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Abstract: At present scenario the demand for compact, integrated and small size products
by a non-traditional process is increased because it gives high accuracy. Machining
performance specifications of concern include minimum feature size, tolerance, surface finish,
and material removal rate (MRR) and applications of advanced, which is very difficult to
machine the materials. Wire cut EDM is an important manufacturing process that meets
these demands and it has been widely used in production, aerospace/aircraft, medical,
and virtually in all areas of conductive material machining. In the present research work,
EN-19 steel alloy is used as work material. Experimentation on WEDM s conducted for
modelling the material removal rate. The experimental results are used for determining the
more dominant parameter on material removal rate (MRR) using optimization techniques.
A numerical analysis is carried out using experimental conditions. In this, a model of work
is analyzed and theoretical material removal rate is estimated using finite element
analysis (FEA). A comparative study is made between the numerical and experimental results.

Keywords: Material Removal Rate (MRR), Wire Cut EDM (WEDM), Factorial Design,
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1. INTRODUCTION

WEDM is a thermo- electrical process in which
material is removed by a series of sparks between
work piece and wire electrode (tool). The part
and wire are immersed in a dielectric (electrically
non-conducting) fluid, usually deionised water,
which also acts as a coolant and flushes the
debris away. The material which is to be cut must
be electrically conductive. CNC wire cut EDM
machine puts impulse voltage between electrode
wire and work piece through impulse source,
controlled by servo system, to get a certain gap,
and realize impulse discharging in the working
liguid between electrode wire and work piece.
Numerous tiny holes appear due to erosion
of impulse discharging, and therefore get the
needed shape of work piece. Electrode wire is
connected to cathode of impulse power source,
and work piece is connected to anode of impulse
power source. When work piece is approaching
electrode wire, in the insulating liquid and when
a gap between them reaches to a certain value,

insulating liquid will be broken through; very
shortly, discharging channel forms, and electrical
discharging happens. And release huge high
temperature instantaneously, up to more than
10000 degree centigrade, the eroded work
piece is cooled down swiftly in working liquid
and flushed away. Manna and Bhattacharyya [1],
carried out an experimental investigation
to determine the parameters setting during
the machining of aluminium-reinforced
silicon carbide metal matrix composite (Al/
Sic-MMC).  Mathematical models relating
to the machining performance such as
MRR and Ra are established using the Gauss
elimination method for the effective machining
of Al/Sic-MMC. Y.S Liao et al. [2] investigated
that WEDM machines have endorsed the pulse
generating circuit using low power for high
power and ignition for machining. Rathod VT
et al, [3] has used the finite element analysis for
modeling MRR for AISI 304 using ANSYS software
and effect of various process parameters on MRR
has investigated. For optimization of process
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Fig 2. FEA Model for EDM Process

parameters, the research papers considered as
reference papers listed in references from 4 to 11.
From the literature, several researchers applied
the Taguchi method and used it to optimize the
performance parameters in WEDM process. In
the Present work EN-19 steel alloy is considered
for calculating the output parameters like surface
roughness, material removal rate using factorial
design with 5 levels and a comparative study is
been made on output response between the
experimental and finite element results.

2. METHODOLOGY

The objective of the project is, to model and
optimize the material removal rate for EN-19 Steel
alloy followed by numerical and experimentation.
The proposed methodology is shown in the
figure.1. EN19 Steel Alloy is used as Work piece
Material at present work and the copper material
is used as tool with a diameter of 0.25mm.

3. FINITE ELEMENT ANALYSIS

The finite element analysis through the ANSYS
software is used for obtaining the material removal
rate based on the experimental conditions.
The work piece domain is considered to be
axi-symmetric about z axis. The maximum heat
input will be at centre top of the work piece. On
the top surface, the heat transferred to the work
piece is shown by Gaussian heat flux distribution.

Modelling of BMEE using Finite ¥ Comparative Study Walidation of
Element Analysis > Optimized  Process
Parameters  through
Ilodelling of MEE. through Optimization of Process conformation
Experimentation 5 | Parameters Ezperiments
Fig 1. Methodology
TR Heat flux is applied on centre top up to spark
Y o radius R, beyond R convection takes place due to
dielectric fluids. As other positions are far from
the spark location no heat transfer conditions
ht( T-To) have been assumed for them. For outer layer, as it
is axis of symmetry the heat transfer is zero.
1
8T . .
8T _ 0 —=0 In mathematical terms, the applied boundary
&n . . - conditions are given as follows:
]
o % = Q(r), when R<r for center top /position;
s X
n r2
Where, Q(r)=%eﬂ"5(@ , Gaussian distribution

for heat flux (4).

% =he(T — Ty), when R = > r for centre top position;

g =0, at the outer layers. Where, h is heat transfer

coefficient of dielectric fluid; Q(r) is heat flux
due to the spark; T is the initial temperature.

The typical boundary conditions used for modelling
EDM process in FEA is shown in the figure. 2.
The solid and Meshed model of a component of
EN-19 steel alloy in ANSYS is shown in figure 3.
The component is analysed in ANSYS software
at various phases and Heat Distribution after the
post processor phase is shown in figure 4.

