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Abstract 
 
   In the present work, 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 viz. material removal rate (MRR), roughness value of the worked surface (a measure of surface 
finish, SF) and kerf have been measured for each of the experimental runs; which correspond to randomly chosen different 
combinations of factor setting. These data have been utilized to fit a quadratic mathematical model (Response Surface Model) 
for each of the responses, which can be represented as a function of the aforesaid six process parameters. Predicted data have 
been utilized for identification of the parametric influence in the form of graphical representation for showing influence of the 
parameters on selected responses. Predicted data given by the models (as per Taguchi’s L27 (3*6) Orthogonal Array (OA) 
design) have been used in search of an optimal parametric combination to achieve desired yield of the process: maximum MRR, 
good surface finish (minimum roughness value) and dimensional accuracy of the product. Grey relational analysis has been 
adopted to convert this multi-objective criterion into an equivalent single objective function; overall grey relational grade, which 
has been optimized (maximized) by using Taguchi technique. Optimal setting has been verified through confirmatory 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.  
 
Keywords: Wire EDM; MRR; response surface methodology; Orthogonal Array (OA)  

 
1. Introduction 
 
   WEDM is a thermo-electrical process in which material is eroded from the work piece by a series of discrete sparks between the 
work piece and the wire electrode (tool) separated by a thin film of dielectric fluid (deionized water) which is continuously fed to 
the machining zone to flush away the eroded particles. The movement of wire is controlled numerically to achieve the desired 
three-dimensional shape and accuracy of the work piece. The schematic diagram of WEDM is shown in Fig.1 along with dielectric 
flow, power supply, working table and other control devices.  

It is evident from Fig.1 that it is absolutely essential to hold the wire in a designed position against the object because the wire 
repeats complex oscillations due to electro-discharge between the wire and work piece. Normally, the wire is held by a pin guide at 
the upper and lower parts of the work piece. In most cases, the wire will be discarded once used. However, there are problematic 
points that should be fully considered in order to enhance working accuracy. According to Trezise (1982), the fundamental limits 
on machining accuracy are dimensional consistency of the wire and the positional accuracy of the worktable. Most of the 
uncertainties arise because the working region is an unsupported section of the wire, remote from the guides. The detailed section 
of the working region of the wire electrode is shown in Fig. 2.  
   Rajurkar and Wang (1993) analyzed the wire rupture phenomena with a thermal model. An extensive experimental investigation 
has been carried out to determine the variation of machining performance outputs viz., MRR and SF with machining parameters in 
the study. Tarng et al. (1995) used a neural network system to determine settings of pulse duration, pulse interval, peak current, 
open circuit voltage, servo reference voltage, electric capacitance, and table speed for the estimation of cutting speed and surface 
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finish. Scott et al. (1991) used a factorial design method to determine the optimal combination of control parameters in WEDM, 
the measures of machining performance being the metal removal rate and the surface finish. Based on the analysis of variance, it 
was found that discharge current, pulse duration and pulse frequency are significant control factors for both the metal removal rate 
and surface roughness. Lok and Lee (1997) compared the machining performance in terms of MRR and surface finish through 
observations obtained by processing of two advanced ceramics under different cutting conditions using WEDM. Huang et al. 
(1999) investigated experimentally the effect of machining parameters on the gap width, the surface roughness, and the depth of 
white layer on the machined work piece surface. Rozenek et al. (2001) used a metal matrix composite as work piece material and 
investigated the variation of machining feed rate and surface roughness with machining parameters. Tosun and Cogun (2003) 
investigated the effect of machining parameters on wire wear ratio based on the weight loss of wire in WEDM. Tosun et al. (2003) 
introduced a statistical approach to determine the optimal machining parameters for minimum size of wire craters in WEDM. 
Mahapatra and Patnaik (2007) applied Taguchi method and Genetic Algorithm to obtain an optimal parametric combination to 
achieve desired quality of the machined product. It was found that; it may so happen, the optimal result predicted by GA cannot be 
achieved in reality; due to nonexistence of the optimal parameter combination in the machine. So, in reality a compromise has to 
be made to select the next possible factor combination; very close to the optimal. Taguchi method is comparatively advantageous 
in that context. It selects levels of parameters which are included in the capacity of parameter variation of the machine; and the 
optimal setting it offers, can be inserted to the machine. But the drawback of Taguchi technique is that it cannot solve multi-
objective optimization problem.   
 
