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ABSTRACT: Electrical discharge machining is based on the conversion of the electrical energy in thermal energy able to develop 
processes of material removal from the workpiece. In the case of small diameter holes, their obtaining by electrical discharge 
machining is more difficult yet, due to the difficult access of the dielectric fluid in the work gap. A systemic analysis of the small 
diameter holes drilling by electrical discharge machining was proposed. In order to obtain the small diameter tool electrodes, the use 
of a plate having small diameter holes was proposed to be used as a secondary tool electrode.  
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1. INTRODUCTION 

In recent years, thanks to continuous researches on materials 
used in machinery industry, execution of dies, moulds, tooling, 
material properties have been significantly improved and the 
classical machining methods became inefficient or, if 
applicable, not profitable in terms of costs.  

Non-conventional machining methods are those processing 
methods (mechanical, electrical, chemical and thermal) which 
emerged and evolved over the past half-century, thanks to 
continuous efforts to optimize and improve productivity or 
surfaces quality.  

Usually, unconventional machining methods are based on 
converting electricity into another form of energy (mechanical, 
thermal, light). There are many cases in which conventional 
processing methods can’t be applied for various reasons, such 
as: complex shapes of parts, tight tolerances, part’s high 
hardness and so on. In such situations it is necessary to use 
some unconventional machining methods to meet all shape and 
quality requirements specified in drawings.  The occurrence of 
these new ways of processing does not eliminate the classical 
(turning, milling, drilling, grinding), on the contrary, it expands 
the utilization area and considerably improves the quality of 
machined surface.  

 Even if the appellation of "unconventional" conjures in some 
ways only processing methods investigated in laboratories by a 
small group of researchers, in reality it is not so, these 
technologies have been and are used on a large scale in 
industry and the their sphere use is in continuous and 
accelerated development. 

As we can see from the figure 1, electrical discharge machining 
(EDM) is a thermo-electrical machining method that uses 
metallic materials erosive effects of pulsed electrical 
discharges, discharges periodically primed between the 
material to be machined and the active surface of electrode, 
with the ultimate aim to remove excess material. 

This method is based on transforming electricity into heat 
energy by micro-discharges that take place in work gap 

between the closest surfaces of the tool electrode and the 
workpiece. 

Nowadays, EDM is successfully used in almost each industrial 
branch to machine materials with high and very high hardness, 
in order to produce moulds for hot or cold pressing, moulds for 
plastics, carbide tools and so on. This was possible due to 
enhanced interest granted to this method of machining, 
improvement and simplification of the equipment that is used.  
Various researches have reduced equipment costs, increasing 
number of users and gaining popularity because of the many 
advantages it brings. 

Due to these advantages, such as stress free or minimum 
stresses, no contact between tool and part, smooth surfaces of 
machined products and ability to machine materials with big 
hardness and complex shapes, EDM began to be used for 
micro-hole fabrication. 

In our days, the method is applied to the drilling of diesel fuel 
injector spray holes, turbine blades for the aerospace industry, 
orifices for bio-medical devices, and difficult processes with 
old technology mainly due to heat-affected areas.  

 

 
Figure 1. Electrical discharge machining in the larger group of 

machining technologies  
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The technique used for micro-holes processing is similar to that 
used for conventional EDM machining. In both cases the 
electrode and the work piece are submerged in dielectric fluid 
(usually mineral oils, kerosene, paraffin and distilled water). It 
is important to note that in the process of EDM, the workpiece 
must be electrically conductive. Both electrode and work piece 
are connected to a pulse generator and when the operator 
applies a high enough voltage for the work gap, a plasma 
column appears between the closest asperities from the tool 
electrode and workpiece; as a consequence material melting 
and vaporizing phenomena develop. In the working area there 
are huge temperatures, reaching even 20-30 thousands Kelvin 
degrees [6]. Most of the molten material particles re-solidify 
and they are taken by dielectric liquid which circulates in the 
work gap.  

The most important difference between traditional EDM and 
micro-hole EDM processing is that in the last case, there is 
lower discharge energy, in order to improve the accuracy and 
ensure adequate conditions for the machining process 
development. 

