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Abstract: The quality of a wire EDM surface is strongly influenced by its parameter settings 
material to be machined. Optimization is one of the techniques used in manufacturing sectors 
to arrive for the best manufacturing conditions, which is an essential need for industries towards 
manufacturing of quality products at lower cost. 

 This project aims to investigate the study and the effect of wire EDM parameters on 
super alloy because of its growing applications in various industries. Here and attempt should 
be made for the parametric analysis of wire EDM parameters  by Taguchi method on the out 
responses like surface roughness (SR) and material removal rate (MRR). 

 The output responses are optimized by using an optimization technique and the best 
optimal combination of the responses are obtained. 

Keywords: Wire EDM, surface roughness (SR), Taguchi Method, Material Removal Rate 
(MRR). 

1. INTRODUCTION: 

             WEDM is considered as a unique 
adoption of the conventional EDM process, 
which uses an electrode to initialize the 
sparking process. However, WEDM utilizes a 
continuously travelling wire electrode made of 
thin copper, brass or tungsten of diameter 0.05-
0.30 mm, which is capable of achieving very 
small corner radii. The wire is kept in tension 
using a mechanical tensioning device reducing 
the tendency of producing inaccurate parts. 
During the WEDM process, the material is 
eroded ahead of the wire and there is no direct 
contact between the work piece and the wire, 
eliminating the mechanical stresses during 
machining. 

1.1 Basic Principle of WEDM Process: 

              The WEDM machine tool comprises 
of a main worktable (X-Y) on which the work 
piece is clamped; an auxiliary table (U-V) and 
wire drive mechanism. The main table moves 
along X and Y-axis and it is driven by the D.C 
servo motors. The travelling wire is 
continuously fed from wire feed spool and 
collected on take up spool which moves though 
the work piece and is supported under tension 

between a pair of wire guides located at the 
opposite sides of the work piece. The lower 
wire guide is stationary whereas the upper wire 
guide, supported by the U-V table, can be 
displaced transversely along U and V-axis with 
respect to lower wire guide. The upper wire 
guide can also be positioned vertically along Z-
axis by moving the quill. 

               A series of electrical pulses generated 
by the pulse generator unit is applied between 
the work piece and the travelling wire electrode, 
to cause the electro erosion of the work piece 
material. As the process proceeds, the X-Y 
controller displaces the worktable carrying the 
work piece transversely along a predetermined 
path programmed in the controller. While the 
machining operation is continuous, the 
machining zone is continuously flushed with 
water passing through the nozzle on both sides 
of work piece. Since water is used as a dielectric 
medium, it is very important that water does not 
ionize. 

               In order to produce taper machining, 
the wire electrode has to be tilted. This is 
achieved by displacing the upper wire guide 
(along U-V axis) with respect to the lower wire 

International Journal of Scientific Research and Review

Volume 7, Issue 11, 2018

ISSN NO: 2279-543X

Page No: 677



guide. The desired taper angle is achieved by 
simultaneous control of the movement of X-Y 
table and U-V table along their respective 
predetermined paths stored in the controller. 
The path information of X-Y table and U-V 
table is given to the controller in terms of linear 
and circular elements via NC program. Figure 
1.1 exhibits the schematic diagram of the basic 
principle of WEDM.   

 

Fig.1.1. Schematic Diagram of the Basic 
Principle of WEDM Process. 

2. LITERATURE SURVEY: 

               In any machining process, production 
rate, surface quality, dimensional accuracy and 
precision are the most important parameters to 
be considered. Therefore, in the present work, 
surface roughness (Ra) and metal removal rate 
(MRR) are considered. It is essential to 
understand the past and present status of the 
EDM process to suggest future areas of work. 
Extensive literature survey has been carried out 
to find the state of art at EDM process.  

Several attempts have been made to improve 
the performance of WEDM parameters. 

Han et al. [1] experimentally investigated the 
influence of machining parameters on surface 
roughness. They worked with wire electrode 
material made up of brass, and work piece of 
alloy steel (Cr12). They concluded that a short 
pulse duration combined with a high peak value 
could generate better surface roughness, which 
couldn’t be achieved with long pulses. 

