machining, Electric Discharge Machining.  
 
Electric discharge machining: It is a manufacturing 
process whereby a desired shape is obtained using 
electrical discharges (sparks). Material is removed 
from the work piece by a series of rapidly recurring 
current discharges between two electrodes, separated 
by a dielectric liquid and subject to an electric 
voltage. One of the electrodes is called the tool-
electrode, or simply the ‘tool’ or ‘electrode’, while 
the other is called the work piece-electrode, or ‘work 
piece’. In this process, the metal is removing from the 
work piece due to erosion case by rapidly recurring 
spark discharge taking place between the tool and 
work-piece.Surendra S. Kurane, Uday A. Dabade [7] 
investigated that the quality of the burr removed with 
Brass electrode is better as compared with Aluminum 
and Copper electrodes. Secondly, it observed that the 
Aluminum electrodes wear is more irrespective of 
process parameters due to lower electrical 
conductivity than other electrodes. Finally, it is 
concluded that the Brass electrodes gives better 
results in terms of quality, material removal rate, and 
electrode wear than Aluminum and Copper 
electrodes. 
 
Optimization technique: It is a mathematical results 
and numerical methods for finding and identifying 
the best candidate from a collection of alternatives 
without having to explicitly enumerate and 
evaluateall possible alternatives. The process of 
optimization lies at the root of engineering, since the 
classical function of the engineering is to design new, 
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better, more efficient and less expensive systems as 
well as to devise plans and procedures for the 
improved operation of existing systems.  
 
II. DETAILS OF THE EXPERIMENT 
 
To obtain the burrs and to see the burr formation, 
each work piece was drilled by HSS cutting tool in 
the wet cutting conditions. Further, the EDM 
Operations were performed to measure material 
removal rate and tool wear rate and burr height 
diffrences for each work piece, in order to study the 
effect of three different parameters (current supply, 
pulse time on, & pulse time off with different 
electrodes) on the burr removal of the specimens. 
 
2.1 Details of the Specimen Materials selected for 
the proposed Research work: 
OHNS (Oil Hardening Non Shrinking Die Steel) 
were chosen as the specimen materials. The material 
composition of specimen material is shown in Table 
no. 1 and mechanical properties is shown in Table 
no. 2 respectively.  

 
Table1. Material Composition of OHNS [8] 

 
 

Table2. Mechanical properties of OHNS [9] 

 
 
OHNS is used in SAE8620 Gears, Pinions, Lay 
shafts, Camshafts, Mining haulage, Cage suspension, 
and Lifting gears. Generally used for parts where 
direct hardening is preferred. It can also be used as an 
alternative to EN-35 and EN-36A Steels. 
 
2.2. Cutting tools used: 
2.2.1 Brass: Brass is the generic term for a range of 
copper-zinc alloys with differing combinations of 
properties, including strength, machinability, 
ductility, wear-resistance, hardness, color, 
antimicrobial, electrical, and thermal conductivity, 
corrosion resistance. Brass has higher malleability 
than bronze or zinc. The relatively low melting point 
of brass (900 to 940 °C, 1652 to 1724 °F, depending 
on composition) and its flow characteristics make it a 
relatively easy material to cast [10].  
2.2.2 Copper: Copper has properties, such as its high 
electrical conductivity, tensile strength, ductility, 
creep (deformation) resistance, corrosion resistance, 
low thermal expansion, high thermal conductivity, 

solder ability, and ease of installation. Copper is a 
chemical element with symbol Cu and atomic number 
29. It is a ductile metal with very high thermal and 
electrical conductivity. Pure copper is soft and 
malleable. A freshly exposed surface has a reddish-
orange color [11]. 
 
2.3 Grey relational analysis: 
Deng proposed it in 1989 as cited in is widely used 
for measuring the degree of relationship between 
sequences by grey relational grade. Several 
researchers to Optimize control parameters having 
multi-responses through grey relational grade apply 
grey relational analysis. The Grey relational analysis 
is a method to analyze the relational grade for 
discrete sequences. This is unlike the traditional 
statistics analysis handling the relation between 
variables.  
 
