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Abstract— In this research paper, the different process 

parameters of wire cut electrical discharge machining 

process are studied. And work piece material for which 

parameters are to be optimized is H 13 Hot die tool steel 

material with a 0.25 mm coated wire by using Taguchi 

methodology. The selection of machining parameters in any 

machining process significantly affects surface finish, 

production rate and production cost of a finished one 

component. The experiment has been formulated with the 

help of Design of experiment and grey relational analysis. 

The Taguchi method is used to formulate the experimental 

layout, to analyse the effect of each parameter on the 

machining characteristics, and to predict the optimal choice 

for each WEDM parameter. Experimentation is planned as 

per Taguchi’s L8 Orthogonal Array (OR).In this experiment 

optimize the input process parameters Pulse on time (T ON), 

Pulse off time (T OFF), peak current (IP), Wire feed rate 

(WF), Wire tension (WT), Servo voltage (SV) of a WEDM 

process for a response parameter Surface Roughness (SR) 

for a H 13 HOT DIE TOOL STEEL. And the experimental 

results are to be analysed using analysis of variance 

(ANOVA) to find out significant contribution of machining 

parameters over response parameter and the optimal 

combinations of the parameters are to be determined. 

Key words: L8 Orthogonal Array, Pulse on time, Pulse off 

time, IP, WF, WT, SV, Surface roughness, ANOVA, GRA, 

H 13 Hot Die Steel 

I. INTRODUCTION 

Wire cut Electrical Discharge Machining (WEDM) Process 

is a most widely used Non-Conventional machining process. 

Wire electrical discharge machining (WEDM) is a 

specialized thermal machining process able to machining 

parts with varying hardness or intricate shapes. Generally 

WEDM process is used for machining of a component 

which have sharp edges, close tolerances, low 

machinability, the need of high repeatability, high 

temperature strength and complex geometry that are very 

difficult to be machined by the conventional machining 

processes. WEDM is a process of repetitive sparking cycles. 

In Electric discharge machining the material of a work piece 

is removing with help of the occurring repeated electrical 

discharges spark between work piece and electrode in the 

presence  of a Dielectric fluid. Electrical Discharge 

Machining (EDM) uses thermal energy to achieve a high 

precision metal removal process from a fine, accurately 

controlled electrical discharge. When the wire electrode 

move towards the work piece until be a required gap 

between work piece and electrode to produce spark that time 

Short duration discharges are generated in a liquid dielectric 

gap, which separates tool and work piece. The material is 

removed with the erosive effect of the electrical discharges 

from tool and work piece. The wire itself does not actually 

touch the metal to be cut; the electrical discharges actually 

remove small amounts of material and allow the wire to be 

moved through the work piece. Duration of each spark is 

very short. Large number of such time spaced tiny 

discharges between the work piece and wire electrode cause 

the electro-erosion of work piece material. The entire cycle 

time is usually few micro-seconds. The frequency of 

sparking is as high as thousands of sparks per second. 

 
Fig. 1: WEDM Process Line Diagram 

Wire cut electric discharge machining (WEDM) is 

an electro-discharge erosion process where material is 

removed from the work piece by a series of divergent 

sparks. The spark occurs more than one hundred thousand 

times per second and heat of each electrical spark, estimated 

at around 15,000° to 21,000° F which melt the work piece. 

The movement of wire is computer numerically controlled 

to achieve the desired two or three-dimensional shape of the 

work piece. Generally WEDM process is used in the 

manufacturing of a complicated or intricate profiles such as 

dies, moulds and parts are used in automobile, aerospace, 

nuclear and other industrial applications. The area over 

which a spark is effective is also very small. However, 

temperature of the area under the spark is very high. As a 

result, the spark energy is capable of partly melting and 

partly vaporizing material from localized area on both the 

electrodes, i.e. work piece and tool. The material is removed 

in form of craters which spread over the entire surface of the 

work piece. Particles eroded from the electrode are known 

as debris. And this debris is removed from the surface of a 

work piece by spraying of deionized water. 

II. LITERATURE REVIEW 

In the Paper by Atul Kumar, et. Al[1], the effect of variation 

of machining parameter’s like Pulse On time, Pulse off time, 

servo Voltage ,wire feed rate, wire tension and flushing 

pressure were optimized by using Wire cut electrical 

discharge machining (WEDM) process. For this experiment 

they used work Brass wire with 0.25 mm diameter and SKD 

61 alloy steel. The response parameters considered in this 
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study werw surface roughness and material removal rate. 