Rozenek et al. [2] reported experimental 
investigations of the effect of machining 
parameters (discharge current, pulse-on time, 
pulse-off time, voltage) on the machining feed 
rate and surface roughness during electrical 

discharge machining of metal matrix composite 
AlSi7Mg/SiC and AlSi7Mg/Al2O3. 

Lok and Lee [3] investigated the discharge 
machining of two ceramic materials, namely, 
Sialon and Al2O3-TiC. The machining 
performance in terms of material removal rate 
and surface finish was compared under 
different conditions. 

Kuppan et al .[4] (2008) worked on the Inconel 
718 by making deep hole drilling with EDM. 
The parameters peak current, pulse-on-time, 
duty factor and electrode speed were chosen to 
study behavior. The out put responses were 
metal removal rate, depth of average surface 
roughness. The experimented were planned 
using central composite design. The results 
revealed that metal removal rate is more 
influenced by peak current, duty factor and 
electrode rotation, and MRR is increased with 
increase in current and duty factor and electrode 
speed, where as depth of average surface 
roughness is increased with increase in peak 
current , electrode speed and pulse on time 
(Kuppan et al., 2008). 

Konig et al.,[5](1988), McGeough (1988)[6] 
and Krar and Check (1997)[7] also made 
several attempts to producing micro parts such 
as micro pins, nozzles, cavities using micro-
EDM. In addition a study of applying micro 
EDM as an alternative method for producing 
photo-masks used in IC industry has been 
conducted. The application of CNC to EDM has 
helped to explore the possibility of using 
alternative types of tooling to improve the 
MRR. The EDM commonly employs 3D 
profile electrodes, which are costly and time 
consuming to manufacture for the sparking 
process. However, experimental work has been 
performed with a frame electrode generating 
linear and circular swept surfaces by means of 
controlling the electrode axial motion (Lee and 
Lau, 1991). These techniques eliminate the 
need to utilize the 3D electrode to perform the 
roughing operation by replacing the simple 
electrode to remove unwanted material in an 
complete block improving the machining 
efficiency and MRR. 

3. IDENTIFICATION OF THE 
PROBLEM:  

               Now a day, there are far greater 
demands for higher precision in machining, 
ease of operation and increased longevity of 
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both the parts as well as the machines that make 
them. CNC Wire Electrical Discharge 
Machining (WEDM) can satisfy and meet all 
these needs. The precision machining of 
complex geometries can easily be 
accomplished with minimal operations. 

3.1. Proposed Methodology To Solve The 
Problem: 

              WEDM involves a number of process 
variables such as pulse-on time, pulse-off time, 
wire tension, wire feed, dielectric flow rate, 
spark gap voltage, servo reference voltage, 
pulse frequency, duty factor, etc,. However, 
based on the literature review and the trial 
experiments, pulse-on time, pulse-off time, 
wire tension and wire feed are chosen as the 
process control variables in the present work. 

Pulse-on time: In the process, each cycle has 
an on-time and an off-time that is expressed in 
units of microseconds. Since all the work is 
done during on-time, the duration of these 
pulses is an important process variable. Metal 
removal is directly proportional to the amount 
of energy applied during theon-time. The 
energy is controlled by the length of the pulse 
on-time. The resulting crater will be deeper and 
broader than a crater produced by a shorter on-
time. Excessiveon-times can be counter-
productive when the optimum on-time for each 
electrode-work material combination is 
exceeded. 

Pulse-off time: It is the time between two 
consecutive discharges. A cycle is completed 
when sufficient off-time is allowed before the 
start of the next cycle. Offtime will affect the 
speed and the stability of the cut. Shorter the 
off-time, the faster will be the machining 
operation. However, if the off-time is too short, 
the ejected work piece material will not be 
swept away by the flow of the dielectric and the 
fluid will not be deionized. This will cause the 
next spark to be unstable. Unstable conditions 
cause erratic cycling and retraction of the 
advancing servo. This slows down cutting more 
than long, stable off-times. 

