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Abstract: Wire electric discharge machining is widely used machining method in present industry which specializes in cutting 
complex shapes or geometries. The literature survey has revealed that a little research has been carried out to obtain the optimal 
levels of machining parameters that yield the best machining quality in machining of difficult to machine materials like Monel K-
500. Monel K-500 is extensively used for pump shafts, springs, and impeller. In the present work, experimental investigations on 
wire electric discharge machine to model cutting rate and surface roughness of Monel K-500 using response surface methodology 
is reported. Performance characteristics namely the cutting rate and surface roughness are chosen to evaluate the machining 
effects. The process parameters selected in this study are pulse-on time, pulse-off time, servo voltage and wire feed rate. 
Experiments have been planned according to the central composite design of response surface methodology. The experimental 
results show when pulse-on time increases, then cutting rate as well as surface roughness increases whereas, when pulse-off time 
increases, then cutting rate as well as surface roughness decreases. Pulse-on time has direct effect on the cutting rate. Further. 
Further cutting rate decreases with increase in servo voltage but it increases with decrease in servo voltage. Wire feed rate has no 
effect on cutting rate and surface roughness.   

________________________________________________________________________________________________________ 

I. INTRODUCTION 
Electric discharge machining is non-conventional machining process which contains the removal of material by using sparks 
discharges. We know that when two current conducting wires are allowed to touch each other than arc is produced. When the point 
of contact between two wires is closely examined, it will be noted that a small portion of the metal has been removed away, leaving 
a small crater. The electrical discharge machining process consists of a tool and work piece which are connected to a DC power 
supply and placed in a dielectric fluid. When a voltage is applied to the tool then electrical arc is generated causing sufficient 
heating to melt the portion of the work piece and usually some of the tooling material as well the dielectric fluid acts as flushing 
medium to provide cooling medium. The gap between tool and work piece is critical. The downward feed of the tool is controlled 
by servo mechanism which automatically maintains a constant gap. Electrodes for electrical discharge machining are usually made 
of brass, tungsten, graphite and copper tungsten alloy could be used. 
 CHEMICAL COMPOSITION OF Monel K-500 
Monel K-500 is a nickel copper alloy used for experiment work. It has a high strength and hardness because adding aluminum and 
titanium to the nickel copper the excellent corrosion resistance characteristic of strength and hardness. The Monel K-500 has been 
found to be resistant to sour gas environment. The Monel K-500 has a greater tendency toward stress corrosion cracking in same 
environments. Table 1 gives the chemical composition of the MONEL K-500. 
 

Table 1 Chemical Composition of MONEL K-500 

 

II. LITERATURE 
  The previous research of WEDM show its application for machining of a vast range of material such as steels, composites, 

titanium alloys and super-alloys, but major examination is focused on machining of Monel alloys. Most of these studies have been 
reported on modeling and optimization of machining parameters. A brief review of various researches is as Ebeid et al. (2003) had 
proposed a knowledge-based system for the selection of an optimal setting of process parameters. It helps in diagnosing the 
machining conditions particularly for WEDM. In this study, sample outcomes for Al 6061 and alloy steel 2417 were presented in 
the form of particular charts. These charts help WEDM users to improve the performance of the WEDM process. Saha et al. (2004) 
developed a new approach based on finite element modeling which leads towards optimization procedures for analyzing the 
process of WEDM. The outcomes of the modeling and optimization concluded that the non-uniform heating is a most significant 
factor which may affects the thermal strains Tosun et al. (2004) had analyzed the effect of machining parameters on the 
performance parameters i.e. kerf width and material removal rate (MRR). They used ANOVA method as optimization tool. During 
the investigation, they had concluded that the open circuit voltage and pulse duration are most effective parameters, whereas 
flushing pressure and wire feeding rate are less effective factors. Puri and Bhattacharyya (2005) made a model for the white layer 
depth with response surface methodology. A white layer considered a main problem on a work piece surface machined with 
WEDM. An experiment plan for rotatable central composite design of second order involving five variables with five levels has 

