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ABSTRACT: Electrical discharge machining is used in the manufacturing of complex shaped parts or of hard, difficult to machine 
materials. Some problems regarding the tool wear appear when electrolytic copper tool electrodes process test pieces made also of 
copper or its alloys. Single discharge machining provides the benefit of analyzing the effect of a single electric discharge on the test 
piece under various experiment conditions. Taguchi modelling is helpful in the study of different processing parameters interaction, 
which would give a more precise image of the experimental results. In order to obtain better manufacturing parameters, some such 
parameters were considered and varied, an experimental set was designed and experiments were performed for single discharge 
machining on brass test pieces. The factors considered for changing were the tool electrodes thicknesses, the electrical discharge 
capacity and the direct or reversed polarity. The output factor taken into consideration was the crater dimension, its length and depth 
being measured by means of an optical microscope. The results were modelled by means of Taguchi analysis and the parameters 
interaction was studied.     
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1. INTRODUCTION 
Nonconventional technologies are used nowadays in fields 
where the so-called “traditional” technologies, such as cutting, 
cold pressing etc. are used with difficulty and with less than 
favourable results. Based on processing by means of using 
alternative sources of energy instead of the classical 
mechanical one, the idea of non-traditional manufacturing is a 
convenient way of processing difficult to machine materials or 
obtaining complex shapes [4]. A widely used group of 
nonconventional technologies is the one based on the thermal 
effect of the electric energy, the electrical discharge machining 
(EDM). 

Conventional processing is difficult to apply on materials with 
high hardness. Electrical discharge machining develops high 
powers using an electric power generator, with short pulses 
going on and off for various periods of time. The processing 
takes part by means of a tool electrode, connected to the 
negative pole of the generator, tool that can be made of 
graphite, electrolytic oxygen free copper, tellurium copper or 
copper alloys, such as brass [2]. The electroerosion effect is 
based on the complex, discontinuous and focused erosive 
consequences of a single or multiple electric sparks occurring 
between the tool electrode and the test piece material [8]. The 
tool electrode and the workpiece material must be both electro 
conductive, in order to take place the electrical discharge.  

EDM can be defined by one of the two types of electrodes used 
in processing: wire EDM and sinker EDM. The second type 
proves to be advantageous in the case of intricate shaped test 
pieces, by means of a tool fashioned in the required geometry. 
Copper electrodes are cheaper than graphite electrodes and 
therefore they are used more often. Also, copper is a material 
easy to mould in the wanted shape. Between the copper 
electrode connected to the negative pole and the test piece 

connected to the positive pole, an electric potential occurs, a 
plasma channel is created and the resulting sparks melt the test 
piece material in the negative profile of the tool electrode 
geometry [4].   

Ji, Liu et al. [3] have studied the properties of the insulating 
ceramics at single discharge machining. These ceramics have 
many applications in nowadays technologies, but present 
difficulties at processing, because they are highly brittle, highly 
rigid and have non-electrical conductivity. The researchers 
have proposed a high power generator for the insulating 
ceramics attempt to machine by means of EDM.  Such a 
generator provided high voltage and high discharge energy, 
and the effects of input parameters - such as assisting electrode 
thickness, polarity, peak voltage, capacitance, tool electrode 
section area - were considered. The discharge craters were 
analyzed using a scanning electron microscope and the results 
showed that their dimensions are increased when the 
processing parameters are amplified. 

Lin, Chen, Wang and Lee [5] have observed the effects of the 
magnetic force at EDM. By means of a L18 orthogonal array 
Taguchi model, they designed and performed a range of 
experiments, which they studied subsequently by means of 
analysis of variance (ANOVA). They investigated a series of 
enter factors (peak current, polarity, servo reference voltage, 
pulse duration etc.), in order to determine the best 
machinability regarding material removal rate and surface 
roughness. The use of the magnetic force provided better 
results concerning a higher removal rate, a lower surface 
roughness and a lower tool wear, thus improving the 
machinability. 

