IJSTA

International Journal of Scientific and Technical Advancements

ISSN: 2454-1532

Optimization of Process Parameters for Rotary EDM
Using EN31 Tool Steel: Present and Future Scope

Goutam Dubey*, Varun Dutta?
1 P.G Student, School of Mechanical Engineering, Shri Mata Vaishno Devi University, Katra, J &K, India-182320
2 Assistant Professor, School of Mechanical Engineering, Shri Mata Vaishno Devi University, Katra, J& K, India-182320

# 16mma009@smvdu.ac.in

Abstract- In the present study rotary-Electro Discharge machining of EN31 tool steel is carried out by the use of a pure copper
electrode. Various response variables such as ‘“Material Removal Rate” (MRR), “Tool Wear Rate” (TWR) and “Machining
Rate”(MR) had been studied against the selected process variables. The selected process variables were Peak Current (1), VVoltage
(V), Duty Cycle and Electrode rotation (N). EN31 Tool Steel is hardened, high carbon steel which increases its hardness and
reduces its machinability. Reduced machinability means it is not economical to use conventional methods to machine EN31 Tool
Steel. So, non-conventional methods play an important role in machining of such materials.
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I. INTRODUCTION

on-traditional machining processes, such as

“Electrical Discharge Machining” (EDM),

“Electrochemical Machining” (ECM), “Laser

Beam Machining” (LBM), “Abrasive Water Jet
Machining” (AWJM), “Abrasive Flow Machining” (AFM),
and hybrid machining processes provides the best alternatives
and sometimes for machining the only alternatives is high-
strength, corrosion resistant, and wear resistant materials.
Many advanced materials such as super alloys, engineering
ceramics and metal matrix composites cannot be machined by
traditional methods, or at best they are machined with more
tool wear and the cost achieved is high[3]. By these advanced
or nontraditional manufacturing processes we can get the
required quality of the surface of the machined parts. Deep
internal cavities can also be produced by this method. These
processes are rapidly gaining importance in producing
complex parts from a variety of material such as super alloys,
ceramics, plastics, fiber reinforced composites, wood and
textiles in diverse applications throughout the aerospace,
automotive, electronic and medical industries, i.e. essentially
all competitive manufacturers of durable goods.

A Electrical Discharge Machining (EDM)

Since for more than fifty years, the best machining
technique in non-traditional process is EDM. In EDM,
material removal takes place by high temperature generated by
sparks between the workpiece and tool electrode. About 1,000
to 100,000 sparks are generated between the tool electrode and
workpiece in each second. As the spark is generated in
between the workpiece and the tool, the shape of the tool is
impinged on the workpiece. Material such as copper, graphite,

tungsten carbide etc. having high electrical conductibilty, as a
result they are used as a tool electrode. Factors that should be
taken into account while selecting the tool material include
low tool wear ratio, good machinability, good electrical
conductivity, high melting point and low electrical resistance.

While machining, the purpose of dielectric fluid are
following:

1. Cooling effect for workpiece as well the tool electrode.
2. Acts as a medium to carry the eroded particles.

Essential properties of a dielectric fluid:
1. Optimum viscosity should be there in dielectric fluid.
2. Easily availability of the dielectric fluid.
3. It should be on-reactive.

In this study, experiments would be performed on EN31
tool steel to investigate its machining characteristics. The
selected process parameters are peak current, voltage, duty
cycle and electrode rotation. In this study, the main aim is to
identify the significance of various process parameters on
machining characteristics. The selected response variables
which are used to represent the machining characteristics are
material removal rate, tool wear ratio and machining rate.
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Figure 1:- Electrodischarge machine.
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B. Principle

Electrical discharge machining is a process in which the
material is removed by the electric spark. The electric spark is
used to cut the tool and the material is then taken out by
flushing. In between tool and the workpiece there is a small
gap which is known as spark gap. In this process less amount
of metal is removed from the workpiece.[5]

C. Types of EDM

Basically, there are two different types of EDM:
1) Die-sinking
2) Wire-cut.

