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piece, an electric field is established. Usually the tool is
connected to the negative terminal of the generator and the
work piece to the positive terminal. As the electric field is
applied between the tool and the work, electrons flow will
take place from negative to positive terminal and is termed as
cold emission.

Abstract
In this present work, three different materials such as SG Iron,
Gray Cast Iron, Ni-Cr alloy Cast Iron have been used as work
materials and were machined through EDM. The input
process parameters that have been selected were current, spark
gap, hardness and the output responses were MRR, surface
roughness. The square copper electrode has been selected as a
tool electrode. The material removal characteristics of the
above mentioned materials with EDM were determined by
performing systematic experiment techniques applying BoxBehnken of Response surface methodology by using industrial
EDM system to fulfil the effective utilization of the process
and see the machining performance. SEM images of the work
pieces have been taken to study the microstructure besides
measuring the hardness .Surface finish of the machined
surfaces were taken to assess the behaviour of various
parameters on finish.

The cold emitted Electrons are then accelerated towards the
work through the dielectric medium. As they gain velocity
and energy, and start moving towards the work, there would
be collisions between the electrons and dielectric molecules.
Such collision results in ionization energy of the dielectric
molecule and the energy of the electron. Thus, as the electrons
get accelerated, more positive ions and electrons would be
generated due to collisions. When these electrons strike the
job, a crater is formed resulting in high temperature and
melting and material removal [1].

Keywords: Grey Cast Iron (CI), Spheroidal Graphite Iron(SG
Iron), Ni-Cr Cast iron, Electro Discharge Machining (EDM)
and Response Surface Methodology(RSM)

Response Surface Methodology (RSM):
RSM is a compilation of mathematical and statistical
procedure for empirical model building. By careful design of
experiments, the objective is to optimize a response (output
variable) which is influenced by several independent input
variables. Series of tests known as, in which the input
variables are changed to identify the causes for aberrations in
the output response. Significant aspect of RSM is the design
of Experiments usually abbreviated as DOE. These techniques
were initially developed for the model fitting of physical
experiments however can also be applied to numerical
experiments. The objective of DOE is the choice of the points
where the responses should be evaluated. Majority of the
criteria for optimal design of experiments is related with the
mathematical model of the process. Generally, these
mathematical models are polynomials with an unidentified
structure, so the corresponding experiments are designed only
for every particular problem [2].

INTRODUCTION:
Electro Discharge Machining (EDM):
Electro Discharge Machining (EDM) is an Electro-thermal
non- traditional machining process, where electrical energy is
used to produce electrical spark and material subtraction
mainly occurs due to thermal energy of the spark. A potential
difference is applied between the tool and work piece. Both
the tool and the work material are required to be conductors of
electricity and both are immersed in a dielectric medium.
Generally kerosene or deionized water is used as the dielectric
medium. A gap, known as spark gap, is maintained between
the tool and the work piece. Depending upon the applied
potential difference and the gap between the tool and the work
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Benardos et al [7] have presented a Neural Network model for
the prediction of surface roughness.

LITERATURE REVIEW
Assarzadeh S. and Ghoreishi M. [3] presented a neuralnetwork based approach for the prediction and optimal
selection of process parameters in die-sinking EDM. They
developed a back propagation neural network model to
measure the performance (MRR and Ra) to be predicted in
terms of three control parameters such as current, pulse
period, and source voltage. ANN has been used in many other
fields of manufacturing also.

Boujelbene et al [8] have studied the influence of machining
parameters on the surface integrity on materials X200Cr15
and 50Crv4 steel by using electrical discharge machining. The
methodology consists of the analysis and determination of the
white layer thickness, MRR, EWR and the micro hardness ,
pulse discharge energy as parameters of EDM. The results of
the tests undertaken in this study show that increasing energy
discharge increase instability and therefore, the quality of the
work piece surface becomes rougher and the white layer
thickness increases.

Asli Secilmis et al [4] studied the Electrical Discharge
Machining (EDM) parameters to determine the best adhesion
at the interface of machined titanium porcelain composite.
Several experiments were conducted to find possible reasons
for the best bonding strength and results of maximum
adhesion and minimum adhesion with specified ranges were
reported.

