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Abstract- The selection of optimum machining condition, during wire electric discharge machining process, is of great 
concern in manufacturing industries these days the increasing quality demands, at higher productivity levels, require the wire 
electrical discharge machining process to be executed more efficiently. Specifically, the MRR needs to be maximized while 
controlling the surface quality. In this study oil harden non- shrinking (OHNS) steel is used as a work piece, brass wire of 
diameter 0.25 mm used as a tool and distilled water is used as a dielectric fluid. For experimentation Taguchi’s 
L orthogonal array has been used. The input parameters selected for optimization are wire tension, wire feed rate, flushing 
pressure, servo feed rate. by using parametric optimization technique, MOORA method, best parametric combination is 
found. 
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I. INTRODUCTION 
 
Electric Discharge Machining (EDM) is removal of 
materials conducting electricity by electricity by 
electrical discharges between two electrodes (work-
piece electrode and tool electrode), a dielectric fluid 
being used in the process. The aim of the process is 
controlled removal of material from the work piece. 
A series of electrical pulses generated by the pulse 
generator unit is applied between work-piece and the 
traveling wire electrode. In the event of spark 
discharge, there is a flow of current across the wire 
electrode and work-piece gap. The energy content of 
a single spark discharge can be expressed as a 
product of TON x IP. Energy contained in a tiny 
spark discharge removes a fraction of work piece 
material. Large number of such time spaced tiny 
discharges between the   work piece and wire 
electrode causes the electro-erosion of the work piece 
material Study analyses effects of process parameters 
on machining characteristics of CNC WEDM on 
different criteria (cutting speed, surface finish, spark 
gap, specific energy consumption) and evolves 
optimal parameters. Electrode wear and the entrance 
and exit clearances had a significant effect on the 
diameter of the micro-hole when the diameter of the 
electrode was identical. grey relational analysis was 
used to determine the optimal machining parameters, 
among which the input voltage and the capacitance 
were found to be the most significant. Quadratic 
mathematical models have been derived to represent 
the process behavior of wire electrical discharge 
machining (WEDM) operation. Experiments have 
been conducted with six process parameters, 
discharge current, pulse duration, pulse frequency, 
wire speed, wire tension and dielectric flow rate: to 
be varied in three different levels. Data related to the 

process responses material removal rate roughness 
value of the worked surface and kerf have been 
measured for each of the experimental runs. Optimal 
setting has been verified through conformity test 
showed good agreement to the predicted value, this 
indicates utility of the grey-Taguchi technique as 
multi-objective optimizer in the field of wire 
EDM.The effects of varying seven different  
machining parameters in addition to varying the 
material thickness on the machining responses such 
as material removal rate, kerf and surface roughness 
of tungsten carbide samples machined by wire 
electrical discharge machining were investigated. The 
design of experiments was based on a Taguchi 
orthogonal design with 8 control factors with three 
levels each, requiring a set of 27 experiments that 
were repeated three times. ANOVA was carried out 
after obtaining the responses to determine the 
significant factors. The work piece thickness was 
expected to have a major effect on the material 
removal rate but showed to the significant in the case 
of surface roughness only. Study analyses variations 
in metal removal rate and quality performance of 
roughness average (Ra) and corner deviation (CD) 
depending on parameters of wire electrical discharge 
machining process in relation to the cutting of pure 
tungsten profile. A hybrid method including response 
surface methodology and back-propagation neural 
network integrated simulated annealing algorithm 
were proposed to determine an optimal parameter 
setting. The optimized result of BPNN with 
integrated SAA was compared with that obtained by 
an RSM approach comparisons of the results of the 
algorithms and confirmation experiments show that 
both RSM and BPNN/SAA methods are effective 
tools for the optimization of parameters in WEDM 
process. An attempt has been made to optimize the 
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machining conditions for maximum material removal 
rate and maximum surface finished based on multi-
objective genetic algorithm experiments, based on 
Taguchi’s parameter design, were carried out to study 
the effect of various parameters , vize pulse peak 
current, pulse-on time, pulse-off time, wire feed, wire 
tension and flushing pressure, on the material 
removal rate and surface finish. It has been observed 
that a combination of factors for optimization of each 
performance measures is different. So mathematical 
models were developed between machining 
parameters and responses like metal removal rate and 
surface finish by using nonlinear regression analysis. 
These mathematical models were then optimized by 
using multi-objective optimization technique based 
on non-dominated sorting Algorithm-2 to obtain a 
optimal solution set. Investigation applied the designs 
of experiments and grey relational analysis (GRA) 
approach to optimize parameters for electrical 
discharge machining process of 6061 Al/Al2O3p/20P 
Aluminium metal matrix composites. Planning of 
experiments was based on an L  ,(2^1x3^5) 
orthogonal array to determine an optimal setting, the 
process parameters included one noise factor, aspect 
ratio having  two levels and five control factors, viz. 
pulse current, pulse ON time, duty cycle, gap voltage 
and tool electrode lift time with three levels each. The 
material removal rate, tool wear rate and surface 
roughness were selected as the evaluation criteria, in 
this study. Optimal combination of process 
parameters is determined by the grey relational grade 
(GRA) obtained through GRA for multiple 
performance characteristics. Analysis of variance for 
the GRG is also implemented. It is shown that 
through GRA, the optimization of the multiple 
performance characteristics can be greatly simplified. 
The WEDT process is modeled using an artificial 
neural network with feed-forward back-propagation 
algorithm and using adaptive neuro-fuzzy inference 
system. The experiments were designed based on 
Taguchi design of experiments to train the neural 
network and to test its performance. The process is 
optimized considering the two output process 
parameters, material removal rate, and surface 
roughness, which are important for increasing the 
productivity and quality of the products. Since the 
output parameters are conflicting in nature, a multi-
objective optimization method based on non-
dominated sorting genetic algorithm-2 is used to 
optimize the process. A pareto-optimal front leading 
to the set of optimal solution for material removal 
rate and surface roughness is obtained using the 
proposed algorithms. Work reports the effect and 
optimization of eight control factors on material 
removal rate (MRP), surface roughness and kerf in 
wire electrical discharge machining (WEDM) process 
for tool steel D2. The experimentation under different 
cutting conditions of wire feed velocity, dielectric 
pressure, pulse on time, open voltage, wire tension 
and servo voltage by varying the material thickness. 

