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Abstract The aim of the study was to verify the possibil-
ity of application of multifilament carbon fibre electrodes
for electrical discharge machining process. In the article, the
novel type of tool electrode in form of a rod that is composed
of carbon fibres was proposed. The performed analysis
taking into account the influence of input parameter from
RC generator like voltage, capacitance and resistance along
with evaluation of the process with this novel type of elec-
trodes was considered. The manufacturing technique was
assessed by analysing the geometry parameters of machined
holes like diameters and maximum depth. The detailed anal-
ysis and quantitative values of the impact of each of the
input factors were presented and response surfaces accord-
ing to the experimental methodology were obtained. The
key efficiency parameter which was expressed by mate-
rial removal rate (MRR) was also calculated and compared
with data for other materials used as tool electrodes that
were presented previously in literature. The comparison
study proved that with multifilament carbon fibre elec-
trodes the comparable range of MRR parameter in similar
electro-erosive conditions can be obtained. Thus, they can
be considered as complementary material for tool electrode
purposes.
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1 Introduction

Electrical discharge machining (EDM) is well known man-
ufacturing technique and its continuous industrial usage
enforces permanent improvements to achieve desired per-
formance and to understand better physical phenomena
associated with the process [1, 2, 8, 10, 16]. In many cases
to obtain better machining output and lower tool electrode
wear new materials are tested [7, 11, 12, 15, 17, 19, 22,
26, 27]. Usually, in most applications, standard electrodes
made of graphite, copper or other metals are considered [3,
5]. It is because of their high melting temperature and good
thermal and electrical conductivity [3, 20]. Sometimes some
changes to the standard process are proposed, like sequen-
tial machining using different manufacturing techniques or
hybrid processes joining at least two manufacturing tech-
niques simultaneously [4, 14, 21].

When selecting the proper material for electrodes, one
has to take into account not only conductivity, which is
essential for electrodes in EDM, but also other features, like
machinability and availability of the material along with
thermal properties, mainly because of the thermal character
of the process [24, 25].

Single carbon fibres that have been considered as elec-
trode material in [11, 12, 17, 19] have above-mentioned
properties at acceptable level and can be used in electroero-
sive conditions. In this study, however, the new approach
to the use of carbon fibres as tool electrodes is presented.
The electrodes in a form of multifilament rods are pro-
posed and examined. They can be considered as similar
material to previously tested single carbon fibres [11, 12,
17, 19] but their form should enhance the process out-
put. The form of the electrode can also serve as a link
between micro and macro features of machined shapes as

http://crossmark.crossref.org/dialog/?doi=10.1007/s00170-017-0041-7&domain=pdf
mailto:A.Trych@mchtr.pw.edu.pl


3738 Int J Adv Manuf Technol (2017) 91:3737–3747

Fig. 1 Experimental setup (RC generator on the left)

it is possible to chose appropriate size of the tool elec-
trode by gathering right number of single fibres to create
desired tool dimension. Although the wear of single car-
bon fibre electrodes was noticeable, in a sense of linear
shortening of a tool, what was reported in [17], it still
enabled to perform the machining [17]. Multifilament elec-
trodes with higher conductivity due to larger cross-section
(μm2—single fibre vs. mm2—multifilament rod) should
significantly change the wear of the tool and give also a
possibility of manufacturing structures in wider range of
diameter.

The aim of the paper was to analyse the influence of
input parameters on the process performance and the eval-
uation of the key geometry parameters of machined holes
and the process efficiency. Such approach with multifila-
ment tool extends possibility of using this new material in
function of tool electrode to manufacture wider range of
shapes.

At first, the new electrodes are described with all exper-
imental procedures and the applied methodology is also

introduced. Then, the performance of multifilament elec-
trodes is shown and quantitative description of the influence
of input parameters on the depth of machined shapes, diam-
eter and MRR is presented. Finally, comparison study of
material removal rate (MRR) for different tool materials is
discussed.