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Schematic diagram of WEDM (Mahapatra and Patnaik, 2007) 
 

   The most important performance measures in WEDM are metal removal rate, surface finish and cutting width (kerf). They 
depend on machining parameters like discharge current, pulse duration, pulse frequency, wire speed, wire tension and dielectric 
flow rate. Among other performance measures, the kerf, which determines the dimensional accuracy of the finishing part, is of 
extreme importance. The internal corner radius to be produced in WEDM operations is also limited by the kerf. The gap between 
wire and work piece usually ranges from 0.025 to 0.075 mm and is constantly maintained by a computer controlled positioning 
system.  In WEDM operations, material removal rate determine the economics of machining and rate of production where as kerf 
denotes degree of precision.  
    In setting the machining parameters, particularly in rough cutting operation, the goal is threefold - the maximization of MRR, 
maximization of SF and minimization of kerf. Generally, the machine tool builder provides machining parameter table to be used 
for setting machining parameter. This process relies heavily on the experience of the operators. In practice, it is very difficult to 
utilize the optimal functions of a machine owing to there being too many adjustable machining parameters. With a view to 
alleviate this difficulty, a simple but reliable method based on statistically designed experiments is suggested for investigating the 
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effects of various process parameters on MRR, SF and kerf and determines optimal process settings. In the present work, data have 
been collected from few experimental runs with randomly chosen factor combinations. A quadratic model has been fitted for 
identification of the process to establish approximate interrelation among various process parameters as well as response variables. 
These mathematical models have been utilized to generate data as per Taguchi design. Finally, grey-based Taguchi technique has 
been adopted to evaluate the optimal process environment.   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.   Detail of WEDM cutting gap (Mahapatra and Patnaik, 2007) 

2.  Experimentation and Data Collection 
 

The experiments have been performed on ROBOFIL 100 high precision 5 axis CNC WEDM, which is manufactured by 
Charmilles Technologies Corporation. The basic parts of the WEDM machine consists of a wire, a worktable, a servo control 
system, a power supply and dielectric supply system. The ROBOFIL 100 allows the operator to choose input parameters according 
to the material and height of the work piece and tool material from a manual provided by the WEDM manufacturer. The 
ROBOFIL 100 WED machine has several special features. The pulse power supply uses a transistor controlled RC circuit. The 
discharge energy is determined by the value of the capacitor that is parallel to the machining gap. The experimental set-up for the 
data acquisition of the sparking frequency and machine table speed is illustrated in Fig. 3. 
The input and fixed parameters used in the present study are also listed in Table 1. These have been chosen through review of 
literature, experience, and some preliminary investigations. Different settings of discharge current, pulse duration, pulse frequency, 
wire speeds, wire tension, and dielectric flow rate used in the experiments are shown in Table 2.  

 
Table 1.   Parameters of the setting 

Control Factors             Symbols Fixed parameters 

Discharge Current 1X  Wire 
Zinc coated copper wire, 
Stratified, copper, 
diameter  0.25 mm 

Pulse Duration 2X  Shape Rectangular product 

Pulse Frequency 3X  
Location of work 
piece on working 
table 

At the center of the table 

Wire Speed 4X  Angle of cut Vertical 

Wire Tension 5X  Dimension of work 
piece 

Thickness = 10 mm 
Height = 25 mm 

Dielectric Flow Rate 6X  Stability Servo control 
 
    Each time an experiment has been performed, a particular set of input parameters has been chosen and the work piece, a block 
of D2 tool steel (1.5%C, 12% Cr, 0.6%V, 1% Mo, 0.6% Si, 0.6% Mn and balance Fe) with 200 mm × 25 mm ×10 mm size, has 
been cut 100 mm length with 10 mm depth along the longer length. A 0.25 mm diameter stratified wire (Zinc coated copper wire) 
with vertical configuration has been used and discarded once used. High MRR in WEDM without wire breakage can be attained 
by the use of zinc coated copper wire because evaporation of zinc causes cooling at the interface of work piece and wire and a 
coating of zinc oxide on the surface of wire helps to prevent short-circuits (Sho et al., 1989). 
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Figure 3.   Experimental set-up of Robofil100 WEDM (Mahapatra and Patnaik, 2007) 
 

