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Abstract: Electrical discharge machining (EDM) is one of the earliest non-traditional machining 

processes.EDM process is based on thermoelectric energy between the work piece and an electrode. A pulse 

discharge occurs in a small gap between the work piece and the electrode and removes the unwanted material 

from the parent metal through melting and vaporizing. This study presents a methodology for evaluation, 

ranking and selection of parameters of Wire Electric Discharge Machine by using Taguchi’s approach for EN-

24 Alloy Steel.EN24 is a high quality, high tensile, alloy steel and combines high tensile strength, shock 

resistance, good ductility and resistance to wear. But the machining of this material is difficult with the 

conventional machining process. So in this work wire EDM process is proposed for the machining of EN-24 

alloy steel. The output parameters like material removal rate and surface roughness of the material is affected 

by large no of input variables like current voltage pulse on time and pulse off time etc. Hence a suitable 

selection of input variables for the wire electrical discharge machining (WEDM) process is required. This work 

proposes optimal parameter setting using Taguchi's parameter design.  The effect of each control factor on the 

performance measure is studied individually using the plots of signal to noise ratio. The study demonstrates that 

the WEDM process parameters can be adjusted so as to achieve better metal removal rate and surface finish. 

The effects of all input parameters and output responses analyzed using the analysis of variance (ANOVA) 

Keywords: Wire electric discharge machine, EN-24(Low Alloy Steel),  

 

I. Introduction 
Wire electrical discharge machining (WEDM) is among the more widely known and applied non-

traditional machining processes in industry today. In this procedure, improvements to the process mechanism 

and control have rapidly been taking place. WEDM can machine harder, they are higher strength, corrosive and 

wear-resistant, and difficult-to machine materials. With WEDM, it is also possible to machine complicated 

shapes that cannot otherwise be achieved using traditional machining processes, such as turning, milling, and 

grinding  

EN24 is a high quality, high tensile, alloy steel and combines high tensile strength, shock resistance, 

good ductility and resistance to wear. EN24 is most suitable for the manufacture of parts such as heavy-duty 

axles and shafts, gears, bolts and studs. EN24 is capable of retaining good impact values at low temperatures. 

The chemical composition of the material is below in table. 

 

Table1. Chemical Composition of EN-24 
C % Mn  % P  % S  % Si  % Cu  % Ni  % Cr  % V  % Mo  % 

0.3795 0.5717 0.04650 0.04961 0.2357 0.1104 1.26 1.066 0.0198 0.2177 

 

II. Experimental Setup 
The machine Wire EDM brand Elektra model number ELCUT 234 situated at the CITCO Chandigarh. The 

EN24 case hardening steel round plate of diameter 70mm and thickness 10mm is mounted on the ELCUT 234 

WEDM machine tool and specimens of 10mm size are cut  

 

Table 2: Levels of Input Machining Parameters 

S.NO. INPUT PARMETERS 
LEVEL 

1 2 3 

1. Current (Ip) 4 6 8 

2. Voltage (V) 60 65 70 

3. Pulse on time (Ton) 3 5 7 

4. Pulse off time (Toff) 2 4 6 

 

Taguchis method used for the experiment with the design of experiment L9 orthogonal Array. Table 3 show the 

orthogonal array with the different input variables  
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Table3:  L9 Orthogonal Array with input parameters 
Sr. No. Design of Experiments with orthogonal Array (L9 orthogonal Array) 

Current (Ip) Voltage (V) Pulse on time (Ton) Pulse off time (Toff) 

1 4 60 3 2 

2 4 65 5 4 

3 4 70 7 6 

4 6 60 5 6 

5 6 65 7 2 

6 6 70 3 4 

7 8 60 7 4 

8 8 65 3 6 

9 8 70 5 2 

 

III. Results and Discussions 

Total 9 experiments were conducted for the L9 experimental design. The weight of each experiment 

were repeated three times it means for every experiment there were three values of MRR as shown in the Table 

4. So the analysis is based on the three responses of MRR. For the results of MRR, firstly S/N ratio is to be 

calculated. The material MRR is expressed as the ratio of the difference of weight of the work piece before and 

after machining to the machining time. It is being measured in terms of mg/min. 

                                              MRR= (Mi-Mf)/t 

 

Table 3.1: Observation during Machining Of En 24 Alloy Steel 
Sr. 

No. 

Current (Ip) Voltage (V) Pulse on 

time (Ton) 

Pulse off 

time (Toff) 

Work piece wt. 

