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Abstract:Wire-cut electrical discharge machining is extensively used for machining of difficult to machine materials and 

intricate profiles when precision is of prime importance. Wire-cut electrical discharge machining allowed success in the 

production of newer materials, especially for the aerospace and medical industries. Being a complex process, it is very 

difficult to determine optimal process parameters for improving cutting performance. The objective of this research work is 

to study the effect of machining parameters of wire-cut electrical discharge machining on D2 Stainless steel. The 

experimentation has been carried out to investigate the effect of machining process parameters such as pulse on time, pulse 

off time and feed rate of wire on material removal rate and surface roughness. The thickness of work piece material and 

diameter of copper wire is kept constant. It is evident from present study that input parameters have significant influence on 

process performance characteristics. The experimentation was executed as per Taguchi robust design methodology. L9 

orthogonal array of experimental design were used to perform the experiments. Analysis of variance (ANOVA) were 

employed to optimize the material removal rate and surface roughness. Based on analysis it was found that pulse on time, 

pulse off time are the significant parameters that effect the MRR and surface roughness. The investigation indicated that 

material removal rate and surface roughness increases with increase in pulse on time and decreases with increase in pulse off 

time. 

Keywords: Electric Discharge Machining, L9 Orthogonal array, Signal to Noise ratio, Material removal 

rate, Surface Roughness, T-on and T-off time, Feed Rate. 

 

I. INTRODUCTION 

Wire-cut electrical discharge machining (WEDM) is a non-traditional manufacturing process based on removing material from a 

part by means of a series of recurring electrical discharges (created by electric pulse generators at short intervals) between a tool 

calledelectrode and the work piece in the presence of a dielectric fluid. This fluid makes it possible to flush eroded particles 

(mainly in the form of hollow spheres) from the gap and it is really important to maintain this flushing continuously. 

WEDM has potential applicability in machining industries for achieving good accuracy and surface finish, and contour generation. 

The drawbacks of EDM processes are overcome in WEDM process by replacing different tools with wire. Due to accuracy andfine 

surface finishes make WEDM is particularly suitable for manufacture of dies and prototype parts. In WEDM, pulsating direct 

current power supply between the electrodes (work and tool material) generates an electric sparks, which causes melting, and 

vaporization of the material. WEDM is being used to machine variety of conductivematerials at miniature levels. It can reduce 

many hours of manual grinding and polishing in making precision parts. 

The main process parameters in WEDM are pulse on-time (Ton), pulse off-time (Toff), arc gap, dielectric fluid, work piece 

material and types of electrode wire. Pulse on-time is the duration of time (µs) the current is allowed to flow per cycle. Material 

removal is directly proportional to the amount of energy applied during this on-time. This energy is really controlled by the peak 

current and the length of the on-time. Pulse off-time is the duration of time (µs) between the sparks (that is to say, on-time). This 

time allows the molten material to solidify and to be wash out of the arc gap. This parameter is to affect the speed and the stability 

of the cut. Thus, if the off-time is too short, it will cause sparks to be unstable. Arc gap is the distance between the electrode and 

the part during the process of EDM. It may be called as spark gap. The dielectric fluid is a catalyst conductor, coolant and also a 

flushing medium. 
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Figure 1 Schematic diagram of WEDM and samples after machining 

II. EXPERIMENTAL DETAILS 
The experiments were carried out on wire cut EDM machine (EXCETEK).  The specifications of WEDM machine tool is given in 

table-1 

 

Table 1 Specification of WCEDM Machine tool 

Design Fixedcolumn,movingtable 

Machineweight 3100kg 

Maximumworkpieceheight 750x550x50mm 

Maximumworkpieceweight 500kg 

Maintabletraverse(x,y) 380x280mm 

Auxiliarytabletraverse(u,v) 120x120mm 

Wire electrodediameter 0.2mm 

Controlledaxes X,Y,U,Vsimultaneous/independent 

Interpolation linearandcircular 

Inputpowersupply 3phase,AC415V,50HZ 

The stainless steel plate is mounted on EXCETEKW EDM machine tool and specimen of 60 mm x 60 mm x 10 mm size is cut. The 

close up view of plate blank used for cutting the specimen is mounted on the WEDM machine. 

The experiments were accomplished on EXCETEK WEDM machine. Following steps were followed in the cutting operation:- 

1.The reference point on the work piece was set for setting work coordinatesystem. The programing was done with the reference to 

the work coordinatesystem. 

2.The program was made for cutting operation of the work piece up to 40 mm straight line. 