Taguchi’s L  orthogonal array is employed for 
experimental design. Analysis of variance (ANOVA) 
and signal-to-noise (S/N) ratio are used as statistical 
analyses to identify the significant control factors and 
to achieve optimum levels respectively. Experiments 
are found to be in good agreement with those 
predicted. It has been found that pulse on time is the 
most significant factor affecting the surface 
roughness, kerf and material removal rate. 
 
Machining of H13 HOT DIE STEEL, with multiple 
responses material rate (MRR), surface roughness 
(Ra) based on the graey-taguchi method. Taguchi’s 
L  (21x238) orthogonal array was used to conduct 
experiments, which correspond to randomly chosen 
different combinations of process parameter setting, 
with eight process parameters: TON, TOFF, IP, 
SVWF, WT, SF,WP each to be varied in three 
different levels. the models were checked for their 
adequacy. Result of confirmation experiments 
showed that the established mathematical models can 
predict the output responses with responses with 
reasonable accuracy. 
 
Parametric optimization of end milling operation for 
Inconel 718 super alloy with multi-response criteria 
based on the taguchi orthogonal array with the grey 
relational analysis. A grey relational grade obtained 
from the greedy relational analysis is used to solve 
the end milling processed with the multiple 
performance characteristic. Additionally, the analysis 
of variance (ANOVA) is also applied to identify the 
most significant factor. Experimental result have 
shown that machining performance in the end milling 
process can be improved effectively through  this 
approach. 
 
In order to optimize the cutting parameters in wire 
EDM for SS304.The objective of optimization is to 
attain the minimum kerf width and the best surface 
quality simultaneously and separately. Stainless steel 
304 is used as a work piece, brass wire of 0.25mm 
diameter used as a tool and distilled waters is used as 
a dielectric fluid. Parameter selected for optimization 
are gap voltage, wire feed, pulse on time, and pulse 
off time. Dielectric fluid pressure, wire speed, wire 
tension, resistance and cutting length are taken as 
fixed parameters. For each experiment surface 
roughness and kerf width was determined by using 
contact type surf coder and video measuring system 
respectively. By using multi-objective optimization 
technique grey relational theory, the optimal value is 
obtained for surface roughness and kerf width and by 
using Taguchi optimization technique, optimized 
value is obtained separately. Additionally, the 
analysis of variance (ANOVA) is too useful to 
identify the most important factor. 
 
In the dry wire electrical discharge machine (WEDM) 
process, the liquid dielectric is replaced with gaseous 
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medium to enhance the machining environment 
safety. Also, this modification improves the surface 
quality of machined specimen but decreases the 
material removal rate of the process. Results 
indicated that oxygen gas and brass wire guarantee 
superior cutting velocity. Also according to ANOVA, 
pulse on time and current were found to have 
significant effect on CV and SR. 
 