4. MRR ESTIMATION FROM THE FEA

MRR per single spark = volume of the hemisphere

2
= nr’
3

Where, r =radius of the carter generated

From Finite element analysis for the given input
parameters (given below), the radius of the
carter (Fig. 5) is found to be 0.652 mm

5. EXPERIMENTATION

The cylindrical rod of the EN 19 steel alloy is cut
into the small size using the hack saw. The rod
is cut into the small cylindrical shape according

Manufacturing Technology Today, Vol. 17, No. 11, November 2018 23



Technical Paper

THE

ANSYS

SEP 25 2015
04:11:25

Fig 4. Heat Distribution after the Post Processor Phase & Sectional view of the Work Piece

3 Table 1: Specification of Dielectric Fluid Used
Crater Radius
— Appearance Colourless
2 .
Density at 15 0C (g/cm3) 0.7884
Total Acid No. (mgKOH/g) 0.01
Viscosity, cSt at 40 0C 2.874
‘ Flash Point (PM), oC 92
Fig 5. Crater Radius from FEA Results Distillation Range, oC 206
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Fig 8. Dial Gauge for the Alignment

Fig 9. Wire Feed Mechanism

to the required height. The cutting of the
EN 19 rod can be seen in the fig 6. The cylindrical
work piece should be converted into the
rectangular shape so using the slotter machine the
cylindrical work piece is converted into the
rectangle of the required dimension and it is
shown in the fig 7. The dielectric fluid is selected
for present work is DAPHNE CUT HL 25-S
(Dielectric Fluid). The typical Specifications of
dielectric fluid are listed in table 1.

5.1 Tool (Copper Wire)

Generally in the wire cut EDM, copper, tungsten,
carbide, etc material is preferred to be selected
as the tool. The tool used in Wire cut EDM
should be electrically conductive. The wire is
continuously fed across the work material so that
the cutting of the work material takes place by the
vaporization.

5.2 Wire Feed Mechanism

The roll of the copper wire is placed at one place
with the help of the some rotating mechanism
the wire is feed towards the work material. The
wire of the diameter 0.25 mm is used for this
purpose and the wire feed rate is maintained
3mm\s. The fig.8 shows the wire feeding for
the machining. The wire feed, dielectric fluid
pressure is set constant for all the experiments.
The required input parameters which affect
the MRR and the time required for cutting slot
of 5x20x15 mm diameter is noted. The procedure
is repeated by changing the parameters
which affect the MRR for the five pieces of the
sample work pieces. The initial and final weight
(after cutting) of the work piece is found to
be as 150 gm and 139 gm respectively with
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Table 2: Experimental

and Predicted MRR

Fig 10. Comparison Between Exp. and Predicted MRR
weight of the scrap 11 gm for particular condition.

The experimental data from the wire cut EDM
are listed below in the table 2. From these data
listed during the experiment helps for finding the
experimental MRR. The equation below is used
for the estimation of the experimental MRR.

(w\p weight removed in gram=1000)

MRR =

[Density in%]*[Machining Time]

S.| T, L IP (A) VP | Time \F/ng (mrqus/ Experimental Estimated Error
H 3 3
No | (ms) | (ms) (V) | (min) (mm/s) | min) MRR (mm?3/s) MRR(mm?3/s)
1] 105 | 63 12 1 39 3 34.9 0.58 0.5449928 0.035
2 | 107 | 60 12 1 33 3 41.4 0.69 0.7249928 0.0349
3 | 109 | 57 11 1 24 3 57.3 0.96 0.9949928 0.034
4 | 111 | 54 11 1 19 3 72.7 1.21 1.1749928 0.035
5| 113 51 11 1 15 3 92.4 1.54 1.5399928 7.2E-6
Table 3: Typical Different Combination from Factorial Design
MRR . T T | MRR S/N
on off
T. | T, | ! | Voltage (mm*/s) S/N Ratio Voltage (mm*/s) | Ratio
3 2 3 1 1.03 0.29 3 5 1 2 1.36 2.66
3 3 1 2 1.14 1.17 5 1 2 2 0.93 -0.63
4 2 2 1 0.94 -0.51 4 4 3 2 1.34 2.56
3 2 1 2 1.04 0.32 2 3 2 1 1.05 0.42
3 3 3 1 1.14 1.14 3 4 | 2 2 1.25 1.95
2 5 2 1 1.26 2.04 5 1 2 1 0.84 -1.56
3 3 1 1 1.05 0.42 1 3 1 1 1.05 0.42
The statistical equation (Equation.l) is generated
180 from the MATLAB for predicting the MRR at
160 | various input conditions and comparison between
the predicted and exp.MRR is shown in figure.10.
L The comparison of predicted and experimental
120 | is shown in the Table.2 and it is inferred that the
variation in the estimated and experimental is
100 4 . . o
7 _ considerably small and is shown in figure 10.
&.; 080 - =4—Experimental
& o] - Predited MRR = (36.1224 T ) +(-35.9184 T ) + (-0.09 I) +
&4 (0.095V) |
& 0404
0.20 Where, MRR = material removal rate in mm3/s;
0.00 w . w T T ] T = pulse on time in sec;
0 1 2 3 4 5 § T = pulse off time i .
No.of Input Combinations o = pulseofftimein sec;

| = current in amp;