3.While performing various experiments, the following precautions were taken 

4.To reduce error due to experimental setup, each experiment was repeated 2 times. 

5.Each set of experiments was performed at room temperature. 

6.Before taking the measurement of surface roughness the work piece was cleaned 

 

Work piece to be machined is mounted on the table which is operated by the controlledunit. A very thin copper wire is passed and 

operated by wire feed mechanism. Dielectricfluid (deionized water) was passed over the work piece and the wire using pump. 

Whenthe DC supply is given to the circuit, spark is produced across the gap between the wire and workpiece. When the voltage 

across the gap become sufficiently large, the high power spark is produced. This sparks occurs in an interval of 5 to 24 micro 

seconds. So thousands of  spark discharge occurs per second across the very small gap between the wire and thework piece, work 

piece metal is melted, eroded and some of it is vaporized. The metal is thus removes in this way from the workpiece. The removed 

fine particles are carried away by dielectric fluid circulated around it. 
 

Design of an experiment is an effective tool to design and 

conduct the experiment with minimum resources. 

Orthogonal array is a statistical method of defining 

parameters that converts tests into factors and levels. Test 

design using orthogonal array creates an efficient and 

concise test suit with fewer test cases without 

compromising test coverage. In this work L9 orthogonal 

array design matrix is used to set the control parameters 

to evaluate the process performance. The table shows the 

design matrix used in this work. 

 

 

 

Table 2 Experimental design using L9 orthogonal array 

Experimen

tNo. 

Pulseon 

Time (µs) 

(A) 

Pulseoff 

Time(µs) 

(B) 

Feed 

Rate(mm

/min) (C) 

1. 1 1 1 

2. 1 2 2 

3. 1 3 3 

4. 2 1 2 

5. 2 2 3 

6. 2 3 1 

7. 3 1 3 

8. 3 2 1 

9. 3 3 2 

http://www.jetir.org/


© 2022 JETIR September 2022, Volume 9, Issue 9                                                    www.jetir.org (ISSN-2349-5162) 

JETIRFS06039 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 228 
 

Specimen of 60 mm x 60 mm x 10 mm size is cut by WEDM process with the help of copper wire on stainless steel as work piece 

material for each combination of parameters considered according to the orthogonal array. To calculate material removal rate 

standards formulas are used and surface roughness of the specimen machined was evaluated using surface roughness testing 

machine. 

III. RESULTS AND DISCUSSIONS 

After finding all the observation S/N ratio and Means are calculated and variousgraph for analysis is drawn by using Minitab 15 

software. The S/N ratio for MRR,surfaceroughnessiscalculated onMinitab15 softwareusingTaguchi method. 

 
Table 3 Input parameters and corresponding output responses 

Experime

nt No. 

Pulseon 

Time (µs) 

(A) 

Pulseoff 

Time(µs) 

(B) 

Feed 

Rate(mm/

min) (C) 

MRR 

(mm3/min) 

Surface 

Roughness(µm) 

1 6 0.010 1.8 0.60 2.07885 

2 6 0.025 3.0 0.66 2.23145 

3 6 0.040 4.5 0.684 2.72945 

4 12 0 .010 3.0 0.72 2.71765 

5. 12 0.025 4.5 0.762 2.8024 

6. 12 0.040 1.8 0.81 3.25215 

7. 20 0.010 4.5 0.852 3.2345 

8. 20 0.025 1.8 0.90 3.6334 

9. 20 0.040 3.0 1.20 3.43925 

 

 

 
Figure 2 Surface Roughness measurement of Different Samples 
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Taguchi method stresses the importance of studying the response variation using the signal to noise (S/N) ratio, resulting in 

minimization of quality characteristic variation due to uncontrollable parameter. The material removal rate was considered as 

quality characteristic with the concept of “larger is better”. 

The MRR values measured from the experiment and their corresponding S/N ratiovaluesarelistedinthe table 4. 

Table 4 Experimental Result and Corresponding S/N Ratio for MRR 

Sr. No. Pulseon 

Time(µs) 

Pulseoff 

Time(µs) 

Feed 

Rate(mm/min) 

MRR(mm3/min) S/N 

1. 6 0.010 1.8 0.60 -4.82248 

2. 6 0.025 3.0 0.66 -3.45583 

3. 6 0.040 4.5 0.684 -3.06667 

4. 12 0.010 3.0 0.72 -2.62114 

5. 12 0.025 4.5 0.762 -2.74640 

6. 12 0.040 1.8 0.81 -1.67701 

7. 20 0.010 4.5 0.852 -1.23792 

8. 20 0.025 1.8 0.90 -0.68294 

9. 20 0.040 3.0 1.20 1.19812 

 
Result and Discussion for MRR 

Regardless of the category of the performance characteristics, a greater S/N valuecorrespond to better performance. Therefore the 

optimal level of the machiningparametersis thelevelwithgreatestvalue. 

