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Abstract - wire electrical discharge machining is a widely used specialized thermal machining process for conductive materials 
with varying hardness or complex shapes.in this present study the influence of different parameters of the wire electrical discharge 
machining process on material removal rate, surface roughness, kerf width have been studied after machining of inconel 800 by 
wedm. The design of experiment (doe) is planned as per taguchi’s l9 orthogonal array. Fuzzy logic analysis is used to solve this 
multi-objective optimization problem. Results show that pulse on time has highest impact on overall performance. 
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I. INTRODUCTION 
 
Wire electrical discharge machining is one of the 
most important non-traditional machining processes 
used for machining all conductive materials 
irrespective of their strength and hardness, impact 
resistance and intricate shapes. In WEDM, there is no 
direct contact between the tool i.e., the wire and the 
workpieces, so mechanical stresses are eliminated. 
The process parameters namely pulse on-time and 
average gap voltage have great impact on the cutting 
speed and the kerf width [1]. An increase in pulse on 
time increases both the cutting speed and kerf width. 
Kumar et al. [2] studied that factors like pulse peak 
current, pulse duration, pulse-off period, wire feed, 
wire tension and flushing pressure on the surface 
quality of machined components. It also can be 
concluded that the material removal rate and surface 
finish is influenced more by peak current, pulse 
duration, pulse-off period and wire feed than by 
flushing pressure and wire tension. Aggarwal et al. 
[3] considered all input variables to find their effect 
on cutting speed and surface roughness. The pulse-on 
time is the most influencing factor for cutting rate and 
surface roughness of Inconel 718, peak current does 
not play a significant role for WEDM. Wire feed rate 
and wire tension have been found to be insignificant 
factors for both the responses. Khan et al. [4] 
concluded that the performance measures statistically 
analyzed using analysis of variance and signal-to-
noise ratio to evaluate the effects of the selected 
variables and to determine the optimum machining 
performance for surface roughness, material removal 
rate and kerf width, it has been found that pulse on 
time is the most significant factor affecting the 
surface roughness, and material removal rate. 
Tosunetal. [5] investigate and optimize the effects of 
dielectric flushing pressure, pulse duration, wire 
speed and open circuit voltage on kerf and MRR for 
AISI 4140 steel.  Spedding et al. [6] attempted to 
model the cutting speed, surface roughness and 

surface waviness in wire EDM process through 
response-surface methodology and artificial neural 
networks (ANNs). Alias et al. [7] conducted 
experiments to uncover the influence of three 
different machine rates with constant current with 
WEDM of Titanium Ti-6Al-4V. The effects of 
different process parameters on the kerf width, 
material removal rate, surface roughness and surface 
topography are also discussed. It is observed that the 
machine feed rate play an important role in this 
experimental work. Since the low kerf and the high 
MRR are equally important goals in WEDM, equal 
machine feed rate are recommended. Gauri et al. [8] 
studied weighted principal component analysis 
method for optimizing the multiple responses of a 
WEDM process. Selvakumar et al. [9] observed the 
effect of pulse on time, pulse off time, peak current 
and wire tension on cutting speed and surface 
roughness. It is found that CS was independent on 
wire tension and Ra was independent on pulse-off 
time and wire tension. Saedon et al. [10] studied the 
effect of the WEDM process parameters on different 
responses such as surface roughness (Ra), cutting rate 
and material removal rate (MRR). Grey relational 
analysis is performed for optimizing the process 
parameter. Ramanujam et al. [11] used fuzzy based 
Principal component function coupled with Taguchi’s 
design of experiment for optimization of machining 
parameters for minimum surface roughness, and 
power consumption, and maximum material removal 
rate.  
In present study L9 orthogonal array has been chosen 
as the design of experiment. The multiple responses 
are aggregated into a single multi-performance index 
using grey relational analysis. Multi objective is 
converted into single objective i.e multi performance 
criteria index (MPCI) using weightage method 
followed by the literature survey and industrial study. 
The optimal cutting conditions for the maximum 
machinability properties with better quality have been 
investigated.  
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II. EXPERIMENTATION 
 
2.1. Performance characteristic evaluation 
2.1.1 Average Surface Roughness (Ra) 
Ra is the arithmetic mean of the absolute departures 
of the roughness profile from the mean center line 
along the sampling length. The average roughness of 
the surface after WEDM was measured by a Talysurf 
surface analyser. Unit of surface roughness is in µm. 
2.1.2Material removal rate (MRR) 
Material removal rate has been used to evaluate 
machining performance. Total volume of Material 
removal was calculated from the product ofmachining 
length, thickness of material and width of kerf. MRR 
can be measured from following equation. 
MRR = (L×T×K)/t mm3/ min    
     (1) 
Where, L is the length of cut in mm; T is the 
thickness of workpiece; K is the kerf width, t is the 
machining time in minutes. 
2.1.3 Kerf width 
The machined kerf width varies with different 
machining parameters, which greatly influences the 
machining precision.It is measured by optical 
microscope.Kerf width determines the dimensional 
accuracy of the machined part. The kerf width 

