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Wire-electric discharge machining (WEDM) is an essential non-traditional technique. It offers an effective approach 

to the development of components made of hard-to-machine materials. The material removal mechanism in WEDM 

is like the traditional method of electrical discharge machining (EDM) in which a dielectric fluid circulates in the 

machining area continuously with the erosion effect produced by electrode sparks i.e., current in between the 

workpiece and a wire electrode. In the present work, 309H stainless steel was subjected to WEDM using brass wire 

electrode. The input parameters were pulse on time (Ton), pulse off time (Toff), wire feed, and gap voltage with 

material removal rate i.e., MRR and surface roughness as output parameters. With the help of Taguchi’s method, Toff 

was observed as the major significant parameter for surface roughness while to obtain maximum MRR, all input 

parameters had their significant role. However, gap voltage was revealed as the major significant parameter to 

maximize MRR.     
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1.INTRODUCTION 

 WEDM process performs the machining of 

electrically conductive workpiece with the help of 

electro-thermal energy developed in the machining 

zone. It consists of a gap in between continuously 

moving wire and the workpiece is flushed with 

dielectric (de-ionized water). The WEDM process 

parameters which can be varied or kept constant in a 

range and the machining performance are affected by 

the variation in the given parameters. The WEDM 

process parameters which can be varied are pulse on 

time (Ton), gap voltage (Sv), pulse off time (Toff), wire 

tension (Wt), wire tension (Wt), peak current, wire feed 

(Wf), water pressure (Wp) or flushing pressure (Fp). 

WEDM machine is used to cut sample plate, magnetic 

steel, silicon steel sheet semi conductive materials etc. It 

is used in aerospace and in semiconductor applications 

for material cutting of various types. In many type of 

applications like as for cutting of brass, steels, and 

titanium WEDM is used. In WEDM mainly brass 

material is used for making of wire for cutting of 

material and also material of wire is changed according 

to the material cutting requirement in machining 

system. WEDM is mostly used to machine various 
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molds, plastic molds and in squeezing dies. This 

machine is able to machinate small parts of the sample 

parts that have been commonly used in mechanical, 

precious machinery equipment, light industries and the 

army industry, with the irregular form and defects. 

309H is a stainless steel. S30909 is the UNS number for 

this material. It has low tensile strength. 309H is used 

for high carbon modification developed for enhanced 

creep resistance. Iron in 309H SS increase the hardness 

of the material, chromium protect from corrosion 

resistance, nickel gives shape and protect from 

corrosion, carbon enhanced creep resistance, silicon in 

steel increases its electrical resistance, manganese 

increases hardenability and tensile strength, sulphur 

improves machinability and phosphorus increases 

strength and hardness. It instances the grain size and 

carbon content of the plate. A thorough review of 

literature was performed for the present research work 

in order to arrive at the research gaps and subsequently 

problem formulation. Research papers published in the 

state of the art literature were reviewed for this purpose 

related to the wire EDM technology on distinguished 

engineering materials. Important input parameters and 

performance measures have been reviewed with 

reference to the most significant findings as drawn from 

each research paper. Thankachan et al., 2018 performed 

the prediction of aluminium-based alloys with a 

Taguchi Gray study and artificial neural networks for 

surface roughness and extracting rates of material in the 

electrical discharge wire processing with parameters 

such as time pulses, pulse off times, wire feeder, water 

content and surface garbage, and concluded that MRR 

and Ra will increase [1]. Banerjee et al., 2018 

investigated WEDM MRR analysis for EN 47 spring 

steel with parameters such as pulse-on-time, pulse-off 

time, wire feed, surface roughness and gap voltage. 