Content Ni Cu Fe S C Mg Si Al Ti 
% 63 % 27 % 2 % .01 % .25 % 1.5 % .5 % 2.3-3.5 % .35-.85 % 
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been employed to carry out the experiment investigation and subsequently to establish the mathematical model correlating the input 
process parameters with response Kuriakose and Shunmugam (2005) optimized the WEDM process for titanium alloys by non-
dominated sorting genetic algorithm and found that there was no single optimal combination of cutting parameters, as their 
influences on the cutting velocity and the surface finish are quite opposite Hewidy et al. (2005) developed mathematically models 
correlating the varies WEDM machining parameters such as peak current, duty factor, wire tension and water pressure with metal 
removal rate, wear ratio and surface roughness based on the response surface methodology Ramakrishnan and Karunamoorthy 
(2006) optimized the multi-responses viz., material removal rate, surface roughness, and wire wear ratio with the help of Taguchi 
robust design of experiments. The input process parameters were pulse-on time, wire tension, delay time, wire feed speed and 
ignition current intensity. Sanchez et al. (2007) studied the corner geometry by successive cuts (roughing and finishing) and effect 
of cutting speed limitation on accuracy of WEDM corner cutting, they found corner radius as an important function in the output 
results obtained. However in finishing cuts, the value of limitation depends on factors such as work piece thickness, corner radius 
and number of finishing cuts. It is possible to achieve and optimum fit along the whole corner since the materials are removed by 
previous cuts were not constant. Yan and Fang (2008) proposed a genetic algorithm based fuzzy logic controller to investigate the 
dynamic performance of the closed-loop wire tension control system. Experimental results demonstrate that the developed wire 
transport system can result in satisfactory transient response, steady-state response and robustness. Singh and Khanna (2011) 
worked on cryogenic treated D-3 as a work piece and brass wire as a tool. Charmills Technologies Robofill 290 was the machine 
tool used for research work. The planning of experiment was carried by Taguchi technique and L27 orthongonal array was selected. 
The results show that cutting rate decreases with increase in pulse width, time between two pulses, and servo reference mean 
voltage. Cutting rate first decreases and then increases with the increase in mechanical tension Kumar et al. (2012) had presented a 
review study which explore the different areas related to WEDM on which the recent study had been going on. The presented 
review normally highlights the work of various researchers in the field of analysis and optimization of WEDM process. Gupta and 
Kumar (2013) conducted experiments on high carbon chromium steel with a wire of diameter 0.2mm and obtained data was 
analyzed using response surface methodology. The results of ANOVA indicated that proposed a mathematical model can 
adequately describe the performance within limit of factors being studied and that high pulse-on time, low pulse-off time and low 
gives optimal value of cutting rate. Dodun et al. (2014) proposed to devices which should be able to act on the tool electrode in 
order to improve the machining process efficiency. One of the solution purposes the use of electromagnetic system, while the 
second solution is based on use of a sub assembly electric motor-gear box could be applied for periodically changing the wire tool 
electrode speed. Vivek et al. (2015) developed the empirical modeling of process parameters of the WEDM has been carried out for 
Inconel 718 using a well-known experimental approach called response surface methodology. The parameters such as pulse on 
time, pulse off time, peak current, spark gap voltage, wire feed rate and wire tension have been selected as input variable keeping 
other constant. The performance has been mentioned in terms of cutting rate and surface roughness. Atif et al. (2016) had 
performed investigation on the effect of WEDM Process parameters EN31 tool steel nine experiment run technique of taguchi 
method is used to determine an optimal WEDM parameter setting surface roughness is selected as quality target. ANOVA is used 
to determine the level of importance of machining parameter on surface roughness. Vivek Aggarwalet al.(2017)carried out an 
experimental investigation has been carried out on wire electrical discharge machine to model cutting rate and surface roughness of 
Inconel 601 using response surface methodology. The process parameters considered in the study are pulse on time, peak current, 
servo voltage and wire tension. Ali Abbasi (2017) observed and developed the surface roughness model high-strength low-alloy 
(HSLA) steel (30CrMnSiA, 38HRC). A series of experiments using factorial designs of experiments have been conducted to 
develop relationship between Surface roughness and WEDM process parameters  pulse-on time, pulse ratio, power (discharge 
current), wire speed and pulse (discharge gap). It has been found that pulse-on time has the highest impact on SR followed by wire 
speed, power and pulse. Pramanik et al. (2018) investigated to determine the machinability of the metal matrix composite (10 vol% 
of SiC in Al6061) using this process WEDM. the input factors are observed such as the size of reinforced particles, wire tension 
and pulse-on time significantly affect diameter error, circularity and surface roughness. 

III. EXPERIMENTAL PROCEDURE 
A series of experimental runs have been conducted on various parameters. The details about the selection of process parameters and 
their range and design of experiments have been explained in the following sections. 