V = voltage in volts

6. FACTORIAL DESIGN

A factorial design is type of designed experiment
that lets you study of the effects that several
factors can have on a response. When conducting
an experiment, varying the levels of all factors
at the same time instead of one at a time lets
study the interactions between the factors. For
the prepration of the different combination,
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Fig 11. MRR With and Without the Optimized T
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Fig 12. MRR With and Without Optimized T

the following conditions are used. Number of
conditions =4 (Pulse on time, pulse of time, current,
voltage). The typical different combinations
obtained from the full factorial design is shown in
Table 3.

Number of levels
Pulse on time = 5; Pulse off time = 5; Current =3;Voltage= 2

From the Fig 11, it is inferred that the average MRR
for optimum Ton is more compared to the without
optimized Ton. MRR variation for optimized and
without optimized MRR. The maximum MRR is
found to be 1.54 mm3\s for the optimized pulse
on time. From the figure 12, it is inferred that the
average MRR for optimum Ton is more compared
to the without optimized Ton. MRR variation
for optimized and without optimized MRR. The
maximum MRR is found to be 1.58 mm?3/s for the
optimized pulse on time. From the Fig.13, it is
inferred that the average material removal rate is
more for the optimum current than the without
optimized current. The optimized current is shown
with dotted red colour and dark blue colour
represent with optimized current. The Fig.14

1.60 ‘
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o
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Fig 13. MRR With and Without
Optimization of Current
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Fig 14. MRR With and Without Optimized Voltage

shows the MRR variation for optimized and without
optimized voltage. The red dotted curve indicates
the MRR without optimization and the green
curve shows the MRR with the optimization. The
voltage does not affect much in the MRR.

7. CONFIRMATION TEST FOR OPTIMUM
PULSE ON TIME

From the combinations of factorial design, it
is found that 0.113 sec is optimum pulse on
time. In test |, the experiment has conducted by
making the pulse on time as constant and other
process parameters are varying. The experimental
and predicted MRR followed by the amount of
deviation (error) for same conditions are listed in
Table 4. From the Table 4, it is inferred that the
predicted MRR is not that much deviation from
the experimental MRR. The mean experimental
and predicted MRR are found to be 1.12 mm?3/s
and 1.138 mm?3/s respectively. The mean error
between the experimental and predicted MRR
is found to be -0.018 mm3\s. The conformation
test for remaining conditions has conducted as
same and results are found to be acceptable.
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Table 4: Confirmation Test for Optimum Pulse on Time

Table 5: Percentage Improvement in MRR

Process Parameters % of improvement in
(Optimum) MRR
o 12.30
T 17.43
Current 9.270
Voltage 6.635

8. RESULTS AND DISCUSSIONS

Machining process is analyses through the finite
element analysis and MRR is found to be 0.5804
mm3/s at particular condition. Experimentation
is conducted on CNC wire cut EDM for machining
EN-19 steel alloy and MRR is estimated based
upon weight of the component before and
after machining. Statistical MRR equation is
developed for above process parameters using
MATLAB software. Factorial design is used for
finding the different combinations of input
parameters for given conditions. Statistical
equation is used for finding the MRR for different
combination and an optimum input parameter
set is determined based on Maximum MRR
S/N ratio. Optimization process is continued
for different combinations in which one of the
parameter consists optimum constant values and
remainingall are varying. Conformation experiment
is conducted for validating the DOE results.
From the optimization and experimental
results, it is found that the following process
parameters more influence on MRR. The
improvement with respect to the process
parameter is shown in Table 5.

3
o T | | o) votage | | e s E
Experimental | Predicted

1| 0.113 | 0.063 12 1 3 3 10 0.78 0.83 -0.05
2 | 0.113 | 0.06 12 1 3 3 10 0.92 0.94 -0.02
3| 0.113 | 0.057 11 1 3 3 10 1.04 1.14 -0.1
4 | 0.113 | 0.054 11 1 3 3 10 1.32 1.25 0.07
51 0.113 | 0.051 10 2 3 3 10 1.54 1.53 0.01

AVG 1.12 1.138 -0.018

9. CONCLUSION AND FUTURE SCOPE

From the discussion of results, it is found that
the spark off time (T ) and Spark on time (Ton) is
influencing more on the MRR and MRR in improved
by 17% and 12% respectively compared to without
usage of optimum values of T . and Ton. In this
research work, only major four process parameters
are taken into consideration for modelling MRR.
It can be extended for optimizing the MRR by
selecting minor process parameters such as wire
feed, wire tension etc. It can be extended in terms
of application to the advanced materials and
dielectric fluids.
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