Sameh S Habib [9] have demonstrated successfully that
response surface methodology in EDM by using experimental
data obtained through experimentation on Al-SiC workpieces
by taking peak current, gap voltage, pulse on time and
variation of chemical composition of SiC in aluminium.

Iqbal et al [5] reported on the experimental investigation of
MRR, EWR and surface roughness in EDM milling of
Stainless Steel AISI 304. The authors have documented
certain empirical links relating to machining parameters and
the responses in analyzing the machinability of the stainless
steel. Response surface methodology was used to investigate
the various parametric interactions among the three
controllable variables namely MRR, EWR and surface
roughness (Ra). The developed model established that voltage
and circular motion of electrode were the most important
machining factors influencing MRR, EWR and Ra.

EXPERIMENTAL PROCEDURE
Preparation of materials:
This experiment adopts the Spheroidal Graphite Iron, Gray
Cast Iron and Ni-Cr Cast iron alloy as experimental
specimens. The quantity and diameter of graphite particle in
the microstructure will be subjected by the cooling rate of cast
mould. In this experiment the specimens were formed by the
sand mould and so its micro structure will have less quantity
and larger diameter of graphite particles. Fig. (1-3) show the
scanned electron microscope (SEM) micrographs of these
specimens respectively. These specimens has been prepared to
the size of 100mm*60mm*24mm (length*breadth *thickness)
and top surfaces were fine finished.

Cogun and Savsar[6] Statistical modeling of properties of
discharge pulses in electrical discharge machining. In this
study , the random behaviour of time-lag duration of
discharge pulses were investigated for different machining
conditions in EDM.

(a) Magnification: 100 X

(b) Magnification: 500X

Figure 1: Showing Microstructure of Spheroidal Graphite Iron by using SEM
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(a) Magnification : 1000X

(b) Magnification :2000X

Figure 2: Showing Microstructure of Grey Cast Iron by using SEM

(a) Magnification :200X

(b)Magnification :1000X

Figure 3: Showing Microstructure of Nickel-Chromium Cast Iron Alloy by using SEM

Micro graphs of specimens:

Spheroidal Graphite Iron:

Gray Cast Iron:

Ferritic Spheroidal graphite (SG) cast irons are widely used in
engineering applications due to their superior properties such
as good castability, heat resistance, damping capacity and
excellent machinability. Spheroidal graphite iron containing
C: 3.38%, Si: 2.72%, Mn : 0.62%,S:0.017%,
P:0.068%,Mg:0.049%. SEM and Microstructure of the
specimen were shown in Fig. 1 and Fig. 5.

Grey Cast Iron is made by re-melting pig iron. It is an alloy of
Carbon and Iron. Small amount of Silicon, Phosphorus,
Manganese and Sulphur were also present in it. The reasons
behind its popularity are ability to make complex structures
and low cost. Chemical composition of Gray Cast Iron was
found
to
contain
C:
3.16%,Si:2.12%,Mn:0.51%,S:0.023%,P:0.069%. SEM and
Microstructure of the specimen were shown in Fig. 2 and
Fig.4.

Figure 5: Etched SG Iron Micro structure Magnification:
100X

Figure 4: Polished Grey Cast Iron Micro structure,
Magnification:100X
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Nickel Chromium Cast Iron Alloy :

Table 2: Machining conditions in EDM

The nickel-chromium system shows that chromium is quite
soluble in nickel. Solubility of nickel is maximum at 47% at
the eutectic temperature and drops off to about 30% at room
temperature.
Nickel-Chromium
Cast
Iron
alloy
containingC:3.54%,S:2.18%,Mg:0.59%,S:0.018%,P:0.069%.
SEM and Microstructure of the specimen were shown in Fig.
3 and Fig. 6.