 
Table 2.  Control factors and their limits (domain of experiments) 

                       Level 
Control Factor 1 2 3 Unit 

 Discharge Current  16.00 24.00 32.00 amp 
 Pulse Duration    3.20   6.40 12.80 µsec 
 Pulse Frequency  40.00 50.00 60.00 KHz 
Wire Speed    7.60   8.60   9.20 m/min 
Wire Tension   1000.00  1100.00   1200.00 g 
Dielectric Flow Rate    1.20       1.30    1.40 bars 

 
     The most important performance measures in WEDM are metal removal rate, work piece surface finish and cutting width. The 
surface finish value (in µm) has been obtained by measuring the mean absolute deviation, Ra (surface roughness) from the average 
surface level using a type C3A Mahr Perthen Perthometer (stylus radius of 5 μm). The kerf has been measured using the Mitutoyo 
tools makers’ microscope (x100), which can be expressed as sum of the wire diameter and twice of wire-work piece gap.  The kerf 
value is the average of five measurements made from the work piece with 20 mm increments along the cut length. MRR is 
calculated as, 
    
MRR=k.t.vc.ρ                                                                                                                                                                                       (1) 
 
Here, k is the kerf, t is the thickness of work piece (10 mm), vc is cutting speed and ρ is the density of the work piece material (7.8 
g/cm3). 
 
3. Table Figures and Equations 
 
   The response function representing each of the six responses can be expressed as follow:  
 

),,,,,( 654321 XXXXXXfY =                                                                                                                                                    (2) 

Here =Y Response and 
6,5,4,3,2,1=iiX are the factors. 

The second order response surface model for the six selected parameters is given by equation (3): 
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The above second order response surface model could be expressed as follows:  
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Here 0β is free term of the regression equation, the coefficients of quadratic terms are  

665544332211 ,,,,, ββββββ  and the coefficients 1612,ββ are interaction terms.  

Based on information available from the literature; the interactive terms of the factors 21 * XX  and  61 * XX  have been 
highlighted in the proposed model. Interaction effect of other parameters has been assumed negligible; therefore, the 
corresponding interactive terms have been omitted from the model.  
 
The above mathematical model (equation 3) can be simplified into a linear regression model as follow:   
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    The coefficients of the linear regression model (equation 5) have been evaluated by statistical Software Package MINITAB 14. 
The level of significance of the factor coefficients have been checked by Analysis of Variance (ANOVA) technique at 95% 
confidence level. The final reduced models for MRR, SF and kerf are given below in equations (6) to (8); and represented 
graphically in the Appendix (Fig. a to r). The trends have been found consistent to interpret the correlation among process 
parameters as well as process responses physically. Those trends have been tabulated in Table 11 of Appendix.   
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4. Parametric optimization 
 
4.1 Data generation as per Taguchi L27 OA design  
  
    The WEDM process consists of three operations, a roughing operation, a finishing operation, and a surface finishing operation. 
Usually, performance of various types of cutting operations is judged by different measures. In case of finish cutting operation, the 
surface finish is of primary importance whereas both metal removal rate and surface finish are of primary importance for rough 
cutting operation. Dimensional accuracy is highly dependent on cutting width. This means that the rough cutting operation is more 
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challenging because three goals must be satisfied simultaneously. Therefore, the rough cutting phase is investigated in the present 
approach considering three performance goals like MRR, SF and kerf. In this study, Taguchi method, a powerful tool for 
parameter design of the performance characteristics has been used to determine optimal machining parameters for maximization of 
MRR and minimization of SF and kerf in wire EDM.  
    Experiments have been carried out using Taguchi’s L27 Orthogonal Array (OA) experimental design which consists of 27 
combinations of six process parameters. According to the design catalogue (Peace, 1993) prepared by Taguchi, L27 Orthogonal 
Array design of experiment has been found suitable in the present work. It considers four process parameters (without interaction) 
to be varied in three discrete levels. Based on Taguchi’s L27 Orthogonal Array design (Table 3), the predicted data provided by the 
mathematical models can be transformed into a signal-to-noise (S/N) ratio; based on three criteria. The characteristic that higher 
value represents better machining performance, such as MRR, ‘higher-the-better, HB; and inversely, the characteristic that lower 
value represents better machining performance, such as surface roughness, kerf is called ‘lower-the-better’, LB. Therefore, HB for 
the MRR, LB for the SF and kerf have been selected for obtaining optimum machining performance characteristics. The loss 
function (L) for objective of HB and LB is defined as follows:  
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Here MRRy , SFy  and fyker  represent response for metal removal rate, surface finish and cutting width respectively and n denotes 
the number of experiments.                  
 

