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Abstract - This study investigates the effects of Wire Electrical Discharge machining (WEDM) process parameters on 
Material Removal Rate, Surface Roughness and Kerf Width while machining Inconel 625. Wire Electrical Discharge 
machining (WEDM) is a non conventional process in which material removal takes place through melting and vaporization 
of metal when the Wire Sparks. There are so many process parameters which affect the quality of machined surface cut by 

Wire Electrical Discharge machining (WEDM). But, the Pulse ON Time (TON), Pulse OFF Time(TOFF), Wire Tension(WT) 
& Peak Current(Pc) are most important. However, the important performance measures in Wire Electrical Discharge 
machining (WEDM) are Material Removal Rate (MRR), Surface Roughness (SR), kerf width (KW). Experiments are carried 
out using L9 Orthogonal array by varying Pulse ON Time (TON), Pulse OFF Time (TOFF), Wire Tension(WT) & Peak 
Current(Pc) for Inconel 625 material. The results showed that the Pulse ON Time (TON), Pulse OFF Time (TOFF) and Wire 
Tension (WT) are the most significant parameters affecting the Removal Rate (MRR), Surface Roughness (SR), kerf width 
(KW) respectively, whereas the influence of the Peak Current is much smaller. 
 

Keywords - Wire Electrical Discharge Machining, Taguchi, S/N Ratio, Grey Relational Analysis, L9 Orthogonal Array, 
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I. INTRODUCTION 

 

One of the important non-traditional machining 

processes is Wire Electrical Discharge Machine 

(WEDM), used for machining difficult to machine 

materials like composites and inter-metallic materials. 

Wire Electrical Discharge Machine (WEDM) has been 

an important manufacturing process for the mould, 
tool, automobiles and die industries. Due to the ability 

to make complex shape and machining of hard 

material with Wire Electrical Discharge Machine 

(WEDM), its use is increasing. 

In Mechanical Industry, the demands for alloy 

materials having high toughness, hardness and impact 

resistance are increasing. Some materials are difficult 

to be machined by traditional machining methods. So, 

non-traditional machining methods including 

electrochemical machining, ultrasonic machining, 

electrical discharging machine (EDM) etc. are applied 

to machine such very difficult to machine materials. 
WEDM is popular in all conventional electrical 

discharging machines (EDM) process, which used a 

wire electrode to initialize the sparking process. Wire 

Electrical Discharge Machine (WEDM) process with a 

thin wire as an electrode transforms electrical energy 

to thermal energy for cutting materials. With this 

process, conductive ceramics, alloy steel and 

aerospace materials can be machined irrespective to 

their toughness and hardness. Furthermore, Wire 

Electrical Discharge Machine (WEDM) is capable of 

producing a fine, precise, wear resistant surface and 
corrosion. A wire electrode made of thin copper, brass 

or tungsten of diameter 0.05-0.30 mm, which has 

capacity to achieve very small corner radii. There is 

no direct contact between the wire and the work piece, 

eliminating the mechanical stresses during machining. 

The Wire Electrical Discharge Machining (WEDM) is 

a good established machining option for 

manufacturing geometrically complex or hard material 

parts that are difficult-to-machine by conventional 
machining processes. Wire-EDM process consists of 

number of machine setting parameters such as applied 

ignition pulse current, voltage, pulse duration, range 

of speed variation, pulse off time, servo-control 

reference mean voltage, wire speed, wire tension 

(WT), and injection pressure. The material of work 

piece and its height (H) affects on the process. All 

these parameters affects on surface finish and cutting 

speed to varying degree. It is also involves complex 

physical and chemical process including cooling and 

heating. 

The Wire Electrical Discharge Machine (WEDM) 
machine tool has one main worktable for work piece 

mounting an auxiliary table and wire feed mechanism. 

The movements of main table call X - axis and Y - 

axis. The wire feed mechanism consist of wire feeder 

which continuously fed wire along work table. The 

wire tension mechanism provides tension in wire and 

let it in straight position. The wire is fed in few 

possible speeds as meter per minute. At the opposite 

sides of the work piece two wire guides located. The 

lower wire guide is stationary where as the upper wire 

guide, supported by the auxiliary table.[1] The wire is 
connected to -ve charge and work piece is connected 
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to +ve charge. Now series of electrical pulses 

generated by the pulse generator unit is applied 
between the wire electrode and the work piece so the 

spark is occurs. The material is removed from work 

piece by electro-erosion. By servo motor feed is given 

to the work table but the wire guide remains stationary. 