Figure 6: Etched Ni-Cr Cast Iron alloy Micro structure,
Magnification:100X

Tool polarity

Negative

Tool dimensions

100mm*10mm*10mm

Voltage

45V

Current

10,15,20Amp

Generator(model)

3 phase 380V (Max) 6.5kW

Dielectric

Kerosene

Dielectric flushing

Side flushing with pressure

Spark gap

0.2,0.3 and 0.4 mm

Depth of Hole

4mm

Pulse Time ON

50 µsec

Pulse Time OFF

20 µsec

Table 3: Material removal rate parameters, current, spark gap,
hardness for different work materials

Brinell Hardness Testing:
Hardness is a characteristic of a material, not a fundamental
physical property. It is defined as the resistance to indentation,
and it is determined by measuring the permanent depth of the
indentation. The Brinell hardness test method as used to
determine Brinell hardness testing apparatus in BHN units.
Most commonly it is used to test materials that have a
structure that is too coarse or that have a surface that is too
rough to be tested using another test method, e.g., castings and
forgings. Brinell values of the specimens were measured and
were presented in Table 1

Std Run

Table 1: Hardness values of different samples

Factor 1

Factor 2

Factor 3

Response 1

A
Hardness

B
Spark Gap

C:Current

MRR

BHN

mm

AMP

Cu.mm/min

15

1

171

0.3

15

35.5

8

2

241

0.3

20

37

4

3

241

0.4

15

34.5

13

4

171

0.3

15

35.5

9

5

171

0.2

10

31.5

3

6

121

0.4

15

21.5

Material

BHN

6

7

241

0.3

10

41

Spheroidal Graphite Iron

241

11

8

171

0.2

20

46

Gray Cast Iron

171

16

9

171

0.3

15

35.5

Nickel-Chromium Cast Iron

121

5

10

121

0.3

10

23.5

2

11

241

0.2

15

34

14

12

171

0.3

15

35.5

7

13

121

0.3

20

23

1

14

121

0.2

15

22

17

15

171

0.3

15

35.5

12

16

171

0.4

20

45

10

17

171

0.4

10

29

EXPERIMENTAL SETUP
Experiments were conducted on a die sinking electrical
discharge machine (EDM), manufactured by ALTECH
company. Kerosene was used as a dielectric fluid. Table 2
displays the machining conditions. For each block 8 holes of
4mm depth were machined by considering input parameters
such as current, spark gap, voltage, pulse on time, pulse off
time and time taken for MRR.
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Table 4: Design summary of Response Surface Method

due to noise. Values of "Probability > F" less than 0.0500
indicate model terms were significant. It can be seen that
Hardness plays a vital role with regard to MRR rather than
Spark gap and current. In this case A, A2 were significant
model terms and clearly establishes the dominant influence of
Hardness on MRR.The Standard deviation of the model was
found to be 4.49 and mean 33.26.The difference of Predicted
R-Squared and adjusted R-Squared value is less than 0.2.Adeq
Precision value found to be 7.493(ratio greater than 4),
indicates an adequate signal .Hence, this model can be used to
navigate the design space.

File Design Expert v10 10.0.6.0
Version
Design
Wizard

Optimization > Factorial /
RSM > No HTC >
All Numeric > 3 factors,
10 runs, goal design

Study
Type

Response Surface

Design
Type

Box-Behnken

Runs

17

Design
Model

Quadratic

Blocks

No Blocks

Subtype Randomized

Table 6: ANOVA for Response Surface Quadratic model
[Partial sum of squares - Type III]
Source

RESULTS AND DISCUSSION

Model
A-Hardness
B-Spark
Gap
C-Current
AB
AC
BC
A2
B2
C2
Residual
Lack of Fit
Pure Error
Correlation
Total

Box-Behnken model of Response surface methodology
This method has been chosen as there were three levels for
each factor and purpose built to fit a quadratic model. The
Box-Behnken design does not have runs at the extreme
combinations of all the factors, but compensates by having
better prediction precision in the center of the factor space.
While a run or two can be botched in these designs the
accuracy of the observations in the remaining runs is critical
to the dependability of the model. Categoric factors can be
added to these designs; however, the design is duplicated for
every categoric treatment combination. Thus Box-Behnken
design was chosen to determine the relationship between three
operating variables namely, pulse current spark gap and
hardness responses for this study.

