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ABSTRACT: Where force suction flushing is not feasible, alternative methods to clear the debris effectively from the gap between 
the electrodes in EDM have been attempted, e.g. the application of a magnetic field, low frequency vibration of the electrode or 
special motion of the electrode. The rotating electrode permits one to improve the machining rate, form and dimensional accuracy in 
the machining process, performs roughing and finishing operations with the same tool and helps to stabilize the erosion process. The 
paper presents the experimental investigation of EDM of steel with a copper electrode in respect of surface roughness by using a 
rotative electrode. 
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1. INTRODUCTION 
Today’s manufacturing industry is facing challenges from 
advanced difficult-to-machine materials (tought 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 
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. The high costs 
associated with machining ceramics or composites, for 
example, and damage generated during machining are major 
impediments to the implementation of these materials. For 
example [1], the costs of machining structural ceramics (such 
as silicon nitride) often exceed 50% of the total production 
costs in the engine industry. In these cases, current machining 
methods cannot be used and innovative techniques or 
modifications of existing methods are needed. 

In addition to the advanced materials, stringent design 
requirements also pose major problems in the manufacturing 
industry. More and more complex shapes (such as an aerofoil 
section of a turbine blade, complex cavities in dies and moulds, 
non-circular, small and curved holes), low rigidity structure 
and micromechanical components with tight tolerances and 
fine surface quality are often needed. 

Traditional machining is often ineffective in machining these 
parts. To meet these challenges, new processes need to be 
developed. Electro-discharge machining (EDM) is one of the 
non-traditional machining methods widely used today. In fact, 
EDM is no longer “non-conventional” or “non-standard” 
machining. EDM is now [2] the fourth most popular machining 
process, selling more than all other processes except milling, 
turning and grinding , with EDM sales increasing from about 
0,5 percent of the 1960 machine tool market to about 6 percent 
of the 1998 market. The increasing strength of EDM is based 

on the rapid improvements in its price/performance rations, on 
the new applications made feasible by the improved 
performance economics and on a growing awareness of the 
advantages of EDM by metalworking industry in general. 

The ongoing theoretical and experimental research efforts to 
study the EDM process can be classified into the following 
four main groups [2], [3]: 

1. studies conducted to understand the physical aspects of 
spark mechanism through specially constructed 
instruments and equipment, high speed photography, 
spectroscopy, X-ray and radioactive tracers etc. Three 
different kinds of theories (electromechanical, thermo 
mechanical and thermoelectric) for material removal have 
been proposed based on the experimental results. 

2. the second group of investigation consists of attempts to 
obtain qualitative and quantitative relationships between 
the technological parameters (such as corrosion rate, 
surface integrity) and input variables (work and tool 
material properties and machining parameters such as 
current and pulse duration). Empirical relationships in the 
form of regression equations and plots based on 
experimental results of actual electrical discharge 
machining operations related to a machine and 
combinations of work and tool material are usually 
provided by the manufacturer as approximate guidelines 
for selecting machining parameters. Theoretical heat 
transfer models for a single discharge situation. Different 
types of heat sources ranging from a point source to a 
time-varying circular source have been considered in the 
development of deterministic as well as stochastic thermal 
models. In the absence of a clear-cut quantitative 
evaluation of metal removal efficiency, the thermal models 
have a limited validity. Many off-line optimization 
schemes needed for adaptive control of EDM are built 
around these empirical and/or theoretical expressions. 

3. recent research attempts which form the group have been 
aimed at developing adaptive control systems by 
identifying, monitoring and controlling the gap condition. 

4. the fourth group of investigation consists of attempts to 
improve the technological parameters by application of a 
magnetic field, special planetary motion of the tool 
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electrode, low frequency vibration of the electrode, using 
cryogenic electrodes, ea.  

This paper presents the experimental investigation of rotary 
EDM of steel in respect of surface roughness.  

A single discharge produces a crater of a roughly spherical 
shape, the depth of the crater being 1/10 to 1/30 of its diameter 
[2], [3]. (It has been observed that when discharge energy 
increases, the craters have a tendency to become more flat) [2]. 
A surface produced by EDM is completely covered by these 
craters and is therefore nondirectional, thus different from 
machined surface. Superimposed on the craters are occasional 
particles strongly adhering which can thus form “cavities” or 
re-entrant angles. Under some conditions there may also be 
minute cracks [5], [6], [7]. 

The surface has its peculiarities, such as the mentioned 
cavities: the very nature of the surface can produce different 
wear and lubricating properties which are still unexplored and 
it is therefore difficult to compare the surface with a machined 
surface having the same roughness value. 

For example, Rz is the same for all the profiles shown in figure 
1 [8]. The pitch parameters may be the same for a number of 
regular profiles such as A, B and C or may differ significantly 
for irregular profiles such as D. The profiles shown in figure 1 
differ considerably in respect of relative bearing length, as is 
shown in the graphs on the right hand sides of the figures. This 
is the reason we studied some various functions that give 
comprehensive information about the functional behaviour of 
surfaces. The Abbot curve, skew (RSk) and kurtosis (Rk) values 
tell about the distribution pattern of peaks and valleys and are 
suggestive for friction, wear resistance and load supporting 
characteristics. Surfaces with wide plateaus will well support 
the load compared to surfaces with protruding peaks which are 
prone to collapse under load, yet they may have identical Ra  
and Rt values. 