They concluded that the MRR from EN47 spring steel is 

26 percent larger than the MRR produced in an 

optimum environment [2]. Sidhu et al. 2007 investigated 

Taguchi approach for discovering MRR. The input 

parameters were pulse-on-time, time pulse-off, peak 

current, spoke voltage and performed variance analysis 

for MRR. They concluded that optimum reaction 

characteristics, like MRR, SR and GC, with a 6 percent 

defect, and even optimization of a multi objectivity 

complex, improved the MRR [3].   Ramana, 2018 

evaluated research on optimization of MRR in AISI 

321SS using Taguchi methodology by taking parameter 

as cutting speed, feed rate, depth of cut and concluded 

that MRR increased with feed rate, cutting speed and 

depth of cut [4]. Gupta et al., 2017 investigated to 

improve process parameters of WEDM by taking 

parameters as Ton, Toff, peak current and wire feed and 

concluded that MRR will increase with input 

parameters value [5]. Jana et al., 2016 investigated 

optimization of process parameters in WEDM using 

GRA aluminium machining technologies HE15wp by 

the adoption of pulse-on-time process parameters, 

pulsing off time, wire strain and servo voltage. It made 

significant parameters to measure MRR hardness and 

Ra [6]. Parashar & Purohit, 2017 resulted as using 

Taguchi method to finish milling steel grade EN19 by 

taking parameters such as feeding speed and cuts 

width, etc, machining parameters on the material 

removal speed were tested [7]. Malik et al., 2016 

predicted the optimization for performance measure of 

process parameters of WEDM for SS304 by taking 

parameters as Ton, Toff, wire feed and wire tension and 

concluded that all value has their significant effect on 

MRR and Ra [8]. Kasdekar et al., 2018 predicted and 

compared to AL-NANO MMC. The output of Box 

Benkhen was maximized in order to optimize MRR by 

using parameter as voltage, feed rate, electrolyte 

concentration and percentage [9]. Jindal et al., 2002 

investigated surface ruggedness and MRR for turning 

PCA and Taguchi using UD-GFRP by taking the tool 

nose, rake angles, feed rate, cuts velocity and cut depth 

parameters, and concluded that different parameters 

have a different value, with the input parameters 

increased and reduced [10]. Purnomo et al., 2006 

predicted optimization in the process of electrical 

discharge of Buderus2080 tool steel by Taguchi system 

of multiple output characteristics by taking arc-on-time, 

opening tension on-time, servo voltage parameters and 

concluding that this technique will increase cutting 

distance, Ra and refractory layer thickness [11]. Raj & 

Kumar, 2015 investigated the optimization and 

estimation for MRR in the steel machining of EN45 steel 

sinking electric discharge machinery by taking 

parameters such as pulse on time, peak current, pulse 

off time, voltage and electric discharge [12]. Naresh et 

al., 2017 investigated the process parameters of WEDM 

on C-45 steel by taking process parameters as wire feed, 

gap voltage, current and flushing pressure and 
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concluded that MRR and Ra are significantly affected by 

process parameters [13]. Rani & Kaushik, 2015 

investigated the machining process parameters of tool 

steel on WEDM using Taguchi method by taking 

parameters as peak current, Ton, Toff, gap voltage and 

concluded that MRR and Ra are affected most 

significantly with parameters value [14]. Faisal et al., 

2018 investigated the effect of machining process 

parameters of MRR materials by taking parameters as 

pulse on time, pulse off time, discharge current and 

voltage for both and concluded that at the first point, it 

deals with raw material collection [15]. Gaikwad et al., 

2014 performed the effect of WEDM parameters in 

obtaining maximum MRR and minimum EWR by 

machining SS316 using copper electrode taking 

parameters as Ton, Toff, feed rate, voltage and depth of 

cut and concluded that process parameter gives 

significant role and increases the MRR and Ra [16]. Das 

et al., 2014 investigated the optimization of surface 

roughness and MRR in electrochemical machining of 

EN31 tool steel using Grey- Taguchi approach by taking 

parameters as voltage, feed rate, electrolyte conc. and 

inter electrode gap and concluded that Grey relational 

grade enhancement is found to be 48 percent from the 

original optimum method parameters [17].  Asgar & 

Singhoi, 2018 performed the parametric analysis and 

optimization of ck 45 metal WEDM parameters took 

parameters like Ton, Toff, derivative fluids, maximum 

current, wire speed, water pressure and wire diameter 

and found that WEDM demonstrated that it is suited to 

ck 45 steel machines under appropriate MRR and Ra 

[18]. Rao & Selvaraj, 2013 investigated the titanium alloy 

process parameters are used for Taguchi by parameters 

including sound, Toff, peak current, wire voltage, servo 

voltage, and servo feed, and the result is that Ton, Toff, 

and peak current are the most important increases in 

MRR [19].  