1. Die-sinking EDM

This process is mainly used to produce the blind cavities.
Here in this process both the electrode and workpiece are
submerged in an insulating liquid i.e dielectric fluid. The
dielectric fluid mainly used is water. In this process, a suitable
power supply is connected to the workpiece and the tool. The
source of current can be automatically turned on or off. As we
switch on the current, an electric tension is generated between
the two metal parts.
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Fig 2 :- Die sinker EDM

2. Wire-cut EDM

In this process, a thin wire made up of metal is placed on
to the workpiece. The workpiece and the wire i.e cutting tool
both are placed into the dielectric fluid tank. Water is the
mainly dielectric fluid used[2]. For making punches, slots and
dies, Wire cut EDM is used. Plates less than 300 millimeters
can be cut by this method only.[7]
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Fig 3.wire cut EDM.

1. LITERATURE REVIEW

Mohan et al. (2004) did study that SiC/6025 Al
composites was used in EDM by using the brass electrode.
The process variables that were used during this process are
material removal rate (MRR), electrode wear rate (EWR) and
surface roughness (SR) to determine the machinability.
Various process variables that are used during this experiment
are pulse duration, diameter of the hole and speed of rotation
of the electrode. MRR, EWR and SR have positive effect upon
the peak current.[5]

Kuppan et al.(2008) proposed a small deep hole drilling of
Inconel 718 using EDM has been carried out. Here in this
whole process the tool that is used for machining the Inconal
718 is electrolytic copper tube. To study the machining
characterstics, there are some parameters that are choosed
which are peak current, pulse on time and speed of the
electrode. With the use of central composite design (CCD)
these experiments were planned. The response variables were
material removal rate (MRR) and depth averaged surface
roughness (DASR). Desirability functional approach was
used to optimize the maximum MRR along with the desired
surface roughness value.[6]

Reddy et al.(2010) studied four factors that are duty cycle,
servo control, current and voltage over the outputs on
TWR,MRR, Surface roughness and hardness if AISI304 SS on
die-sinker EDM. With the mixed level of design they
employed DOE technique and analysed that there are a
minimum number of runs. They achieved that MRR is high for
fixed current, servo cycle and duty cycle.[11]

M.M. Rahman et al.(2011) investigated that as there is
increase in current, the surface roughness and MRR also
increases. Experiments are carried out through machining
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characteristics on austenitic stainless steel 304. As there is
increase in peak current, TWR also increases.[12]

S. K. Dewangan(2010) did study that AISI D2 workpiece
is used and the tool that is selected is a U-shaped copper
electrode having machining parameters pulse on time,
discharge current and diameter of the workpiece. L18
orthogonal array he conducted experiments. L18 orthogonal
array is based on Taguchi method.[13]

S. H. Tomadi et al.(2009) to determine the error between
the experimental value and predicted value confirmation test is
performed. They found that for better finishing of the surface
copper tungsten is used.[14] For optimization they use full
factorial DOE and they found out that there is less wear of
tungsten carbide as there is increase in the pulse off time and
with there is increase in the current, voltage, and pulse on
time, tool wear increased[15].

B. Bhattacharyya et al.(2007) investigated that the use of
mathematical model for correlating the higher order for
machining parameters during surface integrity of M2 is based
on RSM. Here the machining parameters are peak current and
pulse on time.[16]

Puertas et al.(2004) Investigated on the die-sinking EDM
that for a machine the most important aspect is its machining
condition. In their experiment they used 94WC-6CO material
and the selected machining parameters are pulse on time and
duty cycle. TWR, MRR and Surface roughness can be
determined by the mathematical simulation with the DOE
there is increase in roughness.[17]

Simao et al.(2003) investigated work on different
workpiece on the surface of alloy on machining over EDM. In
this experiments the tools are made of powder metallurgy and
in the dielectric fluid the suspended powder is used.[18]

T.M.ChenthilJegan et al.(2012) determines the machining
parameters for the machining of AISI 202 SS metal on EDM.
The selected parameters are current, pulse on time and pulse
off time.[19] Grey relational analysis technique is used for
optimization of the machining variables like MRR and Surface
roughness. From results we get that factor which affect MRR
is discharge current[20].

T.Rajmohan et al.(2012) experimented under L9
orthogonal array design by using DOE technique and
considering the effect of machining parameters on MRR for
the machining of AISI 304 SS. The machining parameters
used are pulse on time, current and voltage. Signal to noise
ratio is used for optimization.[21]

M. Kiyak et al. (2007) did study on AISI P20 tool steel
about the effect of process parameters on the surface
roughness during machining. The parameters of EDM that are
selected are pulse current, pulse time and pulse off time.[22]
The roughness of the surface of the workpiece and tool are
effected by the two main factors which are pulse on time and
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current[23]. Surface roughness increases if current and pulse
on time both these factor increases. Lower current, lower pulse
time and relatively higher pulse off time resulted in the better
surface finish.

