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ABSTRACT: The trend of parts miniaturization is more pronounced in the recent years. As a result, the processing technologies of 
parts must evolve towards making miniature surfaces, so even microscopic surfaces. 
These technologies are quite numerous, each with advantages and disadvantages in their field. Between these technologies, EDM 
imposed as a version with the precision required. Processing by electrical erosion of bores with very small size is similar to that in 
the case of processing areas with normal size, with a few differences that will be mentioned in the paper. Based on this similarity, 
the authors have developed a device for making bores with a diameter between 0.01 and 1 mm, which can be mounted on a usual 
electric erosion machine. 
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1. INTRODUCTION  
Placing EDM process in the technological hierarchy 
of three-dimensional processing procedures shall be 
determined on one hand by the technological 
features (relatively low), and on the other hand by 
the possibilities of generating (very light and with 
very good accuracy and execution) of some areas of 
high complexity and relative independence of 
technological characteristics of the mechanical 
properties of the object to be processed. These 
characteristics place the technological processing of 
three-dimensional electrical discharge machining 
through to areas where restrictions on the processing 
of splintering are exceeded, or when processing 
splintering has reduced economic efficiency (high 
hardness of the object undergoing processing, the 
impossibility or difficulty of generating surface, low 
rigidity of a part of the technological system, etc.). 

Three-dimensional processing through electrical 
discharge machining involves the removal of excess 
material from the surface of the object due to the 
erosive effects of complex processing, discontinuous 
and localized, of electric discharge in momentum, 
primed repeatedly between processing and the object 
of transfer (electrode-tool), in terms of compliance 
with the physical requirements for the existence of 
the electric discharges, the location of their effects 
and ensure the continuity of the erosive process.  

Repeating these actions with a very high frequency, 
due to the original pulse generating electrical power, 
the overall achievement of the processing is 

determined. Electrical impulse discharge through 
several stages and of technological interest is the 
latest- the spark discharge and the non-stationary arc 
discharge, temporarily located at the end of the 
discharge period and with a life of approx. 10-4 
seconds. 

Electrical impulse discharges in order to accomplish 
the removal of material from the surface of the 
processed object and because these discharges 
should have expected efficiency technological 
scheme of electric erosion machining must meet 
several conditions [7, 11, 12,13]: 

• direct introduction of electric power in erosive 
gap; 

To meet this condition, the materials from which the 
object to be processed and the electrode-tool are 
made must be electro conductors or properties like 
this must be obtained during processing. This 
condition must be regarded as a restriction on the 
electrical discharge machining, but perhaps in a 
more or less distant future it will be able to be 
overcome. 

• temporary dosage of momentum electric power; 

 If it is necessary to locate the energy of action in the 
area of electrode interaction-erosive agent-object 
effect to be processed. By realizing this condition 
the removal of material from the surfaces of the two 
objects in the interaction occurs. At a continuum 
dosage of electricity, thermal effect of discharge 
gradually spreads throughout the volume of the 
object processed (the case of primary physical 
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mechanism of electric welding) and sampling can no 
longer be located. Because of this, the duration of 
the electric discharges momentum is limited to 
values under 10-1 seconds. 

This condition is achieved by the pulse generator or 
micro electric switch breaking by relative 
movements between the two objects in the 
interaction. 

For discharges to take place separately, it is 
necessary that the duration of the break between 
pulses to be greater than the time it takes for 
deionization of the axle conductive discharge and 
transient electrical processes durations determined 
by capacitive or inductive power supply circuit. 

• ensure a polarized character of electrical impulse 
discharges; 

Basic mechanisms in interstitial lead to erosive 
action of removal of material both at the object's 
surface processing (productivity process) as well as 
on the surface of the electrode tool (volumetric wear 
of the electrode- tool). Normally, the trend tracked is 
to maximize productivity and minimize wear and 
tear condition claiming severe measures of the 
process to meet these trends. Among possible steps 
may be listed: linking object processing and 
electrode-tool at the appropriate polarities, 
electrode-tool manufacturing from materials with 
great erosive resistance, formation of protective film 
on it with high resistance to wear, etc. 

Compliance with this condition is achieved both 
through the appropriate choice of the material of the 
electrode-tool is made and through pulse generator 
which can achieve optimal electrical connection and 
to which one can adjust the energy regime, 
favouring the formation of protective films. 