Prajapati & Patel, 2013 investigated impact of output 

assessment method parameters of WEDM for AISI A2 

tool steel by taking parameters as Ton, Toff, wire feed, gap 

voltage and concluded that MRR value will be 

increased. This research establishes the relationship 

between control factors and responses such as MRR and 

surface roughness using the Taguchi process, which 

results in a clear mathematical model [20]. Ghodsiyeh et 

al., 2013 reviewed on current research trends in WEDM 

by taking parameters as Ton, Toff, current and wire feed 

and concluded that Ra and MRR will increase [21]. 

Vikas & Kumar, 2013 studied the effect of machine 

process parameters on material removal rates and 

optimized  in EDM for EN 41 material using Taguchi 

method by taking parameters as Ton, Toff, wire feed, 

current, gap voltage and concluded that parameters has 

their significant role on increasing MRR and Ra [22]. 

Sivakiran et al., 2012 investigated the effect of process 

parameters of MRR in WEDM of EN31 steel by taking 

parameters as depth of cut, wire feed, Ton, Toff, voltage 

and concluded that MRR will be increase with 

parameters value [23]. Routara et al., 2010 investigated 

the modeling of wire electric discharge process 

simulation and optimization with the aid of the RSM 

approach coupled with the grey Taguchi technique, 

using parameters such as Ton, Toff, servo voltage, Ra, 

peak current, and concluded that MRR value raises 

parameters [24]. West & Bühler, 1884 investigated the 

optimization of machining parameters in WEDM of 304 

stainless steel by taking parameters as Ton, Toff, cutting 

feed, wire feed and concluded that process parameters 

affect the MRR value [25]. Mohammadi et al., 2008 

investigated the statistical analysis of WEDM turning 

on MRR by taking parameters as Ton, Toff, current, gap 

voltage and concluded that parameters has significant 

role on MRR [26]. Mahapatra & Patnaik, 2007 

investigated the optimization by using the Taguchi 

system of parameters like Ton, Toff, servo voltage and 

current and inferred that MRR would improve. Wire 

machining process parameters were optimized [27]. 

Manjaiah et al., 2016 investigated the parametric 

optimization of MRR and surface finish in WEDM of D2 

steel by taking parameters as Ton, Toff, servo voltage and 

wire feed. It concluded that MRR and Ra will increase 

with pulse on time [28]. Magesh et al., 2012 investigated 

the optimization of WEDM parameters to calculate 

MRR and measure surface finish of SS410 by taking 

parameters as pulse off time, pulse on time, gap voltage 

and current discharge and concluded that MRR will be 

increase [29]. Sonawane & Kulkarni, 2018 investigated 

optimization by using main component research 

integrated Taguchi process by using parameters as a Ton, 

Toff, servo voltage for WEDM machining parameters for 

nimonic-75 alloy. Maximum current and wire feed rate 

and inferred that Ra and MRR rise in Ton and peak 

current value [30]. Samanta & Chakraborty, 2011 

worked for the enhancement of the performance of 
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various non conventional process (NTM) systems, 

selecting the right values for various operational 

parameters is of the utmost importance [31]. Chakladar 

& Chakraborty, 2008 worked on different forms of 

machine processes have arisen with the advent and 

expanded use of aeronautical, nuclear, rocket, engine, 

industrial, tool and die-making industries of newer and 

tougher materials, such as titans, stainless steel, 

high-strength temperature resistant’s (HCRs) *32+. 

Chakraborty & Dey, 2007 achieved the desirability 

function on a given material. This paper proposes a 

technique focused on consistency feature deployment to 

promote maximal NTM collection [33]. Sadhu & 

Chakraborty, 2011 performed NTM refers to a collection 

of thermal, chemical, electrical and mechanical removal 

methods designed to create complicated and complex 

shapes for materials with a high strength to weight 

ratio, due to an efficiency difference in conventional 

processes [34]. Yurdakul & Cçogun, 2003 found out the 

complexities with regard to capacity, vast number of 

alternatives offered [35]. Chakladar et al., 2009 showed 

variety of non-traditional (NTM) processes available 

have contributed to the concept of choosing the most 

effective NTM method to produce a desired type 

functionality in a given working content [36]. Yeo et al. 