CNC controller is used here. To let out the removed 

material from work area, during the cutting continuous 

flashing water is applied. It is called dielectric fluid 

and continuously filtered to maintain its conductivity. 

To achieve taper cutting, the upper table is tilted in U-

V direction. With combination of X-Y movement and 

U-V movement desire taper is produced. Wire 

Electrical Discharge Machine (WEDM) has certain 
advantageous characteristics, 

 Hard material to very close tolerances 

 Tapered holes may be produced. 

 Very fine holes can be produced 

 A good surface finish can be obtained 

 

 
Figure 1 – Process of WEDM 

 

II. METHODS AND MATERIAL 

 

A) Experimental Set-up and Material: 
Inconel Alloy 625 is a nickel based 

superalloy possesses high strength properties and 

resistance to elevated temperatures. It also 

demonstrates remarkable protection against oxidation 

and corrosion. Its ability to withstand wide range of 

temperatures and a high stress, both in and out of 

water, as well as being able to resist corrosion while 

being exposed to highly acidic environments makes it 

a fitting choice for marine and nuclear applications.[2] 

In the present work, Wire Electrical Discharge 

Machining on Inconel 625 material is carried out by 
using SUPERCUT 734 Wire EDM machine with Zinc 

coated Brass wire ɸ 0.25mm is used as a tool. The 

chemical composition of the material is shown in 

Table 1 

 

Ni Cr Nb Mo 

62.13 22.98 3.59 8.47 
Table 1: Chemical composition of Ti-6Al-4V alloy Element % 

 

The size of the work piece is 100 mm x 20 mm x 7 

mm and 5 mm x 5 mm x 7 mm square peace were cut 

down from the plate to measure Material removal rate 

& surface roughness and a central linear cut of 3mm 

was cut down on plate to measure the kerf width. 

Experimental set-up of Wire Electrical Discharge 

Machining process is as shown in figure 2. 

 
Figure 2 - Experimental set-up of WEDM 

 

B) Selection of Process Parameters and Levels: 

Wire Electrical Discharge Machining process is some 

kind of complicated process. In industry, selection of 

levels of process parameters is largely depending on 

production engineer’s experience.  So number of 

researchers focused their study to find relationship 

between performance characteristics and process 

parameters. Here, process parameters levels are 

selected by experience of production engineer, 
literature survey and self initial experiments. From 

summary of literature survey, we observe that Pulse 

ON Time (TON), Pulse OFF Time (TOFF), Wire 

Tension (WT) plays an important role on performance 

characteristics hence here we select Pulse ON Time 

(TON), Pulse OFF Time (TOFF), Wire Tension (WT) & 

Peak Current (Pc) as a process parameters. 

DOE is a technique of defining and investigating all 

possible combinations in an experiment involving 

multiple factors and to identify the best combination. 

In this, different factors and their levels are identified. 

L9 orthogonal array is used for the experimental 
design. Four Process parameters and their three levels 

for the work are shown in the Table 2. The version 17 

of the MINITAB software was used to develop the 

experimental plan for L9 Orthogonal Array. 

 
Table 2: Process parameters with levels 

https://en.wikipedia.org/wiki/Inconel
https://en.wikipedia.org/wiki/Superalloy
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C) Selection of Orthogonal Array: 

Selection of an acceptable orthogonal array for the 
experiments is done on the basis of number of process 

parameters and its levels. As number of process 

parameters are 4 and number of levels are 3, L9 

orthogonal array is selected. 

 

Ex. No. WT (A) TON (B) TOFF (C) IP (D) 

1 3 105 35 150 

2 3 110 40 170 

3 3 115 45 190 

4 6 105 40 190 

5 6 110 45 150 

6 6 115 35 170 

7 12 105 45 170 

8 12 110 35 190 

9 12 115 40 150 

Table 3: Taguchi L9 Orthogonal Array Parametric 

Combinations 

 

 
Figure 3: Inconel  625 Specimen after cut 

 

WT TON TOFF IP MRR KW SR 

3 105 35 150 1.1717 0.2875 1.0350 

3 110 40 170 2.0448 0.3325 1.5450 

3 115 45 190 3.4116 0.3305 2.3850 

6 105 40 190 1.2438 0.3100 1.1125 

6 110 45 150 4.4394 0.3380 2.4300 

6 115 35 170 3.2315 0.3225 2.6700 

12 105 45 170 2.4623 0.3215 1.1625 

12 110 35 190 2.2452 0.3175 2.0675 

12 115 40 150 3.2911 0.3165 2.3550 

Table 4: Experimental Results for MRR, SR and KW 

 

