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Abstract: In this work, the influence of different EDM parameters (pulse current, 
pulse voltage, pulse on-time, pulse off-time) in finishing stage on the surface 
roughness (Ra) as a result of copper electrode application to a workpiece (cold 
work steel DIN1.2379) has been investigated. Design of the experiment was 
chosen as full factorial. Statistical analysis has been done and artificial neural 
network has been used to choose proper machining parameters in order to reach 
certain surface roughness. The experiment results indicated a good performance of 
the proposed method in optimization of such a complex and non-linear problems. 
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Table 2  Results of the EDM experiment 

 
Ra  
m)µ( 

Toff 
s)µ(  

Ton 
s)µ(  

V  
(v) 

I 
(A)  

 
No  
  

Ra  
m)µ( 

Toff  
s)µ(  

Ton 
s)µ(  

V  
(v) 

I 
(A)  

 
No  

Ra  
m)µ( 

Toff  
s)µ(  

Ton 
s)µ(  

V  
(v) 

I 
(A)  

 
No 
 

2.27  25  25 40 8 55 1.96  25  25 40  6 28 1.91  25  25 40 4 1 
2.13  50  25 40 8 56 1.91  50  25 40 6 29 1.87  50  25 40 4 2 
2.04  100  25 40 8 57 1.84  100  25 40 6  30 1.80  100  25 40 4 3 
2.35  25  25 60 8 58 2.05  25  25 60 6 31 2.00  25  25 60 4 4 
2.27  50  25 60 8 59 2.02  50  25 60 6 32 1.97  50  25 60 4 5 
2.23  100  25 60 8 60 2.00  100  25 60 6 33 1.94  100  25 60 4 6 
2.38  25  25 80 8 61 2.05  25  25 80 6 34 2.02  25  25 80 4 7 
2.35  50  25 80 8 62 2.12  50  25 80 6 35 2.07  50  25 80 4 8 
2.40  100  25 80 8 63 2.15  100  25 80 6 36 2.11  100  25 80 4 9 
2.58  25  50 40 8 64 2.29  25  50 40 6 37 2.24  25  50 40 4 10 
2.55  50  50 40 8 65 2.27  50  50 40 6 38 2.21  50  50 40 4 11 
2.49  100  50 40 8 66 2.21  100  50 40 6 39 2.15  100  50 40 4 12 
2.67  25  50 60 8 67 2.37  25  50 60 6 40 2.29  25  50 60 4 13 
2.62  50  50 60 8 68 2.33  50  50 60 6 41 2.26  50  50 60 4 14 
2.56  100  50 60 8 69 2.30  100  50 60 6 42 2.22  100  50 60 4 15 
2.73  25  50 80 8 70 2.43  25  50 80 6 43 2.34  25  50 80 4 16 
2.68  50  50 80 8 71 2.38  50  50 80 6 44 2.30  50  50 80 4 17 
2.62  100  50  80 8 72 2.35  100  50  80 6 45 2.28  100  50  80 4 18 
3.03  25  100 40 8 73 2.66  25  100 40 6 46 2.55  25  100 40 4 19 
2.86  50  100 40 8 74 2.51  50  100  40 6 47 2.40  50  100 40 4 20 
2.65  100  100 40 8 75 2.33  100  100  40 6 48 2.24  100  100 40 4 21 
3.10  25  100 60 8 76 2.72  25  100  60 6  49 2.60  25  100 60 4 22 
2.91  50  100 60 8 77 2.55  50  100  60 6 50 2.44  50  100 60 4 23 
2.70  100  100 60 8 78 2.37  100  100  60 6 51 2.27  100  100 60 4 24 
3.16  25  100 80 8 79 2.77  25  100  80 6 52 2.66  25  100 80 4 25 
2.97  50  100 80 8 80 2.61  50  100  80 6 53 2.51  50  100 80 4 26 
2.76  100  100 80 8  81 2.43  100  100  80 6 54 2.32  100  100 80 4 27 

 

 
Fig. 4 shows the estimated response surface for the 
surface roughness parameter, according to the design 
parameters of  pulse on-time (Ton) and pulse off-time 
(Toff) remains, while the pulse current (I) and pulse 
voltage (V) remain constant in their central value, 
which are I=6 and V=60. 
 

