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CHARACTERISTICS OF THE DRY ELECTRICAL DISCHARGE MACHINING
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ABSTRACT: The electrical discharge machining - EDM is one of the most applied non-conventional
machining methods, based on the thermal effect of the electrical discharges. Sustainable development within
the industrial researches covers also the EDM field. One of the main research directions regarding EDM is
the replacement of the dielectric working liquid with dry or semi-dry dielectric fluids that are characterized by
a lower negative impact over the environment. The paper highlights the main aspects regarding the dry

EDM, based on the specialty literature study.
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1. INTRODUCTION

In the last years, the electrical discharge
machining (EDM) becomes more and more
popular. There are researchers that classify
these methods as being the fourth most used
machining method after milling, turning and
grinding [6]. The reasons for these claims
relay on the advantages of EDM described by
high material removal rates (MRR), low costs
and high machining efficiency in shaping
complex profiles.

The EDM method uses electricity to
remove the metallic material by means of
spark erosion and it is generally carried out
using dielectric liquids. The reasons of using
dielectric liquids are to cool and evacuate the
debris existing in the gap between tool
electrode and workpiece and to ensure the
generation of the pulse discharges between
the two conducted surfaces of the electrode
tool and the workpiece.

Today’s widespread concern for the
environment and human health was also
reflected in the studies regarding the “non-
conventional” machining processes. The
environmental problems related to the EDM
methods refer to the mineral oils that are
typically used as dielectric medium. These
oils generate toxic fumes and can produce
fire hazards. That's why the recent
researches in the EDM field [1, 2, 3, 4, 5, 6,
8, 9, 10] focus in developing environment
friendly EDM techniques that use high
pressure gases instead of the conventional
dielectric liquids. Dry EDM is considerated
to be a completely “green” machining
process, characterized by less environment

impact, no fire hazards and reduced health
problems.

The first scientific paper referring to the
dry electrical discharge machining method
was a succinct NASA technological report
dating from the year 1985 that deal with the
drilling using argon and helium gas as
dielectric medium [4, 5].

Over the next years, the researchers
investigated the possibilities to use different
types of gases as dielectric fluids and tried to
determinate the influences that these
dielectric mediums can have on the entire
EDM processes.

The researches conducted by Kunieda et
al. [5] showed that the material removing rate
can be improved by using the oxygen as
dielectric fluid in EDM. Their study not only
demonstrated that EDM in gaseous medium
is possible, but also brought out some of the
advantages of the process. They
demonstrated that the high velocity gas flow
through tool electrode reduces debris
reattachment after a spark, thus considered
to be effective in flushing.

The feasibility of 3-D surface machining
by dry EDM investigation was explored by
Zhnabo et al. [10]. They reported that
compared to the wet EDM, the dry EDM
method can reach smaller tool electrode wear
ratio and improved profile accuracy. Their
experiments were conducted using the
oxygen as dielectric medium and rotating
pipe electrodes. The researchers also
concluded that there are optimum
combinations of cut depths and gas
pressures that can assure maximum material
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removal rate with minimum tool electrode
wear ratio.

There were some researchers which
investigated also the rough - cutting with dry
wire electrical machining (dry-WEDM). The
research group led by Furudate et al [2]
reported that the dry methods are more
efficient in terms of corrosion and process
accuracy than the conventional ones.
However, they identified as primary
disadvantage of dry wire EDM the lower
material removal rate.

The experiments conducted by L.Q. Li,
W.S. Zhao et al. [4] demonstrated that the
direct polarity is more efficient in dry EDM,
because of the lower tool electrode wear
ratio.

The tool electrode has an important roll in
ionization, absorbing less energy than the
anode represented by the workpiece.

In gas mediums, the discharge passage
extends more rapidly compared to the so
called conventional wet method, protecting
the tool electrode by the debris adheres on
the tool.

In the United States of America, an
important research center in the EDM area is
located at the Michigan University. In the
latest years, the Mechanical Engineering
Department of this university showed a great
interest for dry EDM, developing/evaluating
different kinds of techniques for the method
[1,6]. The results of their investigations
reveled that by using oxygen and copper pipe
electrodes, the material removal rate
increases to 36 mm®min, compared to 20
mm?min obtained in the wet EDM method
[6]. They also studies the possibilities of
using the dry EDM as finishing process and
concluded that by using nitrogen mist and
graphite electrodes, the surface roughness
can by improved from R,=4 um to almost 0,7
pm [3].