Wire tension: It is necessary to hold the wire 
in a designated position against the object 
because the wire repeats complex oscillations 
due to electro discharge between the wire and 
the work piece. In addition, the wire is to be 
ensured tight to avoid tapering of the surface. 

Wire feed: Wire feed indicates the speed at 
which the wire is supplied to cutting zone. 
During cutting, both the work piece and the tool 
get eroded. Wire once used is usually discarded 
in order to maintain higher accuracy. In the 
process, heat energy is delivered through wire 
in the spark gap and the feed control has to 
maintain the movement of wire in such a way 
that the heating temperature to melt work piece 
material is consistent and uniform. Improper 
setting of feed rate causes instability leading to 
detrimental short circuits between work piece 
and electrode. With regard to the performance 
measures, the following are considered as the 
output responses. 

Pulse current: The peak current is basically a 
most important machining parameter in Wire 
Electric Discharge Machining (WEDM).It is  
the power used in WEDM and measures in unit 
of amperage .During each pulse on-time, the 
current increases until it reaches a present level, 
which is expressed as the peak current. 

Surface roughness (Ra): Roughness is often a 
good predictor of the performance of a 
mechanical component, since irregularities in 
the surface may form nucleation sites for cracks 
or corrosion. Rough surfaces usually wear more 
quickly and have higher friction coefficients 
than smooth surfaces. The surface produced by 
the WEDM consists of a multitude of small 
craters randomly distributed all over the 
machined face. The quality of surface finish 
depends upon energy per spark. If energy 
content is higher, deeper crater will result 
leading to poor surface. 

Metal removal rate (MRR): Metal removal 
rate decides the rate of production and the 
economics of the machining operation. It is 
observed that the above output responses are 
affected by the chosen process variables. A 
detailed analysis on each output response by the 
individual process variable is made in the work. 
The problem of finding the optimal settings 
with the optimization of surface roughness (Ra) 
and metal removal rate (MRR). 

4. TAGUCHI METHOD: 

               Competitive crisis in manufacturing 
during the period of 1970‟s and 1980‟s that 
lead to the modern quality movement, giving 
rise of the Taguchi methods at U.S. in the 
1980‟s. It is a system of design engineering to 
increase quality. This method refers to a set of 
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principles which make a framework of 
consistently evolving steps to quality. Taguchi 
method is three integral elements, the loss 
function, signal-to-noise ratio, and orthogonal 
arrays, which are closely related to define 
quality. 

               Taguchi method is involved in two 
types they are static method and the other is 
dynamic method in dynamic method there are 
three steps involved it is the system design, 
parameter design and the finally tolerances 
design in this the noise is reduced by different 
analysing the need of design.S/N ratios are 
three types of excellence characteristics, i.e. the 
smaller is the better, the higher is the better, and 
the nominal is the finest. The formula utilized 
to designed for analyze S/N percentage, it is 
shown below. 

               Smaller-is-better: It is utilized where 
the smaller value is desired. For drilling process 
cutting force, torque, surface roughness and 
power should be low for better quality; hence 
smaller S/N ratios are measured for these 
parameters.                             

(1)      

Where yi = observed response value and      n = 
number of imitations. 

Nominal-is- finest: It is utilized wherever the 
nominal or object value and difference about 
that value is smallest.                            

     (2) 

Where µ = mean and σ= variance. 

               Higher-is-better: It is utilized where 
the bigger value is preferred. In drilling process 
Material Removable Rate should be high for 
better quality. S/N ratios are considered for 
these parameters. 

The signal to noise ratio for the higher the better 
is 

                         

  (3)                         

 

Where yi = observed react value and                        
n = quantity of imitations 

 

5 .EXPERIMENTATION 

The experiments are conducted on a 
precision 4-axis CNC-Wire Electrical 
Discharge Machine, Model ELECTRONICA 
ECOCUT, made by Electronica india Ltd.,Pune 
which is available with N.Raveendran , 
STANDARD CNC,Avvai Street,T.M.P. 
Nagar,Padi, Chennai, Tamil Nadu. 