2.4 Methodology: 
For the proposed work, the following Methodology 
was adopted: 
 To prepare the specimen 
 To prepare the electrode tools 
 To perform Drilling operation on the specimen 
 To investigate the following: 

a) Burrs height measurement 
b) Weight measurement 

 To perform EDM operation to remove burrs with 
defined parameters 

 To investigate the following after EDM process: 
a) Burrs height measurement 
b) Weight measurement 

 To analyze tool Electrode weight 
 To find optimal results through Grey relational 

analysis based calculation 
 

OHNS was cut in desired dimensions by chain 
drilling technique because of its hardness. The 
dimensions are shown in table no. 3. The brass and 
copper electrode rods also were cut into small pieces 
as per required dimensions shown in table no. 4. 
Then drilling operations were performed on each 
work piece to obtain burrs. Two holes were drilled on 
each work piece and burr height were measured with 
digital Venire callipers. Varity of burrs were formed 
as shown in figure no. 1 & 2 with less burr height. 
Then Average burr heights, weight of the specimen 
were calculated for calculation purpose. Later EDM 
machining were done on each work piece according 
to L4 array with three factors and two levels as shown 
in table no. 5.  

 
Table3. Dimensions of specimen 
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Table4. Dimensions of electrodes 

 
 

 
Figure1. Burrs formed in OHNS (A) Non-uniform Burr (B) 

Uniform Burr 
 

 
Figure3. Burrs formed in OHNS (A) Uniform Burr (B) Transient 

Burr 
 

Table5.Experimental factors and their levels for 
EDM Operation on ‘OHNS’ 

 
 
III. RESULTS AND DISCUSSION: 
 
The factors were varied at two levels for burr removal 
machining operations in EDM process. Analysis of 
the results was carried out analytically as well as 
graphically. All the statistical calculations and plots 
were generated by MINITAB 17 software.There were 
four optimal combinations of the parameters at which 
experimental processes were performed and the 
corresponding Material Removal Rate (MRR) and 
Tool Wear Rate (TWR) were found out by the 
following formulas: 

 

 

And burrs height were calculated with the help of 
digital Vernier callipers. And BH (burr height 
difference) were calculated by simple arithmetical 
calculations. 

 
 
3.1 With Copper Electrode: 
Table6 presents the experimental result and effect of 
three input control parameters (discharge current, 
pulse time on and pulse time off) on OHNS with 
copper electrode in terms of three output parameters 
(material removal rate, tool wear rate and burr 
height).In OHNS steelbecause of the good hardness, 
the formation of burrs is minimized. Only few burrs 
are formed at macro level and at macro level and it’s 
not possible to calculate the material removal rate for 
OHNS at macro scale. So only the tool wear rate and 
burr heights are calculated.  
 
Table6.  Results of Experimental Trial Runs for EDM 

on ‘OHNS’ with Copper Electrode 

 
 
Table7 represent data pre-processing results for EDM 
operation on specimen with copper electrode. Table8 
represents the Deviation Sequence for EDM 
Operation for out parameters. In table9 grey 
relational grades are shown, the Grey relational 
grades show the level of correlation between the 
reference and the comparability sequences, the larger 
Grey relational grade means the comparability 
sequence exhibiting a stronger correlation with the 
reference sequence. The response table was used to 
calculate the average Grey relational grades for each 
factor level, as listed in Table10.  
 
Table7. Data Pre-processing result for EDM Operation 

on ‘OHNS’ with Copper Electrode 

 
 
Table8. Deviation Sequence for EDM Operation on 

‘OHNS’ with Copper Electrode 

 

(A) (B) 

(A) (B) 
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Table9. Calculated Grey Relational Coefficients and 
Grey Relational Grade for EDM Operation on 

‘OHNS’ with Copper Electrode 

 
 
Table10. Response Table for Grey Relational Grade 

for EDM Operation on ‘OHNS’ with Copper 
Electrode 

 
 
Based on this study, a combination of the levels that 
provide the largest average response can be selected. 
Here from table10 the optimal levels A2, B1, and C1 
were found. 
From minitab17 software graphs were obtained for 
each output, parameters (fig. 3 & 4). Contour graphs 
are surface graphs plotted in 2D space. Viewing a 
contour graph is the same as viewing a 3D surface 
graph from a vantage point perpendicular to the XZ 
plane. In contour graphs, different colors or levels of 
gray scale, labeled contour lines, or both distinguish 
ranges of Z values. 
 