2. SYSTEMIC ANALYSIS OF THE DRY
EDM PROCESS

For a better understanding of the method,
a systemic analysis of dry EDM was
developed, pointing out some of the primary
input factors and also the main output ones.

As it can be seen in the figure 1, some of
the input factors taken into account are the
following: the electrical mechanical and
thermal proprieties of the dielectric fluid, the
main electrical parameters, some properties

of the workpiece material and the tool
electrode and the machining parameters.
When referring to the output parameters, the
main factors are: the integrity of the finish
surfaces, the roughness, the accuracy, the
tool electrode wear ratio, material removal
rate and the level of pollution generated by
the process. Some of the perturbing factors of
the system are the atmosphere temperature
and the extern vibrations. Many researchers
had demonstrated that by using compressed
air flow the surface quality can be improved.
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Fig. 1. The systemic analysis of the Dry
EDM process

3. EXPERIMENTAL SETUP

The study investigates the characteristics
of a certain dry electrical discharge machining
method.

The experiments were carried out on a 3D
CNC machine from the non-conventional
technologies laboratory of the Gheorghe
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Asachi Technical University of lasi. The
discharge circuit of a spark marking
equipment was used and its schematic is
presented in figure 2.

The work material used in the research
was a steel type AISI 1045 (OLC45) and the
electrode tool was made of wolfram. The
experiments were done in three different
mediums, respectively with compressed air
blowing, with dielectric liquid and in normal
atmosphere. For each condition, three
experiments with a working duration of 30
seconds, 1 minute and, respectively, 2
minutes were made.

v

Fig. 2 Discharge electrical circuit of the
EDM marking equipment

Figure 3 illustrates the experiment setup
in which the EDM processes were conducted.
For all the experiments, the gap voltage used
was of 15 V. The supplied compressed air
pressure used was 1,5 bar.
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Fig. 3 Experimental setup

To establish the influence that each type
of medium used in the research has on the
quality of the worked surface, the authors
proposed a comparison between the
machining results, using as index the hole
depth and the shape of the machined
surface. The hole quality was inspected using
an optical microscope at 60X magnification.
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Fig. 4 Optical micrographs on holes drilled
in time of (a) 2 minutes (b)1 minutes (c)30
secunds

Figure 4 shows the optical micrographs of
the top side views of the holes obtained by
EDM.

The shape quality is considered to be
better for the holes drilled under normal
atmosphere conditions, although they present
severe debris deposition problems, compared
with the ones conducted under the other two
mediums.

By using compressed air as dielectric
fluid, the debris deposition problems can be
efficiently eliminated.
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Fig. 5 Relation between machining time
and depth of the hole

The depths of the holes were also
measured for a better material removal rate
comparison of the methods. As one can see
in figure 5, the dry EDM drilling has a
consistently higher material removal rate
(MRR).

The maximum MRR is obtained for the
drilling process conducted under compressed
air blowing conditions.
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4. CONCLUSIONS

In comparison to the conventional
method, the dry EDM process is
characterized by the improvement of some of
the output parameters, as the material
removal rate, shape accuracy and the
integrity of the finish surfaces. That's why the
researches in this field are entirely justified.
The results presented in this paper suggest
the need to investigate new methods for the
dry EDM processes, so that the industrial
applications can be realized.

