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Abstract- In this paper, the cutting of SS302 material using Wire electro discharge machining (EDM) with Molybdenum 
electrode by using Taguchi methodology has been reported.  The Taguchi method is used to formulate the experimental 
layout and to analyze the effect of each parameter on the machining characteristics. Optimum level of process parameters 
like current, pulse-on time and pulse-off time that would yield optimum response of surface roughness and  kerf  width are 
determined. Percentage contribution of the process parameters is calculated using ANOVA.It is found that pulse off time is 
significant factor for surface roughness, while pulse on time is significant factor for kerf width. 
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I. INTRODUCTION 
 
Electrical discharge machining(EDM) is a non-
traditional manufacturing process based on removing 
material from a part by means of a series of repeated 
electrical discharges (created  by electrical pulse 
generators at short intervals) between a tool, called 
electrode and a part being machined in the presence 
of a dielectric fluid [1]. 
 
Wire EDM machining is an electro thermal 
production process in which a fine single-strand 
metal wire in combination with de-ionized water 
enables the wire to cut through metal by the 
application of heat from electrical sparks. Due to the 
inherent properties of the process, wire EDM can 
easily machine complex parts and precision 
components out of hard conductive materials. 
 
In Wire EDM, the conductive materials are machined 
with a series of electrical discharges (sparks) that are 
produced between an accurately positioned moving 
wire (the electrode) and the work piece.  High 
frequency pulses of alternating or direct current are 
discharged from the wire to the work piece with a 
very small spark gap through an insulated dielectric 
fluid (water).  
 
Many sparks can be observed at one time. This is 
because actual discharges can occur more than one 
hundred thousand times per second, with discharge 
sparks lasting in the range of 1/1,000,000 of a second 
or less.  
 
The volume of metal removed during this short 
period of spark discharge depends on the desired 
cutting speed and the surface finish required. The 
heat of each electrical spark, estimated at around 
15,000°to 21,000° Fahrenheit, erodes away a tiny bit 

of material that is vaporized and melted from the 
work piece. 
 
In this study, the wire electrode used is made of 
Molybdenum with a diameter of 0.18mm. The work 
piece is made of SS 302.  
 
This alloy is Austenitic, ductile, non-magnetic and 
very tough. Various applications are stamping, 
spinning, wire forming industry, cryogenic 
application and in food and beverage industry. 
 
The objectives of this study are: 
 

1. To determine the level of process parameters 
like current, pulse-on time and pulse-off 
time that would yield optimum response of 
surface roughness and kerf  width. 

 
2. To determine the significance of process 

parameters with respect to response and also 
to determine the percentage contribution of 
the process parameters.  

 
II. EXPERIMENTAL PROCEDURE 
 
The experiments were performed on a NC wire cut 
machine manufactured by Steer Corporation , China. 
Cutting of work piece takes place in accordance with 
the set locus. Different settings of process parameters 
are used in the experiments. Frequency and voltage 
settings are kept constant throughout the experiments. 
The basic parts of the wire EDM (WEDM) machine 
consists of a wire, a work table, a servo control 
system, a power supply and a de-ionised water being 
supplied by a dielectric supply system.  
 
The basic mechanism of WEDM is represented in the 
figure1. 
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Figure I : Mechanism of WEDM 

 
A model of the five pointed star was created using 
AutoCAD. This dxf file was converted to STTR 
format in HF Control V7.02 to enable the machining 
of the work piece in the desired shape. The work 
piece material is SS302 which has the following 
properties:  
TABLE I: Properties of SS302 
 

 
 
A. TAGUCHI  METHOD 
The experiments were planned using Taguchi’s 
orthogonal array methodology and an L-9 orthogonal 
array was selected for our experiments. Taguchi 
method uses a special design of orthogonal arrays to 
study the entire parameter space with a small number 
of experiments only. The experimental results are 
then transformed into a signal-to-noise (S/N) ratio. 
 
Taguchi recommends the use of the S/N ratio to 
measure the quality characteristics deviating from the 
desired values.  
 
Selection of parameters is done to maximize the S/N 
ratio. S/N ratio is the   ratio o f    the   mean   to 
standard   deviation.  Signal represents the square of 
the mean value of the quality characteristic while 
noise is the measure of the variability of the 
characteristics. 
 