Experimrnt has been investigated by using Taguchi L18 

Orthogonal Array. 

Neeraj Sharma et.al.[2] 2013 have discuss and 

investigate the significant process parameters along with the 

percentage contribution of each machining process 

parameter. ANOVA is used to find the percentage 

contribution of significant process parameters. Response 

surface methodology is used for the planning of experiments 

and D-2 tool steel is used as a work-piece. D- 2 tool steel 

used in tools, punches and die industries. The kanalysis of 

results indicates that pulse on servo voltage  have the 

maximum effect in single parameter compared to  pulse off 

time and peak current during the investigation of  cutting 

rate on WEDM for D-2 tool steel 

In the paper by A. Chandrakanth et. Al.[3]2016 

have discuss and investigate about In Wire EDM, the 

conductive materials are machined with a series of electrical 

discharges (sparks) that are produced between an accurately 

positioned moving wire (the electrode) and the work piece. 

High frequency pulses of alternating or direct current is 

discharged from the wire to the work piece with a very small 

spark gap through insulated dielectric fluid (water). In this 

current work Pulse on time, Wire tension and Spark gap 

voltage are the three parameters taken for optimization of 

MRR. The work piece is HSS M42 Grade and the work tool 

is brass wire of 0.25 mm dia. The Experiment was 

conducted in 8 runs using full factorial design and most 

significant factors are determined using ANOVA. 

Gaurav Sachdeva, Ravinder Khanna, Parveen 

Yadav, Amit Nara and Narender Singh et .al,[4] 2013 

Present investigation is to optimize the process parameters 

for single response optimization using Taguchi’s L18 

orthogonal array. Experiments were carried out on H-21 die 

tool steel as work piece electrode and zinc coated brass wire 

as a tool electrode. Response parameters are cutting speed, 

surface roughness and die width. The feature which makes 

optimization most powerful in comparison to other methods 

is its ability to handle multiple performance parameters in 

the form of constraints. The experimental results are then 

transformed into a signal to noise ratio(S/N) ratio. The S/N 

ratio can be used to measure the deviation of the 

performance characteristics from the desired value. The 

optimal level ofthe process parameter is the level with the 

highest S/N ratio. A statistical analysis of variance 

(ANOVA) is performed to identify the process parameters 

that are statistically significant 

C Bhaskar Reddy et.al. [5]Also conducted the 

experiments in wire EDM based on L16 Orthogonal array 

selecting EN19 and SS420 steel as work material with 0.18 

mm Molybdenum wire as electrode. The experiments are 

conducted considering the above two materials for L16 and 

then the impact of each parameter is estimated by 

ANOAVA. Then the Regression analysis is carried-out to 

find the trend of the response of each material. 

Recommended better parameter settings to achieve higher 

MRR and better surface roughness. Based on the results; it 

is recommended that the EN 19 material is suitable for 

better MRR. Then the SS 420 material is recommended to 

obtain better surface. 

III. EXPERIMENTAL SETUP 

The material selected for this research work is H13 Hot Die 

Steel. The workpiece of H13 too steel (4.85% Cr, 1.32 % 

Mo, 1.10% Si, 0.95%V, 0.38 % C, 0.21% Ni, 0.15 % 

Cu,0.35 % Mn) was cut with 0.25 mm diameter wire 

(Coated) with vertical configuration was used and discarded 

once used. The most important measures in WEDM are 

Surface roughness. Surface roughness was obtained by 

measuring mean absolute deviation Ra from the average 

surface level using a Mitutoyo surface roughness tester SJ-

201 with stylus radius of 5 µm. 

Sr. No. Parameter Level 1 Level 2 

1 Pulse On Time (μs) 115 120 

2 Pulse Off Time (μs) 35 40 

3 Peak current (I P ) 230 210 

4 Wire Feed Rate (m/min) 4 3 

5 Wire Tension (gms) 6 8 

6 Servo voltage(volts) 15 10 

Table 1: Machining (Input) Parameters and their levels for 

Experimentation 
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1 115 35 230 4 6 15 

2 115 35 230 3 8 10 

3 115 40 210 4 6 10 

4 115 40 210 3 8 15 

5 120 35 210 4 8 15 

6 120 35 210 3 6 10 

7 120 40 230 4 8 10 

8 120 40 230 3 6 15 

Table 2: orthogonal array  for experimentation 

Sr. No. 
Surface Roughness 

(μm) 