Table 3.  Taguchi’s L27 OA design 
Ex. No. 1X  2X  3X  4X  5X  6X  

1 1 1 1 1 1 1 
2 1 1 1 1 2 2 
3 1 1 1 1 3 3 
4 1 2 2 2 1 1 
5 1 2 2 2 2 2 
6 1 2 2 2 3 3 
7 1 3 3 3 1 1 
8 1 3 3 3 2 2 
9 1 3 3 3 3 3 

10 2 1 2 3 1 2 
11 2 1 2 3 2 3 
12 2 1 2 3 3 1 
13 2 2 3 1 1 2 
14 2 2 3 1 2 3 
15 2 2 3 1 3 1 
16 2 3 1 2 1 2 
17 2 3 1 2 2 3 
18 2 3 1 2 3 1 
19 3 1 3 2 1 3 
20 3 1 3 2 2 1 
21 3 1 3 2 3 2 
22 3 2 1 3 1 3 
23 3 2 1 3 2 1 
24 3 2 1 3 3 2 
25 3 3 2 1 1 3 
26 3 3 2 1 2 1 
27 3 3 2 1 3 2 
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The S/N ratio can be calculated as a logarithmic transformation of the loss function as shown below.  

S/N ratio for MRR = -10log 10( HBL )                                                                                                                                               (12) 

S/N ratio for SF = -10log 10 ( LBL )                                                                                                                                                  (13) 

S/N ratio for kerf = -10log 10 ( LBL )                                                                                                                                                (14) 
 
   The optimal setting would be the one which could achieve highest S/N ratio. However, traditional Taguchi method can optimize 
a single objective function; it cannot solve multi-objective optimization problem (Datta et al., 2006; Moshat et al., 2010). So, 
MRR, SF and kerf can be optimized individually by using this Taguchi technique. But it may so happen that, the optimal setting 
for a response variable cannot ensure other response variables within acceptable limits. So, one should go for such an optimal 
parameter setting so that all the objectives should fulfill simultaneously; (maximum MRR, minimum SF and minimum kerf). 
These will be achieved using grey based Taguchi method as discussed below. This method can convert several objective functions 
into an equivalent single objective function (representative of all desired response characteristics of the product/process), which 
would be maximized next. 
 
4.2 Grey relational analysis theory  
   
     In grey relational analysis, experimental data i.e. measured features of quality characteristics are first normalized ranging from 
zero to one. The process is known as grey relational generation. Next, based on normalized experimental data, grey relational 
coefficient is calculated to represent the correlation between the desired and actual experimental data. Then overall grey relational 
grade is determined by averaging the grey relational coefficient corresponding to selected responses. The overall performance 
characteristic of the multiple response process depends on the calculated grey relational grade. This approach converts a multiple 
response process optimization problem into a single response optimization situation with the objective function is overall grey 
relational grade. The optimal parametric combination is then evaluated which would result into highest grey relational grade. The 
optimal factor setting for maximizing overall grey relational grade can be performed by Taguchi method.    
   In grey relational generation, the normalized data i.e. surface finish and cutting width, corresponding to lower-the-better (LB) 
criterion can be expressed as (Datta et al., 2008): 

)(min)(max
)()(max)(
kyky

kykykx
ii
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−
=                                                                                                                                                  (15) 

MRR should follow higher-the-better criterion (HB), which can be expressed as: 
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Here )(kxi is the value after grey relational generation, )(min kyi is the smallest value of )(kyi for the kth response, and 

