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Abstract

This paper is the outcome of research work conducted on EN-8 material by Electric
Discharge Machine through Response-Surface Methodology approach by selecting
3-parameters discharge current(l), pulse-on time (Ton) and pulse-off time (Tox) along
with effect of electrical-conductivity of 3-tools copper, aluminium and brass.
Material Removal Rate (MRR), and spacing roughness parameter (Ra) Responses.
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1. Introduction

Today’s manufacturing industry is facing challenges from advanced difficult-
to-machine materials (super alloys, ceramics and composites), stringent design
requirements (high precision, complex shapes and high surface quality) and
machining costs. Advanced materials play an increasingly important role in modern
manufacturing industries, especially in aircraft, automobile, tool, die and mould
making industries. The use of Electrical Discharge Machining (EDM) in the
production of forming tools to produce plastics mouldings, die castings, forging dies
etc., has been firmly established in recent years. Development of the process has
produced significant refinements in operating technique, productivity and
accuracy, while widening the versatility of the process. Advanced materials play an
increasingly important role in modern manufacturing industries, especially in
aircraft, automobile, tool, die and mould making industries. In conventional
machining process it involves the concept of removal of material by an edged tool
that involves plastic deformation process and leads to formation of chips. This is a
known concept to man from much number of years. EDM continues to grow,
therefore, as a major production tool in most tools making companies, machining
with equal ease hardened or annealed steel. The greatly-improved thermal,
chemical and mechanical properties of material (such as improved strength, heat
resistance, wear resistance and corrosion resistance), while having yielded
enormous economic benefits to manufacturing industries through improved
product performance and product design, are making traditional machining
processes unable to machine them or unable to machine them economically.[1]
Electrical discharge machining is a non-traditional manufacturing process. EDM is
the method used for the machining of harder materials which have complicated
profiles. They provide good precision. In present days the research work which is
conducted in Electric discharge machining is aimed at machining at a faster rate
and also it must lead to good surface characteristics. The present work has been
carried out by identifying the influence of three parameters discharge current (I),
pulse-on time (Ton) and pulse-off time (Tof),along with the effect of electrical
conductivity of three tools viz. copper, aluminium and brass, that are considered
pertinent parameters in Electrical Discharge Machining of this material. The
responses obtained are Material Removal Rate (MRR), and one spacing roughness
parameter such as Ra. Study is carried out using design of experiments (DOE).
Central-Composite experimental design (CCD) is used to generate the design matrix
with the three parameters. On analysis it is concluded that the MRR and Surface
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roughness both are affected by the three parameters chosen in combination with
the electrical conductivities of the tools.

2. Material and Methodology

In this work EDM process is used as machining process and type of machines used
are Electric discharge machine (EDM) and Taylor Hobson SurtronicS-100 series
surface roughness measuring instruments. The material for work is selected as EN-
8 steel and 3 different tools are used for the machining. These are Aluminium,
Copper and Brass. Methodology generally gives a foundation to analyses of the
work done. It’s a kind of a scientific process using theoretical concepts and has
particular set of methods that are used always by the leading researchers. The
methodology which is used in this project work is this. In this outcome-responses
are influenced by different variable. Main aim of Response-Surface is to find the
correlation between the responses obtained and the variables like current, pulse on
and off. By using RSM the response obtained can also be modified and optimized.
CCD is one of the experimental design methods which is basically used to fit the
second-order model and is most popular effective class which fits the 2ndorder
model. This design basically consists of 2k factorial with nr runs, 2k star runs,
centre points nc. In CCD 2k has been used.

3. Tabulations and Result

3.a. Machining parameters, their levels and ranges available on machine.

Machining Uncoded Coded Levels Range
Parameters | Values Values Low Mid High S
(-1) 0 (+1)