1997 worked on non-traditional methods have risen in 

popularity in recent years and have steadily expanded 

their implementations [37]. Karande & Chakraborty, 

2012 increased demand has now been based on 

non-traditional work methods (NTM), in which energy 

is used directly to remove materials from the surface of 

the workpiece as hard alloy and metal components with 

a high surface finish are rapidly being manufactured 

and complicated forms are being created [38]. Spedding 

& Wang, 1997 examined WEDM technique is commonly 

used in the manufacture of wire, aerospace / aircraft, 

medical, and basically all conductive processing fields 

[39]. Liao et al., 2004 performed the conventional circuit 

with low ignition power is adjusted for machining in 

order to achieve good surface roughness [40]. In 

addition, a low dielectric conductivity is observed to be 

used to create the discharge flame [41, 42]. 

Dauw & Albert, 1992 worked the overall efficiency of 

wire EDM has undergone a considerable growth since 

the industrial selling of wire EDMs at the end of 1969, 

beginning in 1970. In conclusion, the wire tool has 

shown a significant impact on EDM wire cutting 

performance although it is mostly considered an 

obvious EDM accessory [43]. Yan, & Huang, 2004 

included a method for closing loop tension control for a 

wire-EDM system to increase the machining accuracy 

[44]. Li et al., 2013 addressed the characteristics of 

surface integrity versus release capacity in the WEDM 

of Inconel 718 [45]. Jangra et al. 2014 compared 

machining speed and surface roughness of difficult to 

machine materials such as WC-CO composite, HCHCr 

steel alloy, Nimonic-90 and Monel-400 in rough and 

trim cut WEDM operations [46]. Tosun and Cogun, 2003 

explored the effect of pulse duration, open circuit 

voltage, wire speed and dielectric fluid pressure on wire 

wear in WEDM process for AISI 4140 steel [47]. Puri and 

Bhattacharyya, 2003 reported analysis and optimization 

of geometrical inaccuracy caused due to wire lag in 

rough cut followed by a trim cut in WEDM process 

using Taguchi’s orthogonal array *48+. Yan et al., 2005 

studied the location of broken wire and probable reason 

of wire breaking in WEDM process for aluminium 

particle reinforced 6061 Al matrix composites 

(Al2O3p/6061Al) [49]. Ramakrishnan and 

Karunamoorthy, 2006 performed multi-response 

optimization process for material removal rate, surface 

roughness and wire wear ratio using multi-response 

S/N ratio [50]. Masuzawa et al., 1985 presented the 

newly developed hybrid machining process (HMPs) 

seeking the combined advantage of WEDM and other 

machining techniques [51]. Qu et al., 2002 invented 

rotary axis WEDM to achieve high MRR and to enable 

the generation of free-form cylindrical geometries [52]. 

Liao and Yu, 2004 invented new concept termed as 

specific discharge energy to define the relationship 

between process parameters and machining 

characteristics [53]. Takino et al., 2005 investigated the 

method for cutting a smoothly polished single-crystal 

silicon surface by WEDM to obtain a high quality 

surface [54]. Bamberg and Rakwal, 2008 investigated 

wire electrical discharge machining of gallium–doped 

p–type germanium with a relaxation type pulse 

generator [55]. Sanchez et al., 2008 investigated 

experimental and numerical study of angular error in 

WEDM process [56]. Mendes et al., 2015 developed 

automated system for capturing electric voltage and 

current during WEDM process for E25 grade WC [57]. 

The specific objectives of the research work were; (a) to 

optimize the process parameters for maximization of 
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MRR and minimization of the surface roughness during 

WEDM of 309H stainless steel, (b) to evaluate the effect 

of process parameters that influence machining 

responses of 309H stainless steel by using brass wire 

electrode, (c) to develop an empirical relation in 

between different process parameters namely as 

pulse-on time (Ton), pulse-off time (Toff), peak current 

(Ip), servo voltage (Sv), and output response as cutting 

rate (CR), surface roughness (SR) upon WEDM of 309H 

stainless steel using Taguchi method, and (d) to 

establish the regression model equations as WEDM 

input process parameters and response parameters in 

order to find out the individual and combined effects of 

input process parameters and predicting optimal values 

of input process parameters for desired quality 

characteristics.  

 

2. EXPERIMENTATION 

2.1 WEDM machine and parameters of machining 

The studies were conducted on ELPULS WEDM 

Machine. The material stainless steel 309H was cut by 

the brass wire. The analysis of MRR and surface 

roughness was done by taking the orthogonal array as 

L27. In the industrial area 101, Phase 1 Chandigarh 

machine ELPULSE WEDM was located. The machine 

on which experimentation was done is shown in Fig. 1. 