In the analysis of the S/N ratio there are three 
categories of performance characteristics: the lower-
the better, the higher-the-better, and the nominal- the-
better. For better performance characteristic a larger 
S/N ratio is chosen. Hence the level with the highest 
S/N ratio is the optimal level of the process 
parameters. 

A statistical analysis of variance (ANOVA) is 
performed to identify the process parameters that are 
statistically significant .In Taguchi method, a loss 
function is used to calculate the deviation between 
the experimental   value   and   the   desired   value.   
This   loss function is further transformed into a 
signal-to-noise (S/N) ratio. 
 
In WEDM, for better performance the lower value of 
surface roughness and kerf width is preferred. The 
lower-the-better criteria for surface roughness and 
kerf width was selected for obtaining optimum 
performance characteristics. 
 
The categories of performance characteristics in the 
analysis of the S/N ratio depend upon output 
parameters to be controlled [4] .For the Taguchi 
method, the signal-to-noise ratio was calculated using 
the following formula  
                          n 

S/N = -10log 1/n ( 1/yi
2 )                      (1) 

                             i=1 
 
where S/N is the signal-to-noise ratio (in dB), n is the 
number of observations, and y is the observed data. 
 
B. Parameters and their levels 
The   process   parameters   of   the   EDM   taken   
up   for experiment and their levels for the 
optimization based of Taguchi method are given in 
Table-II. 
 

TABLE II: Process Parameters and  their levels 

 
 
C. Orthogonal Array 
In L9 array, the 9 rows represent the 9 experiments to 
be conducted with 3 columns at 3 levels of 
corresponding factor. The matrix form of these arrays 
is shown in Table III, where 1, 2, 3 in the table 
represents the level of each parameters 
 
Input factors for our experiments are: 
       1. Pulse-on time 

2. Pulse-off time 
3.Current. 

Responses measured: 
1. Surface Roughness 
2. Kerf width 
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TABLE III: Taguchi L9 Orthogonal array design 

 
 
D. Data Collection and Analysis 
1. SURFACE ROUGHNESS 
In this study, the lower-the-better performance 
characteristic is selected to obtain minimum surface 
roughness. Surface Roughness is measured using 
surface roughness tester.  The experimental results for 
surface roughness and the corresponding S/N ratio 
using equation (1) are shown in Table IV. The 
response table for signal to noise ratio for surface 
roughness is shown in Table V. and the 
corresponding ANOVA table is shown in Table VI. 
 
TABLE IV: Experimental results and calculation of 
surface roughness based on Taguchi L9 orthogonal 

array. 

 
 
TABLE V:  S/N response table for surface roughness 

 
 

Optimum level of process parameters that would 
yield minimum surface roughness is A2B2C2. 

 
 
Therefore, Pulse-Off time with 47.13% contribution 
and Pulse-On time with 39.03% contribution are 
significant factors for surface roughness. 

2. KERF WIDTH 
The lower-the-better performance characteristic is 
selected to obtain minimum kerf width. Kerf Width is 
measured using stereozoom microscope. The 
experimental results for kerf width and the 
corresponding S/N ratio using equation (1) are shown 
in Table VII. 
 
The response table for signal to noise ratio for kerf 
width is shown in Table VIII.and the corresponding 
ANOVA table is shown in Table IX.  

 
TABLE VII: Experimental results and calculation of 

kerf width based on Taguchi L9 orthogonal array. 

 
 

TABLE VIII:  S/N response table for Kerf width 

 
 

Optimum level of process parameters that would 
yield minimum kerf width is A2B1C3 

 
TABLE IX: ANOVA table for Kerf width 

 
Therefore, Pulse on time with 60.07% is the most 
significant factor 
 

E.GRAPHS 

 
Figure S/N ratio curve for surface roughness 

 

 
    Figure S/N ratio curve for kerf width 
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CONCLUSION 
 

1. Pulse Off time with 47.13% contribution and 
Pulse On time with 39.03% contribution are 
significant factors for surface roughness. 

2. Pulse on time with 60.07% is the most 
significant factor for kerf width. 

3. In Taguchi L9 orthogonal matrix 
experiment, no interactions between the 
input factors are considered, however some 
interactions may be present, This would lead 
to some observations which do not go with 
the theoretical belief.    
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