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Abstract— This paper presents an effective approach of optimizing machining characteristicsof AISI D2 tool steel in wire 
electrical discharge machining process. During experiments,the five process parameters such as wire feed, peak current, 
pulse on time, pulse off time and servo voltage were changed to explore their effect on multiple machining characteristics 
namely cutting speed and surface roughness. In this investigation, L18 orthogonal array, signal-to-noise ratio and analysis of 
variance are chosen for the experiments. From experimental results, it is found thatthe pulse on time affects significantly the 
cutting speed and surface roughness; the wire feed not seeming to have much of an influence. For validation, confirmatory 
experiments were performed for each of the machining characteristics corresponding to their optimal combination of process 
parameters. 
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I. INTRODUCTION  
 
WEDM is a thermoelectric unconventional 
machining process using a series of discrete sparks to 
erode the work material. In this machining method, 
the thermal energy is utilised to melt partial 
vaporization of work material by concentrating such 
energy on a small zone of the work piece. The basic 
mechanism of metal removal of travelling wire-EDM 
is same as that in die-sinking type electrical discharge 
machining. In WEDM, material is eroded from the 
job by a series of discrete sparks occurring between 
the electrode wire and job, separated by a dielectric 
fluid, which continuously impinges at the point of 
liberation of high amount of thermal energy [1]. Now 
a days WEDM is employed for machining of all types 
electrically conductive materials used in industry 
such as metals, metallic alloys or even some ceramic 
materials of any hardness [2]. A wire which is in 
vertical position is fed in to the work material 
continuously from a supply spool to a take up spool 
[3]. A computer controlled positioning system is also 
used to maintain the gap between the tool and the 
work material which varies from 0.025 to 0.050 mm. 
The diameter of wire electrode ranges from 0.05 to 
0.25 mm and the same depends upon the controlled 
process parameters [4,5].  

 

 
A* = Shape produced by WEDM 

Fig. 1:Typical representation of wire electrical discharge 
machining process. 

This process is widely used for burr free intricate 
shapes which is too difficult with other conventional 
machining methods. It has capability of generating 
profile with high degree of dimensional accuracy 
without making any mechanical contact between tool 
(wire electrode) and work piece. Good surface finish 
with low thermal affected zone depth are obtained 
which minimize manual finishing operation time and 
fewer finishing operations are required for further 
finishing only in that cases in which surface finish is 
the primary importance. In this machining, job is not 
submerged in dielectric fluid as in case of electric 
discharge machining (EDM). 
 
AISI D2 high carbon high chromium die steel 
possesses excellent mechanical properties and these 
are very sensitive to heat treatment. However, the 
cost associated with these processes is very high since 
the material removal rate is very low as well as 
machining of complex profiles is difficult. Wire 
electrical discharge machining (WEDM) is a non-
conventional machining process which overcomes the 
difficulties [6]. 

 
II. LITERATURE REVIEW 
 
Kivak (7) optimized the drilling parameters using 
Taguchi methodology to obtain minimum surface 
roughness and thrust force. Experiments were 
conducted using L16 orthogonal array on a CNC 
vertical drilling machining centre. Wu Gang (8) used 
Taguchi methodology in CNC milling for designing 
optimal parameters to reduce geometric errors.Fratila 
(9) applied the Taguchi optimization methodology to 
optimize the cutting parameters in face milling in 
order to get the best surface roughness and the 
minimum power consumption. Guu [10]analysed 
surface morphology, surface roughness and micro-
crack of AISI D2 tool steel by using atomic force 
microscopy (AFM technique). Experimental result 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-4, Issue-2, Feb.-2016 

Optimization Of Machining Characteristics In WEDM Of AISI D2 Tool Steel Using Taguchi Method 
 

85 

shows that the surface texture after EDM is 
determined by discharge energy during processing. 
Pradhanet al. [11] investigated the effect of four 
controllable input variables namely: discharge 
current, pulse duration, pulse off time and applied 
voltage surface roughness of on Electrical Discharge 
Machined surface of AISI D2 tool steel using 
Response Surface Methodology (RMS). Jangra et al. 
[6] used grey relational analysis along with Taguchi 
method to optimize material removal rate and surface 
roughness simultaneously for WEDM of WC-Co 
composite. Rao et al. [12] applied a hybrid approach 
of Taguchi and grey relational analysis to optimize 
the multi-objective optimization of Nd-YAG laser 
cutting of thin supper alloy sheet. The optimized 
parameters for straight and curved laser cut profiles 
have been compared. 

 
III. EXPERIMENTAL PLANNING AND 
RESULTS 

 
3.1 Experimental planning 
A rectangular block of AISI D2 tool steel has been 
chosen for the experimentation. It has high wear and 
abrasion resistant properties. AISI D2 tool steel is 
used for making tools and dies for blanking, 
punching, forming, cold-extruding, and 
otheroperations requiring high compressive strength 
and excellent wear resistance. High chromium 
content of D2 steel gives it mild corrosion resisting 
properties in the hardened condition.The chemical 
composition of the work piece material is given in 
Table 1. 
 