2 Experimental setup and materials

2.1 Experimental setup

The experiments performed in this study were conducted
using the special experimental setup for micro electrical
discharge machining (Fig. 1). The key components are an
RC generator for μEDM, a drive system and a microcon-
troller. The generator can be additionally equipped with an
external inductance, resistance and capacitance to expand
the possibilities of applied energies during the machining.
The setup has also a camera to monitor the process and
an oscilloscope. The parameters like resistance, capacitance
and voltage can be chosen from range of 2 k� to 1 M�,
2 pF to 1000 pF and 0 to 150 V, respectively. The generator
has also an adjustable level of drop voltage threshold which
helps in detecting the short-circuit voltage level.

The proper detection of short-circuit enables the drive
system to perform a retraction of an electrode. The levels
of the drop voltage can vary from 0—full short-circuit—to
the maximum value given from the generator in each trail.
Depending on the experiment, this parameter allows to con-
tinue forward movement up to the full short-circuit or to
almost no discharge when the voltage is chosen at a very
high level close to the given value from the generator. The
example of voltage and current waveforms which represent
single discharges is presented in Fig. 2.

Further details of the experimental setup and the design
process can be consulted in [18].

Fig. 2 Example of voltage
(upper line) and current (lower
line) waveforms during μEDM
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Fig. 3 Example of an electrode (diameter of 1.5 mm)

2.2 Materials

The electrodes used in this study were made of carbon fibres
gathered in rods. The diameter of electrodes in experiments
was 1.5 mm (Fig. 3).

The lengths of electrodes were from 13.5 to 17.8 mm.
Single carbon fibres create multifilament electrode that is
coated with tiny layer of polymer that holds all the fibres
together ensuring the shape of the tool. The material for
tools was obtained from Carbon Fibres Australia supplier.
Since novel form of tool electrode contains about a few
thousand of fibres, their conductivity should be higher in
comparison with single fibre, due to larger cross-section.
The form is obtained in process of pultrusion which enables
to achieve the material with constant cross-section being
covered with layer of polymer. In case of the material used
in experiments, it contained 95 % of unidirectional carbon
fibre running longitudinally (http://www.carbonfiber.com.
au). As the carbon fibre are usually consider for construc-
tions that requires strength, typically mechanical properties
are given. Such properties are gathered in Table 1 based
on supplier data. Additionally, the calculated conductivity
of the sample used in experiments for the length of about
15.5 mm is also presented. This is crucial property for tool
electrodes. However, the measurement performed on the rod
is an approximate value mainly because the poor surface

Table 1 Typical properties of carbon fibres based on data from
supplier

Property Value

Tensile strength 3530 MPa

Tensile modulus 230 GPa

Elongation 1.5 %

Density 1.76 g/cm3

Conductivitya 674.7 S/m

aOwn experimental data

Table 2 Values of input parameters used in the experiments

Variable High level Low level

Voltage 130 V 100 V

Capacitance 1000 pF 100 pF

Resistance 100 k� 10 k�

contact of the probes to the tested sample and the presence
of the sizing (polymer coating) which is an insulator.

Material used as a specimen was a gauge block made of
steel (100Cr6) with smooth surface to better identify even
slightly machined areas. As a dielectric fluid a cosmetic
kerosene was used.

3 Experimental procedures

To find the influence of input parameters on the depth of
obtained cavities the experiments were performed according
to the experiment methodology by choosing the two-level
three-factors plan with transformation of examined factors
[9]. The plan was chosen because it allows to perform the
experiments with small number of tests that can give the
first approach to the new material before considering wider
analysis. The plan assumes the high and low level of each
of the input parameters (Table 2). The values of each level
were chosen based on preliminary tests in which the process
with single carbon fibres was able to be performed [11, 12,
17, 19].

Then, the plan foreseen a coding procedure. The higher
level and lower level of input factors are assigned to plus
and minus signs, respectively, to form a table to run the tests
[9]. The variables were coded at different levels according
to Table 2 and collected in Table 3.

X1, X2 and X3 represents voltage (U), capacitance (C)
and resistance (R), respectively, and the experiments were
executed according to the Table 3 with high or low value of
voltage, capacitance and resistance.