Previous researches were carried out in the field of single 
discharge machining and of Taguchi modelling of EDM [6]. 
The researchers studied the effect of process input factors - 
such as peak current, voltage, electrode dimensions, polarity- 
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on the output factors - material removal rate, tool wear, surface 
roughness, machinability etc. Single discharge machining 
could indicate the separate effects of processing parameters, 
hence giving the opportunity to improve them. The Taguchi 
analysis provides a pre-established experimental set of the sizes 
which can determine the effects and the interaction of the 
considered parameters. Such an experiment was designed for 
single discharge equipment by means of copper tool electrodes 
of two thicknesses and brass test pieces, using various 
electrical capacities and examining various factors that could 
affect the process. This is useful in the manner that such 
parameters can be used to obtain a better machining. 

2. TAGUCHI MODELLING OF 
EXPERIMENTS 

2.1. Single discharge experiments previous 
conclusions 

Previous tests were conducted for various shapes of electrodes 
(sheet, disc, parallelepiped) in order to determine whether the 
geometry of the tool electrode has a noticeable influence at 
single discharge electroerosion. If the parallelepiped shaped 
electrolytic copper electrode had no a significant tool wear, 
because of its larger volume of material, the two sized sheets of 
electrodes and the disc electrode were visibly worn. Some 
previous papers [7] showed that copper electrodes are 
predisposed to have a high tool wear when machining copper 
workpieces. This result was also noticeable after the initial test.  

     
a                            b                              c 

Figure 1. Craters produced after single discharges. a- thin disc 

electrode; b- thin sheet electrode; c-thicker sheet electrode 

Both parts, the brass test piece and the copper electrodes, 
featured craters where the electric discharge occurred. In 
Figure 1 one may notice on the left side of each image the 
crater of the copper tool electrodes (a - disc of 28 mm diameter 
and of 0.1 mm thickness; b - sheet of 20 x 30 mm and 0.1 mm 
thickness; c - sheet of 20 x 30 mm with 0.3 mm thickness; all 
were processed at 800 µF electric capacity) versus the 
discharge crater occurred on brass on the right side.  

Also, one may notice that due to the lack of dielectric liquid, 
darkened areas appear around the edges of both tool and  test 
piece craters. The thickness of the tool appears to have a 
influence on the tool wear, since the electrodes of 0.1 mm 
thickness were both degraded, but no material was removed 
from the 0.3 mm thick electrode (noticeable in Figure 1c). 

For a single electrical discharge equipment, using a reservoir 
with dielectric fluid would be costly time and money-wise. 
This is why a simpler system, with discharges happening in air, 
was preferred. Also, this experimental set facilitates the voltage 
measurement before and after each electrical discharge, which 
can give a more precise image on the electric current factors 
consequence on the machinability of the EDM.  

A negative outcome of not using dielectric is the fact that the 
vaporized material is not completely removed and some melted 
material still remains on the edges of the crater. Because of the 
small space between tool and workpiece, the vaporized 
material from both parts can get on the others surface, thus the 
actual depth of the crater would not be well to use as an output 
factor in planned experiments. 

2.2. Experimental set-up of single discharge test 
A planned experiment was considered, with 3 variables at two 
levels. The measured result was the crater length, obtained by 
means of a digital optical microscope. The larger the crater, the 
larger the material removal rate would be, which would mean a 
good machinability indicator. 

The input factors were the electrode thickness, the polarity 

 
Figure 2. Single discharge equipment with copper tool electrode and brass workpiece 
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(connecting the copper tool to the negative pole and, 
subsequently, the brass workpiece to the negative pole, acting 
as the tool electrode) and the electrical capacity (the single 
discharge equipment had the possibility of choosing between 6 
different capacity values). 

The electrolytic copper tool electrode was fixed between two 
electrically non-conductive parts and was connected to the 
generator with a fastener. The fixating device had the 
alternative of a fine distance top-down movement through a 
screw and of a larger advance via a threaded section of the 
equipment vertical arm. The brass workpiece was placed in a 
chuck on the machine-tool table, which had the option of 
translating in the X0Y plan (Figure 2). 

The experiment was performed using a 330 µF and an 800 µF 
electrical capacity, copper sheet electrodes of 0.1 mm and 0.3 
mm and a direct and reversed polarity. The result measured 
was the crater length, which is presented in Table 1. 