Table 1: Chemical analysis of work piece material 

 
 
In this experimentation, 5-axis sprint cut (ELPLUS-
40) WEDM manufactured by Electronica machine 
tool Ltd. India, is used. The diameter of electrode 
wire is 0.25 mm and the distilled water is used as the 
dielectric fluid with a conductivity of 20S. The range 
of variable parameters is varied from machine to 
machine. In current machine, the ranges are as 
follows: peak current, 10-230 A; pulse-on time, 100-
131 µs; pulse-off time, 14-63 µs; wire speed, 1-15 m/ 
min; wire tension, 1-15 N; servo voltage, 10-80 V; 
dielectric flow rate, 0-12 litre per minute (L/min). 

 
Table 2 Process Parameters and their levels 

 

In the WEDM processing, five process parameters 
namely wire feed, peak current, pulse-on time, pulse-
off time and servo voltage are chosen as input 
variables while rough cutting of AISI D2 tool steel. 
Five input parameters (table 2) are selected in which 
wire feed is kept at two levels and all four at three 
levels to reflect the true behaviour of output 
parameters namely Cutting Rate (CR) and Surface 
Roughness (SR). Trial experiments were performed 
to select the range and values of input variables. 
 
3.2. Experimental Results 
Taguchi method is utilised to conduct experiments. 
The key objective of the Taguchi method is to 
optimize process parameters to generate components 
with high productivity and low cost. Orthogonal array 
of special design is used in Taguchi method to reduce 
the number of experiments.Orthogonal array is 
selected to design the experiment depending upon the 
value of Degree of Freedom. In the present 
experimentation, the total degree of freedom 
associated with five parameters is equal to 9 
(1×1+4×2). Therefore, L18 (orthogonal array) has 
been used. The experiments were conducted in 
random order and CS was measured in mm/min. SR 
value (μm) was measured in terms of mean absolute 
deviation (Ra) using the digital surface tester 
Mitutoyo 201P. Values of machining characteristics, 
which was observed during experimentation, are 
tabulated in table 3. 

 
Table 3. Array layout, experimental and S/N Data. 

 
 
In order to obtain the optimal setting for each 
machining characteristic, experimental data is 
converted into signal to noise ratio data using 
Taguchi method. The equations for calculating S/N 
ratios for “Larger the better” (HB) for CS and “Lower 
the better” (LB) for SR types of characteristics are as 
follows [13]: 

1. Larger the better: 
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2. Lower the better: 

 
Here, R is the total number of repetitions; yj is the 
actual value of experiment at jth test. Table 3 also 
shows the signal to noise ratio for CS and SR. 
 
3.3 Results and Discussion 
In order to evaluate the effect of each level of process 
parameter on the machining characteristics, Taguchi 
method is employed [6]. Calculations were performed 
for each process parameters level and the response 
graphs have been created for each machining 
characteristics as shown in fig.(s) 3 and 4.  
 

 
Fig. 3Response graph for CS 

 

 
Fig 4 Response graph forSR 

 
From fig. 3, it is clear that, the cutting rate increases 
with the increase of pulse on time, peak current and 
wire feed, and decreases with increase in pulse off 
time and servo voltage and from fig 4, surface 
roughness increases with the increase of pulse on 
time, peak current and servo voltage, and decreases 
with increase in pulse off time.  The optimum 
parameters combination for CS and SR are 
A2B3C3D1E1 and A2B1C1D2E1 corresponding to 
the largest values of S/N ratio for all control 
parameters 
 
3.4 Predicted optimal values 
In order to predict the optimal values of the 
machining characteristics, only significant parameters 
are considered. These significant parameters were 
found using Analysis of Variance (ANOVA) on S/N 
data of machining characteristics. Analysis of 

variance is performed using statistical software 
Minitab 15 to evaluate the influence of process 
parameters. These optimal values can be determined 
by following relationship: 
휂 = T +∑ (Ti −T)    (3)    
 
T &Ti= overall mean & average value of response at 
the optimum levels resp.,  q = no. of process 
parameter. 
 

Table 4 ANOVA for CS 

 
 

Table 5 ANOVA for SR 

 
 
From table 4, it is clear that all process parameter 
namely wire feed (A), peak current (B), pulse on time 
(C), pulse off time (D) and Servo voltage (E) are the 
significant process parameters affecting the CS 
and,from table 5, peak current (B), pulse on time (C) 
and pulse off time (D) are the most significant 
process parameters affecting the SR. In case of CS, 
optimal value is calculated as follow:  
휂  = T +  (A2−T ) +  (B3−T ) +  (C3−T ) + (D1−T ) + (E1−T )                                  
(q = 5) 
= 1.1294 + (1.1622 –  1.1294) + (1.2100 −  1.1294) + (1.5333 – 
1.1294) + (1.2383 – 1.1294) + (1.2183 – 1.1294)  
= 1.8445 mm/min. 
 
Similarly, optimal value for SR is predicted. For 
validation, confirmatory experiments were performed 
for each of the machining characteristics 
corresponding to their optimal combination of 
process parameters. Table 5 compare the predicted 
and experimental values of CS and SR. 

 
Table 5: Predicted Optimal and Confirmation 

Experiments values 

 
 
CONCLUSIONS  
 
In the present investigation, approach of Taguchi 
method is used for optimization of response 
parameters. From experimental results, the optimal 
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sets of process parameters are obtained as A2 B3 C3 
D1 E1 for cutting speed and A2 B1 C1 D2 E1 for 
surface roughness. Optimal predicted values for 
cutting speed and surface roughness are 1.8445 
mm/min and 0.92µm, and confirmation experimental 
values cutting speed and surface roughness are 1.792 
mm/min and 0.85µm respectively.  
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