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ABSTRACT: Since the beginning of processing by electro discharge machining (i.e. electrical erosion) have been reported 
numerous attempts to fundament the phenomenon that causes material removal to which discharges are applied. Interest in this area 
is justified by the need to know physics process, especially for providing opportunities to improve process technology, both in terms 
of processing speed and particularly its qualitative performance increase. Based on practical researches, this paper presents some 
assumptions about physical mechanism of erosion at electro discharge machining of metallic, ceramic and polycrystalline diamond 
materials. The data about erosive process mechanism is of great importance for technological practice and for the development of 
new types of equipment, specialised or rather with very wide capabilities. 
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1. INTRODUCTION 

Material removal mechanism, as resulted from electro 
discharge machining (EDM), is triggering a strong interest 
between researchers in the field (and not only for them). 
Explanation for this lies in the need to provide technological 
information, particularly for processing of new materials used 
in various industrial activities. At the same time, research 
results, after a systematic interpretation, may be used as 
preliminary data, in order to design specific EDM machines. 

New materials, which are referred above, are metallic ones 
with elevated properties regarding mechanical strength and 
thermal characteristic, ceramics and, more recently, sintered 
polycrystalline synthetic diamond. The necessity to know and 
understand the erosive mechanism is imperative, because from 
its interpretation conclusions on technological or design side 
can be drawn. The paper present some suggestions about the 
physical mechanism of the material erosion, based on the 
interpretation of author's experimental results or from specific 
literature research. 

2. EDM OF METALLIC MATERIALS 

In 1974 [1] and then in 1980 [2], there were presented some 
hypothesis on the erosion of metallic materials, having, as 
source, interpretation of the results of an extensive research on 
energy consumptions at erosion process with multiple 
successive impulses in the space between the two electrodes. In 
research, pairs of electrodes from the same materials, with very 
high purity, such as ferrous alloys as well as non-ferrous, were 
used. Research results conducted formed the basis for energy 
determinations [3], in regard with balance energy usage. In the 
end, a hypothesis was issued on the mechanism of erosion at 
electro discharge machining. According to this, erosion process 
would run as follows (fig. 1). 

A specific feature of metallic materials is the high degree of 
structural homogeneity in terms of electrical and thermo-
mechanical parameters of different phases, crystals and other 
components. In consequence, current pulse, formed after 
ignition of discharge channel (I in fig. 1) causes mechanical 
forces that occur at the electrode surface [4]. The differences in 
the physical parameters of different phases, are leading to the 

emergence of some small cracks on the outskirts crystals (b, 
fig. 1 and fig. 2). Plasma from discharge channel (2 from fig. 
1c) penetrates these cracks and acts directly on the crystal and 
on the binder of the crystal lattice. In this way, the crystal is 
isolated from the rest of the material that has reached a lower 
energy potential compared to plasma. Thus it takes a lot of 
heat, which cannot pass to surroundings (given its potential 
energy below that of plasma), but accumulate it. The result is a 
quickly temperature rising. 

 

Figure 1. Erosion phase sequence for metallic materials. 

 

Figure 2. Crystal surface delimited by cracks. 
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The small volume of the crystal and the relatively large amount 
of energy makes its temperature to rise rapidly and reach 
values corresponding to the melting point and even 
vaporization. Since neighbouring area (intercrystalline binder) 
is in metallic contact with the rest of the material, heat is taken 
up by a large extent and passed on. In consequence, from 
neighbouring crystals (and partly from binder), only a small 
portion of material melts (3 in fig. 1, c). Under pressures 
influence, material will flows and be welded to the surface and 
around the formed crater (4 in Fig. 1, d), giving rise to what is 
called the crater collar (fig. 3). 

 

Figure 3. Crater collar. 

It can be concluded that, besides the usual parameters (pulse 
voltage, average current, discharge pulse and pause durations), 
a metallic material will be processed as better as the impulse 
will have a steeper growth front (dI/dt bigger - great dynamic 
forces) and when differences between electrical and thermo-
mechanical properties of structural components will be less 
significant. This explains why heterogeneous materials are 
processed, on equal terms, relatively hard, and why it is 
necessary to use rectangular pulse generators. 

3. EDM OF CERAMIC MATERIALS 

Ceramics can be defined as inorganic, non-metallic materials. 
They are typically crystalline in nature and are compounds 
formed between metallic and non-metallic elements such as 
aluminium and oxygen (alumina-Al2O3), calcium and oxygen 
(CaO), silicon and nitrogen (silicon nitride-Si3N4) etc. 