• restore the original state of the erosive gap; 

Reproducibility of electric discharges in the impulse 
energy requirement is of prime importance in order 
to plan the appropriate processing. In order to 
achieve this, the necessary conditions must be 
identical for all discharges that are active in the 
erosive interstice. How each discharge and the more 
pronounced a group of discharges make significant 
changes of the gap, changes in both state and 
dimensional.  It is obvious that the following 
impulse disacharges meet the other conditions and 
thus will present different energy parameters, with 
change of technological effects. 

To restore the general condition of the gap the main 
erosive action is heading for better evacuation of the 
products of erosion, formed and accumulated in the 

gap of the previous electric discharge. This eviction 
takes place naturally, through some basic 
mechanisms in erosive interstice, but they do not 
always have the efficiency necessary to ensure a 
correct state, normal for the following discharges. In 
order to ensure optimal discharge conditions, one 
can interfere through the dielectric fluid movement 
system that can fulfil the functions of forced 
discharge of the products of erosion in the gap. 

Viewed in terms of priming electric discharges, 
electrical discharge machining is classified in: 

1. Processing by erosion electric discharge primed 
by puncturing a dielectric environment. 

The version is characterized by the absence of direct 
contact between the object to be processed and the 
tool-electrode. The size of the erosive gap is 
maintained constant at an appropriate amount, 
determined by the idle voltage source (voltage 
priming pulse) of the advance system automatically 
processing technological system. This dimension 
takes values between 0.01 and ... 0.5 mm, being 
dependent on the working conditions and the 
adjustment parameters. 

In terms of the shape of the electrode-tool, electrical 
pulse erosion primed by penetrating the erosive 
interstice is classified in: 

• electrical discharge machining with massive 
electrode (electrical erosion of electrode shape 
copying), the final form of the object to be 
processed is obtained by copying the conjugated 
form completed at the electrode-tool level. In the 
case of processing without additional equipment 
automatically advance generation of electrode-tool, 
developed by specific subsystem ensures its 
penetration into the object to be processed by simple 
rectilinear advance movement. If additional 
equipment is used the same principle of automatic 
advance is maintained over additional movements 
overlapping in a logical dependency of main 
advance movement. 
• electrical discharge machining with thread-
shaped electrode to which the electrode in the 
thread-shaped form with small diameter (less than 
0.5 mm) and axial movement, is run (either through 
computers process) after a contour. How this 
contour can be programmed with minimum 
restrictions and easily, it may also have forms of 
great complexity, without influencing the processing 
parameters. 

This version of the electrical discharge machining 
version currently has an extremely wide industrial 
use through the development of a technological 
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processing system. We can say that today the pulsed 
electrical erosion primed  through penetrating  the 
erosive interstice is the unconventional process with 
the most extensive industrial use, managing throught 
the technological parameters to compete with 
classical technological processes, even when 
processing objects are targeted as "normal". 

2. Processing by electrical discharge machining 
primed by breaking some micro electric switch  
(electrical erosion with breaking of contact-
EERC) 

The electrical discharges are primed by breaking 
electrical contacts covered by the current 
temporarily set between the electrode tool and the 
object of processing and between which relative 
motion must exist. Unlike the previous version, the 
EERC process necessarily requires, that the exercise 
of contact pressure between the two objects in the 
interaction-the object to be processed and the 
electrode tool, namely ensuring the relative 
movements between these two objects. 

This version is presented in the literature as being 
one that is at the origin of the electric erosion 
machining. In terms of possible effects identified, in 
theory, since 1770 by the English researcher 
Priestley, it is mentioned in 1941 by the Russian 
researchers Boris and Natalia Lazarenko, which 
actually apply for sampling material. 

In this version the electrical discharge develops by 
creating periodical electric micro switch that will be 
interrupted by the relative movements between the 
object to be processed and the object of transfer. As 
a result of electrical contacts (Joule-Lenz effect) and 
then of their interruption (non-stationary electric arc) 
on the surface of the object to be processed is 
formed a "spot heating" of approx. 10-1mm2 with a 
high energy density (1KW/mm2) that leads to 
melting and/or vaporization of some micro volumes 
of material. 

Removal of these micro volumes of melted materials 
is achieved both through the mechanical component 
destructive energy and because of the relative 
movements between the processed object and the 
transfer object. 

