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ABSTRACT 
 

 Selection of appropriate machining parameters in electric discharge machining (EDM) is one of the most important aspects taken into 
consideration, as these conditions determine important characteristics such as material removal rate (MRR) and electrode wear rate (EWR) 
among others. In this work, to machine Tungsten carbide (WC), diatomite powder-mixed dielectric fluid medium is used to increase 
working fluid electrical conductivity, enlarge the workpiece and the electrode gap and extrude debris easily, thereby increasing the 
material removal rate and reducing electrode wear rate. Moreover, this work adopted a L9 orthogonal array based on Taguchi method to 
conduct a series of experiments and the experimental data is statistically evaluated by analysis of variance (ANOVA). The main machining 
parameters such as voltage (V), current (I), pulse-on time (TON) and pulse-off time (TOFF) were chosen to determine listed technological 
characteristics. The results have shown that the current is the most significant factor. 

 
Keywords: EDM, Optimization, Taguchi method, ANOVA, MRR, TWR, Diatomite powder. 

 
INTRODUCTION  
 
 The EDM process involves finite discrete 
periodic sparks between tool-electrode and 
conductive work-electrode separated by a thin film of 
liquid dielectric that causes the removal of work 
material. EDM is one of the non-conventional 
concepts of machining which has been widely used 
to machine hard and electrically conductive parts 
used to manufacture dies and moulds. It is also used 
in surgical components manufacturing and finishing 
parts for aerospace, nuclear and automotive 
industries. Also EDM does not make direct contact 
between the tool-electrode and the work-electrode 
eliminating mechanical stresses, vibration and chatter 
problems during machining [1]. Materials of any 
hardness can be machined as tool-electrode and 
work-electrode must have electrical conductivity in 
order to generate spark [2]. 
 Using kerosene as dielectric fluid in EDM 
results in degradation of its properties during long-

term machining. In addition, it causes air pollution 
and a high discharge temperature which decomposes 
the kerosene and causes carbon elements to adhere to 
tool-electrode surface. The adhered carbon elements 
affect normal discharge. But, by using pure water, 
the temperature was not affected by long-term 
working and high MRR was sustained. Pure water 
has high thermal conductivity than that of kerosene 
and a low viscosity coefficient and a high flowing 
rate than kerosene. Adding powder to dielectric fluid 
used in EDM processes could enhance MRR, 
therefore, improving the surface roughness, and 
increases corrosion resistance and wear resistance 
[3]. Tungsten carbide (WC) is an extremely hard 
material used extensively in manufacturing 
processes. Tungsten carbide which is difficult to 
machine by conventional machining processes is 
found to be machinable into different complex 
shapes by the micro-EDM process [4]. Nearly 50% 
of carbide production is used in machining 
applications and cemented carbides are used for non-
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machining applications such as mining, gas and oil 
drilling, metal forming and forestry tools [5]. It is 
important to enhance electrical process parameters 
hence thermal energy is produced in electrical 
discharge machining process due to the applied 
electrical energy [6]. Electrical discharge machining 
performance is evaluated on the basis of material 
removal rate, tool wear rate, relative wear ratio and 
surface roughness [7]. 
 Many studies have been carried out in powder 
suspended dielectric fluid medium in EDM 
processes. In this work, diatomite powder-mixed 
dielectric fluid medium is used. Diatomite is a 
potential powder suspended in distilled water for 
machining conductive work-electrode tungsten 
carbide with tool-electrode copper. This work is 
being carried out to optimize the machining 
parameters like voltage, current, pulse-on time and 
pulse-off time on material removal rate and electrode 
wear rate. The experiments are carried out as per 
Taguchi design of experiments (DOE) approach 
using L9 orthogonal array and results were analysed 
using analysis of variance. Signal-to-noise ratio 
(S/N) and analysis of variance are used to analyse the 
effect of the parameters on material removal rate and 
electrode wear rate and also to identify the optimum 
machining parameters. Machining tungsten carbide 
under optimal machining parameters results in 
increased material removal rate and reduced 
electrode wear rate. 
  