  
 
 

Fig. 4   Estimated response surface of Ra vs. Ton and Toff 

Fig. 4 shows that with an increase in the amount of Ton, 
surface roughness increases, while with an increase in 
the amount of Toff, surface roughness decreases. 
Moreover, Ton in comparison to voltage, influences 
more effectively on Ton. Considering figures 4 and 5, it 
can be concluded that intensity and Ton have the most 
significant effects on surface roughness. 

5 DESIGN OF THE ARTIFICIAL NEURAL 
NETWORK MODEL 

Artificial neural network (ANN) has been designed for 
the prediction of Ra, MRR and EWR. For designing 
and training of ANN model, the programming in 
MATLAB software was used, where the training 
procedure was as follows: 
1. Defining the inputs and outputs of the network 
2. Defining error function of the network 
3. Obtaining the trained output data for input vector 
data 
4. Comparing real outputs with test outputs 
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5. Correcting ANN weights based on error value 
6. Repeating "Correct ANN weights based on error 
value" to reach minimum error [8]. 
The input parameters considered in the experiments 
included discharge current (I), voltage (V), pulse-on 
time (Ton) and pulse-off time (Toff). The output 
parameter considered in experiments included surface 
roughness (Ra), where the architecture of ANN model 
is shown in figure 5. 
 

 
 

Fig. 5   Architecture of ANN model 
 

Error function network used mean square error (MSE) 
procedure as shown in the following equation [5]: 
 

( )∑∑
= =

−=
N

1i

m

1j

2
jj OT

2N
1MSE                                         (1) 

 
Where N is the all number of training pattern 
(definition of epoch in Matlab programming), m is the 
number of output nodes; Tj is the target output of the jth 
neuron and Oj is the estimated value of the jth neuron. 
The number of data is 81, hence 9 out of 81 were 
chosen for testing of the network and 72 for training the 
network. The choose of the number of neurons in 
hidden layers, transportation function of each neuron, 
learning method and training method was based on trial 
and error to obtain minimum error.  
The designed ANN had 4 inputs, 13 neurons in first 
hidden layer, 13 neurons in second hidden layer and 1 
neuron in output layer. The training of network used 
Levenberg-Marquadt (back propagation) method. The 
value of MSE was used to be 0.0001. In this situation 
Mean prediction error has a minimum value and 
network architecture is in the best situation. The 
maximum, minimum and mean prediction error with 

different architectures network for selection neurons 
has been shown in Table 3. 
 

Table 3 Different architectures network for ANN model 
 
Serial 

no 
Network 

architecture 
Minimum  
prediction 
Error (%) 

Maximum 
prediction 
Error (%) 

Mean 
prediction 
Error (%) 

1 4-12-12-1 0.05 7 2.6 
2 4-13-13-1 0.03 2.6 0.7 
3 4-14-14-1 0.3 16 7.3 
4 4-15-15-1 0.1 7 4.6 
5 4-16-16-1 0.02 5.5 1.7 
6 4-17-17-1 0.8 5.5 1.7 
7 4-18-18-1 0.3 2 1.3 
8 4-19-19-1 0.4 82 5 

5 CONCLUSION 

In this work, the influence of different EDM process 
parameters (current, pulse on-time, pulse off-time, arc 
voltage) on the surface roughness while utilizing 
copper electrode to cold work steel DIN1.2379, has 
been investigated. Design of the experiment was 
chosen full factorial in finishing stage, followed by 
statistical analysis of the results.  The outcome of the 
analysis is as follows: 
 
- With increasing the amount of intensity in finishing 
stage of machining, surface roughness increases. With 
increasing the amount of voltage also, surface 
roughness increases. Moreover, intensity in contrast to 
voltage influences more effectively on surface 
roughness. 
- With increasing the amount of Ton in finishing stage 
of machining, surface roughness increases. With 
increasing in the amount of Toff, surface roughness 
decreases. Moreover, Ton in comparison to voltage, 
influences more effectively on Ton. 
- Intensity and Ton have the most significant effects on 
surface roughness in finishing stage of machining.  
Finally, to predict the surface quality, ANN has been 
employed where the following results are obtained: 
 
- Application of ANN to predict surface roughness is a 
scientific method which avoids complex traditional trial 
and error methods.  
- By using ANN, proper training of network and giving 
values for current, pulse on-time, pulse off-time and arc 
voltage, accurately predicts the surface roughness.  
- Designed ANN has mean error of 0.7 percent and 
maximum error of 2.6 percent, while this error level is 
quite satisfactory for surface roughness measurement. 
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