III. RESULTS AND DISCUSSION 

 

A) Analysis of Variance (ANOVA): 

ANOVA is form of statistical hypothesis testing 

heavily used in analysis of experimental data.The 

purpose of ANOVA experimentation is to reduce and 

control the variation of a process. ANOVA is useful 

for comparing (testing) three or more group means 

for statistical significance. ANOVA is used to 

interpret experimental data to make the necessary 

decisions. ANOVA provides strong (multiple sample 

comparison) statistical analysis. Through ANOVA, 

the parameters can be categorized into significant and 

insignificant machining parameters and the p-value 
was used to determine the significance of the factors 

or their combinations.[3] In this analysis 95% 

confidence level is used ANOVA analysis carried out 

in Minitab software and the results are shown here. 

B) Signal to noise ratio (S/N Ratio): 

According to Taguchi method, the S/N ratio is the 

ratio of signal to noise where noise represents the 

undesirable value (i.e., the square deviation for the 

output characteristics) and signal represents the 

desirable value (i.e., the mean for the output 

characteristics). So, the S/N ratio is the ratio of mean 
to square deviation. It is expressed  in Decibels(dB). 

Depending on the criterion for the quality 

characteristic to be optimized, different S/N ratios can 

be chosen: smaller-the-better, larger-the-better, and 

nominal-the-best. Regardless of the category of the 

performance characteristic, larger algebraic value of 

S/N ratio corresponds to the better performance 

characteristic, and hence the optimal level of the 

parameter is the level with the highest S/N.[3] 

 

 
Table 5 - Response Table for S/N Ratios for MRR (Larger is 

better) 

 

 
Figure 4 - Main effect plots for S/N ratios (MRR) 

https://en.wikipedia.org/wiki/Statistical_hypothesis_testing
https://en.wikipedia.org/wiki/Statistical_significance
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Table 6- Response Table for S/N Ratios for KW (Smaller is 

better) 

 

 
Figure 5 - Main effect plots for S/N ratios (KW) 

 

Level WT TON TOFF IP 

1 -3.8757 -0.8442 -5.0460 -5.1503 

2 -5.7228 -5.9332 -4.0481 -4.5389 

3 -5.0189 -7.8399 -5.5233 -4.9282 

Delta 1.8471 6.9957 1.4751 0.6114 

Rank 2 1 3 4 
Table 7 - Response Table for S/N Ratios for SR (Smaller is 

better) 

 

 
Figure 6 - Main effect plots for S/N ratios (SR) 

 

C) Grey Relational Analyses 

Grey relational analysis (GRA), also called Deng's 

Grey Incidence Analysis model Grey Relational 

Analyses are applied to determine the suitable 

selection of machining parameters for Wire Electrical 

Discharge Machining (WEDM) process. In this work, 
Grey Relational Analysis (GRA) has been used to 

convert the multi-response optimization model into a 

single response grey relational grade. 

The below steps to be followed while applying grey 

relational analysis to find the Grey relational 

coefficients and the grey relational grade: 

 

(a) In grey relational analysis, the data is normalized 

using equation 1 for larger the better 

……………………….

..(1) 
(b) When lower the better, the data is normalized 

using equation 2, 

……………………….

...(2) 

Here, 

Xi (k) is the grey relational generation, 

min yi (k) is smallest value of yi (k) for the kth 

response, 

max y i(k) is largest value of yi (k) for the kth 

response. 

Following data pre-processing, a grey relational 
coefficient is calculated to express the relationship 

between the ideal and actual normalized experimental 

results. The Grey relation coefficient can be express as 

below. 

 
Where, 

Δ0i= difference of absolute value xo( k) and xi (k) 

ψ is distinguishing coefficient 0 ≤ψ ≤1; usually taken 

as 0.5 

Δmin = smallest value of Δ0i 

Δmax =largest value of Δ0i 

After averaging the grey relational coefficients, the 

grey relational grade  can be formulated as: 

 
Where 

γi is grey relational grade 

n is number of performance characteristics. 

The best process sequence is taken as reference 

sequence xo( k).The intense relational degree between 

the reference sequence xo( k) and the given sequence 

xi (k) corresponds to the higher value of grey 

relational grade. Hence, higher grey relational grade 
means that the corresponding parameter combination 

is closer to the optimal. 

