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ABSTRACT: The special features in the electrical discharge machining of polycrystalline diamond (PCD) results from the structure 
and material properties of the PCD blanks, in particular its laminar structure as a composite material, the structure of the PCD layer 
itself and this layer's relatively low electrical conductivity. The latter reduces the productivity and stability of the process. This 
reduced productivity is due to energy losses arising from the relatively low electrical conductivity of the material. The stability of the 
process is impaired by a reduction in voltage over the workpiece proportional to the discharge current. The experiments presented in 
this paper intend to evaluate the importance of two technological parameters such as the depth of erosion and energetic consumption 
over the general electrical discharge machining process. 
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1. INTRODUCTION 

High-speed materials cutting or processing new 

types of materials (wood particleboard, carbon-fiber 

composite materials) or highly abrasive materials 

(high-silicon grades of aluminium) led to the 

development of new materials for the edge of the 

cutting tool. This category includes the tools from 

synthetic diamond or diamond like materials, where 

the individual diamond particles are kept together 

with a binder. Polycrystalline diamond (PCD) use 

diamond grains sintered with a conductive binder 

(often Cobalt) [1]. This PCD layer is supported by a 

stiff carbide substrate allowing PCD blank to be 

easily brazed on the tool (PCD used as a tool insert). 

High-silicon aluminium is a very abrasive material 

that inflicts excessive wear on solid carbide tooling. 

The higher the silicon content, the greater is the 

wear on the cutting tool [2]. The extreme hardness 

and wear resistance of PCD-tipped tooling make it a 

better choice, even in cases when economic issues 

are important. PCD-tipped cutting tools are 

generally six to eight times more expensive than 

comparable solid carbide tools, but PCD will have as 

much as 25 times the tool life. The second example 

comes from aerospace industry and presents similar 

characteristics. Various types of carbon-fiber 

composite materials are replacing aluminium aircraft 

components in order to reduce weight and, 

consequently, fuel consumption. Most of these 

composite materials are very abrasive and can wear 

carbide tooling rapidly. Cutting tools, that retain a 

very sharp cutting edge, such as PCD, have an 

advantage in these applications. Tool geometry has 

an important influence on cutting tool’s tendency to 

degrade composite materials. New tool designs that 

minimize these unwanted effects often involve 

intricate geometry and cutting edge profiles that 

work well with PCD materials. PCD-tipped cutting 

tools are generally six to eight times more expensive 

than comparable solid carbide tools, but PCD will 

have as much as 25 times the tool life in these 

materials. 

The extreme hardship of the grains makes normal 

processing such as grinding, very difficult. Since 

most of modern sintered materials are including at 

least one phase that is non-metallic makes them 

candidates for EDM. In order to assure the 

machinability through EDM a metallic phase is used 

as a binder [3]. In this way is assured a minimal 

specific electrical conductivity. Unfortunately, PCD 

blanks comes with different sizes of diamond 

particles, which range from 1 to 25 microns, each 

require specific EDM parameters for optimum 

quality and/or economic machining. The PCD layer 

is typically attached to a thin tungsten carbide back 

to give it strength and rigidity. Shapes vary, 

including rectangles, rounds, triangles and more. 

2. EXPERIMENTAL SET-UP 

Several experimental wire EDM of PCD [4, 5, 6] 

research shows not only that the productivity is 

much lower than the one reported at metallic 

materials but also acknowledge higher energetic 

consumption. The experimental results presented in 

this paper intend to elucidate why this is happening. 

The experiments were performed on an Agie 

Mondostar 20 die sinking machine with no 

additional flushing. As tool electrode were used 

copper sheets with 0.5, 1.0 and 2.0 mm thickness 

and workpieces were samples of polycrystalline 

diamond 025 (with 0.7 mm thickness of PCD layer). 
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The tools where mounted in a way that the attack, 

from perpendicular direction, the PCD layer. 

According to machine’s technology manual, to cut 

PCD, higher sparking voltage level (open gap 

voltage) should be used. In addition, a combination 

following electrical parameters should be used: 

lower Pulse ON (Ton), lower pulse peak current 

values, higher spark gap voltage, and higher pulse 

OFF (Toff). Using this machine set-up, from the 

beginning must be stated that no significant material 

removal rates could be obtained. Since this article 

investigates the energetic aspects this aspect is not 

presented. 