Ashok Kumar et al.(2011) experimented the machining on
EDM by using the U shaped tubular tool made of copper for
the machining of EN-19 tool steel. U-shaped is mainly used
for internal flushing in EDM. The results are optimized by the
use of Taguchi’s L18 Orthogonal array. As a result they found
that if the pulse on time reduces then the material removal
rate increases. Also if pulse on time increases, Tool wear rate
also increases.[24]

Srinivasa Rao et al.(2010) experimental that a
mathematical model has been developed in order to predict the
die-sinking EDM in case of AISI 304 SS workpiece.
MRR,TWR and SR are the Process variables that are used in
fuzzy logic model. For the investigation of the model, a
regression analysis of experiments and output that is predicted
were performed. To reduce the number of runs, fuzzy logic
modeling was established throughout the experiments.[25]

111. CONCLUSION

Rotary Electro-discharge Machining of EN31 gives us
information about various process parameters i.e Peak
Current, Voltage, Duty Cycle and Electrode rotation and
response variables i.e Material Removal Rate, Tool Wear Rate
and Machining Rate. ANOVA will suggest the key factors for
identifying our process variables for achieving different
response variables. Lastly design of experiment will gives us
information about correlation (regression line) which will
make relationship between process variables and response
variables

IV. REFERENCES
[1] Anand Prakash Dwivedi, Member, IAENG and Sounak Kumar
Choudhury, “Comparative Assessment of MRR, TWR and Surface Integrity
in Rotary and Stationary Tool EDM for Machining AISI D3 Tool Steel”,
Proceedings of the World Congress on Engineering 2015 Vol Il, London,
U.K,2015.
[2] Ankit Kayastha Hitesh Raiyani, “Development of Rotary Electrode
attachment and parametric optimization of EDM, A Review and the Design,”
IJEDR | Volume 5, Issue 1 | ISSN: 2321-9939,2017.
[3] Abhinav Panwar, C.S. Jawalkar, N.M. Suri, Manjot Singh Cheema, “A
REVIEW ON ROTARY ELECTRICAL DISCHARGE MACHINING.” In
proceeding ICRDESHM ,pp.244-249,2017.
[4]Soni J. S., Chakraverti G. “Machining characteristics of titanium with
rotary electro-discharge machining Wear.” Vol.171,issue 1-2, pp.51-58,1994.
[5] Mohan B., Rajadurai A., Satayanarayana K. G. “Electric discharge
machining of Al-SiC metal matrix composites using rotary tube electrode.” J
Mater Process Technology. Vol.153-154,pp. 978-985,2004.
[6] Kuppan P., Rajadurai A., Narayanan S. “Influence of EDM process
parameters in deep hole drilling of Inconel 718.” International Journal of
Advanced Manufacturing Technology. VVol.38,issue 1-2: 74-84,2008.
[7] Ghoreishi M., Atkinson J. “A comparative experimental study of
machining  characteristics in  vibratory, rotary and vibro-rotary
electrodischarge machining.” Journal of Materials Processing Technology.
Vol.120,issue 1-3,pp.374-384,2002.
[8] Saha S. K., Choudhury S. K. “Experimental investigation and empirical
modeling of the dry electric discharge machining process.” International

Goutam Dubey, Varun Dutta, “Optimization of Process Parameters for Rotary EDM Using EN31 Tool Steel: Present and Future Scope”
International Journal of Scientific and Technical Advancements, VVolume 4, Issue 1, pp. 81-84, 2018.




International Journal of Scientific and Technical Advancements
ISSN: 2454-1532

IJSTA

Journal of Machine Tools and Manufacture.vol.49,issue  3-4,pp 297-
308,2009.

[9] Abdullah A., Shabgard M. R. . “Effect of ultrasonic vibration of tool on
electrical discharge machining of cemented tungsten carbide (WC-Co).”
International Journal of Advanced Manufacturing Technology. Vol.38,issue
11-12,pp. 1137-1147,2008.