Table 3 Coded input parameters

Run X1 X2 X3

1 + + +

2 + − −
3 − + −
4 − − +

5 + + −
6 + − +

7 − + +

8 − − −

http://www.carbonfiber.com.au
http://www.carbonfiber.com.au
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Fig. 4 Snapshot taken during μEDM

Other input factors like feed motion and type of dielectric
fluid were the same in all experiments. The time of machin-
ing was 60 min for each trial. The drop voltage threshold
was assumed to be at about 70 % of input voltage. The
drop at this level starts the retraction movement of electrode
and thereby gives time to prepare another full discharge.
Figure 4 presents a snapshot taken during μEDM. The bub-
bles formed after the discharges in the dielectric fluid in the
working area are clearly visible.

4 General observations and shape analysis
of machined holes

After carrying out the experiments, the obtained cavi-
ties were photographed and their shapes were analysed.
Obtained cavities differ from each other according to input
parameters for each trial what is presented in Figs. 5 and
6. Figure 5 (before cleaning) shows well the sludge from
dielectric fluid around each hole.

This is an effect of thermal phenomena which are present
during discharges and decompose dielectric fluid–kerosene.
The sludge can be easily removed from the surface mechan-
ically or in an ultrasonic cleaner (Fig. 6).

As it is presented in Fig. 6 (after cleaning), not every trial
had the input parameters at levels enabling to achieve holes
that are the mirror image of the electrode what is usually the
case in electroerosive conditions. It is clearly seen in Figs. 5
and 6 that the cavities 1, 7, 4 and 6 were not machined well
in a sense of achieving the target shape. The electrode, even

though the time of machining was 60 min, did not immerse
fully producing the mirror image of the tool.

The diameters of the holes which are the mirror images
of the tool were similar to the diameter of electrodes. For
the test 2, 3, 5 and 8, average diameter measured in perpen-
dicular directions were as follows: 1.521, 1.538, 1.568 and
1.503 (in mm) with standard deviation respectively: 0.068,
0.069, 0.070 and 0.067. Analysing the data in which the
target shape was achieved, it can be assumed that, in pro-
vided conditions, the oversize error (the difference between
the diameter of the tool and the obtained hole) caused by
side working gap, always present in EDM, was very small
and did not exceed 5 %. The oversize of cavities for all the
experiments is presented in Fig. 7.

The oversize error was calculated as the difference
between tool diameter and the diameter of the resulting cav-
ity. The same approach was applied to those cavities which
did not achieved target shape. In this case, however, the
average diameters were much smaller than the tool elec-
trode. Thus, negative values from Fig. 7 correspond to these
tests and indicates also how little area was affected by elec-
troerosive conditions in these cases. The higher the number
of negative values of the oversize error in Fig. 7 the smaller
area (calculated from average diameter measured in four
different directions) was obtained.

For each hole, a profile, with the use of Taylor Hobson
Talysurf 10 profilometer, was recorded and the maximum
depth was measured. Figure 8 represents the example of the
profile for hole No. 3 from the table of experiments.

It is visible that only one side of hole is machined
deeply, the other one is only slightly affected by μEDM
process. It could be caused by inclination of electrode or
better machining conditions occurring on one side. The
electrode which was used to machine the hole No. 3 was
then also measured and photographed. Figures 9 and 10
shows the profiles of the tool and face end of electrode,
respectively.

The wear of tool electrodes is difficult to estimate by
means of measuring the length with the accuracy of one dec-
imal place. Comparing to the data that were given in [17],
the linear wear of single fiber would have resulted after the
time of machining applied during this study in noticeable
wear of a fewmillimeter. So the wear expressed as the lost in

Fig. 5 Cavities obtained during experiments—before cleaning (numbers correspond with Table 2.
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Fig. 6 Cavities obtained during experiments—after cleaning (numbers correspond with Table 2)

length per unit time for the multifilament electrode in such
comparison is very low considering 60 min of machining.