(grams) 

S/N Ratio MEAN 

Ratio 

M1 M2 M3 

1 4 60 3 2 0.20 0.21 0.19 -14.0012 0.20 

2 4 65 5 4 0.23 0.21 0.19 -13.6349 0.21 

3 4 70 7 6 0.12 0.16 0.14 -17.2571 0.14 

4 6 60 5 6 0.18 0.19 0.17 -14.9214 0.18 

5 6 65 7 2 0.27 0.26 0.25 -11.7134 0.25 

6 6 70 3 4 0.31 0.33 0.32 -9.9055 0.32 

7 8 60 7 4 0.44 0.43 0.45 -7.1354 0.44 

8 8 65 3 6 0.46 0.45 0.44 -6.9400 0.45 

9 8 70 5 2 0.47 0.49 0.48 -6.3789 0.48 

 

Taguchi recommends analyzing data using the S/N ratio. It is used to select the optimum parameters. 

According to Taguchi method, S/N ratio is the ratio of “Signal” representing desirable value, i.e. mean of output 

characteristics and the “noise” representing the undesirable value i.e., squared deviation of the output 

characteristics. It is denoted by η and the unit is dB. The S/N ratio is used to measure quality characteristic and 

it is also used to measure significant welding parameters. The S/N ratio calculates the mean (signal) and the 

standard deviation (noise) of process, 

 

Table 3.2: Response Table for Signal to Noise Ratios (Larger is Better) 

Level 
Current 

(A) 

Voltage 

(B) 

Pulse on time 

(C) 

Pulse off time 

(D) 

1 -14.964 -12.019 -10.262 -10.698 

2 -12.180 -10.763 -11.645 -10.225 

3 -6.818 -11.181 -12.035 -13.040 

Delta 8.146 1.257 1.735 2.814 

Rank 1 4 3 2 

 

Table 3.3: Response Table for Mean (Larger is Better) 

Level 
Current 
(A) 

Voltage 
(B) 

Pulse on time 
(C) 

Pulse off time 
(D) 

1 0.1833 0.2733 0.3233 0.3133 

2 0.2533 0.3067 0.2900 0.3233 

3 0.4567 0.3133 0.2800 0.2567 

Delta 0.2733 0.0400 0.0433 0.0667 

Rank 1 4 3 2 

 

Table 3.3 shows the major factor which affects the MRR. It is clearly shows in the response table for 

MRR that Current is ranked one; Pulse off Time is ranked second, Pulse off time third and voltage is 

fourth.Now these values of S/N ratio and Mean are plotted in the shape of a graph which will tell individual 

parameter and its effect. 
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Figure 3.1: main effects plot for mean and S/N ratio 

 

It can be seen by the figure 3.1 clearly that the value of material removal rate is increases sharply for 

the Current as their level increases because the current has main effect on the material removal rate. The 

discharge energy increases with increasing the value of the current and larger discharge energy produces a larger 

crater. This is the main reason that the material removal rate is increasing as the value of the current is 

increasing. The value of MRR for voltage first increases then decreases, pulse on time sharply decreases and 

pulse off time increases and then decrease as their value increases. As the pulse off time decreases, the number 

of discharges within a given period becomes more which leads to a higher cutting rate  

 

Analysis of SR 

During the conduction of all the 9 experiments with different set of input parameters After the 

completion of all the experiments the observation reading of the Surface Roughness were filled in orthogonal 

array as shown in table 3.4.Where SR1, SR2 & SR3 are the Surface Roughness after machining of work piece. 

After getting the observation after machining of work piece we get the SR from the surface roughness 

measuring instrument. Calculation of the values of s/n ratio and mean with the help of Taughi method and these 

values shows in the average table  

 

Table 3.4: Observation after Machining of En 24 Alloy Steel 
Sr. 

No. 

Current (Ip) Voltage (V) Pulse on 

time (Ton) 

Pulse off 

time (Toff) 

Work piece wt. 

(grams) 

S/N Ratio MEAN 

Ratio 

SR1 SR2 SR3 

1 4 60 3 2 2.150 2.234 2.807 -7.6673 2.39700 

2 4 65 5 4 2.768 1.915 2.533 -7.7196 2.40533 

3 4 70 7 6 2.143 2.371 2.833 -7.8390 2.44900 

4 6 60 5 6 2.621 3.281 2.103 -8.6643 2.66833 

5 6 65 7 2 2.032 2.468 1.511 -6.1990 2.00367 

6 6 70 3 4 2.189 2.221 2.012 -6.6190 2.14067 

7 8 60 7 4 5.784 5.602 4.403 -14.4831 5.26300 

8 8 65 3 6 6.828 4.586 4.873 -14.8382 5.42900 

9 8 70 5 2 6.279 5.107 6.384 -15.4926 5.92333 

 

After analyzing the design of experiments response table for mean and response table for signal to noise ratio 

were calculated. For the better result smaller is better is selected. Table 3.5&3.6 shows the response table for 

mean and signal to noise ratio. 