In this type of machine, material is placed at machining 

place and machining is done with wire. Its 

specifications are shown in Table 1 and the constant 

parameters employed while machining are given in 

Table 2. The composition of chemical of the 309H 

stainless steel  are iron (58.1% to 66%), chromium (22% 

to 24%), nickel (12% to 15%), carbon (0.04% to 0.10%), 

manganese (0% to 2%), silicon (0% to 0.75%), 

phosphorous (0% to 0.045%), sulphur (0% to 0.030%). 

The mechanical properties of 309H stainless steel are 

Rockwell hardness = 82 BHN, Elastic modulus = 200 

GPa, Fatigue strength = 200 MPa, Shear strength = 400 

MPa, and Poisson ratio = 0.27. 

Table 1 Specification of WEDM used 

Design Fixed column and Moving table 

Length 120 mm 

Width 200 mm 

Height 10 mm 

Dielectric fluid Distilled water 

Table 2 Constant parameters of machining 

Parameters Value 

Material Stainless steel 

Shape cut 10×5 mm 

Thickness/ height of  the work 

piece 

10 mm 

Location of  the work piece on 

work table 

At the centre of table 

Drive system AC servo motor 

 

2.2 MRR and surface roughness measurement 

MRR is described as the removal of material per unit 

time of the desired material. 

MRR   = weight of workpiece before machining – weight 

of workpiece after machining / time × density 

By taking into account the weight difference in between 

the workpiece before processing and the workpiece 

weight after processing the material removal rate as 

mentioned in the above formula is determined. The 

desired detailed workmanship and material surface 

finish gives high performance in the industry. The value 

of MRR calculation is directly dependent on the value 

of process parameters while increasing or decreasing. 

With the increasing or decreasing of the value of process 

parameters, a change in the value of MRR is observed 

and MRR calculation provides a good result to material 

according to the importance in industry. Higher 

potential current value, loading voltage, cycle length, 

pulse period and lower pulse interval values will 

contribute to higher MRR. Non-electric parameters, 

electrical parameters and properties of materials of 

different types play an important role and impact on 

MRR.  

2.3 Selection of machining process parameters 

For the machining of material 309H stainless steel 

various parameters are selected. The variables, levels 

and orthogonal array taken are shown in Table 3, while 

symbols and units are summarized in Table 4. A 

pictorial view of SS 309H is depicted in Fig. 2.   

Table 3 Selection of variables, levels and Orthogonal 

Array 

Selection  of Variables Pulse on time, Pulse off time, 

Wire feed and 

Gap voltage 

Selection of Levels Level 1,   Level 2,   Level3 

Selection of Orthogonal Array L27 

 

 

Table 4 WEDM process parameters with symbols and 

their units and Levels 

Process  Symbol Levels 
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parameters and unit L1 L2 L3 

Pulse on time Ton   (µs) 124 126 128 

Pulse off time Toff (µs) 59 61 63 

Wire feed 
WF 

mm/min 
7 9 11 

Gap voltage SV (V) 95 97 99 

 

 
Fig. 1 Pictorial view of WEDM 

 

 
 

Fig. 2 309H stainless steel 

 

2.4 Response variables 

In the present thesis, MRR and surface roughness are 

taken as the response variables.  With the help of 

parameters pulse on time (Ton), pulse off time (Toff), wire 

feed and gap voltage, MRR is calculated to find the 

WEDM performance. Response variables are the 

variables about which we want to find in the thesis and 

in these variables we get final result. With the help of 

response variables we can determine the result of the 

experiment instantly. 

 

3. RESULTS AND DISCUSSION 

In this section we discuss about results and analysis of 

the experiments to determine the value of response 

parameters that are MRR, surface roughness and S/N 

ratio. The experiments have been conducted to 

investigate the effect of process parameters on the 

output parameters to find the desired output result. 

Also, some parameters were taken constant during 

experiments in order to optimize the process i.e., 

machining parameters and from those constant 

parameters we obtained the value of parameters in 

terms of levels and factors.    

3.1 Conduct of experiment 

A scientific method is used by all the experiments, 

which is based on the systematic means. There are 

following steps for the conduction of experiment - (a) 

Firstly the observations are taken for the conduction of 

experiment, (b) Hypothesis is formulated in the second 

step, (c) For testing the hypothesis, experiment is 

conducted and designed, (d) For acceptation and 

rejection of the hypothesis, evaluation of the results of 

the experiments is done, and (e) If there is requirement 

and necessary, a new hypothesis is evaluated and 

tested. 