5 Influence of input parameters on the chosen
geometry indicators of machined holes

Micro-EDM is electro-thermal process which depends
mostly on the key parameters responsible for energy of sin-
gle pulse that are voltage and capacitance given from the
RC generator during the machining. To verify the influence
of these parameters, the planned experiment was preformed.
The capacitance connected with the charging and discharg-
ing in the process and the frequency of pulses in RC-circuit
will be influencing strongly the process performance. As
well the voltage supplied from the generator, responsible for
the gap voltage, also contributes to the energy of single dis-
charge. The resistance together with capacitance in case of
RC-circuit is responsible for the time in which capacitor will
be charged and therefore it contributes to the frequency of
the pulses.

To compute the quantitative impact of input parameters
on the indicators like depth, diameter of machined cavities
and efficiency of the process expressed by MRR the proce-
dure from the planned experiment was performed according
to the test methodology [9]. This methodology assumes the
execution of test according to the Table 3 from Section 3.
Data obtained from the experiments enable to receive the

Fig. 7 Oversize of machined cavities

regression model of the influence of tested input parameters
(U, C, R) on the resultant parameter (depth, diameter and
MRR). It is expressed by the following formula:

Y = b0 + b1X1 + b2X2 + b3X3 (1)

where Y is the resultant parameter for example depth, b
with index from 0 to 3 are regression coefficients that are
expressed by Formula (3) and X with index from 1 to 3 are
input parameters in the coded form that are obtained from
the Formula (2).

The coding procedure is expressed in the following way:

Xi = 2(ln A − ln HL)

ln HL − ln LL
+ 1 (2)

where HL is value of high level and LL is value of low level
of respective input factors taken from the Table 2 and A rep-
resents the considered factor U , C or R. Xi represents the
coded input factor needed for Formula (1). The regression
coefficients are calculated from the obtained data for all the
experiments in the following way:

bi = 1

N

N∑

j=1

xij yj (3)

where N is a number of experiments, in considered case 8
according to Table 3, i is the index from 0 to 3 as in the
Formula (1), j represents following runs in the experiments
from 1 to 8, x represents following values from the Table 3

Fig. 8 Example of the profile of the hole 3



3742 Int J Adv Manuf Technol (2017) 91:3737–3747

Fig. 9 Example of surface of
the electrode 3 after machining

(it is either −1 or +1 depending on the sign in the table and
x0 is +1) and y represents the measured resultant parameter
form the experiment, for example depth.

After ordering and substituting Eqs. (2) and (3) to Eq. (1),
the relationship of the chosen geometry indicators versus
input parameters can be found. Such procedure is applied
to the measured geometry parameters of machined holes—
depth, diameter of machined cavities and efficiency of the
process expressed by MRR.

5.1 Diameter analysis

After calculation and simplification of the Formula (1), the
relationship describing the effect of the examined input
parameters was obtained. For the mean diameter of the
machined holes it is expressed as follows:

Y = 0.02
U1.54C0.01

R0.28
(4)

The diameter for the calculations was measured for each
hole as the mean from four measurements performed in four
different directions.

According to Formula (4), the response surfaces could be
obtained (Figs. 11, 12 and 13).

As it is shown in Figs. 11 and 13, the most significant
factor influencing the diameter of obtained holes is volt-
age given from the generator. It has also the highest value
of exponent in Formula (4). The capacitance, responsible

Fig. 10 Photograph of the face end of the electrode 3 after machining

for the energy as well as the voltage in case of RC gen-
erators, has very low value of exponent. According to [9],
the low values of exponent typically below 0.1 could be
neglected. As Figs. 12 and 13 show, the increase of the
capacitance does not visibly change the response surfaces.
The resistance which is inversely proportional to frequency
of discharges in case of RC generators has the exponent
value more than five times smaller than for the voltage.
However, it can be noticed in Figs. 11 and 12 that the rise of
analysed mean diameter for the resistance is present.

The methodology of the experiments adapted for the
analysis also allows to consider the influence of input
energy calculated as the energy provided from the generator
given by the formula as follows:

E = C · (0.75U)2

2
(5)

where E is the energy of single discharges, C is the capac-
itance and U is the voltage given from the generator. For
calculation, 0.75 maximum value of voltage from generator
as the threshold value when the discharges occur was taken.