)(max kyi is the largest value of )(kyi for the kth response. An ideal sequence is )27,.......,3,2,1()(0 =kkx for the 
responses. The definition of grey relational grade in the course of grey relational analysis is to reveal the degree of relation 
between the 27 sequences )27,.......,3,2,1(),()(0 =kkxandkx i . The grey relational coefficient )(kiξ can be calculated as: 
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Here )()(00 kxkx ii −=Δ = difference of absolute value )(0 kx and )(kxi ; ψ  is the distinguishing coefficient 10 ≤≤ψ ; 

)()(0
minmin

min kxjkxkij −∀∈∀=Δ = the smallest value of i0Δ ; and )()(0
maxmax

max kxjkxkij −∀∈∀=Δ = the largest 

value of i0Δ . After averaging the grey relational coefficients, the grey relational grade iγ can be computed as: 

∑
=

=
n

k
ii k

n 1
),(1 ξγ                                                                                                                                                                              (18) 

Here n is the number of process responses.           
   The higher value of grey relational grade corresponds to intense relational degree between the reference sequence )(0 kx and 

the given sequence )(kxi . The reference sequence )(0 kx represents the best process sequence; therefore, higher grey relational 
grade means that the corresponding parameter combination is closer to the optimal. The mean response for the grey relational 
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grade with its grand mean and the main effect plot of grey relational grade are very important because optimal process condition 
can be evaluated from this plot.   
 
4.3 Grey-Taguchi technique for multi-objective optimization 
 
   Generated data (Table 4) have been normalized first (grey relational generation). The normalized data for each of the parameters 
of process output viz. MRR, Ra, Kerf have been furnished in Table 5. Grey relational coefficients for each performance 
characteristics have been calculated and furnished in Table 7. This calculation requires the estimation of quality loss i0Δ  of each 
response from its best suited value (Table 6). These grey relational coefficients for each response have been accumulated to 
evaluate overall grey relational grade (Table 8). Equal weight age has been given to all the responses (0.333). The mean response 
Table for the overall grey relational grade is shown in Table 9. The optimal parameter setting has been evaluated from the Figure 
3. The optimal setting comes: 

Parameter Optimal level 

1X  1 

2X  1 

3X  1 

4X  1 

5X  3 

6X  3 
 
The optimal setting has been verified by confirmatory test, showed good agreement with the predicted value. This has been shown 
in Table 10. 
 

Table 4.  Response data 

Ex. No. MRR 
(g/min) 

Ra 
(μm) 

Kerf 
(mm) 

1 0.2114 3.7195 0.3516 
2 0.2006 3.6107 0.3291 
3 0.1898 3.5019 0.3066 
4 0.3335 4.1017 0.5471 
5 0.3227 3.9929 0.5246 
6 0.3119 3.8841 0.5021 
7 0.4556 4.4839 0.7426 
8 0.4448 4.3751 0.7201 
9 0.4340 4.2663 0.6976 

10 0.2796 3.7730 0.4404 
11 0.2688 3.6642 0.4179 
12 0.2580 3.8386 0.3954 
13 0.4008 4.0184 0.6158 
14 0.3900 3.9096 0.5933 
15 0.3792 4.0840 0.5708 
16 0.5445 4.4588 0.8359 
17 0.5337 4.3500 0.8134 
18 0.5229 4.5244 0.7909 
19 0.3469 3.6897 0.5091 
20 0.3361 3.8641 0.4866 
21 0.3253 3.7553 0.4641 
22 0.4906 4.1301 0.7292 
23 0.4798 4.3045 0.7067 
24 0.4690 4.1957 0.6842 
25 0.6118 4.3755 0.9046 
26 0.6010 4.5499 0.8821 
27 0.5902 4.4411 0.8596 
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Table 5.  Normalized data (Grey relational generation) 

Ex. No. MRR 
(g/min) 

Ra 
(μm) 

Kerf 
(mm) 

1 0.0512 0.7924 0.9247 
2 0.0256 0.8962 0.9624 
3 0.0000 1.0000 1.0000 
4 0.3405 0.4277 0.5978 
5 0.3149 0.5315 0.6355 
6 0.2893 0.6353 0.6731 
7 0.6299 0.0630 0.2709 
8 0.6043 0.1668 0.3085 
9 0.5787 0.2706 0.3462 