[10] S. Abdurrahman Celik, Surface roughness investigation in the electrical
discharge machining of powder metal material, Journal of Applied Sciences,
vol.7,issue 12, pp.1608- 1613,2007.

[11] Reddy Sidda B., Rao PS, Kumar JS and Reddy KVK, “Parametric study
of electric discharge machining of AISI 304 stainless steel,” International
journal of engineering science and technology, pp. 3535-3550,2010.

[12] Rahman M.M., Khan M.AR., Kadirgama K., Noor M.M. and Bakar
R.A., “Experimental Investigation into Electrical Discharge Machining of
Stainless Steel 304,” Journal of Applied Sciences, pp. 549-554,2011.

[13] Dewangan S.K., “Experimental Investigation of Machining parameters
for EDM using U shaped Electrode of AISI P20 tool steel,” M-Tech
Thesis,dept. of mechanical engineering,NIT Rourkela, India,2010.

[14] Tomadi S.H., Hassan M.A. and Hamedon Z., “Analysis of the influence
of EDM parameters on surface quality, material removal rate and electrode
wear of tungsten carbide,” Proceedings of the International Multi Conference
of Engineers and Computer Scientists,Hong Kong, Vol 11,2009.

[15] Kumar S., Singh R., Singh T. P. and Sethi B.L., “Surface modification
by electrical discharge machining.” A review, Journal of Materials Processing
Technology, vol.209,issue 8,pp. 3675-3687,2009.

[16] Bhattacharyya B., Gangopadhyay S. and Sarkar B.R., “Modelling and
Analysis of EDMed job surface integrity,” Journal of Materials Processing
Technology, vol.189,pp.169- 177,2007.

[17] Puertas I., Luis C.J. and Alvarez L., “Analysis of the influence of EDM
parameters on surface quality, MRR and EW of WC-Co,” Journal of Materials
Processing Technology, 153- 154,pp.1026-1032,2004.

[18] Simao J., Lee H.G., Aspinwall D.K., Dewes R.C., and Apinwall E.M.,
“Workpiece surface modification using electrical discharge machining,"vol.
43, pp. 121-128,2003.

[19] T. M. ChenthilJegan, Dev Anand M. and Ravindran D., “Determination
of electro discharge machining parameters in AISI202 stainless steel using
grey relational analysis.” International Conference on Modeling, Optimization
and Computing, Procedia Engineering, vol.38, pp. 4005-4012,2012.

[20] Jai Hindus S., Prasanna Rajendra Kumar R., Oppiliyappan B. and
Kuppan P., “Experimental investigations on electrical discharge machining of
SS 316L,” International Journal on Mechanical Engineering and Robotics,
vol.1,issue 2, pp. 39-45,2013.

[21] Rajmohan T., Prabhu R., Subba Rao G. and Palanikumar K.,
“Optimization of machining parameters in electrical discharge machining
(EDM) of 304 stainless steel,” International Conference on Modeling,
Optimization and Computing, Procedia Engineering, vol.38, pp. 1030-
1036,2012.

[22] Kiyak M. and Cakir O., “Examination of machining parameters on
surface roughness in EDM of tool steel,” Journal of Materials Processing
Technology, vol. 191, pp. 141-144,2007.

[23] Reza M. S., Hamdi M., Tomadi S. H., Ismail A. R., “Optimization of
control parameters for EWR in injection flushing type of EDM on stainless
steel 403 workpiece,” International Journal of Mechanical and Mechatronics
Engineering,vol.4,12,pp.1387-1389 ,2010.

[24] Kumar Ashok, Bedi Kuldeep Singh, Dhillo Karaj Singh and Singh
Rashpal, “Experimental investigation of machine parameters for EDM using
U shaped electrode of EN 19 tool steel,” International Journal of Engineering
Research and Applications,vol.1,issue 4,pp. 1674-1684.

[25] Rao P. Srinivasa, Reddy Sidda B., Kumar JS and Reddy KVK, Fuzzy
modeling for electrical discharge machining of AISI 304 stainless steel,
Journal of Applied Sciences Research,vol.6,issue 11, pp. 1687-1700,2010.

84

Goutam Dubey, Varun Dutta, “Optimization of Process Parameters for Rotary EDM Using EN31 Tool Steel: Present and Future Scope”
International Journal of Scientific and Technical Advancements, Volume 4, Issue 1, pp. 81-84, 2018.