Although this variant was the basis for the 
development of the process electrical discharge 
machining and although it is characterized by large 
amounts of material removed per unit time from the 
surface of the work piece, it did not have a 
substantial industrial development, probably due to 
the condition of the surface resulting from 
processing, characterized by high roughness and 

appreciable structural changes caused by thermal 
intense micro sources. The researches undertaken in 
the last period have managed to eliminate some of 
these disadvantages, directing the application of the 
processing materials slightly sensitive to thermal and 
micro sources actions to identify energy schemes to 
ensure the achievement of surfaces with roughness 
parameters employed in the allowable limits.  

2. SMALL SURFACES MACHINED BY EDM 
In recent decades more and more poignant manifests 
show a tendency to minimize various parts and 
assemblies, on the one hand because the emergence 
of materials with outstanding properties, and on the 
other hand, the development of efficient processing 
procedures in the event of that size. 

Machining small surfacess through EDM is situated 
somewhere between the normal processing through 
EDM (previously presented) and micro EDM. 

It is well known that the processing by erosion is 
effective when it comes off very small size-
dimensions – the limit reached at the present time 
for the diameter of the cylinder bores is about 5 µm 
[7].  The lack of contact between "the tool" and the 
processed object leads to the existence of very small 
forces acting on the tool-electrode and semi-finished 
product-actually beneficial in the case of very small 
parts, which can lead to unwanted forces and 
deformations. 

The specialized literature [2, 5, 8] considers that the 
processing for micro processing in EDM is similar 
to that in cause of macro processing through EDM, 
the main difference is just remarking on the size of 
the plasma channel (his radius), this being 
significantly less than in the case of micro 
processing. The size of the plasma channel changes 
with the change of pulse duration - the radius 
increases with increasing the duration. If increasing 
the pulse duration results in increased radius until it 
exceeds the diameter of the electrode, the rate of its 
expansion will change. 

Other researchers [1] believes sampling mechanism 
of the material differ to some extent from the 
existing one in the classical electrical discharge 
machining through processing. 

In these conditions it is assumed that the processing 
of small surfaces is done by the same mechansim as 
normal processing through EDM. 

Another specific problem for small EDM is caused 
by the small size of the electrode tool. The amount 
of heat the electrode receives after may not be very 
high because the electrode is unable to carry away 
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heat from the location of the discharge. This limits 
the energy discharge, which adversely affect the 
productivity of processing. 

Also the speed and the volume of the dielectric, 
which wash the work area should be limited because 
of the high pressure of dielectric that can affect 
linearity of small diameter electrode and semi-
finished product deformities may occur- which in 
many cases has low stiffness. 

Depending on the shape and movements of the 
electrode-tool a classification of micro-EDM can be 
achieved, the specialized literature talks about today: 
micro-wire, micro die-sinking, micro-EDM milling 
or micro-EDM drilling [7]. 

Some capabilities of these processes are presented in 
Table 1 [7]. 

Table 1. Overview of micro-EDM capabilities 
Micro-EDM 

variant 
Min. feature 

size (µm) 
Max. aspect 

ratio 
Surface 

quality Ra 
(µm) 

WEDM 3 ~100 0.1-0.2 
Die-sinking ~20 ~15 0.05-0.3 

Milling ~20 10 0.2-1 
Drilling 5 ~25 0.05*0.3 
WEDG 3 30 0.5 

Regarding the dielectric used for this type of 
processing, it is known that liquid may be used the 
same as in the processing of EDM. Most of the times 
the EDM machines use kerosene, but there are 
alternatives. In recent times, taking into account the 
trend of "green manufacturing" is used more and 
more pure water. It has the advantage of a high 
thermal conductivity, a low viscosity coefficient, 
and a high flowing rate [8]. Water temperature does 
not change during lengthy processing, which means 
that a high productivity can be achieved. 

The addition of powders in dielectric can improve 
the processing characteristics [9]. 

Also, the application of ultrasonic vibration to tool-
electrode or semi-finished product has been shown 
to be beneficial for processing - processing 
productivity increased 4 to 6 times [7,8]. 

Also versions of processing have been studied as it 
applies additional electrode tool movements-for 
example the application of a planetary movement 
(Fig.1) a rotating electrode with a diameter less than 
50 µm for making circular or elliptical holes led to 
both increase productivity (material removal rate), as 
well as to a decrease in density of wear ratio [4]. 