depends on the diameter of the wire in the gap, the 
spark gap, the material removal rate (debris in the 
gap), and wire vibration. 
2.2 Experimental Procedure: 
The Inconel 800 plate is mounted on the 
ELECTRONICA SPRINTCUT WEDM machine tool 
and specimens of 15mm length are cut off based on 
Taguchi’s L9 orthogonal array design. The chemical 
composition of Inconel 800 is shown in table 1. The 
input parameters and their level are shown in table 2. 
In this work the effect of process parameters such as 
pulse on time, pulse off time and peak current are 
studied to measure the responses like Material 
Removal Rate, Kerf Width and average surface 
roughness (Ra). Inconel is a combination of nickel 
and chromium alloy generally referred as difficult-to-
cut alloy due to it slow thermal conductivity and low 
heat dissipation quality at elevated temperatures. 
Inconel 800 is one of iron based exotic super alloy or 
Heat resistant alloy, mainly used in nuclear power 
plants, domestic appliances, Thermal processing 
equipment in industrial applications (such as baskets, 
trays, and fixtures), production of paper pulp, 
digester-liquor heaters, pumps, valves, Jigs, fixtures, 
aerospace and jet engine components. 

 
Table 1 Chemical composition of the metal Inconel 800 

 
 

Table 2 Input process parameter with their working level 

 
 

Table 3 Combination of process and the responses 
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III. RESULT AND DISCUSSION 
 
The performance characteristics (output parameters) 
are the dependent variables which are the output of 
the experiment during machining operation. Cutting 
speed and surface roughness are important parameters 
on WEDM since the cutting speed governs the 
economics of machining and production rate while 
the surface roughness impacts the performance of 
machined surface. Cutting speed is a desirable 
characteristic and it should be as high as possible to 
give minimum machining time and maximum 
production rate. In this work, cutting speed is a 
measure of cutting the job which is specified 
quantitatively in mm/min. It is evaluated by dividing 
the cutting length of the cutting surface with the 
required cutting time.Surface roughness is an 
important factor in machining with WEDM. It is an 

important factor that measures the machining 
performance. Surface roughness means the surface 
irregularities and craters of the machining surface. It 
should minimum for best performance measures. The 
results for the responses are shown in table 3. 
 
3.1 Dataanalysis: 
3.1.1 Effect of process parameters on 
performance measure: 
From the fig. 1 (a), it is found that Surface roughness 
increases with the increase in Ton and Current and 
decreases with the increase in Toff. From the Fig. 1 (b) 
it is clear that MRR increases with the increase in 
Ton and decreases with the increase in Toff and 
Current. From the fig. 1 (c) it is observed that Kerf 
width increases with the increase in Ton and decreases 
with the increase in Toff and Current. 
 

 

 
Fig.1: Effect plots for (a) surface roughness (Ra) (b) Material removal rate (MRR) (c) Kerf width (d) Evaluation of optimal setting 

(SN ratio plot of MPCIs) 
 
3.1.2 S/N ratio calculation 
Forpresent 
studyhigherthebetternormalizationcriteriaformaterial 
removal rateandlowerthebettercriteria are used for 
surface roughness and kerf width.  
S/N ratio of Material removal rate is computed as 

 = −10푙표푔 ∑    (2) 

S/N ratio for Ra and kerf width is computed as: 
 = −10푙표푔 	 ∑ 푦   (3) 

n is the number of tests, yij = Response 
variable.i=1,2,………n; j= 1,2,……m (m is the 
number of response) 
3.1.3 Normalization of the S/N ratio of the quality 
characteristic 
푋 (푚) = 	 

( )  ( )

 
   (4) 

푋 (푚)is the normalized data of m element in the ith 
sequence and (푚) denotes the corresponding S/N 
ratio.max andmin  are the largest and smallest 
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value of   (푚) . Basically, the larger normalized 
S/N ratio corresponds to the better performance and 
the best-normalized S/N ratio is equal to unity. It is 
shown in table 4. MPCI values are converted into 
corresponding S/N ratio using ‘larger the better’ 

criteria because higher the MPCI value implies the 
better the product quality. From Fig. 1 (d) it is seen 
that the best combination is Ton 105, Toff 30, and 
Current 200. 

 
 

Table 4 S/N ratio and Normalization of S/N ratio 

 
 

3.1.5 ANOVA for identifying the significant 
factors: 
The main purpose of the ANOVA is to identify the 
affect of each factoron individual responses and 
overall response. Results of ANOVA will determine 
very clearly the impact of each factor on the MPCI. 
Usually, the larger ‘F’ value indicating the change of 

the process parameter has a significant effect on the 
performance characteristic.Analysis of variance on 
Grey-MPCI also helps to identify the significant 
factors along with their contribution in affecting the 
responses. The output of the ANOVA was shown in 
the Table 5. 

 
Table 5 Analysis of Variance of MPCI 

 
 

CONCLUSIONS 
 
Based on experimental study and data analysis, the 
effects of process parameters (such as Ton, Toff, 
current) on each performance characteristics namely 
Average roughness, material removal rate, and kerf 
width and overall performance (MPCI) are 
systematically investigated using grey relational 
analysis and ANOVA. It was found that Ton of 120 
mu (1.1 µsec), Toff of 55 mu (36 µsec), pulse current 
of 210 Amp are the optimal combination of WEDM 
parameters based on high value of MPCI (0.7464). 
Contribution of each factor in overall performance is 
checked by ANOVA analysis. Ton is the most 
significant process parameter contributing of 76% 
followed by currentwith 8% and Toff with3% 
respectively. 
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