1

Current C M, 8 12 16 1 to
20A

2
Pulse on | Ton M, 30 40 50 0 to
time 99us

3 Pulse off | Tosr M3 3 S 7 0 to
time 9us

4 Electrical Conductivity
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3.b. Tabulation of Material Removal Rate
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Pulse | Pulse | MRR(A]) SRof|S R of
CURREN | on of (gm/min | MRR (Cu) | MRR (Br) | CU BR S R of
T (A) (us) | ((us) |) (gm/min) | (gm/min) | (um) | (um) Al (um)
8 50 5 0.07 0.17 0.13 10.2 9.3 8.2
8 50 7 0.32 0.28 0.2 8.7 6.5 8.1
8 30 7 0.28 0.25 0.24 11.9 8.7 12.6
8 30 3 0.18 0.17 0.16 9.9 5.6 8.6
8 40 5 0.22 0.17 0.14 11.9 6.5 8.3
12 50 3 0.27 0.21 0.19 12.4 10.6 10.3
12 40 5 0.16 0.24 0.16 9.3 9 8.4
12 40 5 0.34 0.26 0.2 12.5 9.7 11.6
12 40 7 0.24 0.22 0.15 11.2 7.8 10.9
12 40 5 0.19 0.23 0.13 10.2 9.5 12
12 50 7 0.1 0.15 0.07 13.6 10.4 10.3
12 40 5 0.24 0.2 0.14 11.9 9.5 14.3
12 30 3 0.11 0.12 0.05 9.2 6.6 9.1
12 50 3 0.18 0.11 0.08 13.1 9.3 7.5
12 40 3 0.18 0.24 0.11 11.7 7.7 13.3
16 30 7 0.12 0.1 0.07 13.2 10 11.5
16 30 5 0.17 0.16 0.13 9.9 4.3 12.7
16 40 5 0.23 0.19 0.15 9.4 8.6 8.5
16 40 S 0.17 0.13 0.07 15.5 10.7 12.4
16 40 5 0.25 0.2 0.15 12.2 11.1 11.3
3
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3.c. Graph of Current Vs MRR by using all three tools.
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Fig: 3.1: Graph of Current Vs MRR by using all three tools.

The figure explains increase in removal of material is influenced by discharge
current. This trend is observed because as the current increases the intensity of
spark generation rises and more ionization leads to faster removal of material. Also
the increase in the value of material removal rate is influenced by their thermal and
electrical conductivities of the tool. Hence for Brass the material removal is the
least as the thermal conductivity value is 115 W/m-K, and then in the order is
Aluminum and the Material removal rate is highest in Copper having the higher
thermal conductivity value of 401 W/ m-K.

3.d. Graph of Pulse on Vs MRR by using all three tools.
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Fig: 3.2: Graph of Pulse on Vs MRR by using all three tools.

The figure shows that, the value of MRR increases as the pulse on value increases.
This trend is observed because as the pulse on increases from 30 pus to 50 us the
continuous sparks generated produces faster ionization which leads to faster
removal of material. Also the increase in the value of material removal rate is
influenced by their thermal and electrical conductivities of the tool. Hence for Brass
the material removal is the least as the thermal conductivity value is 115 W/ m-K,
and then in the order is Aluminum and the Material removal rate is highest in
Copper having the higher thermal conductivity value of 401 W/ m-K
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3.e. Graph of Current Vs Surface Roughness of EN-8 by using all three tools.
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Fig: 3.3: Graph of Current Vs Surface Roughness of EN-8 by using all three
tools.

The figure above shows that the effect of current on Ra. This graphical result
shows that, Ra value increases with increasing current at a faster rate for
Aluminum. For aluminum the current has maximum response on the roughness of
surface. The surface finish obtained depends on the tool electrode which has
particular electrical conductivity value. The effect of current on the surface finish of
brass is the medium having a value of electrical conductivity as 16.9*107 S/m. The
least affected surface finish is for the copper having the electrical conductivity value
of 5.95 *107 S/m.

3.f. Graph of Pulse on Vs Surface Roughness of EN-8 by using all three tools.
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Fig: 3.4: Graph of Pulse on Vs Surface Roughness of EN-8 by using all three
tools.

The figure above shows the effect of pulse on time on Ra. The graph shows a
linear relationship from value of 30 to 40 us but for the further values it shows a
constant trend. However the roughness is also affected by the values of pulse on
time as well as the electrical and thermal conductivities of the different tools used

5

www.aeph.in



AEIJMR - Vol 3 - Issue 10 - October 2015 ISSN - 2348 - 6724

for machining EN-8. As per the analysis the roughness of the surface of EN-8 is
most affected by Brass tool, and then it’s affected medially by Copper tool and the
least affected by Aluminium tool.

3.g. Graph of Pulse off Vs Surface Roughness of EN-8 by using all three tools.
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Fig: 3.5. Graph of Pulse off Vs Surface Roughness of EN-8 by using all three
tools.

The figure above shows the effect of pulse off time on Ra. The graph shows almost a
constant relationship for the entire range of pulse off.. However the roughness is
also affected by the Ra values by pulse off time as well as the electrical and thermal
conductivities of the different tools used for machining EN-8. As per the analysis
the roughness of the surface of EN-8 is most affected by the pulse off time of
Copper tool, and then it’s affected medially by Brass tool and the least affected by
Aluminium tool.