.Table 2 Independent process parameters, their description, units, notations and levels 
 

Process parameter 
(symbol) 

Description Unit Notation 
Levels 

-2 -1 0 1 2 

Pulse-on time (A) It is duration of time for which the current is 
flowing in each cycle µs Ton 105 110 115 120 125 

Pulse-off time (B) It is the time interval between two 
simultaneous sparks  µs Toff 40 45 50 55 60 

Servo voltage (V) It is the maximum value of potential flow 
through electrodes for a given pulse. Volt SV 20 35 50 65 80 

Wire feed rate () It is the maximum value of wire electrode 
tension, which travels along the wire guide 
path 

m/min IP 4 6 8 10 12 
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                                                                                                                         Table 3 constant parameters used in experiments 

 

In present work, all experiments have been carried out on a WEDM 
machine tool (Sprintcut 734) . The experiments are designed for study 
the effects of several controllable process parameters (Shown In Table 
3) cutting rate taken as performance measures. The work-piece (Monel 
K-500) is held by a fixture on the machine to eliminate any possibility 
of misalignment. The work-piece and the wire electrode are separated 
by deionized water which is used as the dielectric medium. Brass wire 
has been used as electrode for the experimental work. The diameter of 
brass wire 0.25mm. The cutting rate and surface roughness have been 
selected output parameters because these are two very important 
parameters as cutting rate (CR) effects the rate of production and hence 
economics of machining while surface roughness (SR) is the most 
surface integrity aspect. Brass wire tool is used in experiment work. 

 

 3.1 Experimental Result for cutting rate 
Thirty experiments were conducted using ANOVA method and each experiment was simply performed for various parameters. In 
this research all the designs, plots and analysis have been carried out using the Design Expert (Dx-8061). 
 

Table 4 Experimental trails with set of process and corresponding response parameters 
 

Standard order 
(STD) 

 

Run 
Order 

TON Toff Servo 
voltage (V) 

Peak 
current 

(A) 

Cutting speed 
(mm/min) 

Surface 
Roughness 

(µm) (µs) (µs) 

1 6 110 45 35 6 1.32 2.3 
2 27 120 45 35 6 2.2 2.8 
3 21 110 55 35 6 0.65 2.02 
4 19 120 55 35 6 1.52 2.52 
5 3 110 45 65 6 0.7 1.71 
6 14 120 45 65 6 1.68 2.2 
7 2 110 55 65 6 0.35 1.16 
8 15 120 55 65 6 0.87 2.38 
9 13 110 45 35 10 1.35 2.32 
10 9 120 45 35 10 2.6 2.82 
11 1 110 55 35 10 0.7 2.04 
12 5 120 55 35 10 1.54 2.54 
13 12 110 45 65 10 0.8 1.73 
14 26 120 45 65 10 1.7 2.22 
15 30 110 55 65 10 0.4 1.18 
16 29 120 55 65 10 0.95 2.2 
17 18 105 50 50 8 0.44 1.44 
18 8 125 50 50 8 2.32 2.32 
19 10 115 40 50 8 1.95 1.95 
20 17 115 60 50 8 0.7 1.31 
21 23 115 50 20 8 1.81 2.5 
22 4 115 50 80 8 0.47 1.32 
23 24 115 50 50 4 1.08 2.3 
24 22 115 50 50 12 1.2 2.4 
25 28 115 50 50 8 1.11 2.22 
26 16 115 50 50 8 1.09 2.18 
27 11 115 50 50 8 1.13 2.26 
28 7 115 50 50 8 1.15 2.3 
29 25 115 50 50 8 1.03 2.06 
30 20 115 50 50 8 1.17 2.34 

 
 

Sr. 
No. 

Parameters Units Range 

1 Peak current Amp 120 

2 Peak voltage Volt 110 

3 Wire tension Unit 8 

4 Servo feed Unit 2100 

5 Water Pressure kg/cm2 15 
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3.2 Analysis of variance for cutting rate                                  Table 5 Analysis of Variance of Cutting Speed 
 