1 3.17 

2 3.31 

3 3.66 

4 4.07 

5 3.28 

6 3.49 

7 3.58 

8 4.14 

Table 3: experimental results of response parameter 

IV. RESULTS & DISCUSSION 

 
Fig. 2: Main Effects Plot for H13 Material Surface 

Roughness 
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As per anova analysis the percentage contribution of 

individual process parameter’s performance on a machining 

or a response parameter of H13 material. Here ,from  

analysis for a Surface Roughness (response parameter)  the 

percentage contribution of Pulse on time is 1.09040%, Pulse 

off time is 67.31572%, I P is 1.25173%, Wire feed rate is 

24.23366%, Wire tension is 0.67315%, Servo voltage is 

5.34631% and error is 0.8901%. This error is due to 

machine vibration. 

A. Normalization of S/N Ratio for Response Parameters 

In Grey relational generation, the normalized corresponding 

to the smaller-the-better (SB) criterion which can be 

expressed as: 

                              Xi(k) = 
max yi(k) – yi(k)

max 𝑦𝑖(𝑘)−min 𝑦𝑖 (𝑘)
 

The normalized yield strength corresponding to the 

larger-the-better (SB) criterion which can be expressed as: 

Xi(k) = 
yi(k) – min yi(k)

max 𝑦𝑖(𝑘)−min 𝑦𝑖 (𝑘)
 

B. Calculation of Grey Relational Coefficient 

Grey relation coefficient and grey relational grade are 

calculated from normalized S/N ratio using following 

equations. 

                        γ (yo (k), yj(k)) = 
△min + △𝑚𝑎𝑥

△𝑗 (𝑘)+ △𝑚𝑎𝑥
 

C. Calculation of Grey Relation Grade (GRG) 

The grey relational grade is determined by averaging the 

grey relational coefficient corresponding to each 

performance characteristic. The overall performance 

characteristic of the multiple response process depends on 

the calculated grey relational grade. 

ӯj = 
1

𝑘
∑ 𝛾𝑖𝑗𝑚

𝑖  

Where ӯj is the grey relational grade for the jth 

experiment and k is the number of performance 

characteristics.  

 

Exp 

No: 

Grey Relation 

Co-efficient 

Grey Relatio-nal 

Grade 

O
rd

er
s 

SR  

1 0.3333 0.3333 8 

2 0.3688 0.3688 6 

3 0.5026 0.5026 3 

4 0.8739 0.8739 2 

5 0.3606 0.3606 7 

6 0.4273 0.4273 5 

7 0.4641 0.4641 4 

8 1.0000 1.0000 1 

Table 4: GRC and GRG 

Symbol Control factor Level  1 Level  2 

A Pulse On Time (μs) 0.5195 0.5631 

B Pulse Off Time (μs) 0.3724 0.7101 

C Peak current (I P ) 0.5414 0.5411 

D Wire Feed Rate (m/min) 0.4150 0.6675 

E Wire Tension (gms) 0.5657 0.5168 

F Servo voltage 0.6418 0.4407 

Table 5: Main effect of factors on Grey Relational Grade 

According to Grey Relational Grade analysis 

method calculated value for the grey relational grade from 

each factor level is shown in table 5.In this table higher 

value of grey relational grade is the optimum value for a 

particular input level of factor which is indicated with high 

light in table 5. From this table it is concluded that the 

optimum parameter level for Pulse on time, Pulse off time, I 

P, Wire feed rate , Wire tension, Servo voltage is 

respectively (120 μs), (40 μs), (230), (3m/min), (6 gms), and 

(15 volts) . 

V. CONCLUSION 

From Grey relational analysis concluded that the optimum 

set of a process  parameter level for H13 Hot die steel Pulse 

on time, Pulse off time, I P, Wire feed rate , Wire tension, 

Servo voltage is respectively (120 μs), (40 μs), (230), 

(3m/min), (6 gms), and (15 volts) . 

From this Experiment  concluded that Pulse off 

time has more contribution compare to other on surface 

roughness and Peak current, Wire tension has less affect the 

surface roughness. As Value of process parameters pulse on 

time, pulse off time, servo voltage increases surface 

roughness increases and value of peak current, wire feed 

rate and wire tension increases value of surface roughness 

decreases. 
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