Conclusion

Conclusion is to efficiently machine EN-8 Steel and increase the productivity we
should use Aluminium as the tool to obtain maximum MRR having lowest electrical
conductivity value 3.54*102 S/m. To reduce surface roughness we should use
brass as the electrode material having highest electrical conductivity value of 16.9
*107 S/m.

Acknowledgement

I would like to sincerely thank my teachers, my parents and my husband who has
helped me in successful completion of this work. I also thank my college authorities
and Principal who have provided invaluable support and guidance

References

I. HMT, Production technology, Tata- McGraw Hill Publishing Company limited,
New Delhi.

II. P. C. Pandey and H. S. Shan, Modern Machining Processes, Tata- McGraw Hill
Publishing company limited, New Delhi, 26th Reprint 2005.

iii. Description and Development of Electrical Discharge Machining (EDM) hand
book, Society of Manufacturing Engineers, Copyright ©2001.

www.aeph.in



AEIJMR - Vol 3 - Issue 10 - October 2015 ISSN - 2348 - 6724

IV. Richard Leach, The Measurement of Surface Texture using Stylus Instruments,
National Physical Laboratory Teddington, Middlesex, United Kingdom, TW11 OLW,
July 2001.

V. Taylor Hobson, surtronic S-100 series, Robust and Portable surface roughness
Tester, Manual, AMTEK, Ultra Precision Technologies.

VI. K.H. Ho, S.T. Newman, State of the art electrical discharge machining (EDM),
International Journal of Machine Tools & Manufacture 43 (2003) 1287-1300,
Received 5 June 2003; accepted 10 June 2003.

vii. M. S. Sohani& V. N. Gaitonde& B. Siddeswarappa& A. S. Deshpande,
Investigations into the effect of tool shapes with size factorconsideration in sink
electrical discharge machining (EDM) process, Int J AdvManufTechnol (2009)
45:1131-1145 DOI 10.1007/s00170-009- 2044-5, 3 May 2008 / Accepted: 31
March 2009 .

viii. Ms. Shruti Mehta, Mr. Avadoot R, Mr. Jignesh, A review on current research
trends in die EDM of conductive ceramics, Inernational Journal of Recent Trends in
Engineering, Vol. 1, No. 5, May 2009.

ix. Ali Ozgedik - Can Cogun, An experimental investigation of tool wear in electric
discharge machining, Received: 7 October 2003 / Accepted:
28 April 2004 / Published online: 9 February 2005 © Springer-Verlag London
Limited 2005

x. Sachin C. Kulkarni, Maharudra S. Patil, Anand V.Kulkarni, Effect of parameters on
electrical discharge machining of en-19 alloy steel through response surface methodology
approach, International Journal of Advance research in science and engineering, IJARSE
Volume 2, Issue 2, February 2015, ISSN 2319-8354

xi. Subramanian and Thiagarajan, Effect of electrode materials on EDM machining
of 316 L and 17-4 PH steel, Journal of minerals and materials characterization
and engineering , May 2, 2012,11, 685-690.

xii. Mr. V D Patel, Prof. C P Patel and Mr. U J Patel, Analysis of Different tool
material on MRR and Surface roughness of MILD STEEL in EDM, IJERA
(International Journal of Engineering Research and Applications), ISSN: 2248-
9622, Vol. 1, Issue 3, pp. 39-397.

xiii. K.D. Chattopadhyaya, S. Vermab, P.S. Satsangic, P.C. Sharma, Development of
empirical model for different process parameters during rotary electrical discharge
machining of copper-steel (EN-8) system, journal of materials processing
technology 2 0 9 (2 0 0 9 ) 1454-1465, Received 21 August 2006 Received in
revised form 27 March 2008.

xiv. G. Krishna MohanaRao, G. Rangajanardhana. D. HanumanthaRao, M.
SreenivasaRao, Development of hybrid model and optimization of surface
roughness in electric discharge machining using artificial neural networks and
genetic algorithm, journal of materials processing technology 209 (2009) 1512-
1520.

xv. Singh Jaspreet, Singh Mukhtiar, Singh Harpreet,Analysis of Machining
Characteristics of Cryogenically Treated Die Steels Using EDM, International
Journal of Modern Engineering Research (IJMER) www.ijmer.com Vol. 3, Issue. 4,
July - Aug. 2013 pp-2170-2176 ISSN: 2249-6645.

www.aeph.in