 
Fig 3 (A). Contour plot for OHNS specimen showing the Effect 

on BH with respect to Pulse time off and Discharge Current 
when machined with Copper electrode 

 

 
Fig 3 (B). Contour plot for OHNS specimen showing the Effect 

on BH with respect to Pulse time off and Discharge Current 
when machined with Copper electrode 

 
Fig 4 (A). Contour plot for OHNS specimen showing the Effect 

on BH with respect to Pulse time off and Discharge Current 
when machined with Copper electrode 

 

 
Fig 4 (B). Contour plot for OHNS specimen showing the Effect 

on BH with respect to Pulse time off and Discharge Current 
when machined with Copper electrode 

 
3.2 With Brass electrode: 
With brass electrode, all calculations were done as it 
was done with copper electrode. Here, Table 11 
presents the experimental result and effect of three 
input control parameters on OHNS with brass 
electrode in terms of output parameters. Table 12 
represent data pre-processing results for EDM 
operation on specimen with copper electrode. Table 
13 represents the Deviation Sequence for EDM 
Operation for out parameters. Here in table 14, by the 
grey relational grade the optimal combination of 
machining was found no. 4. The response table was 
used to calculate the average Grey relational grades 
for each factor level, as listed in Table 15. Based on 
this study, a combination of the levels that provide 
the largest average response can be selected. Here 
from response table 15 the optimal levels A2, B2, and 
C2 were found. From minitab17 software graphs were 
obtained for each output, parameters (fig 5 & 6).  

 
Table11.  Results of Experimental Trial Runs for 

EDM on ‘OHNS’ with Brass Electrode 
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Table12. Data Pre-processing result for EDM 
Operation on ‘OHNS’ with Brass Electrode 

 
 

Table13. Deviation Sequence for EDM Operation on 
‘OHNS’ with Brass Electrode 

 
 
Table14. Calculated Grey Relational Coefficients and 

Grey Relational Grade for EDM Operation on 
‘OHNS’ with Brass Electrode 

 
 
Table15. Response Table for Grey Relational Grade 
for EDM Operation on ‘OHNS’ with Brass Electrode 

 
 

 
Fig 5 (A). Contour plot for OHNS specimen showing the Effect 

on BH with respect to Pulse time off and Discharge Current 
when machined with Brass electrode 

 
Fig 5 (B). Contour plot for OHNS specimen showing the Effect 

on BH with respect to Pulse time off and Discharge Current 
when machined with Brass electrode 

 

 
Fig 6 (A). Contour plot for OHNS specimen showing the Effect 

on BH with respect to Pulse time off and Discharge Current 
when machined with Brass electrode 

 

 
Fig 6 (B). Contour plot for OHNS specimen showing the Effect 

on BH with respect to Pulse time off and Discharge Current 
when machined with Brass electrode 

 
CONCLUSION 
 
In the present project work, drilling operations were 
performed on specimen material OHNS to investigate 
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the formation of burr and their removal to the 
maximum extent as per the recommendations of latest 
research works. The research work consisted of 
removal of burrs (deburring) though EDM 
unconventional machining method. Optimum 
combinations were obtained for machining 
parameters such as discharge current, pulse time on 
and pulse time off for burr height (BH), tool wear rate 
(TWR), material removal rate (MRR) through Grey 
Relational Analysis.  
 
Following were the conclusions: 

1. Optimal parameters for deburring on OHNS 
with copper electrodes were 15-amp discharge 
current, 10-µ sec pulse time on and 6-µ sec 
pulse time off. 

2. Optimal parameters for deburring on OHNS 
with brass electrodes were 15-amp discharge 
current, 11-µ sec pulse time on and 8-µ sec 
pulse time off. 
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