The grey relational grade represents the level of 

correlation between the reference sequence and the 

comparability sequence, the greater value of the grey 

relational grade means that the comparability 

sequence has a stronger correlation to the reference 

sequence.[4] 

 
Fig. 7 - Graph of Grey relational grades 
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Regression Equation 

GRG = 0.6162 - 0.05348 WT_3 + 0.08624 WT_6 -
 0.03276 WT_12 - 0.2063 TON_105 

+ 0.08369 TON_110 + 0.1226 TON_115 -

 0.05872 TOFF_35 - 0.06422 TOFF_40 

+ 0.1229 TOFF_45 + 0.03560 IP_150 

+ 0.003652 IP_170 - 0.03925 IP_190 

 

Based on grey relational grade value were given by 

average response in table. In this table, higher grey 

relational grade from each level of factor indicates the 

optimum level. Wire Tension (6), Pulse on time (110), 

Pulse off time (45) and Peak Current (150) 

respectively. 

 

Level 

1 

Level 

2 

Level 

3 
Delta Rank 

WT 0.563 0.702 0.583 0.140 3 

TON 0.410 0.700 0.739 0.329 1 

TOFF 0.557 0.552 0.708 0.156 2 

IP 0.652 0.620 0.577 0.075 4 

Table 8 - Response table for grey relational grade 

 

Confirmation experiment 

The confirmation experiment is performed by 

conducting a test using a specific combination of the 

factors and levels previously calculated. The sample 
size of confirmation experiment is larger than the 

sample size of any specific trial in previous factorial 

experiment. The final step of Taguchi’s parameter 

design after selecting the optimal parameters is to be 

predict any verify the improvement of the 

performance characteristics with the selected optimal 

machining parameters.[5] The predicted S/N ratio 

using the optimal levels of the machining parameters 

can be calculated with the help of below prediction 

equation: 

 
Here 

ηopt is predicted optimal S/N ratio, 

ηm is total mean of the S/N ratios, 

ηj is mean S/N ratio of at optimal levels 

k is number of main design parameters that affect the 

quality characteristics. The results of experimental 

confirmation using optimal machining parameters are 

shown in Tables below. From the above observations, 

it can be interpreted that the obtained. 
 

 
Table 9 - Optimal Process Parameters 

 

IV. CONCLUSION 

 
In the presented work, experiments are carried out for 

material removal rate, surface roughness and Kerf 

width with variables as Wire Tension, Pulse on time, 

Pulse off time and Peak Current. There are 18 

experimental readings taken for all variables to 

conduct the parametric study. 

Finally it can be concluded that: 

Grey relational analysis done to find out optimal 

parameter levels. After grey relational analysis, it is 

found that Wire Tension(6), Pulse on time (110), 

Pulse off time (45) and Peak Current (150)  are the 

best process parameter for the MRR, KERF width and 
Surface roughness. 

Increase in Pulse on time generates more spark energy 

as the length of time that electricity supply increases. 

MRR, SR and KERF width all response increasing 

with pulse on time. Pulse on time found most 

significant parameter between all response. Surface 

roughness increases with increase of pulse on time 

because the increases of pulse on time produce crater 

with broader and deeper characteristic. 

Pulse off time has oppugnant effect to pulse on 

time.MRR decrease with increase of pulse off time, 
while surface roughness reduces. During off time 

removed material flushed away. More the off time 

better the flushing. Prak Current has little effect on SR 

and MRR but it has more effect over Kerf Width. 

 

FUTURE SCOPE 

 

It would be interesting to take more input parameters 

like, wire feed, Servo Voltage and flushing pressure 

etc. The work was done using Molybdenum as wire 

electrode material. It would be interesting to compare 

with other wire electrode materials. Graphite, Copper-
Graphite, Tungsten Copper are some of the most 

promising ones. It would be interesting to take 

different work piece material as Inconel600,617,690, 

718 etc. for research work. Also, it is chances to do 

more work on RSM method. 

 

REFERENCE 

 
[1] S. B. Prajapati, N. S. Patel, “Effect of Process Parameters on 

Performance Measures of Wire EDM for AISI A2 Tool 

Steel”, International Journal of Computational Engineering 

Research, Vol, 03, April 2013. 