Table 5: Test Parameters of Response Surface
Factor
Name

A

B

Hardness Spark Gap

Method

Sum of
Squares

df

Mean
Square

F
Value

735.37
399.03

9
1

81.71
399.03

3.75
18.29

p-value
Probability
>F
0.0478
0.0037

1.33

1

1.33

0.061

0.8119

76.73
0.41
10.15
0.56
286.03
0.59
31.84
152.69
152.69
0

1
1
1
1
1
1
1
7
3
4

76.73
0.41
10.15
0.56
286.03
0.59
31.84
21.81
50.9
0

3.52
0.019
0.47
0.026
13.11
0.027
1.46

0.1028
0.8946
0.517
0.877
0.0085
0.8738
0.2662

888.06

16

C
Current

Units

BHN

mm

AMP

Type

Numeric

Numeric

Numeric

Subtype Continuous Continuous Continuous
Minimum

121

0.2

10

Maximum

241

0.4

20

Coded

FALSE

FALSE

FALSE

Values

1.000=241 1.000=0.4 1.000=20

Mean

175.706

0.3

15

Std. Dev.

42.7372

0.707107

3.53553

Adequacy of Response surface Model

Figure 7: Response surface curves for current, spark gap and
Hardness on Material removal rate

Anova for RSM for the model shown in Table .6 indicate the
Model F-value of 3.75 implies the model is significant. There
is only a 4.78% chance that an F-value this large could occur
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Table 7 shows various coefficient estimates and standard
errors in evaluation obtained in the experiment. An equation
in terms of actual factors can be used to make predictions
about the Material Removal rate for given levels of each
factor.

DISCUSSION ON RESULTS BASED ON MODEL
Response surface curves for current, spark gap and Hardness
on Material removal rate in Fig. 7 shows that hardness values
play a vital role and as Hardness increases, MRR increases
rapidly to certain value there after there was a decline and this
trend was shown clearly.
With regard to effect of current on MRR, shows that Material
removal rates will fluctuate depending on the material
hardness. In case of Cast Iron, having hardness of 171 BHN,
Material removal rates have increased from 30 to 46
mm3/min when current was increased from 10 to 20 amp
.Similar increase was noticed in Ni-Cr cast irons, having
hardness of 121 BHN. However, for SG Irons, 241 BHN,
initially the Material removal rates were highest, 45 mm3/min
at 10 Amp, but at 15 Amp, Material removal rates have
decreased. Beyond this, there was slight increase in Material
removal rate.
Jose Durate et al [10] have reported that
current, duty factor, compression and ram cycle have got more
significance while working on AISI/SAE D22 with hardness
of 235 BHN and 60HRC when working with current
intensities between 10-12 amps. Nibu Mathew et al[ 11 ] have
reported while Working on H11 steel using conventional and
CMW electrode that MRR increases with current to an
optimum value and thereafter increase in current will not help
to achieve higher MRR. Om Prakash Sahani et al [12] who
worked on Mild steel also have reported similar observation
that MRR increases with current to certain value and there
after it decreases. However, the currents used were in the
range of 4-7 amp and Material removal rates were on lower
side i.e., 5mm3/min. It may be concluded that at lower
hardness, higher current may influence the MRR and for
higher hardness materials, MRR will be optimum at lower
values of current.

Figure 8: Response surface curves for MRR for Hardness
Vs Spark Gap

Response surface curves of Hardness vs Spark gap, Fig. 8,
clearly demonstrates that MRR is found to be higher to as the
hardness increased to an optimum of hardness values and
there after it decreases. However, influence of spark gap on
MRR is negligible even though there was increase in
Hardness of material.