Experiments are carried out on Inconel 
800 super alloy. The chemical composition of 
the material as given in Table 5.1. 

  

Table 5.1 Chemical Composition of Inconel    
800 

Inconel 800 is one of iron based exotic 
super alloy or Heat resistant alloy, mainly used 
in nuclear power plants, domestic appliances, 
Thermal processing equipment in industrial 
applications (such as baskets, trays, and 
fixtures), production of paper pulp, digester-
liquor heaters, pumps, valves, Jigs, fixtures, 
aerospace and jet engine components. The 
specimen is prepared with the dimensions of 
8mm length, 8 mm breadth and 8 mm height for 
machining. Distilled water is used as dielectric 
medium and the machine is made to calibrate 
before the experimentation. 

The process parameters considered for 
experiments are pulse-on time, pulse-off time, 
wire tension, wire feed and pulse current while 
surface roughness and metal removal rate are 
considered as the output responses. 

5. 2. Conducting the Experiment 

The experimental set-up used for the 
present work is displayed in Fig. 5.1, 5.2. Fig. 
5.1 depicts the wire threading mechanism, the 
dielectric system, CNC system with the 
electronic circuits and the controls for fixation 
of work piece. The sample work pieces are 
shown in Fig.5.2

C Cr Ni Ti

.10 max 19.0-23.0 30.0-35.0 0.15-0.60

Al Fe Mn Al+Ti

0.15-0.60 39.5 min 1.5 max 3.15-4.15
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Fig. 5.1 WEDM machine used for 
experimentation 

 

Fig 5.2: Machined Specimens – Inconel 800 
Super Alloy 

The machining conditions at which the 
experiments conducted are given in Table 5.2 

 

Table 5.2: Machining conditions 

 

 

The feasible ranges of the process 
control variables, provided by the machine tool 
manufacturer, are listed in Table 5.3. 

S. 
NO 

Process parameters 
Levels 

Units 
1 2 3 

1 Pulse-on time (ON) 3 6 9 µs 

2 Pulse-off time (OFF) 3 6 9 µs 

3 Wire tension (WT) 7 8 9 N 

4 Wire feed 4 5 6 m/min 

5 Pulse current 2 3 4 A 

Table 5.3: Process parameters and their 
levels 

These values correspond to the 
conditions at which there are no wire 
breakages, short circuits and no limitations on 
the cutting speed. 

5.3. PLAN OF EXPERIMENTS 

L27 orthogonal array is used for plan of 
experiments. Each parameter is divided into 
three levels and are listed in Table 5.3. 

Table5.5 shows the plan of 
experiments. All the parameters at the lowest 
level (1), intermediate (2) and highest (3) level 
constitute the combination of each of the 
process parameters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S. 
No. Particulars of machining conditions 

1  Wire 

Brass, 0.25mm 
diameter, coated 
with copper 

2  Work piece material Inconel 800 

3  Length of cut 8 mm 

4  Angle of cut Vertical1 

5 
Location of work 
piece 

  At the centre of 
the table 

6 
Servo reference 
voltage 35V 

7 
Dielectric 
temperature 250C 

8 Dielectric Fluid Distilled water 
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Exp. 
 no 

Pulse 
on 
time   

pulse 
off 
time 

wire 
tension 

wire 
feed 

Pulse 
current 

1 3 3 7 4 2 

2 3 3 7 4 3 

3 3 3 7 4 4 

4 3 6 8 5 2 

5 3 6 8 5 3 

6 3 6 8 5 4 

7 3 9 9 6 2 

8 3 9 9 6 3 

9 3 9 9 6 4 

10 6 3 8 6 2 

11 6 3 8 6 3 

12 6 3 8 6 4 

13 6 6 9 4 2 

14 6 6 9 4 3 

15 6 6 9 4 4 

16 6 9 7 5 2 

17 6 9 7 5 3 

18 6 9 7 5 4 

19 9 3 9 5 2 

20 9 3 9 5 3 

21 9 3 9 5 4 

22 9 6 7 6 2 

23 9 6 7 6 3 

24 9 6 7 6 4 

25 9 9 8 4 2 

26 9 9 8 4 3 

27 9 9 8 4 4 

Table 5.4: Experimental observations based 
on L27 Array 

 