Before performing the experiments, there becomes the 

selection of the input parameters and measurement of 

output and with these three control factors habits were 

researched. The real behaviour of the output parameters 

is expressed in three stages at least. Table 5 shows the 

experimental test data for surface roughness and MRR. 

It was obtained from the Taguchi based L27 design with 

Pulse-on time, Pulse-off time, Wire feed, and Gap 

voltage as input parameters. Table 6 shows the surface 

roughness and MRR experimental performance 

research evidence. The experimental results were 

obtained in accordance to the aforementioned 

procedure in the experimentation section. 

3.2 Analysis of machining variables with respect to 

MRR 

After analysis of machining variables we find the value 

of different variables. ANOVA table for input 

parameters i.e., pulse-on time, pulse-off time, wire feed, 

and gap voltage is shown in Table 7 that shows the 

percent contribution of each parameter with respect to 

MRR. It can be noticed that gap voltage evolved as the 

major contributing input parameter during WEDM of 
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309H stainless steel followed by pulse-off time, and 

wire feed while pulse-on time contributed to the least. 

The corresponding analysis of variance for S/N ratio 

with respect to MRR is shown in Fig 3. It may be 

observed from Fig 3 that mean value of S/N ratio shows 

largest for pulse-on time while same is least for the rest 

of input parameters. However, relatively large values of 

S/N ratio were discerned for gap voltage which 

validates it as a major contributing input parameter as 

observed in Table 7. Therefore, gap voltage is 

established as a major contributing factor or input or 

machining variable or parameter with respect to MRR. 

Same is approved by response table for signal to noise 

Ratios i.e., larger is better in Table 8 and response table 

for means in Table 9.   

3.3 Analysis of machining variables with respect to 

surface roughness (Ra)  

The ANOVA table for input parameters i.e., pulse-on 

time, pulse-off time, wire feed, and gap voltage is 

shown in Table 10 that shows the percent contribution 

of each parameter with respect to surface roughness. It 

can be noticed that pulse-off time evolved as the major 

contributing input parameter during WEDM of 309H 

stainless steel followed by gap voltage, and wire feed 

while pulse-on time contributed to the least. The 

corresponding analysis of variance for S/N ratio with 

respect to Ra is shown in Fig 4. It may be observed from 

Fig 4 that mean value of S/N ratio shows largest for 

pulse-on time while same is least for the rest of input 

parameters. However, relatively large values of S/N 

ratio were discerned for pulse-off time which validates 

it as a major contributing input parameter as observed 

in Table 11. Therefore, pulse-off time is established as a 

major contributing factor or input or machining variable 

or parameter with respect to Ra. Same is approved by 

response table for signal to noise Ratios i.e., smaller is 

better in Table 12.  

3.4 Analysis of machining variables from contour 

plots with respect to performance measures 

The typical application of the design of experiment 

(DOE) contour plot is in determining settings that will 

maximize (or minimize) the response variable. It can 

also be helpful in determining settings that result in the 

response variable hitting a pre-determined target value. 

The DOE contour plot is a specialized contour plot used 

in the analysis of full and fractional experimental 

designs. The DOE contour plot is generated for two 

factors. Typically, this would be the two most important 

factors as determined by previous analyses (e.g., 

through the use of the DOE mean plots and an analysis 

of variance). The DOE contour plot plays a useful role in 

determining the settings for the next iteration of the 

experiment. That is, the initial experiment is typically a 

fractional factorial design with a fairly large number of 

factors. After the most important factors are 

determined, the DOE contour plot can be used to help 

define settings for a full factorial or response surface 

design based on a smaller number of factors. The 

appearance of the contour plot is very important. If the 

contour curves are linear, then that implies that the 

interaction term is not significant. 

 

If the contour curves have considerable curvature, then 

that implies that the interaction term is large and 

important as shown in Fig 5 in the contour plot of 

pulse-on time for MRR and Ra. Similar observation is 

made in Fig 6 for contour plot of pulse-off time for MRR 

and Ra, in Fig 7 for contour plot of wire feed for MRR 

and Ra. 