The experimental results for cutting rate shown in Table 
4 have been analyzed using Design-Expert software. To 
check the adequacy of the model, three different tests, 
sequential model sum of square, lack-of- fit test, and 
model summary statistics, have been performed. The fit 
summary of these tests recommends the adequacy of 
the quadratic model. The results of the quadratic model 
analyzed using ANOVA reveal that there are many 
insignificant terms in the model. Therefore, model 
reduction using the backward elimination process has 
been performed to improve the model. It elimination 
the insignificant terms in order to adjust the fitted 
quadratic model while maintain 
1. The Model F-value of 180.29 implies the 
model is significant. There is only a 0.01% chance that 
a “Model F-Value” this large could occur due noise. 
2. Values of “Prob > F” less than 0.0500 indicate 
model terms are significant. In this case A, B, C, D, 
AB, AC, BC, A2, B2 are significant model terms. 
3. Value greater than 0.1000 indicate the model 
terms are not significant. If there are many   
insignificant model terms (not counting those required 
to support hierarchy), model reduction may improve 
your model.  
4. The “Lack of Fit F-value” of 2.90 implies the 
lack of Fits in not significant relative to  the pure error. 
There is a 12.27% chance that a “Lack of Fit F-value” 
this large could occur due to noise. Non-significant lack of fit is good as we want the model to fit.   
 
 
Effect on cutting speed  
The response equation for cutting speed on wire electrical discharge machining in terms of input parameters variables have 
mathematically calculated and find the appreciate value. 

 
Cutting Rate = +11.23430-0.27541×Ton+0.070854×Toff+0.034292×SV+0.020625×WF- 3.07500E-003×Ton×Toff-7.41667E-            
.                              004×Ton×SV+6.25000E- 004×Toff × SV+2.40938E-003T2on+1.85938E-003T2off 
 
The residuals analysis as primary analytical tool is also done. At this point, normal probability plot of residuals has been drawn in 
Figure 1. All the facts are following the straight line. Thus the data is normally disseminated. It can be seen form the figure 2 that 
all the authentic values are following the predicted values. The values corresponding to the axis x and y are almost same during in 
trail runs. 

 

Fig. 1 Normal Probability Plots of Residuals for Cutting rate     Fig. 2 Plot of Predicted vs. Actual response for cutting rate         
. .                                                                                               

Source 
Sum of 
Square 

DF 
Mean 

Square 
F 

value 
p-value 

Model 9.69 9 1.08 180.29 <0.0001 
A-Ton 4.64 1 4.64 776.29 <0.0001 
B-Toff 2.58 1 2.58 431.98 <0.0001 

C-Servo  
Voltage 

2.11 1 2.11 352.58 <0.0001 

D-Wire 
Feed 

0.041 1 0.041 6.84 0.0166 

AB 0.095 1 0.095 15.83 0.0007 
AC 0.050 1 0.050 8.29 0.0093 
BC 0.035 1 0.035 5.88 0.0249 
A2 0.10 1 0.10 17.27 0.0005 
B2 0.061 1 0.061 10.29 0.0044 

Residual 0.12 20 
5.974E-

003 
  

Lack of 
Fit 

0.11 15 
7.143E-

003 
2.90 0.1227 

Pure Error 0.012 5 
2.467E-

003 
  

Cor Total 9.81 29    
SD  0.077 R2  0.9878 

Mean  1.20 Adj R2  0.9823 
C.V. %  6.44 Pred R2  0.9675 

PRESS  0.32 
Adeq   

Precision 
 49.524 
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Influence effect of process parameters on cutting 
speed 

 
The effects of two control factors or process parameters on 
response variables are called the interaction effect. The 
interaction effect of Ton  and Toff   on CR (show in Figure 3) 
shows that CR goes to maximum value 2.5 mm/min at a high 
value of Ton (120) and low value of Toff (45), while its reaches 
at a minimum level, where Ton minimum (110) and Toff 
maximum (55). This is due to fact the higher Ton and lower 
Toff means that discharge will take place for a long time, long 
time of discharge means at higher value of discharge energy. 
A higher value of energy creates violent sparks between work 
piece and moving electrode, these sparks causes a faster 
erosion of material and faster cutting rate is observed.  
 
 
 
                                                                                                       Figure 3: Interaction effect of Ton and Toff on Cutting Rate 
 
 
The interaction effect of Ton and SV on CR (show in Figure 4) 
shows that CR goes to maximum value 2.5 mm/min at a high 
value of Ton (120) and lower value of SV (35). Where Ton 
minimum (110) and SV maximum (65). This is due to fact the 
higher Ton and lower SV means that decrease the gap between 
work piece and electrode. At a high value of energy creates 
violent sparks between work piece and moving electrode, these 
sparks causes a faster erosion of material and faster cutting rate 
is observed. 
 