 

Table 3.5: Response Table for Signal to Noise Ratios (Smaller is Better) 

Level 
Current 

(A) 

Voltage 

(B) 

Pulse on time 

(C) 

Pulse off time 

(D) 

1 -7.739 -10.268 -9.705 -9.783 

2 -7.161 -9.586 -10.625 -9.607 

3 -14.938 -9.984 -9.507 -10.447 

Delta 7.777 0.683 1.118 0.840 

Rank 1 4 2 3 

  

Table 3.6: Response Table for Mean (Smaller is Better) 

Level 
Current 
(A) 

Voltage 
(B) 

Pulse on time 
(C) 

Pulse off time 
(D) 

1 2.417 3.443 3.322 3.441 

2 2.271 3.279 3.666 3.270 



Parameter Optimization of Wire EDM for EN 24 Alloy Steel 

DOI: 10.9790/1684-1402032026                                          www.iosrjournals.org                                    23 | Page 

3 5.538 3.504 3.239 3.515 

Delta 3.268 0.225 0.427 0.246 

Rank 1 4 2 3 

 

Table 3.6 shows the major factor which affects the SR. It is clearly shows in the response table for SR 

that Current is ranked one; Pulse on Time is ranked second, Pulse off time third and voltage is fourth. It means 

that most predominant factor is Current and other has less impact to the earlier one. Now these values of S/N 

ratio and Mean are plotted in the shape of a graph which will tell individual parameter and its effect. 
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Figure 3.2: main effects plot for mean and S/N ratio 

 

It can be seen by the figure 3.2 clearly that the value of surface roughness increases sharply for the 

Current as their level increases. The discharge energy increases with the pulse on time and peak current and 

larger discharge energy produces a larger crater, causing a larger surface roughness value on the work piece. 

The value of voltage and pulse on time first increases and then decreases. The value of Pulse off time first 

decreases and then increase as their value increases.   

 

Analysis of Variance – MRR 

The results were analyzed using ANOVA for identifying the significant factors affecting the 

performance measures. The Analysis of Variance (ANOVA) for the mean MRR at 95% confidence interval is 

given in Table. The variation data for each factor and their interactions were F-tested to find significance of each 

calculated by the formula. The principle of the F-test is that the larger the F value for a particular parameter, the 

greater the effect on the performance characteristic due to the change in that process parameter where F is the 

fisher value. ANOVA table shows that current, pulse on time, pulses off time, voltage are the factors that 

significantly affect the MRR 

 

Table 3.7: ANOVA for S/N Ratio of MRR 
Source DF Seq SS Adj SS Adj MS F P 

Current(A) 1 99.542 99.542 99.542 37.57 0.004 

Voltage(V) 1 1.055 1.055 1.055 0.40 0.562 

Pon(µs) 1 4.610 4.610 4.610 1.74 0.258 

Poff(µs) 1 8.225 8.225 8.225 3.10 0.153 

Residual error 4 10.598 10.598 2.650   

Total 8 124.031     

S=1.62776, R-Sq= 91.46%, R-Sq(adj) = 82.91% 

Seq SS= Sum of squares, DOF= degree of freedom, Adj  MS= adjusted mean square or variance  

** Significant at 95% confidence level.  

 

In table 3.7 column 1 represents variable sources such as current, voltage, pulse on time, pulse off time 

and the interactions between these four factors. Subsequently in the following columns degree of freedom (DF), 

Sum of squares (Seq SS), adjusted mean of square (Adj MS), F distribution and Probability are calculated 

respectively. The standard deviation of errors in the modeling, S=1.62776. R-Sq=82.91% which indicates that 

the model is capable of predicting the response with a high accuracy. 
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Table 3.8: ANOVA for Mean of MRR 
Source DF Seq SS Adj SS Adj MS F P 

Current(A) 1 0.112067 0.112067 0.112067 35.99 0.004 

Voltage(V) 1 0.002400 0.002400 0.002400 0.77 0.430 

Pon(µs) 1 0.002817 0.002817 0.002817 0.90 0.395 

Poff(µs) 1 0.004817 0.004817 0.004817 1.55 0.282 

Residual error 4 0.012456 0.012456 0.003114   

Total 8 0.134556     

S=0.0558022       , R-Sq= 90.74%,             R-Sq(adj) = 81.49% 

Seq SS= Sum of squares, DOF= degree of freedom, Adj  MS= adjusted mean square or variance 

** Significant at 95% confidence level.  

 

In table 3.8 column 1 represents variable sources such as current, voltage, pulse on time, and pulse off 

time and the interactions between these four factors. Subsequently in the following columns degree of freedom 

(DF), Sum of squares (Seq SS), adjusted mean of square (Adj MS), F distribution and Probability are calculated 

respectively. The standard deviation of errors in the modeling, S=0.0558022. R-Sq=90.74% which indicates that 

the model is capable of predicting the response with a high accuracy. 