 

 

 

 

 

 

 

 

 

 

5.4 RECORDING THE RESPONSES 

To measure the surface roughness, 
there are several parameters in use, but Ra is by 
far the most common. Hence, in the present 
work, Ra is used to represent the roughness 
value. Ra is measured in perpendicular to the 
cutting direction using Talysurf. surface 
roughness tester at a 0.8mm cutoff value. It is 
measured at 12 different places perpendicular to 
the direction of the cut on the surface of 
machined work pieces and an average of these 
measurements is recorded as the response 
value.The output responses recorded for each 
set of process control variables are listed Table 
5.5 
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Expt
.No 

Pulse 
on 

Pulse 
off 

Wire 
tension 

Wire 
feed 

Pulse 
Current 

Time MRR Ra 

(mins) 
(mm3 

/sec) 
(μm) 

  
A B C D E 

(μs) (μs) (N) (m/min) (A) 

1 3 3 7 4 2 18.3 0.466 1.496 

2 3 6 8 5 3 21.36 0.399 2.124 

3 3 9 9 6 4 22.31 0.382 2.332 

4 6 3 8 6 2 17.06 0.5 1.701 

5 6 6 9 4 3 15.66 0.544 1.629 

6 6 9 7 5 4 15.26 0.558 2.11 

7 9 3 9 5 2 31.4 0.271 1.814 

8 9 6 7 6 3 25.13 0.339 1.913 

9 9 9 8 4 4 20.86 0.408 1.939 

10 6 3 8 6 2 16.2 0.526 2.296 

11 6 3 8 6 3 15.25 0.559 1.999 

12 6 3 8 6 4 16.93 0.503 1.726 

13 6 6 9 4 2 16.93 0.503 1.822 

14 6 6 9 4 3 16.4 0.52 1.734 

15 6 6 9 4 4 20.46 0.416 1.964 

16 6 9 7 5 2 22.2 0.384 2.126 

17 6 9 7 5 3 16.93 0.503 1.885 

18 6 9 7 5 4 19.6 0.435 2.499 

19 9 3 9 5 2 19.73 0.432 1.968 

20 9 3 9 5 3 16.6 0.514 1.863 

21 9 3 9 5 4 19.66 0.433 1.737 

22 9 6 7 6 2 19.86 0.429 1.483 

23 9 6 7 6 3 17.86 0.477 1.456 

24 9 6 7 6 4 19.66 0.433 1.627 

25 9 9 8 4 2 19.73 0.432 1.946 

26 9 9 8 4 3 18 0.474 1.86 

27 9 9 8 4 4 19.86 0.429 2.24 

Table 5.5: Experimental observations based on L27 Array 

 

                                                                                                    
6 .CONCLUSION 

 In the previous chapters, the effect of 
machining parameters of WEDM on 
response variables such as material 
removal rate (MRR), surface finish, on 
Inconel 800 Super alloy materials has been 
discussed. Also the levels of importance of 

machining parameters for each of response 
variables has been found. 

 The orthogonal array has been selected for 
four variables (namely pulse on-time, 
pulse off-time, wire tension, wire feed and 
Pulse  current) and L27 has been chosen as 
orthogonal array for current 
experimentation.  
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 The effect of process parameters i.e. pulse 
on-time, pulse off-time, wire tension, wire 
feed and pulse  current) on response 
variables such as material removal rate, 
surface roughness has been thoroughly 
studied.  

 Pulse off and wire feed were found to be the 
most significant factors influencing all 
responses investigated for both the 
experiment sets.  

 Experiment 11 has high MRR and 
Experiment 23 has low Surface 
Roughness. 
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