Generally, micro-holes are considered as small holes with 
diameter less than 0.5 mm; they have a broad range of uses. 
EDM is not the only way used for micro holes processing, but 
is one of the most efficient methods [7]. They can be machined 
also by laser beam drilling, electrochemical machining or 
conventional drilling.  
Theme of EDM machining of micro holes was addressed by 

more and more researchers in recent years, mainly due to 
increased interest of companies producing nozzles, medical 
equipment etc. The researchers focused their activities on many 
aspects of this type of processing. 

When the problem of obtaining micro-holes by electrical 
discharge machining is formulated, a set of characteristics that 
should be taken into account in order to obtain an efficient 
machining process are the following: 

• Micro-hole diameter and length; 

• Roughness of the surface to be obtained; 

• Accepted deviation from cylindricity; 

• Straightness and tapering. 
 

The shape and size of micro-holes are important for the desired 
spray pattern, fuel economy and exhaust emission of diesel 
engines [1].  

These important characteristics have been studied in detail by 
Chen-Chun Kao and Albert J Shih [5] and they proposed some 
special methods that can be used for micro-holes characteristics 
measurement.  

High quality holes of diameters less than 145 µm are required 
in manufacture of next generation diesel fuel injection nozzles 
for improved combustion efficiency and reduction of emission 
to the environment [2]. Thus Lin et al. presented some results 
obtained after they combined two different types of processing, 
namely using both laser and EDM. Some high quality micro 
holes have been drilled, due to the following procedure: using 
laser, a pilot hole has been made and after that, by means of 
EDM, the hole was finished. 

In another study [9], Thanigaivelan et al. explained how to 
combine more types of machining, so that the surface quality 
remains at an acceptable level. 

Small hole drilling is rather difficult process in most 
technological applications. Znidarsic and Junkar investigated 
the influence exerted by the high pressure of the dielectric in 
the gap on improving flushing conditions and obtaining better 
technological results. Process evolution was studied by 
identification of pulse series by means of high frequency 
digital oscilloscope connected to a computer. They developed a 
special chamber-device in which dielectric pressure is 
augmented locally [3]. 

Although the theme was highly treated, there are many 

 
 

           a                                                                    b                                                                c 

Figure 3. Some phenomena which develop in the work gap during the electrical discharge machining process 

 

 
 

Figure 2. General conditions for electrical discharge 
machining  
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unresolved issues that are waiting to be investigated.  

The main technological problems in small hole obtaining by 
electrical discharge drilling are: 

• ensuring a certain machining accuracy; 

• blind micro-hole EDM drilling (the debris 
concentrated at bottom of the hole are difficult taken 
by dielectric fluid and can lead to a higher electrode 
wear) 

• electrode material characterized by a low wear; 

• positioning and clamping the tool electrode; 

• maintaining acceptable dielectric pressure in case of 
deep small holes; 

• the selection of dielectric liquid, so that it could 
circulate in the narrow work gaps etc.  

 

2.  SOME ELEMENTS OF ANALYSIS OF THE 

SMALL HOLES OBTAINING PROCESS BY 

ELECTRICAL DISCHARGE MACHINING 

 

The non-contact nature of EDM makes possible the use of a 
very long and thin tool electrode. Although micro EDM plays 
an important role in the field of micro-machining, it has 
disadvantages such as a high tool electrode wear ratio and a 
low material removal rate. It is not recommended to change the 
microelectrode during machining, because this can determine a 
decrease of the accuracy, due to the change in setup or re-
clamping of the microtool-electrode [4]. 
The main stages of the electrical discharge machining of small 
holes are the following:  
1)  Tool electrode is brought close to the workpiece, both being 
immersed in a dielectric fluid. Liquid temperature could greatly 
increase in a zone where frequent collisions between emitted 
electrons, facilitating a phenomenon of ionization;  
2) The insulating properties of the dielectric fluid could 
decrease, especially along a narrow channel where the electric 
field is very intense;  
3) Insulating properties continue to decrease and a real 
discharge channel develop between the closest asperities 