 

Table 5 Experimental test data for surface roughness and MRR 

S.No. Pulse-on time Pulse-off time Wire feed Gap voltage 

1 124 59 7 95 

2 124 59 9 97 

3 124 59 11 99 

4 124 61 7 97 

5 124 61 9 99 

6 124 61 11 95 

7 124 63 7 99 

8 124 63 9 95 
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9 124 63 11 97 

10 126 59 7 97 

11 126 59 9 99 

12 126 59 11 95 

13 126 61 7 99 

14 126 61 9 95 

15 126 61 11 97 

16 126 63 7 95 

17 126 63 9 97 

18 126 63 11 99 

19 128 59 7 99 

20 128 59 9 95 

21 128 59 11 97 

22 128 61 7 95 

23 128 61 9 97 

24 128 61 11 99 

25 128 63 7 97 

26 128 63 9 99 

27 128 63 11 95 

 

Table 6 Surface roughness and MRR experimental performance research evidence 

 

Exp 

No. 

Pulse-on 

Time 

Pulse-off 

Time 

Wire 

Feed 

Gap 

Voltage 

Ra 

(µm) 

MRR 

(mm3/min) 

S/N ratio 

(MRR) 

S/N ratio 

(Ra) 

1 124 59 7 95 7.20 8.449 18.53611 17.1466 

2 124 59 9 97 6.86 7.242 17.19717 16.7265 

3 124 59 11 99 6.92 4.782 13.59219 16.8021 

4 124 61 7 97 7.34 1.013 0.112189 17.3139 

5 124 61 9 99 7.80 5.510 14.82303 17.8419 

6 124 61 11 95 7.12 4.782 13.59219 17.0496 

7 124 63 7 99 7.47 5.633 15.0148 17.4664 

8 124 63 9 95 7.62 1.056 0.473278 17.6391 

9 124 63 11 97 7.28 6.850 16.71381 17.2426 

10 126 59 7 97 7.80 6.850 16.71381 17.8419 

11 126 59 9 99 7.43 5.895 15.40968 17.4198 

12 126 59 11 95 7.02 1.056 0.473278 16.9267 

13 126 61 7 99 7.24 5.280 14.45268 17.1948 

14 126 61 9 95 7.80 1.810 5.153571 17.8419 

15 126 61 11 97 7.04 6.850 16.71381 16.9515 

16 126 63 7 95 7.05 6.499 16.25693 16.9638 

17 126 63 9 97 6.43 6.499 16.25693 16.1642 

18 126 63 11 99 6.84 5.280 14.45268 16.7011 

19 128 59 7 99 7.13 6.182 15.82258 17.0618 

20 128 59 9 95 7.61 9.053 19.13585 17.6277 

21 128 59 11 97 7.31 9.053 19.13585 17.2783 

22 128 61 7 95 7.51 9.053 19.3585 17.5128 

23 128 61 9 97 7.65 7.455 17.44895 17.6732 

24 128 61 11 99 7.35 5.633 15.0148 17.3257 

25 128 63 7 97 7.05 7.242 17.19717 16.9638 

26 128 63 9 99 8.23 5.069 14.09845 18.308 

27 128 63 11 95 7.66 8.176 18.25082 17.6846 

 

Table 7 ANOVA table for S/N ratio with respect to MRR 
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Source df Seq SS Adj SS Adj MS F p % contribution 

Pulse on time 2 33.470 33.470 16.735 3.16 0.067 27 

Pulse of time 2 6.972 6.972 3.486 0.66 0.530 38.12 

Wire feed 2 2.443 2.443 1.221 0.23 0.796 35 

Gap voltage 2 4.622 4.622 2.311 0.44 0.653 44 

Error 18 95.272 95.272 5.293   2 

Total 26 142.779      

 

 
Fig 3 Analysis of variance for S/N ratio with respect to MRR 

Table 8 Response table for signal to noise Ratios (Larger is better) 

Level Pulse on time Pulse off time Wire feed Gap voltage 

1 12.23 15.11 14.80 14.14 

2 12.88 12.94 13.33 14.98 

3 17.25 14.30 14.22 13.23 

Delta 5.02 1.47 1.47 1.75 

Rank 1 2 4 3 

 

Table 9 Response table for means 

LEVEL Pulse-on time Pulse-off time Wire feed Gap voltage 

1 5.035 6.507 6.245 5.708 

2 5.113 5.265 5.510 6.427 

3 7.435 5.812 5.829 5.449 

DELTA 2.400 1.242 0.735 0.978 

RANK 1 2 4 3 

Table 10 Analysis of variance for S/N ratio with respect to Ra 
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Source df Seq SS Adj SS Adj MS F P % contribution 