 
 
 
 
 
 
 
                                                                                                          Figure 4: Interaction effect of Ton and SV on Cutting Rate 
 
 
The interaction effect of Toff and SV on CR (show in Figure 5) 
shows that a lower value of Toff (45) and SV (35) favours a higher 
CR (2.5 mm/min). This is due to fact that the higher SV, the higher 
will be the discharge waiting time. To obtain the higher discharge 
wait time, cutting rate needs to be slowed down. While at the same 
time, lower value of Toff means there will be more time for which 
current on, more number of discharges per second which means that 
material erosion will be more, hence faster cutting rate results. 
When higher value of Toff means there will be more time for which 
current off, less number of discharges per second which means that 
material erosion will be less, hence lower cutting rate results. The 
cutting rate decreases with increase in servo voltage but it increases 
with decrease in servo voltage. 
 
 
 
 
                                                                                                             Figure 5: Interaction effect of Toff and SV on Cutting Rate 
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Analysis of Variance (ANOVA) Test Results for Surface Roughness (Ra) 

                                                                                                 Table 6 Statistical Observations for Surface Roughness (Ra) 
                                                                                                     
The Model F- value of 29.31 implies the model 
is significant. There is only a 0.01 % chance that 
a “Model F-value” this large could occur due 
noise. Values of “Prob > F” less than 0.0500 
indicate model terms are significant. In this case 
A, B, C, B2, D2 are significant terms. Values 
greater than 0.100 indicate the model terms are 
not significant. If there are many insignificant 
model terms (not counting those required to 
support hierarchy), model reduction may 
improve your model. The “Lack of Fit F Value” 
of 3.04 implies the lack of Fits in not significant 
relative to the pure error. There is a 11.12 % 
chance that a “Lack of Fit F-value” this large 
could occur due to noise. On significant lack of 
fit is good as we want the model to fit. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Effect of Process Parameters on Surface Roughness 
   Surface Roughness = +10.51207-0.15017×Ton+0.060610×Toff-0.13619×SV+3.15000E- 003Ton×Toff+1.01667E-003×Ton× 
                                        SV-4.50693E-003×T2off+5.47585E-004WF2       
                                     
The residual analysis as a primary diagnostic tool is also done. Here normal probability plot of residuals has been drawn in Figure 
5.6. All the data points are falling on the straight line. Thus the data is normally distributed. It can also seen from the Figure 5.7. 
that all the actual values are following the predicted values. 

 
Fig 6: Normal Plot of Residual for Surface Roughness                  Figure 7: Predicted vs Actual Plot for Surface Roughness 

Source 
Sum of    
Square 

DF 
Mean 

Square 
F value p-value 

Model 5.22 7 0.75 29.31 <0.0001 

A-Ton 2.03 1 2.03 79.75 <0.0001 

B-Toff 0.46 1 0.46 18.26 0.0003 

C-Servo 
Voltage 

2.01 1 2.01 78.83 <0.0001 

AB 0.099 1 0.099 3.90 0.0610 

AC 0.093 1 0.093 3.65 0.0690 

B2 0.31 1 0.31 12.21 0.0021 

D2 0.16 1 0.16 6.36 0.0194 

Residual 0.56 22 0.025   

Lack of Fit 0.51 17 0.030 3.04 0.1112 

Pure Error 0.049 5 9.867E-003   

Cor Total 5.78 29    

SD  0.16 R2  0.9032 

Mean  2.10 Adj R2  0.8723 

C.V. %  7.59 Pred R2  0.8221 

PRESS  1.03 
Adeq   

Precision 
 18.023 
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Interaction effect of Process Parameters on Surface Roughness 

The effect of two control factors or process parameters on 

response variables is called the interaction effect. The 

interaction effect of Ton and Toff on SR (as show in Figure 8) 

shows that SR goes to a maximum value 3µm at a high value of 

Ton (120) and lower value of Toff (45). Where value of Ton is 

minimum (110) and Toff is maximum (55). This is due to fact 

the higher Ton and lower Toff means that increase spark 

frequency and hence increase the discharge energy, as a result 

increase surface roughness. If lower value of Ton and higher 

value of Toff means decrease spark frequency and hence 

decrease the spark energy, as a results decrease surface 

roughness. 

 

                                                                                          Figure 8: Interaction effect of Ton and Toff on Surface Roughness 

 

The interaction effect of Ton and SV (as show in Figure 9) shows 

that SR goes to a maximum value 3µm at a high value of Ton 

(120) and lower value of Toff (35). Where value of Ton minimum 

(110) and value of SV maximum (65).  This is due to fact the 

higher Ton and lower SV means increase discharge energy 

between work piece and moving electrode, as a result increase 

surface roughness. If lower value of Ton and higher value of SV 

means decrease discharge energy between work piece and moving 

electrode, as a result decrease surface roughness. 