Pulse on:- Effect of parameter pulse on is shown in the figure 3(a)  for S/N ratio and its optimum value is 20µs. For higher value 

of Ton MRR is higher and better. This is because high pulse-on time (TON) results in faster erosion of the material as longer 

duration of spark results in higher spark energy release hence increase in MRR is obtained. 

Pulse off -The effect of parameter pulse off time on material removal rate is shown in the figure 3(a)  for S/N ratio and optimum 

value is 0.040µs. For higher value of T-off the MRR is higher and better. This is because as the pulse off time decreases, the 

number of discharges within a given period becomes more which leads to a higher material removal rate. 

Feed Rate- The effect of feed rate on material removal rate is shown in the figure 3(a) for 

S/Nratio.Itsoptimumvalueis3.0mm/min.WirefeedratedoesnotplaysignificantroleforMRR 

Optimization for Surface Roughness- Surface roughness is also a quality parameter, it should be as low as possible. So we have 

chosen the smaller is better signal to noise ratio. 

Regardlessofthecategoryofperformancecharacteristics,asmallerS/Nvalue          

correspondstoabetterperformance.Thereforetheoptimallevelofmachining Parametersarethelevelwithsmallestvalue. 

PulseonTime - The effect of parameter pulse on Time on the surface roughness values is shown infigure 3(b) for S/N ratio and its 

optimum value is 20 µs.This is because high pulse-

ontime(TON)resultsinfastererosionofthematerialaslongerdurationofsparkresultsin higher spark energy release that leads to increase 

in size of craters formed henceincreaseinSRis obtained. 

PulseoffTime - The effect of parameter pulse off time on the surface roughness values is shown infigure 

3(b)forS/Nratio.Sotheoptimumpulseofftimeis0.040 µs. 

FeedRate - The effect of parameter feed rate on the surface roughness value is shown in figure 

3(b)forS/Nratio.Sotheoptimumfeedrate is 4.5 mm/min. 

 

 
Figure 3 Main effect plots for MRR and Surface Roughness 
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Table 5 Experimental Result and Corresponding S/N Ratio for Surface Roughness 

Sr.No. Pulseon 

Time(µs) 

Pulseoff 

Time(µs) 

Feed 

Rate(mm/min) 

Surface 

Roughness(µm) 

S/Nratio 

1. 6 0.010 1.8 2.07885 -6.7954 

2. 6 0.025 3.0 2.23145 -6.9523 

3. 6 0.040 4.5 2.72945 -8.3020 

4. 12 0.010 3.0 2.71765 -8.2644 

5. 12 0.025 4.5 2.8024 -9.3895 

6. 12 0.040 1.8 3.25215 -10.2240 

7. 20 0.010 4.5 3.2345 -10.1767 

8. 20 0.025 1.8 3.6334 -10.7867 

9. 20 0.040 3.0 3.43925 -11.1682 

 

IV. Conclusions 
In the earlier chapters, the effects of process variables on response characteristics(material removal rate, surface roughness) of 

wire electrical discharge machiningprocess have been discussed. An optimal set of process variables that yields theoptimum 

quality features to machined parts produced by WEDM process has alsobeenobtained. 

• . The analysis of graphs and S/N ratios shows that MRR proportionately increaseswith increase in pulse on 
time and decreases with increase in pulse off time. Wirefeedrate does notplaysignificantroleforMRR. 

• TheanalysisofgraphsandS/NratiosshowsthatSRproportionatelyincreaseswithincreaseinpulseontimeanddecrease
swithincreaseinpulseofftimeandwirefeedrate. 

Futurescope 

Although the WEDM machining has been thoroughly investigated foe D2 stainlesssteel work material, still there is scope for 

further investigation. The followingsuggestionsmayproveusefulforfuturework: 

1. L9 orthogonal array does not provide interaction between parameters. Therefore higher order orthogonal 
array can be used to optimize the material removal rate and surface roughness. 
2. The effect of process parameters such as flushing pressure, conductivity of dielectric, wire diameter, electric 
flow rate, work-piece height etc. may also be investigated. 
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