2. Methodology and investigation: 
2.1. Taguchi method: 
 Taguchi technique has been used in most of the 
engineering analysis and it is a most powerful tool for 
the design of high quality systems. Moreover, Taguchi 
method provides an efficient, simple, and systematic 
approach to optimize design for performance, quality 
and cost. The objective of the parameter design is to 
optimize the setting of the process parameter values to 
improve quality characteristics and to identify the 
product parameter values under the optimal process 
parameter values. In addition, it is intended that the 
optimal process parameter values obtained from the 
parameter design are insensitive to the variation of 
environmental conditions and other noise factors. 
Taguchi designed certain standard orthogonal arrays 
using which simultaneous and independent evaluation 
of two or more parameters for their ability to affect the 
variability of the particular process characteristic can 
be done using minimum number of tests. There are 
three categories of process characteristics: smaller-the-
better, nominal-the-better and larger-the-better [8]. 
 To obtain increased material removal rate and 
reduced electrode wear rate, the parameter design 
proposed by Taguchi method is adopted in this work. 
Moreover, the essential EDM parameters such as 
voltage (V), current (I), pulse-on time (TON) and 

pulse-off time (TOFF) were varied to explore their 
effects on material removal rate and electrode wear 
rate, which were conducted by using diatomite powder 
suspended dielectric fluid medium. 
 
2.2. Workpiece, electrode and dielectric 
 The workpiece material used in this work was 
tungsten carbide, tool-electrode used in this work was 
copper and the dielectric fluid used in this work was 
diatomite powder suspended deionised water. 
Diatomite powder is used because it is gently abrasive 
and insoluble in water also the cost of diatomite 
powder is lower to that of other metal powders. 
 
2.3. Experimental procedure: 
 In EDM, selection of electrode polarity is 
important and hence, the electrode polarity was 
selected first. In positive electrode polarity, tool-
electrode wear more compared to material removal 
rate from the workpiece. On the contrary, negative 
electrode polarity provides low tool-electrode wear 
rate and better material removal rate and controlled 
performance [4]. Thus, the experiments were carried 
out with negative electrode polarity that is, the 
workpiece is connected to the negative terminal and 
the tool-electrode is connected to the positive terminal. 
 The machining was carried out using an electric 
discharge machine which is shown in Fig. 1 for 
various parameters in different levels. Fig. 2 shows the 
square profiles machined on the surface of the 
tungsten carbide. 
 
2.4. Orthogonal array: 
 In this present work, voltage, current, pulse-on 
time and pulse-off time were considered as critical 
parameters and varied at three levels as shown in 
Table 1. Considering these factors and their 
interactions, L9 orthogonal array is found to be 
appropriate. L9 orthogonal array shown in Table 2 
and Table 3 contains results of material removal rate 
and tool wear rate respectively with various 
combinations of factors. 
 
2.5. Signal-to-noise ratio: 
 In Taguchi technique, a loss function is defined 
to calculate the deviation between the experimental 
and the desired value. 
 There are three categories of the quality 
characteristics in the analysis of the signal-to-noise 
ratio: larger-the-better, nominal-the-better and 
smaller-the-better. To obtain optimal machining 
parameters, the larger-the-better for the material 
removal rate and the smaller-the-better 
characteristics for tool wear ratio are considered. 
Based on the Taguchi technique, the S/N ratio 
calculations were decided as the larger-the-better and 
the smaller-the-better are given in the following 
equations: 
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Fig. 1: EDM machine used. 
       

 
       
Fig. 2: Tungsten carbide with square profiles. 
 
Table 1: Experimental factors and their levels. 

Sl. No Factors Symbols Units Designation Level 1 Level 2 Level 3 
1 Voltage V volts A 50 60 70 
2 Current I amps B 12 16 20 
3 Pulse On-Time TON µsec C 11 12 13 
4 Pulse Off-Time TOFF µsec D 7 8 9 

 
For larger-the-better: 
S/N = -10 log10 [1/n (Ʃyi-2)]         (1) 
 
For smaller-the-better: 
S/N = -10 log10 [1/n (Ʃyi2)]         (2) 
 where, n is the repeated number of each 
experiment and yi represents the experimentally 
observed value of ith experiment. 
 Signal-to-noise ratio for every combination of 
machining parameters was calculated and shown in 
Table 2 and Table 3 for material removal rate and 
tool wear rate respectively. Since the experimental 
design is orthogonal, it is simple to separate out the 
effect of each machining parameter at different 
levels. The mean of response for each level of the 
machining parameters for material removal rate is 
shown in Table 4 and for tool wear rate is shown in 

Table 5. 
  
2.6. Analysis of variance (ANOVA): 
 The appropriate procedure for listing the 
equality of several means is ANOVA. This is 
probably the most significant technique in the 
statistical field. 
 The purpose of ANOVA is to determine the 
relative magnitude of the effect of each other as the 
objective target function and to estimate the error 
variance. ANOVA is used to choose from many 
alternatives the most appropriate quality 
characteristics for a specific problem [9,10]. The 
results of ANOVA for machining performance to 
achieve larger material removal rate are shown in 
Table 6 and to achieve smaller tool wear rate are 
shown in Table7.  

 
Table 2: Experimental results with S/N ratios for MRR. 