existing on the active surface of the tool electrode and 
workpiece (fig. 3, a); 
4)  The current intensity and the increase and a gas bubble 
develop, simultaneously with a plasma column characterized 
by a high temperature; 
5)  A decrease of the current intensity and voltage occur. The 
gas bubble diminishes, the melted material found in the 
dielectric liquid solidify and is removed due to the dielectric 
liquid circulation (fig. 3, c).  
Compared with the electrical discharge macro machining, 
obtaining small diameters holes by electrical erosion firstly 
must solve the problem of the dielectric fluid access in the 
work gap [8]. As the tool electrode succeeds to penetrate in the 
workpiece material and the depth of small diameter holes 
becomes high, the access of the dielectric fluid and the 
refreshing of the dielectric fluid found in the side and frontal 
gap is more and more difficult. The maintaining of the metallic 
particles detached from electrodes in the space existing round 
of the tool electrode facilitates the development of 
supplementary electrical discharges, which will contribute to a 
material additional removal both from the tool electrode and 
workpiece. Since the machinability by electrical erosion of the 
tool electrode material is higher, a more intense process of 
material removal develops from the workpiece; in this way, 
instead of a desired cylindrical surface, an approximately 
conical surface could be obtained. 
In order to facilitate the material removal from the space 
between the tool electrode and the workpiece, various solutions 
were applied along the time. 
One of these solutions involves a vibration motion achieved 
usually by the tool electrode; thus, it is expected a facilitation 
of the metallic particle detachment from the work gap. If the 
tool electrode is tubular, a circulation of the dielectric fluid 
trough this tube could be considered. 
Other problems specific to obtaining small diameter holes by 
electrical discharge machining is the tool electrode preparing. 
As above mentioned, during the electrical discharge machining 
process, there is not a contact between the tool electrode and 
the workpiece, but a dielectric liquid too viscous could 
determine the bending or oscillating of the thin tool electrodes; 
for this reason, a tool electrode presenting zones with different 
diameters could be taken into consideration; the zone of higher 

 
Figure 4. Systemic analysis of the electrical discharge machining of small diameter holes 
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diameter could be used for clamping the tool electrode in tool 
holder, while the zone of small diameter could be used for the 
proper process of electrical erosion.    
 

3.  SISTEMIC ANALISIS APPLIED TO THE 

PROCESS OF OBTAINING SMALL 

DIAMETER HOLES BY ELECTRICAL 

DISCHARGE MACHINING 

 

The systemic analysis supposes considering the small diameter 
holes obtaining by electrical discharge machining as a process 
presenting input and output factors, as shown in figure 4. 
As input factors, one can consider workpiece material 
properties; 
- electrical parameters (voltage, amperage); 
- dielectric liquid circulation ; 
- pulse parameters (pulse duration, frequency), etc. 

The main output factors specific to a system corresponding to 
the electrical discharge machining of small diameter holes -
could be: 
- surface roughness;  
- material removal rate; 
- thickness of the heat affected layer, etc. 
In the Department of Machine Manufacturing Technology 
from the “Gheorghe Asachi” Technical University of Iaşi, there 
is the intention to develop some researches concering the 
obtaining small diameter holes by electrical discharge 
machining by using the technological possibilities specific to 
an equipment type Sodick AD3L; this equipment is essentially 
destined to the electrical discharge machining by means of 
massive electrode tools. 

In order to obtain small diameter tool electrodes, the machining 
scheme presented in figure 5 could be applied. Thus, the tool 
electrode of second order could be a copper plate presenting 
holes of small diameters, previously obtained by means of 
metallic cutting tools. In this case, the workpiece could be 
made also of copper and the result of the electrical discharge 
machining process could be a workpiece (the future electrode 
tool) presenting cylindrical zones which will constitute the 
small diameter electrodes which will be used as tool electrodes 
in a future machining process. 

2. CONCLUSIONS  

The electrical discharge machining process is based on the 
electrical discharges generated between the closest asperities 
existing on the active surfaces of tool electrode and workpiece. 
As a machining method, the electrical discharge machining 
allows obtaining complicate surfaces in electroconductive 
materials, inclusively in the case of hard and superhard 
materials. Small diameter holes electrical discharge machining 
presents certain difficulties concerning the access of the 
dielectric liquid in the work gap and manufacturing of thin tool 
electrodes. In the laboratory for non-conventional technologies 
from the “Gheorghe Asachi” Technical University of Iaşi, there 
is the intention to obtain thin tool electrodes by means of a 
plate electrode in which holes of small diameter were obtained 
by means of classic drilling. 
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Figure 5. Difficult access of the dielectric liquid in case of 
micro-holes electrical discharge drilling 

 