In Romania there are preoccupations for the 
processing of small diameter cylinder bores. Thus, at 
the Technical University "Gheorghe Asachi" of Iasi, 

Faculty of Machine Building and Industrial 
Management, in 2010 there was a doctoral thesis 
developed [2] which tackles the issue of processing 
small areas by EDM. The author of the thesis 
developed a device (Fig. 3), which has processed 
bores with a diameter between 0.6 and 2.6 mm. The 
purpose was related to the determination of 
electrode-wear tool and the depth and precision of 
bores. 

 
Figure 1. Microholes drilled using an electrode of 18 µm 

diameter with (a) and (b) circular and (c) oval planetary-motion 
paths. The path diameters are (a) 8µm and (b) 16µm (electrode 

feed lenght= 100µm) [4] 

 
Figure 2. Device for small holes. 1- EDM machine head, 2 –

mandrell, 3- electrode, 4- workpiece 
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3. THE AUXILIARY EQUIPMENT 
PROPOSED FOR THE STUDY OF THE 
SMALL SURFACES MACHINING BY EDM 

The construction of the device for processing small  
holes must comply with several conditions: 

• it might be assembled to a wide range of 
electrical erosion processing machines; 
• to ensure the advance of the electrode wire (in 
order to compensate the attrition) with different 
speeds since the speed of wear of the electrode 
material varies according to the material of the 
object to be processed, its thickness, etc. 
• to allow the use of wires with different degrees 
of thickness; 
• to provide precise guidance of the electrode 
wire; 
• allow to bring the dielectric in the processing 
area. 

Given these considerations the kinematic scheme 
from Figure 3 was designed. 

 
Figure 3. The kinematic scheme for the equipment. 1 – 

electrode tool, 2- driving pulley, 3, 4 –spindles, 5 – pinch roll, 
6 – mobile fork, 7 – spring element, 8 – screw-nut system, 9 – 
reducer, 10 – nozzle for dielectric, 11 – electrode guide, 12 - 

workpiece 

The electrode tool 1 arrives in the vicinity of the 
object to be processed 12 through the inside of the 
guide11. The advance is ensured by the rollers 2 (the 
driving pulley) and 5 (the pinch roller).  

The driving pulley has mounted on it a rubber sleeve 
that prevents slipping of electrode wire and at the 
same time helps to involve him. It is well connected 
to the spindle 3 belonging to the chain drive of the 
electric motor. 

Spindle 4 of the pinch roll 5 is tensioned with a 
spring element 7 and positioned through a system 
screw-nut 8 connected with the mobile fork 6. 

Bringing the dielectric in the work area can be 
achieved through the inside of the guide 11 (through 
the nozzle 10). 

Fig. 4 shows the electrode guide (noted in Fig. 1 
with 11). 

 
Figure 4.  The electrode guide. 1 – guide structure, 2 – brass 

handle; 3 – nozzle, 4- nozzle for dielectric, 5 – screws 

The guide structure 1 is fixed by two countersunk 
screws (position 5) on the main body of the device, 
which itself is fixed by a flange with two jacks to the 
mobile head of the machine tool.  

Inside the structure is a bore in which a brass handle 
2 that will pass through the electrode wireis inserted. 
Because the device is designed for more wire 
thickness (in the range 0, 1…1 mm) a series of 
nozzles for more precise guidance, which is screwed 
on the end of the guide according to the thickness of 
the wires, have been designed.  

The diameter of the nozzles will be set according to 
the diameter of the wire through several tests, so the 
amount of dielectric that gets into the processing 
area to allow optimal conditions for the production 
of discharges and the optimum evacuation of the 
products of erosion. 

The dielectric is inserted inside the brass guide 
through the nozzle body 4 and the guide body bore, 
so take the electrode out of the guide.  

Processing can be done with local washing, bringing 
dielectric directly in the processing, but it is possible 
that very small wire diameters pressure liquid jet 
lead to changing the position of the electrode wire 
and thus affect the accuracy of the position of the 
hole made. 
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Training of the driving pulley is made by an electro-
mechanical reducer, powered by a current source (2) 
on its own.  

In Fig. 5 this reducer introduced into the  enclosure 1 
and also the power of his engine can be observed. 

 
Figure 5. The equipment on the EDM machine. 1- the 

enclosure with the reducer, 2 – the current source 

4. CONCLUSIONS 
The equipment proposed by the authors can be used 
on any electro-discharge machine tool with 
minimum modifications. 

In their future researches, the authors will study the 
characteristics of the processing carried out with this 
device, in order to optimize the electro-discharge 
machining of the small holes. 
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