Machine Setup 
Experiments has been performed on five axis CNC 
wire cut EDM (ultracut-2F) at Spack  Automotive 
limited kasna road Greater Noida (U.P.)  
Machine tools technical specifications are: 
1. Machine Tool: Ultracut F2. 
2. Table size: 860×580 mm 
3. Maximum work piece height: 300 mm 
4. Maximum work piece weight: 1000 kg 
5. Positioning accuracy: 0.005 mm 
6. positioning repeatability: ±0.002 mm. 
7. Maximum wire spool capacity: 6 kg. 
8. Wire electrode diameter: 0.25 mm (standard). 
 
Pulse Generator ELPLUS-50 F specifications:- 
1. Pulse peak voltage: 2 steps 
2. CNC controller: EMT 100W-5. 
3. Controlled axis: X, Y, U, V, Z 
 simultaneous/independent. 
4. Interpolation: Linear and Circular. 
5. Least input increment: 0.001 mm. 
6. Least command input(x, y, u, v): 0.0005mm 
7. Input powe.r supply: 3 phase, AC 415V,50Hz 
 Cutting tools setup and work material  
 
A 0.25 mm diameter brass wire and in this 
experiment in a cutting tool and steal (OHNS) plate 
of thickness 100mm and size 100mm 
X80mmX100mm is mounted on the fixture of 
machine tool and specimen of 20mm×35mm×100 
size cutout from plate. The photographic view of 
CNC wire cut EDM and experimental setup shown in 
figures. 
 
Table:1 Chemical composition of OHNS steal oil 
harden non-shrinking steal oil hardened nickel steal 

Material C Mn Cr W V 
OHNS Steel 0.95 1.15 0.5 0.5 0.2 

 
Table: 2 EDM input parameters and their levels 

 

 
Fig:1 CNC Wire cut EDM    Fig. 2 CNC Wire cut EDM side 

view 

 
Fig.3 CNC WEDM exp.set up     Fig.4 OHNS steel cut out piece 
   

Table: 3 Experimental layout using an L25 
orthogonal array and corresponding results 

Ex
pt. 
no. 

Wire 
tensi
on 

Wi
re 
fee
d 

rat
e 

Flu
sh 
pr. 

Ser
vo 
fee
d 

Material 
removal 
rate(mg/

min) 

Surfac
e 
roughn
ess 
(micro
ns) 

1. 1 1 1 1 156.7 2.37 
2. 1 2 2 2 158.3 2.54 
3. 1 3 3 3 161.4 2.89 
4. 1 4 4 4 163.1 3.12 
5. 1 5 5 5 162.8 2.90 
6. 2 1 2 3 169.1 3.29 

7. 2 2 3 4 165.3 3.15 
8. 2 3 4 5 165.1 3.13 
9. 2 4 5 1 151.9 2.15 
10. 2 5 1 2 160.4 2.81 
11 3 1 3 5 159.1 2.80 
12. 3 2 4 1 161.7 2.86 
13. 3 3 5 2 163.8 3.08 
14. 3 4 1 3 162.6 2.98 
15. 3 5 2 4 155.4 2.32 
16. 4 1 4 2 159.3 2.60 
17 4 2 5 3 161.2 2.96 
18. 4 3 1 4 166.3 3.30 
19. 4 4 2 5 169.8 3.32 
20. 4 5 3 1 167.3 3.31 
21. 5 1 5 4 163.2 3.13 
22. 5 2 1 5 157.8 2.55 
23. 5 3 2 1 151.5 2.10 
24. 5 4 3 2 156.4 2.38 

25. 5 5 4 3 158.6 2.56 
                          
The MOORA method: 
Multi objective optimization also known as multi-
criteria or multi attribute optimization, is the process 
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of simultaneously optimizing two or more conflicting 
attributes(objectives) subject to certain constraints. 
The MOORA method, first introduced. Is such a 
multi objective optimization technique that can be 
successfully applied to solve various types of 
complex decision making problems in the 
manufacturing environment. The MOORA method. 
starts with a decision matrix showing the 
performance of different alternatives with respect to 
various attributes. 
 