Ceramic materials are intended to replace, in engineering 
applications, materials that are commonly deficient or those 
with lower performance in terms of their mechanical strength. 
The main advantages that characterize technical ceramic 
materials are lightweight, high strength, chemical resistance, 
etc. Among the disadvantages one must include high fragility, 
reduced mechanical machinability and cost yet high enough 
(approximately 100 times more than steel, for example). 

At this time, there is a wide variety of ceramic used in 
performance applications. They include monolithic ceramics 
and composites (e.g., ceramic-ceramic and ceramic-metal). 
Among others, combinations are aimed to the formation of 
electro erosive bridges, in order that ceramics could be 
processed by EDM. 

It is a known fact that, in order to assure the possibility of 
electro discharge machining, materials must possess some 
electrical conductivity. In contrast to metals, ceramics have 

very low electrical conductivity due to ionic-covalent bonding, 
which does not form free electrons. 

Figure 4 shows the electrical conductivity (S / cm-1) of the most 
common ceramic materials measured in direct current (DC) 
and alternative (AC). In [5], it is stated that the addition of 
electro conductive material leads to the possibility of electro 
discharge machining of ceramics, but it is also recorded the 
anomaly that is found in aluminium oxide based ceramic 
materials, in which speeds processing, at equal electro 
discharge parameters, decreases with increasing percentage of 
titanium carbide. 

 

Figure 4. Ceramics electrical conductivity according 
to Lenzen [5]. 

Another important finding related to electrical parameters (in 
this case - conductivity), according to the authors, is the 
anomaly that is observed in materials based on titanium boride. 
For all other materials, electrical conductivity in alternating 
current is higher than the one corresponding to continuous 
current, whereas the situation for titanium boride is reversed. 

Referring again to the comparison with metals, it is found that 
the thermal conductivity for ceramic materials is much lower 
even than the corresponding to carbides. This finding may lead, 
from the very beginning, to the speculative idea that the 
physical process of erosion is heavily dominated by mechanical 
phenomena. It is assumed therefore, that due to conductivity 
and thermal expansion, the formation of cracks is more intense 
and thus the concentration of plasma could be more obvious. In 
this case, one could say that this is not necessary, given the 
concentration of plasma jet itself on small volumes of material, 
i.e., only on the binder, thermo and electrical conductive (Fig. 
5), where the discharge could occur. 

 

Figure 5. Phase sequence at erosion of material from  
ceramic materials. 
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Data, from the literature, regarding an assessment between the 
electro discharge erosion of ceramics and metals are sketchy. 

Panten [6], in his doctoral thesis, make some considerations on 
the possible mechanism of erosion for ceramic materials, 
presenting four variants, a summary including: 

1. Removal by thermal shock - due to high sensitivity of 
ceramics at very rapid changes in temperature, mechanical 
stresses are occurring at the surface of ceramic material. 
Their effects, and the local heat points, determine cracks in 
the ceramic material, which ultimately leads to separation 
of crystal from base material. 

2. Dislocation with material joining - at some ceramic 
materials, such as those based on boron carbide, there is a 
lower rate of erosion. It is assumed that the molten 
material adheres to the surface of the workpiece, most 
likely due to very high temperatures of melting and 
vaporization for B4C (over 2450oC, 3500oC respectively). 
This causes cold welding of molten metal on the surface of 
ceramic particles. Adhesion to ceramic grain is weak and 
on a further discharge, so formed complex particle, is 
removed. 

3. Removal due to melting - removal of material in this way 
is similar to the case of metals. Such behaviour is found in 
ceramics with high sensitivity to thermal shock. In this 
case, it is assumed that a phenomenon of adhesion occurs 
as that described above. 

4. Removing through dislocation - as electro-conductive 
phase (binder) melts, the mechanism of erosion involves 
the removal of an entire grain of the ceramic material. One 
of the ceramic materials that behave in this way is the one 
based on silicon carbide – SiC. 

Largely, at EDM of metals, due approximately equal of 
electrical conductivity for different phases, discharges present, 
with sufficient approximation, the same parameters. In 
contrast, ceramic materials consisting of diverse phases, i.e. 
crystals and binder, present in different places, various 
electrical conductivity. Therefore, electric discharges will 
occur only in the regions where the conductivity is higher, 
more precisely in the binder phase areas (fig. 5a). 

Plasma from discharge channel will be concentrated on the 
binder material and given its low volume, it will melt (Fig. 5c). 
Molten material - the binder - reaches vaporizing temperatures, 
which creates high pressure. In this way, the ceramic grain is 
released from network connection. The crater thus formed will 
have a shape that recalls the loose grain with softened edges 
and corners due to partial melting of the binder with a coating 
from the molten binder deposition. It is easy to imagine that 
such a course of running of the grain extraction process from 
ceramic material base can be very realistically. 

