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Introduction 

Wire-EDM 



AISI P20 tool steel 

Note: 1% Nickel is added for more hardness 

Composition of  AISI P20 tool steel 



Applications 



Experimental details 

Parameters 
Levels 

1 2 3 

Pulse-on-time [μs] 100 110 120 

Pulse-off-time [μs] 3 23 43 

Servo voltage [V] 20 40 60 

Controlling parameters with levels 



Normalizing the experimental results of MRR and KW for all experimental runs. 

Calculating the grey relational coefficients (GRC). 

Calculating the grey relational grade (GRG) by averaging the GRCs. 

Performing statistical analysis of variance (ANOVA) for the input parameters with the GRG to 
determine the significant parameters affecting the process.  

Selecting the optimal  levels of process parameters 

Grey relational analysis 

Algorithm of grey relational analysis 







Sl. 

No. 

 

Ton 

 

Toff 

 

Sv 

 

Nor MRR 

 

Nor KW 
GRC ζi 

(mrr) 

GRC ζi 

(Kw) GRG 

1 100 3 20 
0.000 1.000 0.333 1.000 0.706 

2 100 23 40 0.489 0.768 0.495 0.683 0.649 

3 100 43 60 0.219 0.928 0.390 0.875 0.658 

4 110 3 40 0.375 0.673 0.444 0.266 0.526 

5 110 23 60 0.625 0.725 0.571 0.645 0.485 

6 110 43 20 0.489 0.768 0.495 0.683 0.717 

7 120 3 60 0.645 0.254 0.585 0.401 0.699 

8 120 23 20 1.000 0.106 1.000 0.359 0.629 

9 120 43 40 0.781 0.000 0.696 0.766 0.600 

L9 orthogonal array with responses 
 

Results 



Level Ton Toff Sv 

1 0.6710 0.6437 0.6840 

2 0.5760 0.5877 0.5917 

3 0.6427 0.6583 0.6140 

Delta 0.0950 0.0707 0.0923 

Rank 1 3 2 

Response Table for Means 

Main effects plot for GRG 



GRG = 0.6299 + 0.0411 Ton_100 - 0.0539 Ton_110 + 0.0128 Ton_120 

+ 0.0138 Toff_3 - 0.0422 Toff_23 + 0.0284 Toff_43 + 0.0541 Sv_20 -

 0.0382 Sv_40 - 0.0159 Sv_60 

Source DF Adj SS Adj MS F-Value P-Value  % contribution 

  Ton 2 0.014272 0.007136 0.92 0.02 0.39 

  Toff 2 0.008345 0.004172 0.54 0.06 0.23 

  Sv 2 0.013924 0.006962 0.9 0.526 0.38 

Error 2 0.015452 0.007726       

Total 8 0.051993       

Regression Equation 

Analysis of Variance 



Responses Initial data 

Ton1Toff1Sv1 

Optimal machining parameter 

Ton1Toff3Sv1 

Experimental 

values 

Predicted values 

MRR 

(normalized) 

0.00 0.200 

  

  

KW 

(normalized) 

1.00 0.929   

GRG 0.706 0.761 0.757 

Confirmatory experiment 
 



Conclusion 

The optimum setting to attain maximum GRG (minimum KW with 
maximum MRR) : 
 
Ton of 100 μs, Toff of 43 μs and Sv of 20 V. 