•  sparking voltage: 80 V 

•  working voltage 21 V 

•  max. peak current: 2.4 and 4.8 A 

•  Pulse ON (Ton): 40 to 160 µs 

•  Pulse OFF (Toff): 160 ad 200 µs 

3. ENERGETIC CONSUMPTIONS AT 

ELECTRICAL DISCHARGE MACHINING 

OF PCD 

Energy consumption within this work indicates the 

amount of energy consumed for the removal of a 

quantity of material from the workpiece, including 

in it, total consumption, i.e. what is recorded by 

measuring the energy at the end of processing, 

reported at every one minute of erosion (from four 

minutes of total machining time). In this case, it will 

include all components of the energy, such as for 

example, the energy consumed for dislocation from 

the workpiece, tool electrode, the short-circuit 

pulses, particle transport, etc. 

Numerical results obtained during experiments are 

represented in figure 1 and 2. The thin line in every 

diagram is an order two polynomial trendline used to 

forecast the tendency of evolution. R squared for 

each trendline has a value of 0.9. 

The most important findings are as follows. Curve 

variation is the same in all cases, insignificant 

differences, moreover, are determined, probably, by 

the specific conditions of experimentation. 

Consumption of energy is growing with the duration 

of the pulses increasing. High rate of growth, 

doubles in some cases, is due to the higher value of 

pulse power with decreased productivity. To this 

must be added the increasing of losses caused by the 

greater number of pulses in short-circuit, non-used 

pulses, etc. 

When comparing the curves corresponding to 1.5 

and 1.0 A, can be founded almost doubling the 

energy associate and that is a consequence of the 

doubling of the current. This implies that the rates 

did not increase in the same proportion in which the 

discharge has increased; hence, the number of 

inactive pulse is great. 
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Figure 1. Energy consumptions at EDM of PCD for 1.5 A 

The greater energy consumptions is registered for 

0.5 mm tool electrode size and 3 A discharge 

current. This growth is similar no matter the pulse 

off timing. The significance is surely related the 

smaller dimensions of sparking gap, fact that is 

leading to difficulties in residues evacuation. 

Contrasting to that, for the same 3 A discharge 

current experiments, is the situation corresponding 

to the 2 mm tool thickness. At the same time, no 
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matter the variation of Toff pulse, the minimum 

energy consumptions are recorded for the greatest 

tool electrode. 
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Figure 2. Energy consumptions at EDM of PCD for 3.0 A 

4. INFLUENCE OF DEPTH OF PROCESSING 

OVER THE ENERGY BALANCE 

Once these variations in energy have been identified 

has been tried to establish the causes of those, 

respectively the way in which generator supplied 

pulses are used. 

Consequently, using the same set-up, have been 

made determinations on the influence of processing 

depth corresponding to a time of five minutes, 

measuring after every minute, the number of non-

used pulses (Ze), short-circuit pulses (Zsc) and 

active ones (Zp); their total sum being the number of 

pulses delivered by the generator. 

Impulses in the arc were not counted separately and 

the diagrams present the evolution of Zsc for 

different machining times, more exactly after every 

one minute until five (without addition of previous). 

The voltages and currents were measured with TDS 

380 Tektronix oscilloscope (signals, captured by 

transducers are feeding two preamps before entered 

in oscilloscope). To achieve clean pulses, filter F 

(type PM 6652) was used before entrance of the 

second oscilloscope. The numbers of pulses were 

countered by using pulse counters Philips PM6612. 

The first notice resulted is that the depth of 

processing has a great influence over short-circuit 

pulses at EDM of PCD. Thus, depending to fill 

factor, the ratio between Zsc and total number of 

pulses is increasing by 32 for machining at 5 mm 

depth related to 1 mm depth. 

The distribution of the three types of pulses, 

especially for those with Ton = 160 µs pulse, (fig. 3) 

confirms the claims made above in relation to the 

large number of short-circuit pulses, which are 

produced as a result of worsening of the conditions 

for the removal of residues from the sparking gap. 

The phenomenon explication is that with the depth 

increasing, the possibilities for removal of eroded 

material are decreasing and therefore a great number 

of short-circuits. 

The consequence is a reduction in the number of 

active impulses, which explains the drastic decrease 

in productivity. Case stated, a greater congestion 

with erosion residues it is even more plausible. 

Second picture from figure 3 attest this conclusion 

by the fact that using greater values for Toff 

generates a better evacuation of residues. 

In addition, from the graphical representation could 

also be noticed that, regardless of the situation 

analysed, the number of non-use impulses remains 

somehow constant. 