10 0.2128 0.7413 0.7763 
11 0.1872 0.8451 0.8139 
12 0.1616 0.6787 0.8515 
13 0.5000 0.5072 0.4829 
14 0.4744 0.6110 0.5206 
15 0.4488 0.4446 0.5582 
16 0.8405 0.0869 0.1149 
17 0.8149 0.1907 0.1525 
18 0.7893 0.0243 0.1901 
19 0.3723 0.8208 0.6614 
20 0.3467 0.6544 0.6990 
21 0.3211 0.7582 0.7366 
22 0.7128 0.4006 0.2933 
23 0.6872 0.2342 0.3309 
24 0.6616 0.3380 0.3686 
25 1.0000 0.1664 0.0000 
26 0.9744 0.0000 0.0376 
27 0.9488 0.1038 0.0753 

 
 

Table 6.  Evaluation of i0Δ  for each of the responses 

Ex. No. MRR 
(g/min) 

Ra 
(μm) 

Kerf 
(mm) 

Ideal Sequence 1 1 1 
1 0.9488 0.2076 0.0753 
2 0.9744 0.1038 0.0376 
3 1.0000 0.0000 0.0000 
4 0.6595 0.5723 0.4022 
5 0.6851 0.4685 0.3645 
6 0.7107 0.3647 0.3269 
7 0.3701 0.9370 0.7291 
8 0.3957 0.8332 0.6915 
9 0.4213 0.7294 0.6538 

10 0.7872 0.2587 0.2237 
11 0.8128 0.1549 0.1861 
12 0.8384 0.3213 0.1485 
13 0.5000 0.4928 0.5171 
14 0.5256 0.3890 0.4794 
15 0.5512 0.5554 0.4418 
16 0.1595 0.9131 0.8851 
17 0.1851 0.8093 0.8475 
18 0.2107 0.9757 0.8099 
19 0.6277 0.1792 0.3386 
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Ex. No. MRR 
(g/min) 

Ra 
(μm) 

Kerf 
(mm) 

Ideal Sequence 1 1 1 
20 0.6533 0.3456 0.3010 
21 0.6789 0.2418 0.2634 
22 0.2872 0.5994 0.7067 
23 0.3128 0.7658 0.6691 
24 0.3384 0.6620 0.6314 
25 0.0000 0.8336 1.0000 
26 0.0256 1.0000 0.9624 
27 0.0512 0.8962 0.9247 

 
 

Table 7.  Grey relational coefficient of each performance characteristics ( 5.0=Ψ ) 

Ex. No. MRR 
(g/min) 

Ra 
(μm) 

Kerf 
(mm) 

1 0.3451 0.7066 0.8691 
2 0.3391 0.8281 0.9301 
3 0.3333 1.0000 1.0000 
4 0.4312 0.4663 0.5542 
5 0.4219 0.5163 0.5784 
6 0.4130 0.5782 0.6047 
7 0.5746 0.3479 0.4068 
8 0.5582 0.3750 0.4196 
9 0.5427 0.4067 0.4334 

10 0.3884 0.6590 0.6909 
11 0.3809 0.7635 0.7288 
12 0.3736 0.6088 0.7710 
13 0.5000 0.5036 0.4916 
14 0.4875 0.5624 0.5105 
15 0.4756 0.4738 0.5309 
16 0.7582 0.3538 0.3610 
17 0.7298 0.3819 0.3711 
18 0.7035 0.3388 0.3817 
19 0.4434 0.7362 0.5962 
20 0.4335 0.5913 0.6242 
21 0.4241 0.6740 0.6550 
22 0.6352 0.4548 0.4144 
23 0.6152 0.3950 0.4277 
24 0.5964 0.4303 0.4419 
25 1.0000 0.3749 0.3333 
26 0.9513 0.3333 0.3419 
27 0.9071 0.3581 0.3510 

 
 

Table 8.  Overall grey relational grade 
Ex. No. Overall grey relational grade 

1 0.6403 
2 0.6991 
3 0.7778 
4 0.4839 
5 0.5055 
6 0.5320 
7 0.4431 
8 0.4509 
9 0.4609 
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Ex. No. Overall grey relational grade 
10 0.5794 
11 0.6244 
12 0.5845 
13 0.4984 
14 0.5201 
15 0.4934 
16 0.4910 
17 0.4943 
18 0.4747 
19 0.5919 
20 0.5497 
21 0.5844 
22 0.5015 
23 0.4793 
24 0.4895 
25 0.5694 
26 0.5422 
27 0.5387 