Sl. No. 
Factors 

MRR (mm3/min) S/N Ratio 
A B C D 

1 50 12 11 7 0.5729 -4.83842 
2 50 16 12 8 0.8059 -1.87438 
3 50 20 13 9 1.3417 2.55311 
4 60 12 12 9 1.0609 0.51349 
5 60 16 13 7 1.4449 3.19676 
6 60 20 11 8 1.1271 1.03925 
7 70 12 13 8 0.8411 -1.50305 
8 70 16 11 9 1.7682 4.95063 
9 70 20 12 7 2.5851 8.24955 
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Table 3: Experimental results with S/N ratios for TWR. 

Sl. No. 
Factors 

TWR (mm3/min) S/N Ratio 
A B C D 

1 50 12 11 7 0.5683 4.90845 
2 50 16 12 8 0.3816 8.36783 
3 50 20 13 9 0.3354 9.48874 
4 60 12 12 9 0.5108 5.83498 
5 60 16 13 7 0.6799 3.35110 
6 60 20 11 8 1.3231 -2.43185 
7 70 12 13 8 1.0705 -0.59137 
8 70 16 11 9 0.6707 3.46943 
9 70 20 12 7 0.9083 0.83541 

 
Table 4: MRR Response table for means. 

Level 
Factors 

A B C D 
1 0.9068 0.8250 1.1561 1.5343 
2 1.2110 1.3397 1.4840 0.9247 
3 1.7315 1.6846 1.2092 1.3903 

Delta 0.8246 0.8597 0.3279 0.6096 
Rank 2 1 4 3 

 
Table 5: TWR Response table for means. 

Level 
Factors 

A B C D 
1 0.4284 0.7165 0.8540 0.7188 
2 0.8379 0.5774 0.6002 0.9251 
3 0.8832 0.8556 0.6953 0.5056 

Delta 0.4547 0.2782 0.2538 0.4194 
Rank 1 3 4 2 

 
Table 6: ANOVA table for MRR. 

Source DF SS V P % 
A 2 1.04 0.52 35.13 
B 2 1.12 0.56 37.84 
C 2 0.19 0.10 6.42 
D 2 0.61 0.31 20.61 

 
Table 7: ANOVA table for TWR. 

Source DF SS V P % 
A 2 0.38 0.19 44.19 
B 2 0.12 0.06 13.95 
C 2 0.10 0.05 11.63 
D 2 0.26 0.13 30.23 

 
Results And Discussions 
 
 Experiments were conducted based on Taguchi’s 
design of experiments for optimizing machining 
parameters to machine tungsten carbide using copper 
tool using diatomite powder mixed dielectric fluid 
element. From Table 2, the optimal parameters for 
higher MRR are obtained and it is evident that, the 
maximum current (20 A) and the minimum pulse-off 
time (7 µs) gives maximum MRR. The main effects 
plot for means of MRR at various levels of factors is 
plotted in Fig. 3 which shows the influence of each 
level of factors on the machining performance. The 
optimal parameters for lower TWR are given in 
Table 3 and it is evident that, the minimum TWR 
occurs while the current is maximum (20 A). The 
main effects plot for means of TWR at various levels 
of factors is plotted in Fig. 4. 
 Table 4 and Table 5 shows the average MRR 
and TWR respectively for machining parameter at 
various levels and it shows that, the values of 
parameters that give minimum variation in MRR and 

TWR. 
 ANOVA results for MRR is presented in Table 6 
and it shows that, the current have significant effect 
on the response that is, MRR. Table 7 shows the 
ANOVA results for TWR, it is found that the voltage 
have significant effect on TWR. 
 
4. Conclusion: 
 The parameters affecting EDM while machining 
tungsten carbide workpiece with copper tool 
electrode in diatomite powder-mixed dielectric fluid 
medium were studied. The optimum combination for 
increasing MRR and reducing TWR were identified. 
On the basis of experimental results, calculated 
signal-to-noise ratio, analysis of variance and 
confirmation tests, the following conclusions are 
drawn for EDM of tungsten carbide. 
• The parameters like voltage, current, pulse-on 
time and pulse-off time have the significant effect on 
MRR and TWR. It is identified that, the current and 
voltage are the most significant parameter. 
• For higher MRR, the optimum parameters are 
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voltage 70 V, current 20 A, pulse-on time 12 µs and 
pulse-off time 7 µs. 
• For reduced TWR, the optimum parameters are 

voltage 50 V, current 20 A, pulse-on time 13 µs and 
pulse-off time 9 µs. 

 

 
 
Fig. 3: Plot for main effects for means of MRR. 
 

 

 

Fig. 4: Plot for main effects for means of TWR. 
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