Table 1. Taguchi modelled experimental results. 

One may notice that the highest lengths (about 1 mm) were 
obtained using direct polarity and 800 µF electric capacity, 
with some difference because of the electrode thickness. Also, 
the lowest measured lengths were the ones achieved using a 
330 µF capacity and reverse polarity. Also, one may observe 
that the results were always better regarding the material 
removal rate (crater dimension) for direct polarity.  

A high difference (more than 0.15 mm for each pair) between 
two crater sizes was observed in the case of using a high 
electric capacity. From changing one input parameter and 
keeping the others constant, one may notice that the most 
influencing factor appears to be the electric capacity.  

2.3. Analysis of variance of test results 
By means of planned factorial experiment analysis and of 
analysis of variance (ANOVA), based on software enabled of 
Microsoft Excel Macros, the results were examined and some 

effects presented in Table 2 were considered.  

The degrees of freedom abbreviated with DF were all 1 (DF is 
one less than the number of levels, n-1, thus 2-1). The sums of 
squares (SS) were the highest for polarity and for electric 
capacity [1].  

This influenced the value of the mean square MS, which had 
the values of the SS for electrode thickness and, respectively, 
for its interaction with polarity (the rest were null). The 
explanation is that SS is also a mean square because all 
contrasts have 1 degree of freedom. The so-called F-statistic is 
an actual test statistic which is used to decide whether the 
entire model/set-up has statistically significant predictive 
capability that is visible if the regression SS is large enough, in 
comparison with the number of variables used. All the SS 
values are under value 0.2, compared to the 3 value of the 
number of variables, but there is no null value.  

2.4. Taguchi modelling of the single discharge 
machining experiment 

Based on the crater lengths obtained after performing the 
experiments, the Taguchi analysis was set up to determine how 
the input process factors would influence EDM and if they 
have any interaction each other.  
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Figure 3. Taguchi modelling of the parameters influence on 

crater size 

Based on the sum of squares, mean square, effect and contrast 
previously calculated, a graphical representation of the 
parameters influence was determined (Figure 3). A steep line 
would indicate a distinct effect, but a horizontal line would 
show no effect of the parameter on the test result. The lines 
correspond to the three input parameters (line 1- electrode 

Number Electrode 
thickness, 

mm  

Polarity Electrical 
capacity 

C, µF 

Crater 
length, 

mm 
1 0.3 + 330 0.6637 
2 0.3 + 800 0.9827 
3 0.3 - 330 0.5344 
4 0.3 - 800 0.6896 
5 0.1 + 330 0.8017 
6 0.1 + 800 1.0258 
7 0.1 - 330 0.3879 
8 0.1 - 800 0.7068 

Table 2. Analysis of variance of the experimental results obtained by means of Taguchi modeling 
Parameter DF SS MS F Effect Contrast p 

Electrode thickness 1 0,00032 0,16709 0,03888 -0,0127 -0,0508 0,87604 
Polarity 1 0,16709 0 20,1453 -0,28905 -1,1562 0,13955 

Electrode thickness + 
Polarity 0 0,01212 0,12908 1,46132 0,07785 0,3114 0,43998 

Electrical capacity 1 0,12908 0 15,5620 0,25405 1,0162 0,15804 
Electrode thickness + 

Electrical capacity 0 0,00057 0 0,06927 -0,01695 -0,0678 0,83615 
Polarity + Electrical 

capacity 0 0,00061 0 0,07384 -0,0175 -0,07 0,83108 
Electrode thickness + 
Polarity + Electrical 

capacity 0 0,00829 0 1 -0,0644 -0,2576 0,5 
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thickness, line 2- polarity, line 3-electric capacity). One may 
notice that the line corresponding to the electrode thickness has 
a very small decrease, almost flat, which indicates that the 
thickness sheet has no effect on the crater length.  
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Figure 4.  The interaction between the electrode thickness and 

the polarity 

On the other hand, the representations of the polarity and the 
electric capacity are steep, having a similar evolution, with the 
capacity slightly having a higher influence on the crater 
dimension. Also, the gap size appears to enlarge with the 
increase of the electric capacity value.  