With regard to Spark gap, Anova values from Table-6 and
coefficient estimates from Table 7, Fig. 7 of Response surface
curve clearly shows the influence of the variation in spark gap
on MRR was negligible.
Table 7: Coefficient estimates and Standard errors in
evaluation
Coefficient

Standard 95% CI 95% CI

Factor

Estimate

df

Error

Low

High

VIF

Intercept

36.91

1

2.14

31.86

41.97

A-Hardness

7.06

1

1.65

3.16

10.97

1.01

B-Spark Gap

-0.41

1

1.66

-4.34

3.52

1.01

C-Current

3.12

1

1.66

-0.81

7.05

1.01

AB

0.32

1

2.32

-5.17

5.80

1.01

AC

-1.58

1

2.32

-7.07

3.90

1.01

BC

0.37

1

2.34

-5.15

5.90

1.00

A2

-8.54

1

2.36

-14.12

-2.96

1.02

B2

-0.38

1

2.28

-5.76

5.01

1.01

C2

2.75

1

2.28

-2.63

8.13

1.01

Figure 9: Response surface curves for MRR for Spark Gap
Vs Current

Response surface curves of Spark gap vs Current, Fig. 9,
clearly demonstrate that influence of spark on MRR is
negligible irrespective of intensity of Current. In case of
Current, MRR increases with increase in Current intensity.
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Table 8: Summary of Analysis in Response Surface method
Response

R1

Name

MRR

Units

mm3/min

Runs

17

Analysis

Polynomial

Minimum

21.5

Maximum

46

Mean

33.2647

Std. Dev.

7.45008

Ratio

2.13953

Trans

None

Model

R Quadratic

Figure 10: Response surface curves for MRR for Hardness
Vs Current

The optimum conditions for MRR were found to be at
Hardness of 171 BHN and current of 15 Amp.

Response surface curves of Hardness vs Current, Fig.10,
clearly indicate significant influence of hardness on MRR.
MRR increases with hardness to certain value there after
MRR decreases. In case of Current, MRR increases with
increase in Current intensity at lower hardness. However, at
high values of hardness, initially MRR is high but it decreases
as the intensity of current increases.

Final Regression Equation in Terms of Actual Factors
(MRR)=-56.90884 +1.03957 * Hardness-0.24675*
Gap-1.94678* Current +5.30822E-003* Hardness *
Gap-5.27397E-003* Hardness * Current +0.075000*
Gap * Current-2.37202E-003* Hardness2-0.37500*
Gap2+0.11000* Current2

Spark
Spark
Spark
Spark

Results of Surface Finish on EDMed Surfaces
Surface finish was measured for the holes produced by EDM
for different materials. Spark gap of 0.2mm and Current of 10
Amp were chosen. The results were given in Table 10. .Much
difference was not found in surface finish values even though
there was considerable difference in hardness of the materials.
In similar study on SS 304 Stainless steel by Abdulkareem et
al [13] reported that surface roughness value in Wet EDM
process at different pulse currents and Gap voltages have not
changed substantially. However, Anand et al [14] have found
that surface roughness values were lower at lower MRR and
increased with higher MRR on Cold worked tool steels.

Figure 11: Predicted Vs Actual values of MRR for different
hardness

Table 10: Surface Roughness values at current of 10 amp

Fig. 11 of MRR of Predicted and Actual Indicates, there was
a good correlation of Predicted and actual Material removal
rates for different hardness material. At lower hardness,
Material removal is low .This is apparent for Ni-Cr cast irons
as these materials have higher melting point. For SG Iron,
having hardness of 241 BHN, Material removal rates were
slightly lower than Gray Cast Iron (171 BHN).This may be a
fact as Gray cast Iron may contain graphite flakes which may
be a cause of reduction in melting point of the Metal.
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Material

Hardness

MRR

Ra

Rz

Name

BHN

Spheroidal Graphite Iron

241

45

8.61 44.05

Grey Cast Iron

171

30

8.05 41.25

Ni-Cr Alloy

121

21.65

8.70 43.50

mm3/min (µm) (µm)

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 17 (2017) pp. 7011-7018
© Research India Publications. http://www.ripublication.com
Table 9: Optimum conditions for MRR
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Current(Amp) 15
Spark gap(mm) 0.3

CONCLUSIONS

1.
2.
3.
4.

5.

Material removal rate increases with increase in
hardness of work material significantly.
Significant Material removal rates were not noticed
with change of Spark gap.
However, increase in Current increases Material
removal rates to an optimum level.
With respect to Surface roughness, short pulse
duration combined with a high peak value can
generate better surface finish.
The optimized value of 46mm3/min was obtained at
current of 15 amp, spark gap of 0.3mm and hardness
of 171 BHN.
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