Both parameters responsible for energy affect the diame-
ter of the holes. It is seen in Fig. 14 that for the lower level of
R (lower graph) the energy of discharges is influencing the
analysed parameter with visible proportional dependence.
For those trials, the target shape of the holes was obtained.
Figure 14 (upper graph) shows the trials in which target
shape was not observed.

Fig. 11 Response surface with constant value C = 100 pF
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Fig. 12 Response surface with constant value V = 100 V

As the Formula (4) takes into account all the manufac-
tured cavities, those which obtained target shape and those
without desired shape, it almost eliminated the capacitance
from the consideration (very low exponent value). For the
presented data, the very important factor was the resistance
that for lower value enables to achieve target shape whereas
for higher applied value it was not possible even though
the parameters responsible for energy were high resulting
in high energy of single discharge. Thus, even though the
resistance do not contribute to the energy directly accord-
ing to theoretical Formula (5), it supplies to the process the
suitable parameters for the frequency in which the energy
through the working gap can act. In analysed case, too
high resistance results in not achieving the target shape of
the cavity. Thus, the most favourable parameters should be
chosen as these with the lowest resistance. It cannot be elim-
inated fully because arcing phenomenon can occur instead
of generating sparks [23]. However, in the considered case,
the lower R (10 k�) was sufficient to achieve the mirror
shape of tool electrode.

5.2 Depth analysis

The same analysis of the data was employed for the depth
of cavities. The considered parameter was the maximum
depth recorded from the holes profiles. Following the same
approach as in Section 5.1, the formula that describes

Fig. 13 Response surface with constant value R =10 k�

Fig. 14 Relationship of energy of single discharges and mean diame-
ter of hole for lower and higher resistance value

the influence of applied input factors was obtained. The
relationship describing the effect of the examined input
parameters was as follows:

Y = 0.28
U0.77C0.31

R0.82
(6)

The exponent value in Formula (6) characterising voltage U
is almost 2.5 times higher than the exponent for capacitance
C. Thus, the contribution of this parameter in obtaining
the deep holes in the case of multifilament carbon fibres
electrodes is significant. The rise in depth values can be
observed in Figs. 15 and 16.

For RC generator, which was used in the experiments, the
frequency of discharges is inversely proportional to R and as
wellC values, and in the same way, it should affect the depth
of the machined holes. However,C parameter which has still
lower values of exponent in comparison with voltage cannot
be neglected. It also corresponds with input energy, thus its
effect on the process is twofold. The changes in response

Fig. 15 Response surface with constant value C = 100 pF
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Fig. 16 Response surface with constant value U = 100 V

surfaces with the change in C parameter can be observed in
Figs. 16 and 17.

In case of depth, all the analysed input parameters in con-
trast to analysis of diameter in Section 5.1 are significant.
The highest value of exponent has the resistance that signif-
icantly changes the shape of the response surfaces in Figs.
15 and 16.

From the closer analysis of Fig. 18, it can be noticed
that the maximum depth of machined shapes can be up to
six times deeper for the low value of resistance than for
the high value. Whereas differences in other input param-
eters do not provide such a high change in performance
measured here by the depth. Therefore, similarly as in
the Section 5.1, minimising the resistance, for obtaining
in this case the maximum depth, is preferable because it
enhances the frequency of discharges. When considering
micro-EDM in which the energies are in range of μJ pro-
viding higher value of resistance results in lower depth and
as in previous section was the case, not achieving the target
shape.

5.3 MRR analysis

Material removal rate (MRR) is a resultant parameter that
takes into account the geometry of the machined shape: in
analysed case the diameter and the maximum depth of the

Fig. 17 Response surface with constant value R = 10 k�

Fig. 18 Depth vs. capacitance for different values of resistance and
voltage

holes and also the time of machining. It expresses the pro-
cess efficiency as volume of material removed per time unit.
It is worth to note the maximum measured depth was taken
into account when calculating MRR. As Figs. 19, 20 and
21 show, the character of the surface response are similar to
those in the previous section. However, the influence of the
voltage is being more noticeable for MRR (Fig. 21).