Also, based on Taguchi modelling, the parameter interaction 
was determined and represented in graphical representations 
including each of two factors.  
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Figure 5. The interaction between the electrode thickness and 

the electrical capacity 

If the lines would be parallel, there would be no combined 
effect of the interaction, but if the lines would cross, an 
interaction would be present. In Figure 4 and Figure 5 the 
electrode thickness appears to have an interaction with the 
polarity and, respectively, with the electric capacity. They also 
show a similar display, which would indicate the polarity and 
capacity similar outcome.    
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Figure 6. The interaction between polarity and electrical 

capacity     

In figure 6, however, the polarity and the electrical capacity 
seem to have no interaction, since the lines representing them 
are parallel. This means that although they alone have a high 
influence on the discharge crater size, their simultaneous 

increase wouldn’t produce larger craters, as expected. In order 
to obtain an enlargement in the discharge gap on the brass 
workpiece one would only have to increase the electric 
capacity.  

The Taguchi interactions show that a certain approach to 
acquire a higher material removal rate by increasing the 
discharge crater dimensions is to increase the electric capacity. 
Although direct polarity presents better results than reversed 
polarity, one can’t control more about it than connecting the 
copper tool to the negative or positive pole, so that it cannot be 
further improved. Also, a small alteration in the electrode 
thickness doesn’t influence the material removal rate. 

3. CONCLUSIONS 
Previous experiments indicated an influence of some 
parameters on the crater that occurs at single discharge 
machining. A Taguchi experiment was designed for brass test 
pieces, with two sizes of tool electrodes thicknesses, two 
values of electrical capacity and direct and reversed polarity. 
Experiments were carried out and discharge craters were 
observed on both test piece and tool electrode materials. The 
crater length was considered as an output factor. Parameters 
influence on the experimental results was analyzed by means 
of Taguchi functions. Graphical representations revealed that 
electrode thickness has a very small influence in the crater 
length, while the electric capacity was the most influencing 
factor and higher crater dimensions can be obtained by 
increasing the capacity or by using direct polarity. In the future, 
based on Taguchi modelling, experiments for more various 
electrical capacities could be performed on distinct materials, 
in order to obtain better machining parameters.  

4. REFERENCES  
1. Montgomery, D.C., Design and Analysis of Experiments, 

fifth edition, Wiley, (2001). 
2. Dallal, G., How to read the output from multiple linear 

regression analysis, available at: 
http://www.jerrydallal.com/LHSP/regout.htm, (2008). 

3. IIT Kharagpur, Module 9, Non-traditional machining, 
Version 2, ME, available at: http://nptel.iitm.ac.in/courses/ 
Webcourse-contents/ IIT%20Kharagpur/Manuf%20Proc 
%20II/pdf/LM-35.pdf, (2011). 

4. Ji, R.J., Liu, Y.H., Z., Zhang,Y.Z., Zang, H.F., Li, X.P., 
Dong, X., An experimental research on single discharge 
machining of insulating ceramics efficiently with high 
energy capacitor, Science China - Technological Sciences, 
Vol. 54, pp. 1538-1545, (2009).  

5. Ţȋţu, M., Nanu, D., Fundamentals of manufacturing with 
concentrated energies (in Romanian), Editura Universităţii 
“Lucian Blaga” din Sibiu-România, pp. 51-70, (2002). 

6. Kumar, S.,Singh, R., Singh, T.P., Sethi, B.L., Surface 
modification by electrical discharge machining: A review, 
Journal of Materials Processing Technology, Vol. 209, pp. 
3675–3687, (2009). 

7. Slătineanu, L., Schulze, H.P., Dodun, O., Coteaţă, M., 
Gherman, L., Grigoraş, I., Electrode tool wear at Electrical 
discharge machining, Key Engineering Materials, Vol. 
504-506, pp. 1189-1194, (2012). 

8. YC., Lin, YF., Chen, DA., Wang, HS., Lee, Optimization 
of machining parameters in magnetic force assisted EDM 
based on Taguchi method, Journal of Materials 
Processing Technology, Vol.209, Issue 7, pp. 3374-3383, 
(2009). 