 
Figure 1. [4] Profilograms of some rough surfaces and their 
parameters: Ry = 5 µm (A,B,C) and 66 µm (D); Rz = 50 µm 
(A,B,C) and 50,4 µm (D); Ra = 10,7 µm (A,B), 12,5 µm (C) 
and 10,8 (D); S = 1,25 mm (A,B,C) and 0,11 mm (D); Sm = 

1,25 mm (A,B,C) and 0,35 mm (D). 

  

2. EXPERIMENTAL  SETUP AND 
PROCEDURE 

The authors have experimented the realization of different 
channels with such a rotating tool and studied the influence of 
the rotating movement on the precision, the roughness and the 
productivity of the machining [4], [5]. 

This paper presents only the results that refer to the roughness 
parameters. 

The experiments were made on an Eler 01-Gep 50 machine 
equipped with a device that could rotate the electrode (OT), 
according to Figure 2 and Figure 3. 

 
Figure 2. Equipment for rotating electrode 

 
Figure 3. The machining scheme 

The conditions for the experiment were: 

-generator settings:  I = 12,5 A; 

                                     ti = 12; 24; 48; 95 µs 

                                     τ = 50; 75% 

-electrode rotation: n = 60; 50; 40; and 30 rpm 

-OT diameter: 50; 60; 65; 73,5 mm 

-the electrode was made by copper and the workpiece by 
hardness steel. 

An incomplete factorial experiment having 16 trials was 
designed, realized and statistically analyzed. 

The roughness was measured by a Surtronic 3+ (Rank Taylor 
Hobson Limited). 

The roughness parameters obtained in a few cases are 
presented in Table 1. We can be observe that the kurtosis Rku 
is approximately 3, which means that the craters are completely 
random. 

Comparing the values of the height at which the bearing length 
is 50% with the Ry  value, we can affirm that the surface has 
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protruding peaks and wide cavities. This means a poor wear 
resistance and hence, the necessity of a post-treatment. 

The microgeometry of a surface machined by ED is formed by 
two parts: the first, determined by the cut-down process and a 
second one, due to some little spheres from the eroded 
material, welded on the surface [9], [10], [11]. 

Hence, when the flushing of the gap is improved through the 
rotation of the electrode, the roughness parameters are 
changing. In figure no. 4 to 6 we can observe that Ra, Rt and 
Rz are decreasing, due to the improvement of the debris’ 
evacuate conditions. 

Table 1. The results of the measurement 

 
 

 
Figure 4.  Variation of Ra with D and n 

The tool’s rotary movement carries-forward the dielectric fluid 
and the debris in an evacuation movement from the work area. 
Without this forced evacuation, the debris are being crowded in 
the work clearance, artificially modifying its dimension with 
consequences on the development of the erosion process. 

 

 
Figure 5. Variation of Rt with D and n 

 
Figure 6. Variation of Rz with D and n 

One can observe that when increasing the diameter and the 
rotation speed the parameters decrease almost constantly in 
value. 

Attempts were made when rotating in both clockwise, and in 
the opposite direction. It was observed that the roughness 
parameter values are slightly lower when rotating in 
counterclockwise direction. The outcome is in agreement with 
the theory developed in [1]. 

We can also note that the bearing length ratio measured at 50% 
shows a significant increase when D and n grow (which is very 
important when the piece requires wear resistance or for tight 
joints). 

There are studies as well on the influence that energetic 
parameters have on roughness. 

 
Figure 7. Variation of Ra with ti and tp, direction of rotation cw 

When the discharge duration increases, the roughness first 
increases slightly, but after a certain value it decreases again, as 
one can see in Figure 7 (direction of rotation cw) and Figure 8 
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(direction of rotation ccw). Therefore it is necessary to 
determine an optimum, taking into account the other conditions 
imposed. 

One can observe that again, the roughness parameter values are 
slightly lower when rotating in counterclockwise direction 

The roughness varies just a little with the increaser of the pulse 
interval time. 

 
Figure 8. Variation of Ra with ti and tp, direction of rotation 

ccw 
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4. CONCLUSION  
Although EDM is used for many years, there are still many 
aspects of this process that are not known. Research in this area 
seeks to improve accuracy and productivity features, and this 
paper tries to make a step forward in this area. 

The microgeometry of the eroded surfaces has two 
components: craters obtained through material detaching and 
welded particles. 

If we apply a rotation motion to the electrode, the debris are 
removed more efficiently, therefore the number of laid down 
particles decreases. Hence, the height of the roughness 
decreases but the space parameters increase. Because the 
profile is completely random (the fact was demonstrated by the 
Abbot curve), the modification of the space parameters is not 
clear. 

The increaser of the duration of the pulse leads to an increaser 
of the height of the roughness and the pulse interval time 
influence is much reduced on the roughness. 

Because it is well known that rotation of the electrode has good 
influences on the productivity and the precision of the 
machining, we recommend this proceeding for the 
improvement of EDM performances. 
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