All the response surfaces are based on the following
formula obtained for MRR:

Y = 0.000001
U3.85C0.32

R1.38
(7)

Considering the capacitance, it has still similar level of
exponent as for the depth analysis. However, in case of
MRR, both voltage and resistance exponents are higher. The
voltage has about five times higher value than for the rela-
tionship of depth and 2.5 times higher in comparison with
the mean diameter. Thus, for efficiency of the manufactur-
ing process those two parameters are the most important. As
it was noted for this parameter the maximum depth was con-
sidered for calculating the MRR. This output parameter is

Fig. 19 Response surface with constant capacitance C = 100 pF
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Fig. 20 Response surface with constant voltage U =100 V

therefore strongly influenced by the maximum depth which
has high values for those trial for which the diameter also
takes high values.

Both the diameter and the depth are present when cal-
culating the MRR (volume per time unit) thus they natu-
rally increase this parameter. As the volume takes multiple
geometrical parameters into account, therefore, exponents’
values become higher in Formula (7) and the exponents
corresponding with the diameter put into the formula the
greatest contribution. Further, the MRR is connected with
time of machining and also being inversely proportional to
the frequency of discharges, R responsible for this parameter
becomes the important factor in the formula. Considering
all this, the efficiency of the process expressed by MRR
strongly depends on all the factors taken into account.
Whereas only geometrical parameters are less influenced
when comparing the exponents. However, when consider-
ing RC generator the analysed resultant parameters do not
follow fully the trends as in Section 5.1 in which C expo-
nent was very low.With low frequency and not fully charged
capacitor, what may happen with RC-circuit, it will not dis-
charge the maximum energy, rather there will be variation
in the discharge energy [6]. Thus, it may disturb the result
compared with what is theoretically expected and lower or
even eliminate the exponent for some parameters as it was
the case in Section 5.1.

Fig. 21 Response surface with constant resistance R =10 k�

Fig. 22 Comparison of MRR of multifilament carbon fibre electrodes
with other materials

5.4 Comparison study of MRR with other electrode
materials

When analysing the proposed electrodes with other mate-
rials, similar tendencies can be observed [5, 6]. For the
comparison study, the data from the literature were exam-
ined [5]. The authors tested three types of electrodes made
of W, CuW and AgW. The gap voltage starting from 60
up to 140 V significantly increases the MRR. Figure 22, in
case of multifilament carbon fibres, shows similar data. The
next parameter introduced by authors strongly influencing
the MRR was capacitance starting with stray capacitance up
to 47 pF. For the carbon fibres, the two tested values were
100 and 1000 pF which also increased the MRR. However,
for higher values of voltage it is less noticeable, whereas for
lower voltage the change in capacitance results in more than
two times change in MRR (Fig. 23).

The comparison made between the data from [5] (Fig.
22) suggests that theMRR achieved in similar conditions for
novel multifilament electrodes are at the same order of mag-
nitude as for compared materials. Authors in [5] examined

Fig. 23 MRR of multifilament carbon fibres electrodes for chosen
tests



3746 Int J Adv Manuf Technol (2017) 91:3737–3747

three electrode materials machining microhole in tungsten
carbide workpiece. As it is presented in Fig. 22, for which
data of all three materials are shown, namely for W, AgW
and CuW, for the constant values of resistance and capac-
itance, the change only in voltage involves the increase of
MRR. Comparing the values of this parameter for novel
electrodes, there were considered two values of voltage. The
level of MRR for 100 V was similar to the literature data.
Only lower values of capacitance decreased MRR but still it
can be compared to the value achieved for W electrode. For
130 V, there was no data for comparison but MRR for 140 V,
in the next trial, shows that for W and AgW electrodes
even for higher value of voltage the analysed parameter
takes comparable level. In a straight comparison of different
electrode materials the multifilament carbon fibres elec-
trodes can be regarded as similar to compared electrodes in
terms of MRR. However, the considered data were obtained
for electrodes with diameter of 500 μm whereas multi-
filament electrodes were three times thicker. The second
important issue is that for calculation of analysed parame-
ter maximum depth was taken into account which slightly
overstated the MRR. Another issue to consider is the time
of machining which in case of novel electrodes was the total
time of experiment. It does not exclude the time consumed
by short-circuits or the retraction movement during which
the machining is not taking place. However, considering
all this it cannot be stated that novel electrodes are infe-
rior to these taken for examination, but still at comparable
level.