On the other hand, in case of electrical discharge of 

PCD, there are two kinds of residues, some quite 

large (crystals) that by depositing a metal film on 

their surface become somewhat conductive, leading 

to hinder their removal, thus constituting a further 

explanation on absolute and relative increase of 

short circuits. In this way diamond particles, which 

theoretically are electrical non-conductive, are 

causing more short circuits. The metallic film is a 

result of melting and evaporation of the metallic 

component (cobalt in this case). 
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Figure 3. Pulses usage for PCD 

In order to elucidate whether short circuits are due to 

depth of processing or are caused by the nature of 

PCD material, using the same experimental settings 

described above, a new set of experiments were 

carried out using steel as workpiece. The results are 

presented in figure 4. 

The new experiments are comparing a homogeneous 

material that presents (at least theoretically) the 

same electrical conductivity all along its section. In 

case of PCD electrical conductivity vary, depending 

on concentration of the binding agent. Another 

motivation for this new sets of experiments is the 

difference between eroded material resulted after 

machining. In case of steel, it is assumed that all 

eroded material will be the same (in nature and 

shape). In case of PCD, the results will be comprised 

from the materials forming the composite material. 

From these two charts, presented in figure 4, can be 

seen that the situation is better than in the case of 

PCD processing, although, given the fact that 

machining was done without flushing, the 

percentages of non-used and short-circuit pulses 

remains relatively high (compared to data existing in 

the literature for machining steels). It is assumed that 

in this case, the eroded particle size being 

approximately constant discharge conditions do not 

change too much even at higher depths of 

machining. 

 

 
Figure 4. Pulses usage for steel 

As an intermediate conclusion, it can be stated that 

the diamond, being bigger than metallic spheres, 

may remain in the spark gap area. In that case, this is 

the cause of some thermic and electrical 

malfunctions. At the same time, the polycrystal may 

join the surface of two electrodes, which means 

smaller amount of material removed, from that the 

one produced by individuals discharges. 

For 200 µs duration of pulse off, phenomenon is also 

very relevant to the process and confirms those 

presented above. In this case, the explanation is 

logical since there is more time between successive 

discharges, hence there is more time to evacuate the 

residues. 

Finally, the above becomes even more interesting if 

we follow the evolution of values for steel, which is 

relatively constant however, with a growth rate 

lower than that of the depth of erosion, which is 

visible from almost linear evolution of the curve 



  

 82 

(variation is between 2 ~ 3 times for five times depth 

increasing). 

5. CONCLUSIONS AND FURTHER 

DEVELOPMENT 

At electrical erosion of polycrystalline diamond 

materials the share of energy related to melting and 

welding the base material is negligible. This is given 

to the finding that at the crystal surface displaced, or 

left the network after processing, there is only a film 

of metallic material, which ensures to crystal 

removed some electrical conductivity, leading to the 

increased number of short circuit pulses, and, in this 

way, to a final low ratio of energy vs. quantity of 

removed material. 

Higher specific energy consumption (as shown by 

approximately five to ten times) in the case of 

polycrystalline diamond should be primarily put on 

account of the mechanical processes specific to this 

situation (for example, for particle transport from the 

area which have been displaced). As is known from 

scientific literature, the expulsion of eroded material 

is a result of pressure increases the discharge 

channel. In PCD case, this is manifested in a lesser 

extent, due primarily to the much smaller amount of 

melted and vaporized material (binder), compared to 

the processing of steel where the entire displaced 

volume melts and in some extent even reach the gas 

phase. 

The process of graphitisation could be another 

explanation to the high-energy consumptions, which 

is observable when diamonds are at higher 

temperatures (over 800 
o
C). This is the cause of 

more short circuits, reflected in increasing necessary 

energy, but this has no consequence in any material 

removal. 

Energy balance model for material removal in case 

of homogeneous materials is based primarily on 

thermal model [7]. This model could not be applied 

to PCD materials where erosive process presumably 

includes a series of mechanical phenomena, which 

are particularly important [8].  

At the time of experiments, it was available only one 

type of PCD sample, the one with crystals of max.  

0.25 µm diameter. As revealed, this diameter is very 

important since affect de spark gap dimension. It 

would be more concluding if the same experiments 

will repeated with other PCD material regarding 

maximum diameter of included particles. 

As has been shown, the flushing is an important 

technological factor. Depending on only this factor, 

the results may vary in a way that results could not 

be compared. In presented experiments, in order to 

elucidate the energetic aspects, and because was 

necessary to maintain a model with less 

uncontrollable variables, was eliminated; in practical 

EDM-ing this factor could not be disregarded. 

On modern EDM machines, where the spark gap is 

automatically maintained in order to avoid short-

circuits, this is obtained, for PCD machining, with a 

cost of higher spark gap. This influence the sparking 

gap voltage that, in this way, must be higher but also 

could affect the final product geometry. 
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