Pulse-on 

time 

2 0.46727 0.46727 0.233633 1.55 0.238 28.43 

Pulse-off 

time 

2 0.15096 0.15096 0.075478 0.50 0.614 46.23 

Wire feed 2 0.46682 0.46682 0.233411 1.55 0.239 29 

Gap voltage 2 0.00500 0.00500 0.002500 0.02 0.984 40.46 

error 18 2.70622 2.70622 0.150346   2.56 

total 26 3.79627 3.79627     

 

 
 

Fig 4 Analysis of variance for S/N ratio with respect to Ra 

 

Table 11 Response table for signal to noise ratios (smaller is better) 

Level Pulse-on time Pulse-off time Wire feed Gap voltage 

1 17.25 17.20 17.27 17.28 

2 17.11 17.41 17.47 17.27 

3 17.49 17.24 17.11 17.31 

DELTA 0.38 0.21 0.36 0.04 

RANK 1 3 2 4 

 

Table 12 Response table for means 

Level Pulse-on time Pulse-off time Wire feed Gap voltage 

1 7.290 7.253 7.310 7.324 

2 7.183 7.428 7.492 7.308 

3 7.500 7.292 7.171 7.341 

DELTA 0.317 0.174 0.321 0.033 

RANK 2 3 1 4 
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Fig 5 Contour plot of pulse-on time for MRR and Ra 

 
Fig 6 Contour plot of pulse-off time for MRR and Ra 

 

 
Fig 7 Contour plot of wire feed for MRR and Ra 
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4. CONCLUSIONS 

With a time rise and a drop in pulse-off time, the MRR 

value increases with the plotting of the ratio of the S/N 

graph in relation to the solution variables MRR and Ra, 

and the difference of voltage and wire feed also 

increases. This is because the energy from the discharge 

grows at a larger rate with the pulse duration and peak 

current reactions. The conclusions of the above response 

variables are explained below- 

(a) With the help of the Taguchi’s method, pulse-off 

time is found as the major significant parameter. The 

optimized input parameter combinations to get the goal 

of minimum surface roughness are Toff = 61 µs, Wire 

feed – 9 mm/min, Ton = 124 µs, and Gap voltage = 99 V 

with Ra (min) = 7.80.  

(b) To maximize MRR, all input parameters have their 

significant role. However, the gap voltage is found as 

the major significant parameter. The combinations to 

get the maximum MRR are Wire feed = 7 mm/min, Gap 

voltage = 97 V, Ton = 128 µs, Toff = 59 µs with MRR (max) 

= 6.182, and S/N ratio (MRR) = 15.82258, S/N ratio Ra = 

17.0618.  

(c) The variance analysis reveals that pulse off time 

plays a major role in deciding the content removal rate 

for surface roughness and gap stress. 

 

5. SCOPE FOR FUTURE 

In olden days, optimization techniques used to be very 

less available and because of the increase in large 

number of problems and from time to time there is 

desired for large number of experiments to be 

performed in laboratory scale conditions. But in 

Taguchi experimentation techniques it is required only 

to be performed with very less number of experiments 

to optimize single quality characteristics. In the 

performed experimentation, these WEDM parameters 

were determined for 309H stainless steel material. 

However, there is scope for further investigation like -  

(a) For finding the effects of other process parameters 

considering different response variables which we want 

to find we can study briefly with our sensible minds. 

(b) It may also be calculated the influence of process 

parameters such as dielectric conductivity, wire 

diameter, flushing pressure, etc. 

(c) The effect of process parameters i.e.  gap voltage, 

wire feed, pulse-on time and pulse-off time on response 

variables such as surface roughness  and  MRR value  is 

required     to calculate with different process 

parameters value. 

(d) The most critical influences that affect both reactions 

are pulse-off time and distance voltage. As the pulse-off 

time value and gap voltage values rise, the machining 

response values, including surface finishing and MRR, 

are decreased. This needs to be investigated in detail.  

(e) With the increase of the value of wire feed, there 

becomes also the increase of the value of surface 

roughness and MRR. While pulse-on time has very 

small effect on surface roughness and MRR. This should 

be analyzed and examined further. 
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