After conducting P-test and F-test for the Anova for MRR, It is find out that the value of f test in maximum for 

current and the value of P is less than 0.05 that means the model is significant  

 

Analysis of variance SR 

The results were analyzed using ANOVA for identifying the significant factors affecting the 

performance measures. The Analysis of Variance (ANOVA) for the mean SR at 95% confidence interval is 

given in table 3.9. The variation data for each factor and their interactions were F-tested to find significance of 

each calculated by the formula. The principle of the F-test is that the larger the F value for a particular 

parameter, the greater the effect on the performance characteristic due to the change in that process parameter. 

ANOVA table shows that current, pulse on time, pulses off time, voltage are the factors that significantly affect 

the SR. Current have highest contribution to SR 

 

Table 3.9: ANOVA for S/N Ratio of MRR 
Source DF Seq SS Adj SS Adj MS F P 

Current(A) 1 76.746 76.746 76.746 8.17 0.046 

Voltage(V) 1 0.122 0.122 0.122 0.01 0.915 

Pon(µs) 1 0.059 0.059 0.059 0.01 0.941 

Poff(µs) 1 0.662 0.662 0.662 0.07 0.805 

Residual error 4 38.083 38.083 9.521   

Total 8 116.670     

S=3.08555   , R-Sq= 67.36%,        R-Sq(adj) = 34.72% 

Seq SS= Sum of squares, DOF= degree of freedom, Adj  MS= adjusted mean square or 

variance 

** Significant at 95% confidence level.  

 

In table 3.9 column 1 represents variable sources such as current, voltage, pulse on time, pulse off time 

and the interactions between these four factors. Subsequently in the following columns degree of freedom (DF), 

Sum of squares (Seq SS), adjusted mean of square (Adj MS), F distribution and Probability are calculated 

respectively. 

The standard deviation of errors in the modeling, S=3.08555. R-Sq=67.36% which indicates that the model is 

capable of predicting the response with a high accuracy. 
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Table 3.10: ANOVA for Mean of SR 
Source DF Seq SS Adj SS Adj MS F P 

Current(A) 1 14.614 14.614 14.614 9.30 0.038 

Voltage(V) 1 0.006 0.006 0.006 0.00 0.955 

Pon(µs) 1 0.011 0.011 0.011 0.01 00.939 

Poff(µs) 1 0.008 0.008 0.008 0.01 0.946 

Residual error 4 6.286 6.286 1.572   

Total 8 20.925     

S=1.25363       , R-Sq= 69.96%,             R-Sq(adj) = 39.91% 

Seq SS= Sum of squares, DOF= degree of freedom, Adj  MS= adjusted mean square or variance 

** Significant at 95% confidence level.  

 

In table 3.10 column 1 represents variable sources such as current, voltage, pulse on time, pulse off 

time and the interactions between these four factors. Subsequently in the following columns degree of freedom 

(DF), Sum of squares (Seq SS), adjusted mean of square (Adj MS), F distribution and Probability are calculated 

respectively. The standard deviation of errors in the modeling, S=1.25363. R-Sq=69.96% which indicates that 

the model is capable of predicting the response with a high accuracy. 

 

IV. Conclusion 
In this dissertation, EDM process the effect of current, pulse-on time, pulse off time and voltage has 

been investigated. The effect of input parameter on output response like Material removal rate and Surface 

roughness were analyzed for work material En24 Alloy Steel. L9 orthogonal array based on Taguchi design and 

ANOVA was performed for analyzing the result. 

1. The maximum material removal rate is 0.48g/min and it is noted at the value of current 8A, voltage 70 V, 

pulse on time 5 µs and pulse off time 2 µs 

2. The minimum surface roughness  is 2.0036µm and it is noted at the value of current 6A, voltage 65V, pulse 

on time 7 µs and pulse off time 2 µs 

3. The most predominant factors for Material removal rate is Current, rest three factors (voltage , pulse on 

time, pulse off time) has less impact as compare to the current.  

4. The value of material removal rate for the current is increasing sharply it mean that material removal rate 

will increase as the value of current increasing  

5. The most predominant factors for Surface roughness is also Current, rest three factors (voltage , pulse on 

time, pulse off time) has less impact as compare to the current  

6. It is concluded that for Maximum Material removal rate the parametric combination is current third  (A3), 

Voltage  at second Level (B 2),  Pulse on time  at level first (C1) and pulse off time at level second (D2)  

i.e. 8A current, 65V voltage, 3 µs pulse on time and 4 µs pulse off time 

7. It is concluded that for Minimum Surface Roughness the parametric combination is current second  (A2), 

Voltage  at second Level (B 2),  Pulse on time  at level third (C3) and pulse off time at level second (D2)  

i.e. 6A current, 65V voltage, 7 µs pulse on time and 4 µs pulse off time 
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