 

 

                                                                                           Figure 9: Interaction effect of Toff and SV on Surface Roughness 

 

Multi Response Optimization Using Desirability Function 

                                                                                    Table 7 Range of Input Parameters; CR and SR for Desirability 

To overcome the problem of conflicting 

response of single response optimization, multi 

response optimization was carried out using 

desirability function in conjunction with 

response surface methodology. Desirability 

function has been used to determine the 

optimum parameters for WEDM parts for 

optimization of cutting rate and surface 

roughness in the present investigation. Goals 

and limits were established for each response 

in order to accurately determine their impact 

Constraint Goal 
Lower 
Limit 

Upper 
Limit 

 
Important 

 
Pulse-on Time 

(µs) 
In range 105 125 3 

Pulse-off Time 
(µs) 

In range 40 60 3 

Servo Voltage 
(volts) 

In range 20 80 3 

Wire Feed Rate 
(m/min) 

In range 4 12 3 

Cutting Rate 
(mm/min) 

Maximize 0.35 2.6 3 

Surface 
Roughness 

(µm) 
Minimize 1.16 2.82 3 
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on overall desirability. A maximize or minimize level is provided for all response characteristics which are to be optimized. The 

important is assigned to each response relative to other responses. In the present study, the goal is to find optimal parameter 

setting that maximizes the overall desirability function for higher cutting rate and minimum surface roughness value. The ranges 

and goals of input parameters namely pulse-on time, pulse-off time, servo voltage and wire feed rate and response characteristics 

cutting rate and surface roughness given in Table 4. Table 5 shows the optimal combination of WEDM process parameters that 

gives the high value of desirability and predicted values of various response characteristics. Optimal combination of WEDM 

parameters for multi-response characteristics is Ton: 124 µs, Toff: 40, SV: 70 volts and WF: 10 m/min. Experiment value 

obtained corresponding to optimal setting for cutting rate 2.50 mm/min and surface roughness 1.92 µm. 

                                    Table 8 Process Parameters Combination for High Value of Desirability 

Response 
Process Parameters Predicted Response 

Desirability 
Ton (µs) Toff  (µs) SV (volts) 

WF 
(m/min) 

CR 
(mm/min) 

SR (µm) 

Single response for 
maximize CR 

121 42 40 8 2.84 - 1.000 

Single response for 
minimize SR 

106 60 45 8 - 0.72 1.000 

Multi response for 
maximize CR and 
minimize SR 

124 40 70 10 2.60 2.03 0.689 

 

Conclusions 

1. The selected input parameters (pulse-on time, pulse-off time, servo voltage and wire feed rate) significantly affect the 
performance of wire electric discharge machining process. For Monel K-500 material, the following parameters have shown 
significant effect: 

a. For Cutting Rate (CR) 

 Pulse-on time 

 Pulse-off time 

 Servo voltage 
b. For Surface Roughness (Ra) 

 Pulse-on time 

 Servo voltage 
       Within the range of process parameters selected in the present study, following empirical relation have been suggested for the       

response characteristics:  
                      Cutting Rate = +11.23430-0.27541×Ton+0.070854×Toff+0.034292×SV+0.020625×WF-3.07500E  

                          -003×Ton×Toff-7.41667E-004×Ton×SV+6.25000E-004×Toff×SV+2.40938E-003T2on  
                                       +1.85938E-003T2off 

Surface Roughness = +10.51207-0.15017×Ton+0.060610×Toff-0.13619×SV+3.15000E-003Ton             
                                                       ×Toff + 1.01667E-003×Ton×SV-4.50693E-003×T2off+5.47585E-004WF2 

          where,                            A = Pulse-on time           B = Pulse-off time                         
                                                 C = Servo Voltage          D = Wire feed rate 
2. Analysis of Response Surfaces Reveals 

a. The pulse-on time parameter has direct effect on the cutting rate, as we increase the pulse-on time the cutting 
rate also increases but it adversely affects the surface roughness. 

b. The surface roughness decreases with increase in pulse-off time. When pulse-off time is increased the cutting 
rate decreases. 

c. Cutting rate decreases with increase in servo voltage but it increases with decrease in servo voltage. Surface 
roughness increases with decrease in servo voltage but it decreases with increase in servo voltage.    

d. The parameter wire feed rate has no effect on the cutting rate and surface roughness.  
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