[2] https://en.wikipedia.org/wiki/Inconel_625 

[3] Mr. Amitkumar D. Shinde, Prof. Pravin R. Kubade, 

“Investigation of Effect of Laser Beam Machining (LBM) 

Process Parameters on Performance Characteristics of 

Stainless Steel (SS 304)” International Journal of Engineering 

Research and Technology. ISSN 0974-3154 Volume 10, 

Number 1 (2017) 

[4] S V Subrahmanyam, M. M. M. Sarcar, “Evaluation of 

Optimal Parameters for machining with Wire cut EDM 

Using Grey-Taguchi Method”, International Journal of 

Scientific and Research Publications, Volume 3, March 2013. 

[5] Sanchit Kumar Khare, Utkersh Tripathi, Vivekanand Yadav, 

Manoj Patel, “The Effects of Cutting Speed, Depth of Cut 

and Rake Angle on Material Removal Rate in Cryogenic 

Machining of AISI 4340 Steel”, International Journal of 

https://en.wikipedia.org/wiki/Inconel_625


International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 7, Issue-10, Oct.-2019, http://iraj.in 

Effects of Process Parameters on Machining Characteristics using WEDM (Wire Electrical Discharge Machining) of Inconel 625 

 

63 

Engineering Research & Technology (IJERT), ISSN: 2278-

0181, Vol. 6 Issue 11, November - 2017 

[6] https://en.wikipedia.org/wiki/Analysis_of_variance 

[7] https://en.wikipedia.org/wiki/Signal-to-noise_ratio 

[8] S. S.Mahapatra, Amar Patnaik, “Parametric Optimization of 

Wire Electrical Discharge Machining (WEDM) Process 

using Taguchi Method”, J. of the Braz. Soc. of Mech. Sci. & 

Eng., October-December 2006, Vol. XXVIII, No. 4 

[9] S Sivakiran, C. Bhaskar Reddy, C. Eswara reddy, “Effect Of 

Process Parameters On MRR In Wire Electrical Discharge 

Machining Of En31 Steel”, International Journal of 

Engineering Research and Applications (IJERA) Vol. 2, Issue 

6, November- December 2012. 

[10] Pradeep Singh, Arun Kumar Chaudhary, Tirath Singh, Amit 

Kumar Rana, “Experimental Investigation of Wire EDM to 

Optimize Dimensional Deviation of EN8 Steel through 

Taguchi’s Technique”, International Research Journal of 

Engineering and Technology (IRJET) Volume: 02, June-2015. 

[11] Atul J Patel, Prof.Satyam P Patel, “Parametric optimization 

of wire cut edm machine on hard steel alloy with multiple 

quality characteristics” International Journal of Advanced 

Engineering Technology, Vol. IV/ Issue II/April-June, 2013 

[12] M. Durairaj, D. Sudharsun, N. Swamynathan, “Analysis of 

Process Parameters in Wire EDM with Stainless Steel 

using Single Objective Taguchi Method and Multi 

Objective Grey Relational Grade”, International Conference 

on design and manufacturing, Procedia Engineering 64 ( 2013) 

[13] Priyaranjan Sharma, D. Chakradhar, S. Narendranath, 

“Evaluation of WEDM performance characteristics of 

Inconel 706 for turbine disk application” Materials and 

Design 88 (2015). 

[14] U. A. Dabade, S. S. Karidkar, “Analysis of response 

variables in WEDM of Inconel 718 using Taguchi 

technique” 48th CIRP Conference on Manufacturing Systems 

- CIRP CMS 2015. 

[15] Kashid D.V., S.G. Bhatwadekar, S.B. Sangale,  

“Investigations of Effect of Process Parameters on 

Material Removal Rate in Wire-cut Electrical Discharge 

Machining of Steel Grade EN 9” International Journal of 

Emerging Engineering Research and Technology, Volume 2, 

Issue 1, April 2014. 

[16] Manikandan.D, Gokul Raja S, Joel J, Karthick S, Karthikeyan 

A S, “Optimisation Machining Process Parameters in Wire 

Cut EDM” International Journal of Innovative Research in 

Science, Engineering and Technology, Vol. 5, Special Issue 8, 

May 2016 

[17] Pratik A. Patil, C. A. Waghmare, “Optimization Of Process 

Parameters In Wire-EDM Using Response Surface 

Methodology”, Proceedings of 10th IRF International 

Conference, 01st June-2014, Pune, India, ISBN: 978-93-

84209-23-0 

 

 

 

 

 

 

 

 

 
 

 

 

https://en.wikipedia.org/wiki/Analysis_of_variance
https://en.wikipedia.org/wiki/Signal-to-noise_ratio