Step1: The first step is to determine the objective, and 
to identify the pertinent evaluation attributes. Step2: 
The next step is to represent all the information 
available for the attributes in the form of a decision 
matrix. The data given in eq. (1) are represented as 
matrix X ×  where X  is the performance measure of 
i h  alternative on j h  attribute, m is the number of 
alternatives, and n is the number of attributes. Then a 
ratio system is developed in which each performance 
of an alternative on an attribute is compared to a 
denominator which is a representative for all the 
alternatives concerning that attribute. 
                                                 

X=
x x .    x
x x .    x.
x

.
x

.     .
.  x

  …………............. (1) 

Step3: Brauers. Concluded that for this denominator, 
the best choice is the square root of the sum of 
squares of each alternative per attribute. This ratio 
can be expressed as below: 
     x∗ =x /∑ x                  ………….……(2)                   
( j=1, 2, 3,…….., n)                           
Where x  is a dimensionless number which belongs 
to the interval [0,1]  representing the normalized 
performance of i h alternative on j h attribute. 
Step 4: For multi-objective optimization, these 
normalized performances are added in case of 
maximization (for beneficial attributes) and 
subtracted in case of minimization (for non beneficial 
attributes).then the optimization problem becomes: 
 y =∑ x∗ -∑ x∗                    ……… (3) 
n =  no. of attributes 
g = Beneficial attribute (MRR) 
n-g  =  non-beneficial attribute (SRa) 
Where ‘g’ is the number of attributes to be 
maximized, (n-g) is the number of attributes to be 
minimized, and y  is the normalized assessment value 
of i h alternative with respect to all the attributes. In 
some cases, it is often observed that some attributes 
are more important than the others. In order to give 
more importance to an attribute, it could be 
multiplied with its corresponding weight. When these 
attribute weights are taken into consideration, Eq. 3 
becomes as follows: 
 

   y =∑ w x∗ -∑ w x∗        ……...  (4) 
(j=1, 2, 3,……,n) 

Where w  is the weight of j h attribute, which can be 
determined applying analytic hierarchy process 
(AHP) or entropy method. Step 5: The y  value can 
be positive or negative depending of the totals of its 
maxima (beneficial attributes) and minima (non-
beneficial attributes) in the decision matrix. An 
ordinal ranking of y  shows the final preference. thus, 
the best alternative has the highest y  value, while the 
worst alternative has the lowest y  value. 
 
Decision-making problems 
In order to demonstrate the applicability and 
potentiality of the MOORA method in solving multi-
objective decision making problems in real-time 
manufacturing environment, the following example 
are considered. 
                               
Table: 4 Quantitative data of the CNC wire cut EDM 

Exp.No. Mat. removal rate 
(mg/min) 

Surface 
roughness 
(microns) 

1 156.7 2.37 
2 158.3 2.54 
3 161.4 2.89 
4 163.1 3.12 
5 162.8 2.90 
6 169.1 3.29 
7 165.3 3.15 
8 165.1 3.13 
9 151.9 2.15 

10 160.4 2.81 
11 159.1 2.80 
12 161.7 2.86 
13 163.8 3.08 
14 162.6 2.98 
15 155.4 2.32 
16 159.3 2.60 
17 161.2 2.96 
18 166.3 3.30 
19 169.8 3.32 
20 167.3 3.31 
21 163.2 3.13 
22 157.8 2.55 
23 151.5 2.10 
24 156.4 2.38 
25 158.6 2.56 

 
MRR is considered as beneficial attribute (higher 
values are desirable), and surface roughness 
considered as non-beneficial attribute (lower values 
are desirable).The optimal values of surface 
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roughness (R ) and material removal rate (MRR) are: 
2.1 µm and 151.5 mg/min respectively. 
 

Table: 5 Assessment values for the Table: 4 

 
Table Showes the MOORA method based solution 
for cutting parameter selection problem which 
suggests that optimal cutting parameters are:material 
removal rate and surface roughness.the result are 
mached to those got through Grey relation analysis 
coupled with signal to noise ratio methodology. 
 
RESULTS AND DISCUSSIONS: 
 
The results from Moora method is found and it is 
shown from table 5, experimental trial no.23 having 
rank 1.It can seen that for a particular values of input 
parameter A5B3C2D1 is an optimal parameter 
combination for OHNS tool steel and wire cut EDM 
the corresponding range of occurrence of MRR and 
surface roughness. 
 
CONCLUSION: 
 
Experimental investigation on CNC wire electrical 
discharge machining of OHNS Tool steel has been 
done.the analysis of moora method following 
conclusions are made. the optimized input parameter 

combination to get best result parameters setting are 
at1900 (grm) wire tension, 8.5 mtr/min. wire feed 
rate, 1.5 kg/cm  flushing pressure,0.5mm/min servo 
feed rate. This method is very reliable for solving 
multi-objective optimization problem, for continuous 
quality development of the process. In the forgoing re 
it has been assumed that all response features are  
independent to each other. 
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