4. EDM OF POLYCRYSTALLINE DIAMOND 

Polycrystalline diamond - PCD consists of micrometer-sized 
grains dispersed in a metal matrix (usually cobalt) sintered on a 
carbide substrate. The cobalt may not act as a binder but is 
useful that PCD blanks to be machined by electro discharge 
machining. PCD has the intrinsic hardness of natural diamond 
and is uniform in strength due to a lack of cleavage planes that 
can cause fracture in single crystal diamonds [7]. 

To investigate the possible mechanism of erosion for 
polycrystalline diamond materials (PCD), it can be assumed a 
thermal conductivity of diamond crystal nil or negligible (in 
order to make some similar reasoning as for ceramic materials). 
In fact, the thermal conductivity of diamond is high, very high 

compared to some metallic materials, as presented in figure 6. 
With a value of 2000 W/m·K it exceeds that of copper by a 
factor of five. In contrast to metals, where electrons conduct 
heat, lattice vibrations are responsible for diamond's high 
thermal conductivity. 

Polycrystalline diamond is an electrical insulator, having a 
resistivity of 100 GΩ·m to 1 EΩ·m [8] due to covalent 
bonding. Zero electrical conductivity of diamond crystal leads 
to the idea that the erosion process, in this case, is different 
than the one mentioned for metallic materials. 

 

Figure 6. The thermal conductivity of diamond in comparison 
to other materials [9]. 

At least from this point of view, polycrystalline diamond is 
characterised by an obvious heterogeneity compared to metal 
alloys, in which structure, although crystalline, given the low 
parametric structural differences, they are considered 
homogeneous. 

Figure 7 shows the structure of a material based on 
polycrystalline diamond. From this figure, it can be observed 
the heterogeneity of such a material, diamond crystals (dark in 
figure section) representing majority and cobalt, binder in this 
case, in a much smaller amount. 

 

Figure 7. The structure of a polycrystalline diamond material. 

If at metals discharges could occurs at any point, at EDM of 
PCD that can be achieved only where electrical conductivity is 
finite, i.e. in the binder areas (cobalt, in this case). Once the 
discharge is triggered, plasma from discharge channel will get 
into space causing binder melting (Fig. 8). 

In contrast to the ceramics, crystal diamond will convey much 
more of the heat energy taken over the entire neighbourhood, 
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interceding in this way rapid heating of metal from 
intercrystalline space, respectively, melting it. 

 

Figure 8. Phase sequence at polycrystalline diamond electro 
discharge machining. 

The first difference noticed from those recorded in erosion of 
pure metals or metal alloys, is the fact that there is no collar on 
the edge of the cavity formed by dislocated crystals. More 
rapid cooling of electro conductive material, which is reaching 
only liquid phase, likely causes this. Being in low quantities, 
electro conductive material adheres to the walls of the cavity 
and no longer flows outward. In conclusion, erosion 
mechanism of PCD material type differs from the one recorded 
for metallic and ceramic materials. 

Given the significant thermal conductivity of diamond crystal, 
metal that will melt will weld on the outskirts of neighbouring 
crystals (due to heat takeover by neighbouring crystals and 
therefore its rapid cooling) and forms a metallic layer, which is 
obviously electro-conductive, leading, in the end, to more 
numerous short-circuit pulses. 

5. CONCLUSIONS 

In conclusion, about the erosion mechanism at electro 
discharge machining, it can be stated: 

• For metals, the source for erosion is likely to be 
phenomena such as mechanical (e.g. formation of cracks), 
followed by thermal phenomena such as melting and 
vaporization, followed after by condensation and evacuation of 
residues; 

• for ceramics, plasma concentration is achieved by itself, 
because the discharge channel is determined only by the 
electrical conductivity of the binder, which allows the 
development of a discharge channel only in those areas; 

• Erosion mechanism for polycrystalline diamond materials 
is likely to be based only on thermal phenomena, or in any 
case, they are decisive. Removal of dislocated crystals is 
achieved by mechanical ways, by pressure in between crystals. 

Finally, it can be said that the energy model that explain the 
erosive process for metallic materials can not be fully extended 

to the ceramic and polycrystalline diamond materials, in which 
case it is assumed that a particular importance are other 
manifestations of energy, egg mechanical type, which are more 
pronounced in the last two cases. 

As stated before in the paper, the data about erosive process is 
of great importance for technological practice and for the 
development of new types of equipment, specialised or rather 
with very wide capabilities. An example could be the 
development of specialised pulse generators that provide equal 
terms discharge, for a wide range of load resistance values. 

From those presented, authors are emphasizing the need for the 
development of theoretical research, followed by immediate 
practical applicability, both for designers and technology 
engineers. 
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