 
Table 9.  Table for mean of the overall grey relational grade   

Level 1X  2X  3X  4X  5X  6X  
1 0.5548 0.6257 0.5608 0.5866 0.5332 0.5212 
2 0.5289 0.5004 0.5511 0.5230 0.5406 0.5374 
3 0.5385 0.4961 0.5103 0.5126 0.5484 0.5636 

Delta 0.0259 0.1296 0.0505 0.0740 0.0152 0.0424 
Rank 5 1 3 2 6 4 

 
 
   Within selected experimental domain the most significant factor becomes pulse duration. Next to pulse duration wire speed, 
pulse frequency dielectric flow rate, discharge current and wire tension are the parameters in order to influence on responses.   
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Figure 3. Evaluation of optimal parameter setting 
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Table 10.  Results of the confirmation experiment for MRR 
Optimal machining parameter  

Prediction Experimental 
Level )3()3()1()1()1()1( 654321 XXXXXX  )3()3()1()1()1()1( 654321 XXXXXX  

S/N ratio for  
overall grey relational grade 

 
-2.62050 

 
-2.5900 

 
 
5. Conclusions 
 
    In the foregoing reporting, an attempt has been made to establish mathematical models to highlight parametric influence on 
three selected process responses: material removal rate, surface roughness value and width of cut. Response Surface Method has 
been found efficient for prediction of process responses for various combinations of factor setting. Apart from modeling and 
simulation, application of grey based Taguchi technique has been utilized to evaluate optimal parameter combination to achieve 
maximum MRR, minimum roughness value and minimum width of cut; with selected experimental domain. This method is very 
reliable for solving multi-objective optimization problem; for continuous quality development of the process/product. In the 
foregoing research it has been assumed that all response features are uncorrelated i.e. they are independent to each other. The 
response correlation if it exists may be considered in future research.  
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Figure a. Effect of discharge current on MRR 
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Figure b. Effect of discharge current on roughness value 
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Figure c. Effect of discharge current on cutting width 
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Figure d. Effect of pulse duration on MRR 
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Figure e. Effect of pulse duration on roughness value 
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Figure f. Effect of pulse duration on width of cut 
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Figure g. Effect of pulse duration on MRR 
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Figure h. Effect of pulse duration on roughness value 
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Figure i. Effect of pulse duration on width of cut 
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Figure j. Effect of wire speed on MRR 
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Figure k. Effect of wire speed on roughness value 
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Figure l. Effect of wire speed on width of cut 
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Figure m. Effect of wire tension on MRR 

 



 Datta and Mahapatra/ International Journal of Engineering, Science and Technology, Vol. 2, No. 5, 2010, pp. 166-183 

 

180

 

2

2.5

3

3.5

4

4.5

5

0 0.5 1 1.5 2 2.5 3 3.5

Levels of wire tension

Ro
ug

hn
es

s 
va

lu
e Except wire tension all

factors are in level1
Except wire tension all
factors are in level 2
Except wire tension all
factors are in level 3

 
Figure n. Effect of wire tension on roughness value 
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Figure o. Effect of wire tension on width of cut 
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Figure p. Effect of dielectric flow rate on MRR 
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Figure q. Effect of dielectric flow rate on roughness value 
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Figure r. Effect of dielectric flow rate on width of cut 

 
Table 11. Effect of process parameters  

Response Parameter Effect 
MRR Positive  
Roughness value Positive 
Width of cut 

Discharge Current  
Positive 

MRR Positive 
Roughness value Positive 
Width of cut 

Pulse Duration  
Positive 

MRR Negative  
Roughness value Negative 
Width of cut 

Pulse Frequency  
Negative 

MRR Positive 
Roughness value Positive 
Width of cut 

Wire Speed  
Positive 

MRR Negative  
Roughness value Negative 
Width of cut 

Wire Tension  
Negative 

MRR No specific trend is predicted in  
selected domain of experiment 

Roughness value Negative  

Width of cut 

Dielectric Flow Rate  
No specific trend is predicted in selected 
domain of experiment 

N.B. Positive effect: With increase in parameter, response increases   
         Negative effect: With increase in parameter, response decreases   
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