Additionally, the compared experiment had the value of
resistance fixed to 1k� [5]. Therefore, it provided the higher
frequency of discharges than in the experiments with carbon
fibres. Thus, the data obtained for carbon fibres may result
in slightly lower values of MRR than for W, CuW and AgW.
So taking the maximum depth for calculation is partially
compensated by lower frequency during the experiments.
However, the key indicator of MRR proves to be in the same
range of order as considered materials.

6 Conclusions and summary

The paper proposed the micro electrical discharge machin-
ing process involving the usage of a novel electrode made
of carbon fibres gathered to form a rod electrode. The
experiments proved the possible application of multifila-
ment carbon fibre electrodes in μEDM. The rod electrodes
were more resistant to process condition than single carbon
fibres due to larger cross-sections. The tests with single car-
bon fibres could last only in range of tens of second up to
couple of minutes until significant reduction in length pre-
vented them from further machining [17]. An application
of multifilament rod electrodes increases the possible time

of machining in comparison with single fibres. The wear of
the multifilament electrodes in such condition was difficult
to estimate. However, analysing what was reported in [17]
where the shortening of single fibre was even up to 5 mm,
multifilament tools were not reduced in length in such a way
even during longer machining. Nonetheless, in favourable
conditions manufacturing of holes on the workpiece sur-
face which are being the mirror image of the tool could be
achieved.

In this study, the effect of input parameters on depth of
holes obtained in μEDM process with carbon fibres mul-
tifilament electrodes was examined. The relationship gives
preliminary information of quantitative impact of individual
input factors on the output value—maximum depth, diam-
eter or MRR. The influence of individual input parameters
was described with formulas. According to the test method-
ology [9], the exponent value gives information on how
much each factor can affect; in considered case, the geo-
metrical parameters of the manufactured holes and only
values below 0.1 could be neglected from the formulas.
Thus, it was found that the resistance, being responsible
for frequency of discharges and having the highest value
of exponent, is the most significant factor for the maxi-
mum depth. Whereas for diameter and resulting parameter
of MRR, the voltage was the most influencing factor in
the analysed range of input parameters. The shape of holes
machined with considered electrodes were mirror image of
the tool in tests 2, 3, 5 and 8 in which the resistance pro-
vided from the RC generator was at the lower level. Also,
the maximum depth for these tests had the highest values.
Thus, for maximising these geometrical parameters of man-
ufactured holes, the resistance should be at very low level.
The results of the test with RC generator are with accor-
dance with the results shown previously in the literature for
other electrodes like brass [13] or tungsten [6].

The conducted experiments proved that a bunch of car-
bon fibres gathered in the rod electrode can effectively work
as a tool electrode. They introduced also quantitative data
about the performance of the process measured as the max-
imum depth, the diameter of obtained holes and MRR. The
MRR parameter compared with other materials proves that
examined electrodes can be considered as comparable with
W, AgW and CuW electrodes in terms of efficiency of the
process and can be regarded as potential complementary
electrode material for EDM.

It should be also possible to design such electrodes
into other shapes and their diameters can vary according
to the number of single fibres gather into a rod. Further
development of the technology with multifilament carbon
fibres electrodes need to consider methods for the process
optimisation for maximising the depth or achieving other
desired geometrical parameters of the machined shapes by
expanding the range of tested parameters. Also quantitative
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data about the tool wear should be obtained to verify the
qualitative observations from this study.

Finally, it should be noted that rising prices of different
materials enforces searching for substitute or complemen-
tary materials that could fulfil the function of tool electrodes
effectively, at least in certain applications. Thus, based on
the presented study, multifilament carbon fibres, as their
resemblance in terms of MRR to other electrodes materi-
als was shown, should be regarded as complementary tool
material for existing ones.
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