REFERENCES

[1] FUJIKI, M., KIM G.Y., QIAOQ, J., TAO, J., ZHU,
J., NI, J., SHIH, A.: Control of five degrees of
freedom Dry/Near-Dry EDM milling machine,
available: http://wumrc.engin.umich.edu/research
/_file/advmach_files/edm.pdf; accessed:
21.06.2009

[2] FURUDATE, C., KUNIEDA, M., ZHAN BO,Y.
,YAMADA, H.: Improving Process characteristics
of Dry-WEDM . Published in Initiatives of
Precision Engineering at the Beginning of a
Millennium 10th International Conference on
Precision Engineering (ICPE) July 18-20, 2001,
Yokohama, Japonia, Editor: Ichiro Inasaki;
available:  http://wumrc.engin.umich.edu/~shiha/
jpapers/06_NAMRC_dry wire_ EDM.pdf;
accessed: 16.05.2009

[3] KAO C. C., TAO, J., SHIH A.J.: Near dry
electrical discharge machining. International
journal of machine tools & manufacture, vol. 47,
no 15, 2273-2281, 2007, Ed. Elsevier Oxford;
available:http://www.sciencedirect.com/science?
ob=ArticleURL& _udi=B6V4B-4P4FV3W-

1& user=10& rdoc=1& fmi=& orig=search&_ sort
=d& docanchor=&view=c&_ acct=C000050221& _
version=1&_urlVersion=0&_userid=10&md5=f0b5
113f1dc2ddd1f7caab9229aaaee3; accessed:
05.06.2009

[4] Li, L.Q. ZHAO, W.S. WANG, Z.L. KOU,
B.Q. Li, L.Y.: Discussion of electrical discharge
machining in gas. The 31st IEEE International
Conference on Plasma Science, 2004. ICOPS
2004. IEEE Conference Record - Abstracts.

Publication Date: 28 June-1 July 2004, 307- 314;
available:http://ieeexplore.ieee.org/Xplore/login.js
p?ri=http%3A%2F %2Fieeexplore.ieee.org%2Fiel5
%2F9291%2F29525%2F01339989.pdf&authDeci
sion=-203 , accessed: 12.05.2009

[5] MOHD ABBAS N., SOLOMON D. G., FUAD
BAHARI Md.: A review on current research trends
in electrical discharge machining (EDM)
International Journal of Machine Tools &
Manufacture, 2007, vol. 47, no7-8, 1214-1228,
Editura Elsevier Oxford; available:
http://www.sciencedirect.com/science?_ob=Article
URL&_udi=B6V4B-4MC71HJ-1&_user=10&_
rdoc=1& fmt=&_ orig=search&_sort=d& docancho
r=&view=c&_ acct=C000050221& version=1& url
Version=0&_userid=10&md5=f2546b9734f151753
1b19fc45b7eee8e;accessed: 14.06.2009

[6] QIAO, G., KIM G.Y., Tao, J., ZHUJ., FUJIKI,
M.: Dry and Near-dry EDM processes
development.available:http://wumrc.engin.umich.
edu/research/_file/mt_files/Wu_Brochure_r1%201
0.pdf; accessed: 21.05.2009

[71 SOMMER, C. , SOMMER, S.: Complete EDM
Handbook, Publication Reliable EDM, 2005,
available: http://www.reliableedm.com/Complete-
EDM-Handbook.html; accessed: 11.05.2009

[8] SOURABH K.S., CHOUDHURY SK.:
Experimental investigation and empirical modeling
of the dry electric discharge machining process.
International Journal of Machine Tools &
Manufacture. 49, 297-308, 2009. available:
http://home.iitk.ac.in/~choudhry/sourabh.pdf;
access date: 11.05.2009

[9] TAO, J., SHIH A. J., NI J.: Investigation of dry
and near-dry electrical discharge milling
processes, Journal of Manufacturing Science and
Engineering, Vol. 130, February 2008, available:
http://www.sciencedirect.com/science?_ob=Article
URL&_udi=B6V4B-4P4FV3W-1& user=10&_
rdoc=1&_fmt=&_ orig=search&_sort=d& docancho
r=&view=c&_acct=C000050221& version=1& url
Version=0& userid=10&md5=f0b5113f1dc2ddd1f
7caab9229aaaee3; accessed: 23.05.2009

[10] ZHANBO YU Z., TAHASAKI J., NAKAJIMA
N., SANO S., KARATOK., KUNIEDA M.:
Feasibility of 3-D Surface Machining by Dry EDM.
Int J Electr Mach, Vol. 10, 15-20, Japonia, 2005,
available: http://www.sodick.co.jp/tech/
img/article_s02.pdf; accessed: 14.06.2009





